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Objective: 

The objective of this study was to determine the ability of four antibacterial products to significantly reduce 
transient microbial flora (Escherichia coli 11229) on the hands after a single treatment and after ten (10) 
treatments. Treatment comparisons were made between the two handwipe products and between the two 
handwash products. 

Materials Tested: 

Test Code Test Material Active Ingredient Master Formula 
Number 

A Handwash Product 0% Salicylic Acid SWH160-152 
B Handwash Product 2°/c, Salicylic Acid SWH160-155 
c Handwipe Product I% Salicylic Acid SWH94-136 
D Handwipe Product 0% Salicylic Acid SWH94-137 

Key Conclusions: 

• All four treatments significantly reduced the level of E. coli on the hands after one product 
application versus baseline. 

• All four treatments significantly reduced the level of E. coli on the hands after ten product 
applications versus baseline. 

• After one wash, the 2.0% Salicylic actd handwash product had a significantly higher reduction in log 
counts versus the test placebo (p-value=O.OO I). 

• After ten washes, the 2.0% Salicylic actd handwash had a significantly higher reduction in log counts 
versus the test placebo (p-value=O.OOO lt. 

• After one wash, there was no significant difference between the 1.0% Salicylic acid handwipe and 
the placebo handwipe product. 

• After ten washes, the 1.0% Salicylic actd handwtpe had a significantly higher reduction in log counts 
versus the test placebo (p-value=0.0044 t. 

The summary of the mean logs recovered and the log reductions achieved following the first and tenth 
washes were determined. 



Table I -Summary of HCPHWT Log 10 Bacterial Results 

Baseline Log10Counts- I Wash LogtoCounts -10 Washes 

Treatment Sample Mean Mean· Change % Mean Change %Reduction 
Size from Reduction from 

Baseline Baseline 

A-Handsoap 

O% Salicylic 16 6.72 3.91 2.80 99.84 3.80 2.92 99.88 
Acid 

B-Handsoap 

2% Salicylic 16 6.81 3.52 .1.29 99.95 3.00 3.80 99.98 
Acid I 

! 
C-Handwipe i 

1% Salicylic 16 
I 

6.66 4.22 I 2.44 t 99.64 3.48 3.18 99.93 
Acid I ii 

D-Handwipe i 
0% Salicylic 16 6.63 4.34 2JO 99.49 4.19 2.44 99.64 

Acid : 

Attached are tables containing the statistical summary of the study results. 

Study Summary: 

~ Test Site: Hill Top Research, Miamiville, Oh1o 

Study Dates: May 22 -June 6, 2001 

Investigator: Gayle K. Mulberry, M.S. 

Experimental Design: This was a randomized chmcal study consisting of a four day test period and a 
follow-up visit. Four test products were evaluated. S1xteen subjects were used to evaluate each product. 
Each subject participated in a single test day and a follow-up v1sit. 

Efficacy Measurements Taken: The subjects' hands were contaminated with a suspension of Escherichia 
coli ATCC 11229. Subjects' hands were contammated eleven times and sampled three times using a plastic 
bag sampling procedure. The first contamination and samplmg was for the determination of the base count. 
The second contamination and sampling was for determmatton of the test count after one treatment with the 
assigned test product. After eleven contaminatiOn steps and ten treatments with the assigned test product 
the hands were sampled using the plastic bag samphng procedure. 

Subject Demographics: Sixty-four (64) male and female subJects, ;2: 18 years old, who do not regularly use 
antibacteriaVantimicrobial soaps, medicated louons or creams and or antidandruff shampoos were enrolled 
into the study. Sixteen subjects were used to evaluate one nf tour test products. 

Overview: To become familiar with the wash procedure ustng a liquid hand soap, the subjects assigned to 
the handwash products practiced the wash procedure wnh Baby-san®. To become familiar with the wipe 
procedure, subjects assigned to the handwipe products pract1ced the wipe procedure with Nice 'n' Clean®. 
For the base .count, subjects' hands were contammated w1th £. coli. Immediately following the 
contamination step, the organisms on the subJects' hands were removed using a plastic bag sampling 

r· procedure. 



Prior to each treatment wash, subjects' hands \Vere contaminated with E. coli. After completing the 
contamination step, the subjects performed the test product application procedure with the assigned test 

r"· product. For the subjects assigned to the hand wash products, the subjects lathered their hands for fifteen 
seconds and rinsed their hands for thirty seconds. For the subjects assigned to the handwipe product, the 
subjects wiped each hand for fifteen seconds. Approximately five minutes following the product treatment 
procedure, the organisms on both of the subjects' hands were removed using a plastic bag sampling 
procedure. Approximately five minutes following the tenth treatment, the organisms on the subjects' hands 
were· removed using a plastic bag sampling procedure 

Samples of the subjects' sampling solutions were diluted, plated, and incubated. Following incubation, the 
numbers of colony forming units (CFU's) were enumerated. Antibacterial activity was determined by 
comparing the number of bacteria removed from the hands after one treatment with the assigned test 
product and ten treatments with the assigned Test Product to the number ofbacteria removed from 
unwashed hands. 

Data Analysis: 

The investigator was responsible for statistical analysis. For the bag juice results, each subject's base 
sampling CFU's was compared to their test sampling CFU's using a nonparametric Wilcoxon paired signed­
rank test. P-values ~ 0.05 were considered statistically stgniticant. Percent change for each organism was 
computed by the following formula: 

1 - ( geometric mean of the test CFU's 
geometric mean of the basel me CFU's) 

X 100 

r\ Treatment comparisons were analyzed by a Wtlcoxon-Mann-Whitney Test using Exact methods. 

Regulatory/Ethics Status: 

This study was conducted in compliance with federal. state. and local regulations, guidelines, and standards 
including those related to Informed Consent and Good Clm~eal Practices as specified under 21 CRF 321.66. 
This study was conducted with IRB approval. 

Subject Accountability: 

Eighty subjects were screened for the study. Stxty-four suhJects were screened, enrolled and complc~ted this 
study. Sixteen subjects were excluded from the study. 

Adverse Events: 

There was one adverse event in this study. SubJect #35 reported a head cold on 6/5/01. The adverse event 
was not related to the product treatment. The adverse event was resQived on 6/19/01. 

Clinical Research Associate 
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Table lA. 

HTR Study Number 01-108592-11 
CFU count summary statistics by HTR Code. 

10:55 Wednesday, June 6, 2001 

------------&1se Count-----S~d~--- -----------Test Count 1----------­
Std. 

-----------Test Count 2----------­
Std. 

HTR Code 
Sdrlple 
Size 

HTR Code A 16 
HTR C~de B 16 
IITR Cud<• C 16 
IITR Code 0 16 

H:r • > 

t{; f' -~ 
tfl~ oj. 

If: I ·I 
!l:i 

!· 

HTR Code 

HTR Code A 
HTR Code B 
HTR Code C 
HTR Code D 

:.~,1·· 
1:· 

Mean Median Error Mean Median Error Mean Median Error 

6.07E+06 6.25E+06 7.62E+05 1.26E+04 1.15E+04 2.63E+03 7. 60E+03 5.92E+03 
6.93E+06 7.35E+06 5.91E+05 4.19E+03 3.62E+03 5.49E+02 1.68E+03 1.38E+03 
5.82E+06 6.4t£+06 7.68E+05 3.76E+04 3.53E+04 9.42E+03 9.54E+03 4.84E+03 
4.78E+06 4.31E+06 5.03E+05 3.73E+04 3.27E+04 6.87E+03 2.57E+04 1.76E+04 

Table lB. LoglO(Countl summary statistics by HTR Code. 

---------Base Count---------
Sample Std. 
Size Mean Median Error 

16 
16 
16 
16 

6.7168 
6.8064 
6.6587 
6.6329 

6.7957 
6.8648 
6.8059 
6.6197 

0.0656 
0.0441 
0.0963 
0.0481 

--------Test Count 1-------­
Std. 

Mean Median Error 

3.9120 
3.5155 
4.2113 
4.3366 

4.0203 
3.5559 
4.5297 
4.4844 

0.1128 
0.0950 
0.1944 
0.1433 

--------Test Count 2-------­
Std. 

Mean Median Error 

3.7950 
3.0042 
3.4826 
4.1915 

3.7580 
3.1257 
3.6610 
4.2367 

0.0627 
0.1168 
0.2040 
0.1230 

T<1ble IC. LoqlO c-hdrlqes frcrn b.1selme summary statiStic-S and percent reductions. 

1.26E+03 
3.69E+02 
3.51E+03 
5.93E+03 
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ffJ'R Code 

IITR C()(l(' l\ 

ffJ'R Code A 

tr: r •1· 

ir:·~ . ~· :. 

1fi'R Code B 

') 
ffJ'R Study Number 01-108592-11 

Table 2A. Lisung of CFU/ml counts by HTR Co::le. 

----~-------Base Count------------ -----------Test Count 1---------~-
Left ~ght Avg. Left Right Avg. 

CFU/ml CfU/ml CFU/ml CFU/ml CfU/ml CFU/ml SubJeCt 

1 6.25E+06 
7 4.15£+06 

11 8. 65EHJ6 
14 2.35£+06 
17 8 .15£+06 
24 2.95E+06 
27 2.52E+06 
32 7.20E+06 
34 6.40£+06 
38 1.38E+07 
44 9.90£+06 
48 4.50E+06 
50 6.65E+06 
53 5.35£+06 
59 6.55Et06 
62 1.24E+06 

6.00E+06 
4.40E+06 
9.50E+06 
2 .18£+06 
5.55£+06 
3.85£+06 
2.25£+06 
9.30E+06 
6.35£+06 
1.16£+07 
9.20£+06 
6.15E+06 
9.35£+06 
3.30£+06 
7.25E+06 
1.45£+06 

6.13£+06 
4.28E+06 
9.08E+06 
2.~7E+06 
6.85Et06 
3.40£+06 
2.39E+06 
8.25E+06 
6.38£+06 
1;27£+07 
9.55£+06 
5.33E+06 
8.00£+06 
4.33Et06 
6.90£+06 
1.35£+06 

1.96£+04 
5.26E+03 
2 .14£+04 
2.09£+03 
1.93£+04 
8.50£+02 
1.15£+03 
9.00£+03 
6.46£+03 
4.60£+04 
2.45E+04 
5.49£+03 
2.07£+04 
1.56£+04 
1.58£+04 
1.61£+03 

1.44£+04 
3.76£+03 
1.86£+04 
5.03E+03 
7.08£+03 
2.32£+03 
1.46£+03 
9.80£+03 
6,88£+03 
3.95£+04 
1.23£+04 
1.42£+04 
2.05£+04 
1. 34£+04 
1.61£+04 
2.37£+03 

1.70£+04 
4.51£+03 
2.00£+04 
3.56Et03 
1. 32£+04 
1.59£+03 
1.31£+03 
9.40£+03 
6.67£+03 
4.28£+04 
1.84E+04 
9.85£+03 
2.06£+04 
1.45E+04 
1.60£+04 
1.99£+03 

10:55 Wednesday, June 6, 2001 

-----------Test Count 2-----------
Left Right Avg. 

CFU/ml CFU/ml CFU/ml 

7.57£+03 
7.27£+03 
1.86£+04 
2.80£+03 
1.14£+04 
5.38£+03 
5.37£+03 
5.45£+03 
5.71£+03 
1.96£+04 
7.44£+03 
4.56£+03 
6.77£+03 
2.26£+03 
1.55£+03 
6.40E+03 

7.52E+03 
4.30£+03 
1.15£+04 
6.69Et03 
~.80£+03 
3.19£+03 
3.03£+03 
2.93£+03 
4.38£+03 
2.48£+04 
1.40£+04 
7.55£+03 
8.85£+03 
2.96E:+03 
5.84£+03 
7.65£+03 

7.55£+03 
5.79£+03 
1. 51E:+04 
4.75£+03 
1.06£+04 
4.29£+03 
4.20£+03 
4.19£+03 
5.05£+03 
2.22£+04 
1.07£+04 
6.06£+03 
7.81£+03 
2.61£+03 
3.70£+03 
7.03£+03 

6.04£+06 6.11£+06 6.07£+06 1.34£+04 1.17£+04 1.26£+04 7.38£+03 7.81£+03 7.60£+03 

.lot )•'·' 

l• 
I • 

-~6 
29 
35 
40 
43 
47 
51 
54 
57 
64 

Table 2A. L1sting of CFU/ml counts by HTR Ccxle. 

·--· l'-i'•· ,uJ.t~-------

Lt·lt l<t Jttl i1\'l· 
-~1!/rhl ''PJ.'rr.i ·~i 1 /ml 

· . ~· ~r. •1 •• 

•. il•t ••!t 
I' j 

r. 
•. j•,f.•. ,, 
~. •vE•u•. 
4. 'J'JE+llb 
8.50E+i.l6 
9.35£+06 
!;,80£+06 
7.50E+06 
2.26£+06 
6.85£+06 
5.85E:+06 
1.06E-t07 
3.65E-t06 

.J. 1 ur: .... 
1.1·1!-:••1' 

f ••• 

'· f.• 
t •! ,I ~:. • }t 

1 .. '.!E•O" 
5. lUE+Ob 
9.60£+06 
9.20£+06 
8.35E:+06 
9.80£+06 
3.30E+06 
7.40£+06 
5.35£+06 

7.95E+06 

~' JLJ-:•\)o 
l.1HEtd-. 
... •f • 
' .• -r: •. , 
:. 'l}f-:••J· .... 
, .• d;jf-:tOt~ 
4. b 3t:•06 
9.05£+06 
9.28£+06 
7.58£+06 
8.65£+06 
2.78£+06 
7.13£+06 
5.60£+06 
1.06E-t07 
5.80£+06 

---------T~--;t Ct.•IU1t 1-----------
l•·ft l<l·Jhl ''"I· 

<'HJ/ml r;~ll.'ml ··~1'.'rnl 

'-'· l8E•liJ 
·.L~OE+uJ 

'.' ·IF••J l 
·,. ,n .. •·d 
I. ')'tE+i.l l 
7 ,;:OE+OJ 
2.45£+03 
1.80£+03 
2.12£+03 
5.07£+03 
3.89£+03 
4. 72£+03 
3.11£+03 
4.06£+03 
5.50£+03 
1.10£+02 

t: .. d .. E•·i i 
>L 1 ',!-:+til 
I. IIF •. I j 

1. ·I ·.r: • : 
$ •. hl<t'J ~ 
5.'/(JE•Ul 
1.39£1\Jl 
4.65£+03 
2.83Et03 
1.81£+03 
2.44£+03 
4.69£+03 
4.04£+03 
3.28£+03 
9.75£+03 
3.20£+02 

t. • 1i-: t IJ ~ 

~. '~F+O l 
~ . •' •I·. I I ' ~ 

I .. ·~···I i 
.:.t.tcEtUl 
L~'.Et03 
1. 92£+03 
3.23£+03 
2.48Et03 
3.44£+03 
3.17£+03 
4.71£+03 
3.58E+03 
3.67£+03 
7.63£+03 
2.15£+02 

-----------T<'Sl l\JlUlt 

i,•tt R.i•Jht 
< :l-1J/ml r 'f-1)/ml 

't.~UE+U::: 
l.41E+U3 
I. kF+l.ll 
I. .:dEHJ J 
,; • c.JEH)3 
3. 57£+03 
5.93£+03 
1.04£+03 
4.30£+02 
9.50£+02 
6.50E+02 
1.28£+03 
8.00E:+01 
1.77E+03 
1.24£+03 
1.80E+02 

l.B7E+Ol 
l. 1';1-:t ()j 
I. :·~Etll3 
1 .• :u~:•02 
:.uoE•oJ 
5.94Et03 
3. 02£+03 
4 .10E102 
1.80£+02 
2.21E+03 
2.30E:+02 
4.20£+02 
1.60£+02 
1.92£+03 
2.24E+03 
5.70£+02 

Avq. 
CFU/ml 

l.41EH.J1 
3.86E+03 
I. 3';Etr)1 
7 . .CUEttl.: 
2. 34£+03 
4.76£+03 
4.48E+03 
7.25E+02 
3.05E+02 
1.58£+03 
4.40E+02 
8.50Et02 
1.20£+02 
1.85E:+03 
1. 74£+03 
3.75£+02 

6.34£+06 7.32E+06 6.93£+06 4.17£+03 4.21E:+03 4.19£+03 1.71£+03 1.65£+03 1.68£+03 

) 



) ') 
Table 2A. Listing of CFU/rnl counts by HTR Code. 

------------Base Count------------ -----------Test Count 1----------- -----------Test Count 2-----------
Left Right Avg. Left Right Avg. Left Right Avg. 

-~~-=~=---:~~===-----=~~~------=~~~------=~~~------=~~~------=~~~------=~~~------=~~~------f~~~------=~~~--
HTR Code c: 

HTR Code C 

•n• · .. ~-
lrJ'P ·. ·~· t · 

HTR Code 0 

'J 
'I 

13 
18 
.23 
25 
31 
33 
39 
41 
46 
52 
55 
58 
61 

3.04£+06 
LlOE+06 
tl.'IOE+06 
2.'J8E+06 
3.60£+06 
2.70£+05 
7.60£+06 
5.70£+06 
2.37£+06 
5.85£+06 
5.25£+06 
8.55£+06 
3.00£+06 
6.40£+06 
8.75£+06 
1.24£t07 

2. 71E+06 
8 .15£+06 
1.45£+06 
2.44£+06 
3.80£+06 
3.30£+05 
8.15£+06 
5.20£+06 
2.02£+06 
8.05£+06 
9.90£+06 
9.75£+06 
3.00£+06 
5.55£+06 
9.60£+06 
9.85Et06 

2.88E+06 
7.13£+06 
8.08£+06 
2.51£+06 
3.70£+06 
3.00£+05 
7.88£+06 
5.45£+06 
2.20£+06 
6.95£+06 
7.58£+06 
9.15£+06 
3.00£+06 
5.98£+06 
9.18£+06 
1.11£+07 

6.60£+03 
5.15£+04 
3.00£+04 
2 .42£+03 
3.70£+04 
9.30£+02 
6.50£+04 
2.27£+04 
3.40£+04 
5.25£+04 
1.16£+04 
4.25£+04 
3. 54£+03 
1.22£+05 
4.30£+04 
4.45£+04 

1.24£+04 
6.70£+04 
7.95£+04 
3.00£+02 
2.42£+04 
2.00£+01 
2.70£+04 
1.33£+04 
5.15£+04 
2.70£+04 
5.66£+03 
7.70£+04 
3.61£+03 
1.90£+05 
3.24£+04 
2.12Et04 

9.50£+03 
5.93£+04 
5.48£+04 
1.36£+03 
3.06£+04 
4.75£+02 
4.60£+04 
1.80£+04 
4.28£+04 
3.98£+04 
8.63£+03 
5.98£+04 
3.58£+03 
1.56£+05 
3.77£t04 
3.29£+04 

3.69£+03 
2.12£+04 
3.03£+03 
1.96£+03 
8.20£+03 
4.00£+01 
5.95£+04 
7.70£+02 
4.80£+03 
5.80£+02 
3.11£+03 
1.21£+04 
1.70£+02 
2.67£+04 
3.50£+03 
1.10£+04 

7.34£+03 
1.36£+04 
5.15£+03 
5.40£+02 
6.55£+03 
1.00£+02 
4.95£+04 
4.30£+02 
6. 74£+03 
5.70£+02 
5.23£+03 
1.30£+04 
9.00£+01 
2.76£+04 
1.20£+03 
7.22£+03 

5.52£+03 
1. 74£+04 
4.09£+03 
1.25£+03 
7.38£+03 
7.00£+01 
5.45£+04 
6.00£+02 
5.77£+03 
5.75£+02 
4.17£+03 
1.26£+04 
1.30£+02 
2.72£+04 
2.35£+03 
9.11£+03 

5.64£+06 6.00£+06 5.82£+06 3.56£+04 3.95£+04 3.76£+04 1.00£+04 9.05£+03 9.54£+03 

t.-t' 
,;\ll:•l•'··t I 'fl) /Jf\1 

•H.• 
.o; ' r.• 

'f. 

L• 
~ 1 J. h E•IJf_ 
.. o 3. ~UE+Uo 
lO 5. ':10Etll6 
36 3.85£+06 
37 ~.05£+06 
42 2.75£+06 
45 6.40Et06 
49 2.44£+06 
56 5.55Et06 
60 6.45Et06 
63 1.61£+06 

Table 2A. Listing of CFU/rnl counts by HTR Code. 

-F'I..a--:•· f'itlli)t ----~---- --

f< 1 ·Jf•t ;,·; 1-
' :~\1/ml r:~\1/r"l 

. I •f:•Ol 
•. i'.F•Ut 
, .. 'F••·~, 

•f. 
!-.t 

'-, l \,)~. t IJr 

l.U'>E+O~ 
6.1UE+06 
3. 65£+06 
7 .15£+06 
3.38£+06 
8.20£+06 
3.50£+06 
3.80£+06 
6.75£+06 
2.21£+06 

• r;Jf:t<(){_, 

·--: .J'-)F+'H 
. ~·H. •. ~~ 

t f t•. 't 

. ,· t. f •• 

·~. •'-a·;•-h 
3.2.lt:•llt; 
6.00£+06 
3.75Et06 
6.10£+06 
3.07£+06 
7.30£+06 
2.97£+06 
4.68£+06 
6.60£+06 
1.91£+06 

-------- ---TPst r:ount 1------------
l••tt Pl•Jii! f,'/•j. 

Cf'U/ml nU/ml •:HI/ml 

l.ll.'E+O'> 
'•. '+'lE+tJ-1 
l, IOE+U~ 

. '•PE t' ~ t 
' • _ •• _ •• f\' i 
'o.l ',E•U·I 
1.46E+04 
4.25E+03 
2.53E+04 
4.30£+04 
6.59£+03 
3.90£+04 
1.16£+04 
1.20£+05 
5.35£+04 
1.20£+02 

'>.:'>E•0-1 
·•.O',E+UI 
~- .lf;t:ttl-1 
l.')',EHIJ 
!. lc~:111 I 
~. ~~EtO~ 
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2.50£+04 
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2.59E+03 
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1.16E+04 
6.00£+04 
2.04£+04 
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3.70£+04 
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·' >l::tll-1 

:. I IE tO I 
I .lOE:+O·I 
1. 28£+04 
1.00£+04 
S.05E+04 
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1. 74£+04 
4.51£+03 
4.85£+04 
7.35E+03 
9.20£+04 
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9.05E+03 
6.70E+04 
1.44£+03 
l.20E+04 
7.29£+03 
2.35£+04 
6.34£+03 
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Table 2B. List1ng of LoglO counts and results of the Wilcoxon Paired Sign Rank Test. 

--------Test Count 1--------
Left Right Avg. 

Log10 Log10 Log10 Log Diff. 
HTR Code Subject CFU/ml CFU/ml CFU/ml (Base-Test) 

Wilcoxon 
p-value 

HTR Code A 1 4.2923 4.1584 4.2253 2. 5617 
7 3.7210 3.5752 3.6481 2.9827 

11 4.3304 4.2695 4.3000 2.6574 
14 3.3201 3.7016 3.5109 2.8439 
17 .4.2856 3.8500 4.0678 2.7599 
24 2.9294• 3.3655 3.1475 3.3802 
27 3.0607 3.1644 3.1125 3.2643 
32 3.9542 3.9912 3. 9727 2.9402 
34 3.8102 3.8376 3.8239 2.9806 
38 4.6628 4.5966 4.6297 2.4725 
44 4.3892 4.0899 4.2395 2.7402 
48 3.7396 4.1523 3.9459 2.7751 
50 4.3160 4. 3118 4.3139 2.5830 
53 4.1931 4.1271 4.1601 2.4633 
59 4.1987 4.2068 4.2027 2.6355 
62 3.2068 3.3747 3.2908 2.8366 0.0001* -------- -------- -------- ------------ ---------------

HTR Code A 3.9006 3.9233 3.9120 2.8048 0.0001* -------- -------- -------- ------------ ---------------

TtL!•· .'!<. l.1· t Ui·J (.•f 1..-"JHl ~-,_,lUlts .. ud ft~:;ults ut th .. ~'11 J~-u-:- -n l'dlted Siqn R:.m~: Test. 

--- ----r•··Jt ,_-\~\ulf ----~- .. --
t-·rr 1'.1 ql.t ;\-:'J. 

! 11 L ·II" L .. ,j I. I I 1 t:. ~·11 1 . .:-:· '•11 

:l:i- ·1· .. f'J,r:,l -~n /n : i·1L'!!t1 !: ..... ·j ... t f. -·:·dU<! 
-------------------------------------------------------------------
HTR Code A 

----------
HTR Code A 
----------

1 3. tJ 1'.11 3. 8762 3.8777 2.90'.14 
7 3.8615 3.6335 3.7475 2.8832 

11 4.2695 4.0607 4.1651 2.7923 
14 3.4472 3.8254 3~6363 2.7185 
17 4.0569 3.9912 4.0241 2.8037 
24 3.7308 3.5038 3.6173 2.9104 
27 3. 7300 3.4814 3.6057 2. 7711 
32 3. 7364 3.4669 3.6016 3.3113 
34 3.7566 3.6415 3.6991 3.1054 
38 4.2923 4.3945 4.3434 2.7588 
44 3.8716 4.1461 4.0089 2.9709 
48 3.6590 3.8779 3. 7685 2.9526 
50 3.8306 3.9469 3.8888 3.0081 
53 3.3541 3.4713 3.4127 3.2107 
59 3.1903 3.7664 3.4784 3.3599 
62 3.8062 3.8837 3.8449 2.2825 0.0001* 

-------- -------- -------- ------------ ---------------
3.7795 3.8105 3.7950 2.9218 0.0001* 

-------- -------- -------- ------------ ---------------

Positive difference indicates reduction from baseline. 
• Indicates significance 
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T,lb1e 28. Listing of Log10 counts and results of the Wilcoxon Paired Sign Rank Test. 

--------Test Count 1--------
Left Right Avg. 

LoglO Log10 LoglO Log Di ff. 
HTR Code Subject CHJ/ml CfU/ml CfU/ml (Base-Test) 

HTR Code B 

IITP t:C•i<· P 

I;;·~· 

lf!P o;,,h' b 

4 
6 

10 
16 
19 
22 
26 
29 
35 
40 
43 
47 
51 
54 
57 
64 

~ 
6 

10 
16 
19 
22 
26 
29 
35 
40 
43 
47 
51 
54 
57 
64 

3.8048 
3.9731 
3.5490 
3.7251 
3.2989 
3.8573 
3.3892 
3.2553 
3.3263 
3.7050 
3. 5899 
3.6739 
3.4928 
3.6085 
3.7404 
2.0414 

~. rdJ let 

3.7839 
3.9112 
3.6474 
3.6464 
3.5263 
3.7559 
3.1430 
3.6675 
3.4518 
3.2577 
3.3874 
3.6712 
3.6064 
3.5159 
3.9890 
2.5051 

i.');:'(•l 

3.7944 
3. 9421 
3.5982 
3.6857 
3.4126 
3.8066 
3.2661 
3. 4614 
3. 3891 
3. 4813 
3.4887 
3.6726 
3.5496 
3.5622 
3.8647 
2.2733 

3.'>1'>'> 

- - - - - -- - Tt ... ) t i \ llUl t .... ---- -- --
!,•f l Fl•jtot 

L· .,1 , r .. ql•l 
~ .. ": ·~11 'rnl 

:.·,·: H 
3.596<3 
3.1644 
3.1072 
3.4166 
3.5527 
3.7731 
3.0170 
2.6335 
2.9777 
2.8129 
3.1072 
1.9031 
3.2480 
3.0934 
2.2553 

3. 211<3 
3.5740 
3.0934 
2.2041 
3.3139 
3. 7738 
3.4800 
2.6128 
2.2553 
3.3444 
2.3617 
2.6232 
2.2041 
3.2833 
3.3502 
2.7559 

~:~w;f,·.l 
• 'PI/!·.! 

.L 122~ 
3. 5664 
3.1289 
2.6557 
3.3653 
3.6632 
3.6265 
2.8149 
2.4444 
3.1611 
2.5873 
2.8652 
2.0536 
3.2656 
3.2218 
2.5056 

2.8782 
3.0706 
3.2812 
2.7840 
3.4705 
2.9687 
3. 4167 
3. 4945 
3.5782 
3.3958 
3.4445 
2.7638 
3.3029 
3.1856 
3.1606 
4.4581 

'J.;'<)()ct 

J," filii . 
, h ~···· r t 

3. ~,.,t) 1 
3. 4263 
3.7505 
3.8141 
3.5179 
3.1120 
3.0563 
4.1409 
4.5229 
3. 7160 
4. 3458 
3.5711 
4. 7989 
3.4821 
3.8035 
4.2258 

Wilcoxon 
p-va1ue 

0.0001• 

0.0001' 

~·It 1 ,-., >:-:~._-n 

1 -" ol11" 

0.0001• 

HTR Code B 3.0396 2.9689 3.0042 3.8021 0.0001• 

Positive difference indicates reduction from baseline. 
• Indicates significan~ 
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Tdb1e 2B. Listtng of Log10 counts and results of the Wilcoxon Paired Sign Rank Test. 

--------Test Count 1--------
Left Right Avg. 

Log10 Log10 Log10 Log Diff. 
HTR Ccd,• SubJect CfU/ml CfU/ml CFU/ml (Base-Test) 

HTR Code C 2 3.8195 4.0934 3.9565 2.5014 
5 4. 7118 4.8261 4. 7689 2.0793 
9 4.4771 4.9004 4.6887 2.2171 

13 3. 3838 2.4771 2.9305 3.4690 
18 4.5682 4.3838 4.4760 2.0920 
23 2.9685 1. 3010 2.1348 3.3402 
25 4.8129 4.4314 4. 6221 2.2738 
31 4.3560 4.1239 4.2399 2.4960 
33 4.5315 4. 7118 4.6216 1. 7184 
39 4.7202 4.4314 4.5758 2.2607 
41 4.0645 3.7528 3.9086 2.9493 
46 4.6284 4.8865 4.7574 2.2030 
52 3.5490 3.5575 3.5533 2. 9239 
55 5.0864 5.2788 5.1826 1. 5927 
58 4.6335 4.5105 4.5720 2.3901 
61 4.64!l4 4. 3263 4.4873 2.5561 

-------- --------- -------- ------------
llTP Code 1: 4.3100 4.1245 4.2171 2.4414 

-------- -- ----- -------- -------------

T··.':it I ~f.J\Uit 
_.,_ ______ 

:. It l'l·lllt ,., .... ,. 
l .,: ' J, •IlL IJ•li'l J, •l I If I. 

If! i· •I• •J J• ! · P'.t•.: '!-11. nd I 'f1l.'ud 1 (-.I •·•-'I'•' t I 

tfli· ,·_·i· i, • ' j. rlt. 1
) >. l· I ti'. 

~. J.:d ·l.l H~ ·1 .. :.:···· .: . ..Jd l 

" l. 4tH ·1 3. 7118 38166 ] . 30'1;: 
13 3. 2923 2. 7324 3.0123 3. 3k72 
18 3.9138 3.8162 3.8650 2.7030 
23 1. 6021 2.0000 1.8010 3.6739 
25 4.1745 4.6946 4. 7346 2. 1614 
31 2.8865 2.6335 2.7600 3.9760 
33 3.6814 3.8287 3.7550 2.5851 
39 2.7634 2.7559 2.7597 4.0768 
41 3.4928 3.7185 3.6056 3.2523 
46 4.0828 4.1139 4.0984 2.8621 
52 2.2304· 1.9542 2.0923 4.3848 
55 4.4265 4.4409 4.4337 2.3415 
58 3.5441 3.0792 3.3116 3.6505 
61 4.0414 3.8585 3.9500 3.0935 -------- -------- -------- ------------

HTR Code C 3.5067 3.4586 3.4826 3.1761 
-------- -------- -------- ------------

Wilcoxon 
p-value 

0.0001* 
---------------

O.OOOJ+ 

~-.J 1 ll ·, ·> :.:Jn 
p-·:du·) 

-- ------·-----

0.0001* 
---------------

0.0001* 
---------------

Positive difference indicates reduction from baseline. 
* Indicates significance 

Tdble 2B. Listing of Log10 counts and results of the Wilcoxon Paired Sign Rank Test. 
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--------Test Count 1--------
Left Right Avg. 

Log10 Log10 LoglO Log Diff. 
HJ'R Code SubJect CfU/ml CFU/ml CFU/ml (Base-Test) 

Wilcoxon 
p-value 

HJ'RCodeD 

trrR Code D 

it: I· . ~· 
lf: l • !<• 

trrR COde D 

3 
8 

12 
15 
20 
21 
28 
30 
36 
37 
42 
45 
49 
56 
60 
63 

J •. 'f 

.:1 
2B 
30 
36 
37 
42 
45 
49 
56 
60 
63 

5.0086 4.7202 
4.7745 4.9566 
4.5682 4.4440 
4.3181 4.6075 
4.7202 4.1335 
4.7118 4.6284 
4.1644 3.7839 
3.6284 4.1790 
4.4031 4.3979 
4.6335 4.8633 
3.8189 3.4133 
4. 5911' 4.8293 
4.0645 4.0645 
5.0792 4.7782 
4.7284 4.3096 
2.0792 3.3692 -------- --------
4.3307 4. 3424 

-------- --------

lr!t 
!#·Jlll 

f1J '"·l 

T•·•,t ·~·unt 

""'''' f,.lltJ 
q11 rnl 
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i .. I. l . " 
I. I .. ; 1. jj,, 1 
.j. J )~~ 4 .;:.,ot 
4.0414 4.0000 
4.1072 4.2430 
4.0000 3.9566 
4.7033 4.8261 
3.0969 3.1584 
4.2405 4.0792 
3.6542 3.8627 
4.6857 4.3711 
3.8663 3.8021 
4.9638 4.7284 -------- --------
4.2129 4.1701 

-------- --------

4.8644 
4.8656 
4. 5061 
4. 4628 
4.4268 
4.6701 
3.9741 
3.9037 
4.4005 
4.7484 
3.6161 
4.7102 
4.0645 
4.9287 
4.5190 
2.7242 --------
4.3366 

--------

;.._·: J. 
l•·Jlil 
r:PJ.'rnl 

L -1 ll. 
I. ·• I' •'' 
1.· il' 
I.," 
I.J~L 
4 .2'181 
4.0207 
4.1751 
3.9783 
4.7647 
3.1276 
4.1599 
3.7585 
4.5284 
3.8342 
4.8461 --------
4.1915 --------

1. 5410 
2.0345 
1.9224 
2. 3717 
2.1505 
2.0985 
2.5338 
2.8744 
2.1733 
2.0304 
2.8680 
2.1498 
2.4013 
1.7334 
2.3004 
3.5514 

------------
2.2963 

------------

,,., 1•111. 
1 H.a······T•··lt • 

. .'.'••! 
',i)'!l,j 

: .· •' 
• '; i 

.1'•1. 
2.4103 
2. 4872 
2. 6030 
2.5956 
2.0141 
3.3565 
2.7001 
2.7073 
2.1336 
2.9852 
1.4295 

------------
2.4414 

------------

0.0001* 
---------------

0.0001* 
---------------

~II 1 • "t ,,.:(''I 
·:.ilut• 

0.0001* 
---------------

0.0001* 
---------------

Positive difference indicates reduction from baseline. 
* Indicates significance 
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Table 3. Results of the Wilcoxon-~UlO-Whitney Test for the between treatment analysis of test articles. 

Group 

A vs B 
C VS 0 

-Test Count 1-- -Test Count 2--
p-va1ue p-value 

0.0010* 
0.3080 

0.0001* 
0.0044* 

* indicates significant difference between treatments 

) 
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I. 

II. 

Study Objective and Background 

A. Objective 

The objective of the study is to determine the ability of four antibacterial products to significantly 
reduce transient microbial flora (Escherichia coli ATCC 11229) on the hands after a single treatment 
and after ten (10) treatments. Treatment comparisons will be made between the two handwipe 
products and between the two handwash treatments. 

B. Background 

The skin microflora can be divided into two (2) groups, the resident flora and the transient flora. The 
resident flora includes organisms that are consistently present on the skin. The transient flora are the 
contaminating skin organisms resulting from contact with the environment. They comprise a wide 
variety of Gram positive and Gram negative species that can be responsible for the spread of 
infections and gastrointestinal diseases. 

Since the benefits that result from washing with antibacterial soaps can not be easily measured under 
consumer use conditions, it is necessary to do controlled clinical studies to demonstrate their efficacy. 
This clinical study is a modification of an ASTM test method, "Evaluation of Health Care Personnel 
Hand wash Formulation"( I) and reported in the Tentative Final Monograph for Health Care Antiseptic 
Drug Products(2). It is used to determine the ability of an antimicrobial handwashing agent, when 
used in a hand washing procedure, to reduce the transient microbial flora (contaminants). This study 
is designed to demonstrate the efficacy of four antibacterial products in reducing the numbers of a 
marker organism, Escherichia coli A TCC 11229 on the hands after a contamination and a single 
handwash and after ten handwashes. Efficacy is determined by comparing the numbers of marker 
organisms on the hands before and after using the test products. 

C. Study Safety Statement 

This testing meets the ethical requirements stipulated tn the Sponsor's Policy for Research Involving 
Human Subjects. Appropriate safety testing has been completed and risk assessments justify the 
placement of the test products in this study at these concentrations (levels of exposure). 

Study Summary 

A. Overview 

This randomized clinical study will consist of a four day test period and a follow-up visit. Four (4) 
test products will be evaluated. Sixty-four (64) male and female subjects,<!: 18 years old, who do not 
regularly use antibacteriallantimicrobtal soaps. medtcated lotions and creams, and or antidandruff 
shampoos (Appendix E), will be enrolled mto the study. Sixteen (16) subjects will be used to 
evaluate each test product. 

On the day of the study, the subjects will report to the clinical test facility. During this period, 
subjects' hands will be contaminated wtth a suspenston of £.coli. Subjects' hands will be 
contaminated eleven ( II ) times and sampled three ( 31 times using a plastic bag sampling procedure. 
The first contamination and sampling will be for the determination of the base count. The second 
contamination and sampling will be for determmatton of the test count after one ( 1) treatment with 
the assigned Test Product. After eleven (II) contammation steps and ten (10) treatments with the 
assigned Test Products the hands will be sampled usmg the plastic bag sampling procedure 

To become familiar with the wash procedure using the liquid hand soap, subjects assigned to 
handwash products will begin the test procedure by first performing a practice wash with Baby-san®. 
To become familiar with the wipe procedure usmg the towelette products, subjects assigned to 
handwipe products will begin the test procedure by first performing a practice wipe with Nice 'n' 
Clean®. For the base count. subjects will have thetr hands contaminated with E. coli. Immediately 
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following the contamination step, the organisms ort the subjects' hands will be removed using a 
plastic bag sampling procedure. 

Prior to each trea1Jnent wash, subjects' hands will be contaminated with£. coli. After completing the 
contamination step, the subjects will perform the test product application procedure with the assigned 
Test Product. Approximately five (5) minutes following the first procedure, the organisms on both of 
the subjects' hands will be removed usinga plastic bag sampling procedure. Approximately five (5) 
minutes following the tenth treatment, the organisms on the subjects' hands will be removed using a 
plastic bag sampling procedure 

Aliquots of the subjects' sampling solutions will be diluted. plated, and incubated. Following 
incubation, the number of colony forming units (CFU's) will be enumerated. Antibacterial activity is 
determined by comparing the number of bacteria removed from the hands after one ( 1) trea1ment 
with the assigned Test Product and ten ( 10) treatments with the assigned Test Product to the number 
of bacteria removed from unwashed hands. 

B. Study Schedule 

1. Subject Qualification and Enrollment 

Prospective subjects will visit the test facility to be screened for their eligibility to participate in the 
study. Eligibility will be based upon information provided in the Demographics/DermatologicaV 
Medical History Form (DCF I) and the Inclusion· Exclusion Form (DCF 2); and completion of a 
written informed consent (Appendix A). 

2. Test Period 

Subjects continuing on the study will be assigned a permanent subject number. Subjects will be 
assigned to one of the four test products according to the study randomization. 

The following outlines the schedule of procedures for the test day: 

1. Subjects will perform a practice wash with Baby-san® Handsoap or Nice "n' Clean® 
Handwipe(Appendix D). 

2. Subjects will rinse their hands with 70% alcohol and rinse their hands under running tap 
water (Section G). 

3. Subjects' hands will be contammated (Section E). 

4. Subjects' hands will be sampled for a base count ~Section F). 

5. Subjects will rinse their hands with water for 30 seconds (Section G). 

6. Subjects will rinse their hands wtth 70% akohol and rinse with tap water (Section G). 

7. Subjects' hands will be contammated (Secuon E). 

8. Subjects will wash their hands followmg th~ wash procedure for the assigned Test Product 
(Section C, Appendix C). 

9. Subjects' right and left hands wtll be sampl~d for a treatment value four (4) minutes and 
thirty {30) seconds::!: thirty (30) seconds after the first wash with the assigned Test Product 
(Section F). 

10. The hands will be rinsed for thtrty seconds. 

11. Subjects will perform steps 7 and 8 (above) a total of nine (9) more times at a minimum of 
five (5) minutes between each wash procedure. 

12. The subjects' hands will be sampled for a treatment value four (4) minutes and thirty (30) 
seconds :: thirty (30) seconds after the tenth wash with the assigned Test Product (Section F). 

13. Subjects' hands will be disinfected with a bland soap and water wash and Hibiclens® ( 4% 
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chlorhexidine gluconate) wash and with a 70'Yo alcohol rinse (Section G). 

Note: A detailed scheduled ofthe above proced11res can be found in Appendix D. 

To ensure that any delayed adverse e\'ents. such as primary skin infections, are reported to the 
Study Investigator, all test subjects will be gi\'en a copy o( Subjects' Instructions Following Study 
Completion (Appendix B) before leaving the clinical site after they have completed the study. This 
sheet will instruct the subjects to examine their hands and wrists daily until the fmal scheduled visit 
for the presence of pimples, blisters. or raised. red itching bumps surrounded by erythema and/or 
edema that may be indicative of a skin infection. Subjects, who notice such lesions, will be 
instructed to call the clinical test site. The subjects will return to the clinical test site within four 
(4) to nine (9) days after the study procedures ha\'e been completed to have their hands a~d wrists 
examined by a technician. The technician will complete DCF 3 for each subject on their follow-up 
visit. 

C. Product Treatment Procedure 

Subjects will wash their hands and wrists according to the procedure described in Product 
Treatment Procedure, Appendix C. In general the following should be noted: 

• The temperature should be checked and recorded before each wash. 

• The water pressure at each spt·!ot to be used for the study should flow at 4 L/min. 

• Subjects should remove all Je''· elry from hands and wrists prior to start of wash 
procedure. 

• Water temperature should be mamtamed at 95 - 100° F. 

D. Preparation of Bacterial Suspensions 

A stock culture of Escherichia coli, A TCC 11.:!29. wtll be prepared by transferring three (3) isolated 
colonies from an agar plate or slant asepucally to a tuhe containing sterile Trypticase Soy Broth (TSB). 
The inoculated broth will then be incubated for 24 .: -'hours at 35 :t 2° C. At least three (3) additional 
24 hour broth transfers will be made in tubes contammg appropriate volumes TSB from this broth 
culture. 

A 2-liter flask containing 1000 mL ofTSB wtll be mo~ulated with 1.0 mL of the fmal24 hour broth 
transfer. The flask will be incubated for 2-' : -' hours at 35 :: 2° C. Prior to any withdrawal of culture, 
whether for hand contamination or for numbers assay. the suspension will be stirred or shaken. The 
suspension will be assayed for number of orgamsms Jl the beginning and end of the treatment period. 
A suspension will not be used for more than e1ght 181 hours. 

E. Contamination 

Note: Prior to contamination, subjects hantl\ mtl.\t h,· nub~v dry. Also, care should be taken to ensure 
that the culture is evenly spread owr hoth lrmuf, 

A total volume of 4.5 mL of the assigned bactenal su,pension will be dispensed into the subjects' 
cupped hands in .1.5 mL increments. After each 1.5 mL aliquot is added, the suspension will be rubbed 
thoroughly over the surface of both hands. not gomg a !'love the wrist and avoiding the nail beds. Each 
application and spreading should last approxtrnately 1\\t:nty (20) seconds. Between each aliquot the 
hands will be held away from the body and allo"ed to a1r dry for approximately thirty (30) seconds. 
Following the third 1.5 mL aliquot. the hands are allo"ed to air dry for approximately one (1) minute. 
A record of base and test contamination' "til ~ documented on Source Document 1 or 2. 
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F. Bacterial Sampling Procedure 

For removal of bacteria from the subjects' hands, loose fitting plastic bags with low bioburden will 
be placed on each subject's right and left hands. A 7 5 mL aliquot of stripping solution [0.1% Triton 
X-100 in 0.075 M phosphate buffer, 1.0% polysorbate (Tween) 80, 0.3% Lecithin, pH 7.9] will be 
aseptically added into each bag. The same solution will be used for the base counts and test counts. 

The bag on each hand will be secured at the wrist with achild's size tourniquet and massaged for one 
(I) minute in a uniform manner by a lab technician. Aliquots of the solution will be aseptically 
obtained directly from the bag without touching the hands in the process and will be appropriately 
diluted in a sterile diluent with the appropriate neutralizer within in one ( 1) minute of sampling. A 
record of base and test samplings will be documented on Source Document 1. 

The solution samples for bacteria counts will be labeled by either an Investigator derived code or the 
actual subject's number so that the individuals who prepare the plates and count the CFU's are 
unaware of the sources of the sampling solution. 

G. Disinfection of Hands 

Afterthe baseline sampling, the subjects will rinse the1r hands for thirty (30) seconds under running tap 
water. The subjects' hands will be disinfected with a 70",1"1 alcohol wash. Subjects' hands will be 
squirted with 70% alcohol for approximately ten (I 0) seconds. Subjects will rub the alcohol over the 
surface of their hands and wrists for approximately fifteen {15) seconds. Subjects will rinse their hands 
.and wrists under running tap water for approximately tifteen ( 15) seconds and dry their hands and 
wrists with paper towels. 

After the fmal sampling is completed, the subject's hands will be washed with a bland soap (provided 
by the investigator) for approximately for thirty (30) seconds and rinsed for approximately fifteen (IS) 
seconds. The subjects' hands will then be washed with Hibiclens® (4% cblorhexidine gluconate) for at 
least sixty (60) seconds. Subjects' hands and wrists w11l be rinsed with a 700/o alcohol wash for ten (10) 
seconds. The subjects will rub the alcohol on all surfaces of their hands for fifteen ( 15) seconds and 
allow their hands to air dry. 

A record of each disinfection procedure will be recorded on Source Document l. 

H. Plating and Incubation of the Organisms 

The Escherichia coli organisms in the sampling solution are to be counted using a standard surface 
inoculation technique. 

Aliquots of dilutions of the base samphng soluuon from each sample bag representing dilutions of 

t0-4, t0-5, and t0-6 will be plated in duphcate. 

Following the wash with the test product. a 1.0 mL ahquot of the previously diluted sampling 
solution from each sample bag will be plated onto three MacConkey's agar plates (approximately 
0.33 mL per plate) to achieve a 10·' d1luuon. Also. ahquots of dilutions of the sampling solution 
from each sample bag representing d1luuons of to<!. Jo-3. 10-4 and I0-5 will be plated in 
duplicate. The MacConkey's agar plates will be mcubated 18-24 hours at 35 ± 2°C. Standard plate 
counting procedures will be used to count the CFL"'s of£. coli. In general, the number of CFU's 
per sample will be determined by takmg the average of the counts from the plates which are in the 
range of~ 25 to ~ 250 CFU's. If there are no plates with counts within this range, the following 
rules will be used to determine whtch counts w11l be used for obtaining the number ofCFU's for that 
specimen: 

1 . If all of the counts are below the prescnbed range. the numbers below 25 from the undiluted 
plates will be used. 
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2. If the counts from the highest dilution are> 250, the numbers, obtained from using the 
estimated counting procedure described in Appendix F, will be used. 

r Results will be reported on DCF 4. 

r 

ill. Study Population 

Subjects will be screened for their eligibility to participate based upon information provided in the 
Demographics/DermatologicaVMedical History Form [Data collection form (DCF) 1]. Only subjects 
meeting the inclusion/exclusion criteria, outlined in DCF 2. will be allowed to participate in the study. If a 
subject is admitted to this study in apparent violation of any of the above criteria, the reason(s) for 
admission will be noted by the Investigator or her designee. 

A. Subject Inclusion Criteria 

Subjects will be eligible for enrollment if they: 

1. Are a male or female, over 18 years of age; 

2. Have signed a written informed consent (Appendix A); 

3. Are in good health, as evidenced by response to the Demographics/Dermatological/ Medical 
History Form (DCF 1 ); 

4. Have hands and wrists that are free of dermatoses, cuts, lesions, and other skin disorders; 

5. Are willing to comply with all study protocol requirements. 

B. Subject Exclusion Criteria 

Subjects will not be enrolled in the study if they: 

1. Are currently participating in another clinical study at this or any other facility; 

2. Have participated in any type of arm or hand wash study within the past 7 days; 

3. Have cuts, lesions, or other skin disorders on thetr hands or wrists; 

4. Have soap, detergent. antibiotic. and/or perfume allergies; 

5. Have eczema or psoriasis on thetr hands or arms: 

6. Are using antibacteriallantimicrobtal soaps ( hqutds and/or bars), medicated lotions and creams, 
and/or anti-dandruff shampoos in the home wtthm the last week (Appendix E); 

7. Have excessively long or artificial natls (~2 mm free edge) which would interfere with sampling; 

8. Are currently pregnant; 

9. Are currently lactating; 

10. Have beeri diagnosed as having a medtcal condttton which would preclude participation such as: 
diabetes, hepatitis, an organ transplant. or AIDS (or HIV positive); and/or 

11. Have any other medical condition. whtch m the opinion of the Investigator, would preclude 
participation. 

D. Subject Number Assicnment and Randomization 

Upon entry into the study, each subject w11l be ass1gned a screening number beginning with 1001. 
Subjects will be assigned a permanent consecutive number, beginning with 001, as they are accepted 
into the study. This number will be used to 1dent1fy the subject for the duration of the study. 
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IV. Study Material 

A. Test Product 

· The test products will be sent by the Sponsor to the clinical site prior to study initiation. The test 
products will be identified with the appropriate label affixed to the outside of each container. 

B. Shipping of Treatment Products and Other Study Supplies 

The quantity of all treatment products and other study supplies, shipped to and returned from the 
clinical site, will be documented by the test site. The treatment products will be packed into one or 
more cartons labeled with: 

1. the study number; 

2. distributor statement (i.e., "Distributed by Hill Top Research, Inc." with the facility's full 
address and phone number); 

3. any applicable safety and handling procedures. 

C. Return of Study Materials 

v. 

Upon completion of the study, the lnvestJgator(s) will insure that all test products and study materials, 
whether completely used, partially used, or unused w11l be returned to the Sponsor at the following 
address: 

The Procter & Gamble Company 
Sharon Woods Techmcal Center 
11520 Reed Hartman Highway 

Cincinnati. Ohio 45241 
Attn.: Kathy Wiandt 

Other Study Documentation 

A. Adverse Events 

··-

Should any unexpected or serious adverse event occur during the clinical study or as a result of test 
-product or study procedures, the subject will be requested to return to the site to be examined by the 
investigator or designee. The Investigator w11l determme if the adverse event is likely to be associated 
with product treatment or the study procedures. The mvestigator or other qualified medical personnel 
will determine if the event warrants termmation of participation and/or to prescribe treatment, if 
necessary. The Investigator will notify the Sponsor representatives, Ward L. Billhimer, 513-626-1926 
(work) or 513-831-8163 (home) or Kathy Wiandt. 513-626-5225 (work) or 513-398-6035 (home). 

Each subject will need to be followed until the resolution of any adverse event Information pertaining 
to the presenting signs, working diagnos1s. assessment of the relationship of the adverse event to the 
product treatment, results of the follow-up v1sits and any prescribed treatment, will be documented in 
DCF 5. If treatment by a physician is necessary. th1s treatment will be documented on DCF 6. 

The following criteria will be used to determine the reporting time frame. 

I. Any serious adverse events or adverse events requiring immediate medical attention will be 
reported to the Sponsor's Monitor Immediately c mght or day) by telephone. 

2. Adverse events resulting in subject termmauon from the study will be reported during the 
immediate business day by telephone. 

3. Adverse events that do not requ1re d1scontmuauon of test participation can be reported during 
the immediate business day or next busmess day by telephone. 

7 
CRB-01-05-066-HB 

5/15//01 



4. In the event of a serious adverse reaction, not necessarily related to use of the test product, or in 
the event of a death from any cause, the Investigator must report the event to the Sponsor's 
Monitor and to the IRB as soon as possible .. 

B. Protocol Amendments 

If it becomes necessary to modify this protocol, the modification will be documented by a protocol 
amendment signed by the investigator, a representative of the Sponsor and approved by the 
Institutional Review Board.. All amendments to the final protocol will be consecutively numbered 
and will describe any changes made and the rationale for making the changes. 

C. Protocol Deviations 

If a deviation from the final protocol occurs, it is the responsibility of the Investigator, or designee, to 
notify the Clinical Research Associate or designee. The Institutional Review Board will be notified 
within twenty-four hours of any deviation that poses additional risks to the subjects. The deviation 
and subsequent notification will be documented appropriately. 

D. Study Monitoring 

The Investigator will permit a representative of the Sponsor (usually the Clinical Research Associate) 
to visit the facility during the course of the study to monitor study progress. During the visit(s), the 
Investigator will permit the monitor to inspect all forms and corresponding study subject's records to 
verify adherence to the protocol. The study monitor will also be permitted to review and verify test 
articles; wash procedure, and any Investigator-generated or Sponsor-generated study documents. 
The monitor will document and discuss this visit wuh the Investigator, or his designee, including any 
problems that are to be resolved. 

VI. Statistical Analyses 

The investigator will be responsible for all statistical analyses. For the bag juice results, each subject's 
base sampling CFU's will be compared to their test sampling CFU's using a nonparametric Wilcoxon 
paired signed-rank test. P-values ~ 0.05 will be cons1dered statistically significant. Percent change for 
the test organism will be computed , if needed. by the following formula: 

1- (geometric mean of the test CFl''s) 
geometric mean of the baseline CFU's 

X 100 

Treatment comparisons wiU be made between the two wash treatments and the two wipe treatments. 
Treatment comparisons will be analyzed by a Wilcoxon-Mann-Whitney Test using Exact methods. 

VII. Investigator Responsibilities 

A. Institutional Review Board (IRB) Re,·iew and Approval 

Review by an IRB is required to conduct th1s study. A copy of the approval letter along with a list of 
the IRB members who acted on this protocol and a statement that the IRB is in compliance with 
current Good Clinical Practices (GCP) regulations" 11l be provided to the Sponsor. 

B. Subject Informed Consent 

All subjects will be informed as to the type of study. the general nature of the products being tested, 
and any known or anticipated adverse reactions. wh1ch might result from participation. Each subject 
must provide the Investigator with wnnen mformed consent to serve as a participant in the study. 
Basic elements of informed consent are outhned m .:! I CFR 50.25. 
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C. Final Report 

The Sponsor will generate a fmal report of clinical results. The investigator will provide a detailed 
description of the adverse events and deviations from the protocol. The investigator will also include 
an accounting of the subjects screened, eliminated. enrolled and terminated. The Investigator will 
submit the legible copies of all data collection forms. The Sponsor may request one (1) copy of all 
data collection forms before the Investigator's report is ready for submission to the Sponsor. 

D. Record Retention 

The Investigator will retain all study records in accordance with the test facility's SOP's. 

E. Confidentiality 

The Investigator and employees of the test facility are obligated to keep any information confidential 
regarding any of the personal cleansing products and all aspects of the study, as subject to the terms 
and conditions of the Laboratory Services Agreement between the test facility and Sponsor. 

VIII. References 

1. Annual Book of ASTM Standards, Volume 11.04, ASTM Designation: E 1174-94, Standard Test 
Method for "Evaluation of Health Care Personnel Handwash Formulation". 

2. Tentative Final Monograph for Health-Care Antiseptic Drug Products; Proposed Rule, 21 CFR Parts 
333 and 369, Federal Register, Volume 59. No. 116. June 17, 1994. 
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IX. Attachments 

The following Appendices, Data collection forms are included as attaclunents to the Final Protocol: 

A Written Informed Consent 
B Subject's Follow-up Instructions 
C Product Treatment 
D Schedule of Test Period Procedures 
E List of Representative AntibacteriaLAnumicrobial Products 
F Microbiological Media and Methods 

Data Collection Forms 

1 Demographics/Dermatological Medical History Form 
2 Inclusion/Exclusion Form 
3 Follow- up Visit 
4 Microbiology Results 
5 Adverse Event 
6 Physician's Report Form 

Source Documents 

1 Treatment Phase (Baseline, Wash I and Wash I 01 
2 Treatment Phase (Washes 2 through 9) 
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X. Sponsor and Investigator Concurrence 

For The Procter and Gamble Company 

PREPARED BY: 

Kathy Wiandt, B.A., Clinical Research Associate 
Clinical Research and Biometrics Department 

STATISTICIAN: 

~ e: Phili~.a~ .. s9.tt.~ k P r~ 
Clinical Research and Biometrics Department 

<---·.-;A_._ 
Bru~ le, M.D., Medical Director 
Clinical Research and Biometrics Department 

II 

Date: 

Date: 
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Agreed and Accepted by Hill Top Research, Inc. and the Study lnvestigator(s) for 
CRB-0 1-0S-066-HB: 

I certify that I have reviewed and approved the protocol, infonned consent fonn, and other associated 
documents and agree to abide by their tenns. In addition, I agree to conduct this clinical study in 
compliance with federal, state and local government regulations, guidelines and standards applicable to 
such studies including, but not limited to, those relating to Institutional Review Board (IRB), Infonned 
Consent, and Good Clinical Practices. 

I am aware that it is the responsibility of the Investigator to promptly report to the IRB all changes to the 
research activity and all unanticipated problems involving risk to human subjects. In addition, as 
Investigator, I am aware that a summary report must submitted to the IRB when the study is completed. 
These guidelines are in accordance with CFR 312.66. The Sponsor will be copied on all correspondence 
to and from the IRB. 

estigator 
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WRITTEN INFORMED CONSENT 

To be provided by the clinical site. 
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SUBJECT'S INSTRUCTIONS FOLLOWING STUDY COMPLETION 

You have just completed participation in a clinical study, "Efficacy Evaluation OfTwo 
Liquid Soap Products and Two Towelette Products In A Modified Health Care Personnel 
Handwash Study Versus Escherichia coli". During this study, a quantity of bacteria(£. coli) 
was placed on the surface of both your hands. Although we do not expect you to have 
any adverse experience as a result of participation in this study, there is a remote 
possibility that an infection may develop on your hands and wrists within four ( 4) to nine 
(9) days. 

To determine whether you have developed an infection from the test bacteria, we would 
like you to examineyour hands and wrists daily. lf you notice the appearance of any 
pimples, blisters or raised bumps surrounded by redness and/or swelling, please contact 
Gayle Mulberry or Ann Brady at (513) 831-3114 during normal business hours (8:00am-
5 p.m.) or at (513) 831-3354 after hours. 

r, You are required to return to the test site for a follow-up visit. Your follow-up is 
scheduled for: 

Date Time 

Thank you for your cooperation. 
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PRODUCTTREATMENTPROCEDURE 

Part I: For subjects assigned to the Liquid Soap Producr 

• Water temperature should be maintained at 95- 100° F. 

• The temperature should ~e checked and recorded before each wash. 

• The water pressure at each spigot to be used for the study should flow at 4 Llmin. 

• Subjects should remove all jewelry from hands and wrists prior to start of wash procedure. 

OR 

The following wash procedure will be performed h1 · mc:h subject: 

1. Subjects will be instructed to wet their hands under the running water. 

2. 2.0 mL of product will be dispensed from a disposable syringe into the subjects' hands by 
a laboratory technician • 

3. The technician will instruct the Subjects to lather all surfaces of their hands and wrists for 
fifteen (15) seconds. 

4. Subjects will rinse their hands under running tap water for thirty (30) seconds. 

5. A. For test washes #1 and #10. hands will notre dried. 

B. For test washes #2 through #9, subjects ''Ill dry their hands with paper towels. 

(Note: following the practice IWsh. suhjcct.\ · hands will be disinfected and contaminated.) 

6. Bags will be placed on the subjects' right and ldt hands for sampling after the first wash 
and after the tenth treatment. Sampling time'' til be approximately five (5) minutes 
following the wash with the test product. 

Part II: For subjects assigned to the Towelette 

1. The technician will dispense the appropnate tm\ elene test product into the subject's left 
hand using a gloved hand. 

2. The subject will rub all surfaces ofthe1r nght h;md and wrist for fifteen (15) seconds while 
the technician instructs the sub,ect to: 

• rubpalm 
• rub back of hand 
• rub fmgers and web areas between fingers 
• rub the tips of the fingers 

3. The subject will transfer the w1pe to the1r nght hand. 

4. The subject will rub their left hand and wnst fin fifteen (15) seconds while the technician 
instructs the subjects to: 

• rub palm 
• rub back of hand 
• rub fingers and web areas between lingers 
• rub the tips of the fingers 
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SCHEDULE OF TEST PERIOD PROCEDURES 

1. Practice treatment with Test Product; 

2. 

3. 

4. 

5. 

6. 

7. 

For subjects assigned to the Liquid Soap Products 

• subjects wet hands under runmng tap water 
• dispense 2.0 mL ofBaby San® into subjects' hands 
• subjects lather hands and wrists for tifteen ( 15) seconds 
• subjects rinse hands under runnmg tlp water for thirty (30) seconds 
• subjects dry hands with a paper towel 

For subjects assigned to the Towelette Products 

• towelette is placed in subjects' left h~.nd 
• subject will rub all surfaces of the1r r:ght hands and wrist for 15 seconds including 

palmar surface, back of hand. lingers and web area between fingers, and finger tips 
• subject transfers towelette to nght hand 
• subject will rub all surfaces of the1r left hanJs and wrist for 15 seconds including 

palmar surface, back of hand. lingers and \\eh area between fingers, and finger tips 

70% alcohol rinse 

• squirt backs and palms of subjects' hands wuh 70% alcohol for 10 seconds 

• subjects rub alcohol over hands for 15 seconds 

• subjects rinse hands under running tap water for 15 seconds 

• subjects dry hands with paper towels 

Base contamination 

• dispense 1.5 mL aliquot ofbactenal suspensaon onto both subjects' hands 

• subjects rub aliquot over hands for 20 seconds 

• allow subjects' hands to air dry for approxtmately 30 seconds 

• repeat application 2 times 

• allow subjects' hands to air dry I mmute after the last application 

Base sampling 

• place bags on subject's right and lett hands 

• dispense 75 mL stripping solution anto each ba~ 

• secure bags 

• massage for I minute 

• sample each bag 

Water rinse 

• subjects rinse hands wtth water for 30 seconds 

70% alcohol rinse 

• perform as above 

Test contamination (prior to Test Product treatments I through 10) 
• perform as above under base contamanauon 
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8. Test Products Treatments (treatments 1 through 1 0) 
• perform as described under practice treatment 
• for treatments #1 and #10, hands will not be dried prior to sampling 
• for treatments# 2 through #9 subjects will dry hands with paper towels 

9. Test sampling- Following Treatment 1 
• perform as above under base sampling 
• subjects rinse hands with water for 30 seconds after the first test sampling 

10. Test sampling- Following Treatment 10 
• place bag on of the subject's hands 
• dispense 75 mL stripping solution into the bag 
• secure bag 
• massage for 1 minute 
• samplebag 

11. Disinfection 
• subject rinse hands for thirty (30) seconds 
• squirt subjects' hands with 2 mL of bland soap 
• subjects wash hands and wrists for approximately 30 seconds 
• subjects rinse hands and wrists for approximately 15 seconds 

• squirt subjects' hands with 5 mL ofH1biclenslE 
• subjects wash hands and wrists for at least 60 seconds 
• subjects rinse hands and wrists for 15 seconds 
• squirt backs, palms and wrists of subJects' hands wuh 70% alcohol for 10 seconds 
• subjects rub alcohol over hands and \\Tists for 15 seconds 
• subjects· hands will be allowed to a1r dry 
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LIST OF ANTIBACTERIAL I ANTIMICROBIAL PRODUCTS 
Medicated Acne Cleansers 

Benzac W \\'ash 5 
Desuam-X 5 Wash 
Benzac W Wash I 0 
Desquam-X 10m Wash 
Fostex 10% BPO Wash 
Oxy 10 Wash 
Propa P.H. Liquid Acne Soap 
Pan0xy15 
Fostex 10% BPO 
PanOxyiiO 
Clearasil Antibacterial Soap 
Sastid Plain Therapeutic Shampoo and Acne Wash 
Oxy Clean Soap 
Fostex \1ed1cated Ckansing Bar 
Salicyhc Ami and Sulfur Soap 
Sulfur Soap 

Antidandruff Shampoos 

Head and Shoulders tall formulas) 
Selsun Blue (all fommlas) 
Pert Plus for Dandmff 
Suave for dandmff 
Neutrogena T-gel 
Neutrogena T-sal 
Scalpacm 
Tegnn 
Any anudandmff shampoo 

Anti-bacterial Soaps 

Safeguard bar and hqmd 
Lever 2000 bar and hqmd 
Irish Spnng bar 
Dial bar and hqllld 
Softsoap Anubactenal Soap 

Antibiotic Ointments and Creams 

Bacitracm 
Polysporm 
J & J F1rst A1d Cr~·am 
Neomycm 

Antibacterial Dish\\'alihin2 Liquids 

Dawn 
Joy 
Dtal 
Palmoh\·e 
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MICROBIOLOGICAL MEDIA AND METHODS 

0.07SM Phosphate Buffer Solution with Neutralizers 

Weigh 0.4 grams ofKH2P04, 10.1 grams ofNazHP04, 10.0 grams of Polysorbate (Tween) 80, 3 grams of 

lecithin, and 1.0 gram of Triton X-100. Dissolve in I liter of distilled or deionized water. Adjust to pH 7.9 
± 0.1 with l.N HCI or I N NaOH. Dispense buffer in bottles so that after autoclaving the volume equals 75 
± I mL. Loosely cap bottles and sterilize in the autoclave at 121 oc. 

0.0375M Phosphate Buffer Solution with Neutralizers 

Weigh 0.2 grams ofKH2P04, 5.05 grams ofNa2HP04. 10.0 grams of Polysorbate (Tween) 80 and 3 

grams of lecithin. Dissolve in I liter of distilled or deionized water. Adjust to pH 7.9 ±0.1 with 1 N HCl 
or 1 N NaOH. Dispense buffer in appropriate volumes. Loosdy cap vessels and sterilize in the autoclave 
at 
12l°C. 

Mac:Conkey's Agar 

Suspend 50 grams in 1 liter of distilled or deionized water. Loosely cap flask and sterilize in the 
autoclave at 121 °C. Cool to 45-50°C in a water bath. Pour in sterile IS x I 00 nun Petri dishes. Allow to 
cool and solidify on a level flat surface. Check for sterility. Pr~pared plates are stored at 2- 8°C and used 
within 30 days. 

Estimated Plate Count Procedure 

Do not record counts on crowded plates from the htghest dtlutton as too numerous to count (TNTC). If the 
number of colonies per plate exceeds 250, count colomes m those portions of the plate that are 
representative of colony distribution and calculate the Esum<~h:d Standard Plate Count (ESPC) from these 
counts. The ESPC will be determined utilizing the gnd embo-;scd area on the lighted surface of the colony 
counter. Each large square on the grid is I em~. If there are kwer than IO colonies per square centimeter, 
count colonies in I2 squares. selecting, if representative. stx ~·ons~cutive squares horizontally across the 
plate and six consecutive squares at right angles. bemg careful not to count a square more than once. When 
there are more than 10 colonies per square centimeter. count ~·ninnies in four such representative portions. 
In both instances, multiply the average found per square c~nwnct~r by the area of the plate used to 
determine the estimated number of colonies per plate. 

If the total number of CFU's have been estimated according to the procedure described above, ESPC 
(~stimated ~tandard ~late ~ount) should be recorded followmg the value. 

Note: If the highest dilution plated contams >250 C'FL"s and a count ~300 CFU's has been previously 
determined. that value may be reported. It wtll not~· necessary to estimate the total CFU's on a 
plate containing >250 CFU's using the abo"e procedure. Plates containing the highest dilution of 
test specimen plated and the CFU counts ate greater than 300, then the above procedure should be 
used to determine the total CFU count 
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Data Collection Form 1 

DEMOGRAPIDCS/DERMATOLOGICALIMEDICAL HISTORY FORM 

Hlll Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen # 

I 01-108592-11 
Subject 

' I _, __ !_ Permanent #: 
Qualification I -----

CRB-01-05-066-HB 
111111 dd yy F M L 

I Gender: · Ll Male r:J Female 
Age: ____ Years 

Does the subject have any of the following atthe treatment sites? 

I. DERMATOLOGIC DISORDER No Yes 
Don't. 
Know 

l. Psoriasis? 

2. Eczema? 

3. Skin Cancer ? 

4. Skin Allergies ? Please specify: 

5. Hives? 

Does the Subject have any of the following (present and past)? 

JI. OTHER MEDICAL INFORMATION No Yes 
Don't 
Know 

l. Allergies.? Please specify. 

2. Hepatitis? 

3. Heart and Vascular Disease? 

4. Liver Disease? 

r 5. Kidney Disease ? 

6. Tuberculosis ? 

7. Diabetes? Controlled? Diet [ ] Oral ( ] lnsuhn I I 
8. Cancer? 

9. Auto-immune disease (Lupus erythematosus. thyrmd1t1s. AIDS. etc.)? 

10. Organ transplant ? 

II. Any other condition not listed ? Please spec1fy: 

Is the subject taking any medication? If yes, please specif~· below: 

HI. MEDICATION No Yes 
Don't 
Know 

1. Antibiotics, oral or systemic ? 

2. Cortisone, Steroids, ACTH, Anti-reaction Drugs '! 

3. Heart Medication ? 

4. Insulin'? 

5. Other? 

Comments: 

Based on the above medical history, the suJ,ject is: 0 Qualified or 0 Not qualified for the study. r! Interviewer's Signature: 
Date: ___ ......:! ____ ! ___ _ 

mm dd yy 



' 

Data Collection Form 2 
INCLUSION I EXCLUSION FORM 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen # 

01-108592-11 
Subject 

I _1_1_ 
Permanent #: 

Qualification ------
CRB-01-0S-066-HB 

111111 dd yy F M L 

INCLUSION CRITERIA 

Check·one 

YES NO Subject: 

1. Is~ 18 years? 

2. Has signed informed consent? 

3. Is healthy as evidenced by responses on OC'F I ? 

4. Has hands and wrists that are free of dermatoses. cuts, lesions, and other skin disorders ? 

5. Is willing to comply with all study protocol requirements ? 

EXCLl'SION CRITERIA 

YES NO N/A Subject: 

I. Is currently participating in another clinu:al study at this or any other facility? 

2. Has participated in any type of hand or arm wash study within the past 7 days ? 

3. Has cuts, lesions, or other skin disorders on their hands or wrists ? 

4. Has soap, detergent, antibiotic and' or perfume allergies ? 

5. Has eczema or psoriasis on the1r hands or wrists '! 

6. Has used antibacteriaVantim1crobial soaps. medicated lotions and creams and/or anti-dandruff 
shampoos within the last week? 

7. Has long(~ 2 mm free edge) or artitic1al na1ls 

Female Female· Male 8. Is currently pregnant? Ll Yes L] !'\o Of child-bearing potential: Ll Yes Ll No 

Ll Surg1cally Sterile Ll Post-menopausal 

If of child bearing potential -ll-HC'G TN Results: Ll negative Ll positive 

Female Female Male 9. Is currently lactating? 

10. Has been medically diagnosed as hanng a medical condition such as: diabetes, 
hepatitis, an organ transplant. or AIDS ll•r I !IV positive)? 

11. Has another medical cond1t10n wh1ch 111 the opinion of the Investigator would 
preclude participation ? 

Based upon dermatologic evaluation and the information con tamed 111 Data Collection 1 and 2, the subject is: 

Ll Qualified Ll Not Qualified lor partrcrpation iri this study. 

Reasons for disqualification: 

Interviewer's Signature 
Date: I I 

mm dd yy 

Investigator's Signature:: Date: I I 
mm dd yy 



Study# Hill Top Research, Inc. 

01-108592-J.l 

CRB-01-05-066-HB 

Date Subject Entered the Study: 

I I ---------
mm dd yy 

Data Collection Form 3 

FOLLOW-l'P VISIT 

Visit Code Date Subject Initials 

Follo\\-up 
I I ------ ------

mm dd yy F M L 

Follow-up Visit Date : 

__ 1 __ 1 __ 
mm dd yy 

Subject Screen 
# 

Permanent #: 

Does the subject's hands have the presence of pimples. bhsters. or ral!ied itching bumps surrounded by erythema 
and/or edema that may be indicative of a skin infection ._, 

YES NO If yes, complete below: 

Clinical Observations: {Include date of onset and descnpuon~ sen~nty locations, etc.) 

Comments: ---------------------------------------------

Has the subject had any health related issues since the treatment pron·dure'! 

YES NO If yes, complete below: 

Comments: -------------------------------
----------------------------------

------------------
-----------------------------------------
------------------------------- -----------

Investigator's Signature or designee Date 

-----'' '----mm dd yy 



) 

Study #I 

01-108592-11 

Data Collec2 Form 4 
MICROBIOLOGICAL RESULTS 

Hill Top Research, Inc. Subject lntials Permanent #I 

I I ------
CRB 01-04-051-HB F M L 

BASE - Total #I Organisms (CFU's) I mL of Sampling Solution 

LEFT HAND DILUTIONS RIGHT HAND DILUTIONS 

PLATE I0-4 10·5 to-6 t0-4 to·5 

I 

2 

TEST #II (after first treatment)- Total #I Organisms (CFU's) I mL of Sampling Solution 

LEFT HAND DILUTIONS RIGHT HAND DILUTIONS 

PI.AH: to·•· tO·l tO·-' t0-1 tO·!> to-•· 10·2 10·3 t0-4 

I 

2 

3 

TEST #12 (after tenth treatment)- Total #I Organisms (CI<'U's) /mL of Sampling Solution 

LEFT HAND DILUTIONS RIGHT HAND DILUTIONS 

PLATE I0-1* 10-1 J0-3 J0-4 I0-5 I0-1* I0-2 I0-3 J0-4 

I 

2 

3 
~~ : _______ ------------------

Base Microbiologist(s): Date: 

Test Microbiologist(s): Date: 

•to·• = I mL of sampling solution spread across three plates. 

') 

I 
' 

to-6 

---------

10·5 

- ---

I0-5 

--



Data Collection Form 5 

ADVERSE EVENT 

Study# Hill Top Research, Inc. Date Subject Initials 
Subject Screen# 

01-108592-11 I _!_!_ 
Permanent #: 

------
CR.B-01-0S-066-HB 

Jlllll dd yy F M L 

Was reaction related to treatment? C1 Not related Cl Possibly related C] Definitely related Cl Other (explain) 

Did subject take any medication during the study period'? c:J YES C] :'-10 If yes, complete section below. 

Date of Onset: Date Reported: Date Resolved: 

Describe event: 

--

Action Taken: Cl None c:J Continued on study C] W 1thdrawn from the study Cl Consulted physician 

Cl Medication taken (Complete below I Cl Hospuallzed Cl Other (explain) 

Additional Comments: 

FOLLOW- l'P ACTIO~ TAKEN 

Date Action Taken Comments Initials 

CONCO:\IIT A~T \IEUICATION TAKEN 

Medication Total Dally Dose Start Date Stop Date Indication 
(Oral or Systemic) mm dd ~~ mm I dd I yy (Reason for Taking) 

I I 

I I 

I I 

Investigator's Signature: Date 

----~' '-----­mm dd yy 



Data Collection Form 6 

PHYSICIAJ.~'S ACTION REPORTING FORM 

Study# Hill Top Research, Inc. Date Subject Initials 
Subject Screen# 

I 01-108592-11 I __ ! __ ! __ Permanent #: 
------

CRB-01-05-066-HB 
mm dd yy F M L 

Date(s) of office visit(s): ------------------------------

Pertinent Medical History: (e.g., causes of similar reactions. kno\vn allergies, 
potential involvement of current medications or medical conditions) 

Test Product Exposure: 
Use Began On: ____ _ Used Ended on: _____ _ 

Date Date 
Number of Uses: -----

Clinical Observations: (Include date of onset and descriptions severity locations, etc.) 

Impression: _____________________________________ _ 

r 
freatment: ---------~------------------------------

Follow Up: 

Date Resolved:----------

Is condition related to use of the test products? 

[ ] Probably related* ] Not Related* [ ] Unknown 

Reasons: ___________________________________________ __ 

Physician's Signature Date 



) 

Study# 

01-108592-11 
CRB-0 1-0S-066-118 

EVENT 

Practice Wash 

Decontamination 

Base Contamination Protedure 

Base Bacterial Sampling Protedure 

Base llecontamination 

Tnt Contamination Procedure #I 

Tl'\1 t•rudul·l Trealllll'lll fll 

Tesl Bacterial Sampling Procedure #I 
(after first treatment) 

Test Contamination Procedure #10 

Test Product Treatment #10 

Test Bacterial Sampling Protedure #2 
(after lOth treatment) 

Decontamination 

Recorder's Signature: 

Reviewer's Signature: 

) 
Source Document 1 

TREATMENT PHASE 

Hill Top Research, Inc. Permanent #'s 

TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

am/pm a Yes/ a No 

am/pm a Yes/a No 

am/pm a Yes/a No 

am/pm a Yes/a No 

am/pm a YesiO No 

am pm a Yes/ a No 

am pm D Yes 0 :-..:o I \\'aler Temp: 

am/pm a Yes/a No 

am!pm a Yes/0 No 

am/pm a Yes/a No I Water Temp: 

am/pm a Yes/a No 

am/pm a Yes/a No I Water Temp: 

J Date: I I 

I Date: I I 
-----------~ 

)I 

' 

I 

OF 

Of 

Of 



') 

Study# 

01-108592-11 
(" R B-0 1-05-066-11 8 

•:VENT TIME 

Test Contamination Procedure #2 amlpm 

Test Product Treatment #2 amlpm 

Test Contamination Procedure #3 amlpm 

Test Product Treatment Ill amlpm 

Test Contamination Procedure #4 amlpm 

Test 1•roduct Treatment #-' am/pm 

Tesl Contamin11tion 1•roccdurc #5 am pm 

Test Product Treatment liS am/pm 

Test Contamination Procedure #6 amlpm 

Test Product Treatment #6 amlpm 

Test Contamination Procedure #7 amlpm 

Test Product Treatment #7 amlpm 

Test Contamination Procedure 118 amlpm 

Recorder's Signature: 

.Reviewer's Signature: 

Sob... .)ument 2 

TREATMENT PHASE 

Hill Top Research, Inc. Permanent #'s 

PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

I 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

OY~s'O No I Water Temp: 

0 Y~·s 0 No 

0 Yes/ 0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

Date: l I 

Date: I I 

)I 

Of 

Of 

OF 

or 

OF 

OF 



') 

Study# Hill Top Research, Inc. 

01-108592-11 
CRB-0 1-0S-066-11 8 

Test Product Treatment #8 am/pm 0 

Test Contamination Procedure #9 am/pm 0 

Test Product Tre1tment #9 am/pm 0 

Recorder's Signature: 

R~\ '~"'~'\ S1gnaluH· 
- ----·-

) 

Source Document 2 (contiltued) 

TREATMENT PHASE 

YesiO No 

YesiO No 

I 

Yes/0 No 

I Date: I 

I Dale: I 

') 

Permanent #'s 

I Water Temp: Of 

I Water Temp: Of 

I 

I 

-
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PILOT STUDY 

RINSE OFF FORMULATION 

SWH094-152, SW094-155 



CRA: Kathy Wiandt 

Study Statistician: Jeanne Philippo 

Clinical Study Report 

Date: May 23, 2001 

Retention Limit: Until Superseded 

Approved by: 'f:h;2 c;. f_-:>\'· / ~ l 

Subject: Results of Efficacy Evaluation of Two Handsoap Products in a Modified Healthcare Personnel 
Handwash Study Versus Escherichia coli- CRB-01-05-065-HB I HT# 01-108591-1 L 

Objective: 

The objective of this study was to detennine the ability of two antibacterial handsoap products to significantly 
reduce transient microbial flora (Escherichia coli 11229) on the hands after a single treatment and after ten ( 1 0) 
treatments. 

Materials Tested: Mf 

Test Code Test Material Active Ingredient Batch Number 
A Handwash Product 0°;(, Salicylic Acid SWH160-152 
B Handwash Product 2'~.-.. Salicylic Acid SWH160-155 

Key Conclusions: 

• After I wash, the 2.0% SA Hand Wash had a significantly higher reduction in log counts versus tiie 
test placebo (p-value=0.0043). 

• After 10 washes, the 2.0% SA Hand Wash had a stgmticantly higher reduction in log counts versus 
the test placebo (p-value=0.0022). 

The summary of the mean logs recovered and the log reducttons achieved foJJowing the first and tenth 
washes were detennined. 

Table I -Summary of HCPHWT log 1 o Bacterial Results 

Baseline Log10Counts- I Wash LogtoCounts -10 Washes 

Treatment Sample Mean Mean 

I 

Change I % Mean Change % 
Size from ! Reduction from Reduction 

Baseline 
I 

Baseline I 

A-Handsoap I j 
I 

0% Salicylic 6 7.63 5.21 i 2.42 
! 

99.6 5.44 2.19 99.4 
Acid I 

I 
B-Handsoap ' i I 

I 
2% Salicylic 6 7.74 4.66 ! 3.09 99.9 4.53 3.21 99.9 

Acid 

Study Summary: 

(""'"' Test Site: Hill Top Research, Miamiville. Ohto 

Study Dates: May 8-14, 2001 



Investigator: Gayle K. Mulberry, M.S. 

Experimental Design: This was a randomized clinical study consisting of a one day test period and a 
single follow-up visit. Two test products were evaluated. Six subjects were used to evaluate each product. 

Efficacy Measurements Taken: The subjects' hands were contaminated with a suspension of E. coli. 
Subjects' hands were contaminated eleven times and sampled three times using a plastic bag sampling 
procedure. The first contamination and sampling was for the determination of the base count. The second 
contamination and sampling was for determination of the test count after one treatment with the assigned 
Test Product. After eleven contamination steps and ten treatments with the assigned Test Products the 
hands were sampled using the plastic bag sampling procedure. 

Subject Demographics: Twelve male and female subjects. ~ 18 years old, who do not regularly use 
antibacterial/antimicrobial soaps, medicated lotions or creams and or antidandruff shampoos were enrolled 
into the study. Six subjects were used to evaluate one of t\vo test products. 

-
Overview: To become familiar with the wash procedure using a liquid hand soap, the subjects practiced the-
wipe procedure with Baby-san®. For the base count, subjects' hands were contaminated with E. coli. 
Immediately following the contamination step. the organisms on the subjects' hands were removed using a 
plastic bag sampling procedure. 

Prior to each treatment wash, subjects' hands were contammated with E. coli. After completing the 
contamination step, the subjects performed the test product application procedure with the assigned Test 
Product. The subjects lathered their hands for fifteen seconds and rinsed their hands for thirty seconds. 
Approximately five minutes following the wipe procedure. the organisms on both of the subjects' hands 
were removed using a plastic bag sampling procedure. Approximately five minutes following the tenth 
treatment, the organisms on the subjects' hands were removed using a plastic bag sampling procedure ... 

Samples of the subjects' sampling solutions were diluted, plated, and incubated. Following incubation, the 
numbers of colony forming units (CFU's) were enumerated. Antibacterial activity was determined by 
comparing the number of bacteria removed from the hands after one treatment with the assigned Test 
Product and ten treatments with the assigned Test Product to the number of bacteria removed from 
unwashed hands. 

Data Analysis: 

For the bag juice results, each subject's base sampling CFU's was compared to their test sampling CFU's 
using a nonparametric Wilcoxon paired signed-rank test. P-values ~ 0.10 were considered statistically 
significant. Percent change for each orgamsm was computed by the following formula: 

1 - ( geometric mean of the test CFU's 
geometric mean of the baselme CFU's) 

X 100 

Treatment comparisons were analyzed by a Wi1coxon-Mann-Whttney Test using Exact methods. 

Regulatory/Ethics Status: 

This study was conducted in compliance With federal. state. and local regulations, guidelines, and standards 
including those related to Informed Consent and Good Chmcal Practices as specified under 21 CRF 321.66. 

Subject Accountability: 

Twenty subjects were screened for the study. Twelve ( 12) subjects were screened, enrolled and completed 
this study. Five subjects met the study qualificatiOns. but were excluded because they were extra subjects. 



Two subjects were excluded because of open cuts on their hands. One subject was excluded because they 
were allergic to penicillin. 

Adverse Events: 

There were no adverse events in this study. 

Clinical Research Associate 



HTR Study No.: 01-108591-11 
Sponsor Study No.: CRB-01-05-065-HB 

QUALITY ASSURANCE STATEMENT 

This study was inspected in accordance with the Standard Operating Procedures of Hill Top 
Research, Inc. To assure compliance with the study protocol, the Quality Assurance Unit 
performed an inspection during the conduct of this study and completed an audit of the study 
records. 

Data reviewed by: 

~17-ot 
Date 

Auditor, Quality Assurance 
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I. 

II. 

Study Objective and Background 

A. Objective 

The objective of the study is to determine the ability of a two antibacterial handwash product 
containing to significantly reduce transient microbial flora (Escherichia coli 11229) on the hands 
after a single treatment and after ten ( 1 0) treatments. 

B. Background 

The skin micro flora can be divided into two ( 2) groups, the resident flora and the transient flora. The 
resident flora includes organisms that are consistently present on the skin. The transient flora are the 
contaminating skin organisms resulting from contact with the environment. They comprise a wide 
variety of Gram positive and Gram negative species that can be responsible for the spread of 
infections and gastrointestinal diseases. 

Since the benefits that result from washing with antibacterial soaps can not be easily measured under 
consumer use conditions, it is necessary to do controlled clinical studies to demonstrate their efficacy. 
This clinical study is a modification of an ASTM test method, "Evaluation of Health Care Personnel 
Handwash Formulation"(!) and reported in the Tentative Final Monograph for Health Care Antiseptic 

Drug Products(2). It is used to determine the ability of an antimicrobial handwashing agent, when 
used in a hand washing procedure, to reduce the transient microbial flora (contaminants). This study 
is designed to demonstrate the efficacy of two liquid handsoaps in reducing the numbers of a marker 
organism, Escherichia coli A TCC 11 :229 on the hands after a contamination and a single handwash 
and after ten handwashes. Efficacy is determined by comparing the numbers of marker organisms on 
the hands before and after using the test products. 

C. Study Safety Statement 

This testing meets the ethical requirements stipulated in the Sponsor's Policy for Research Involving 
Human Subjects. Appropriate safety testmg has been completed and risk assessments justify the 
placement ofthe test products in this study at these concentrations (levels of exposure). 

Study Summary 

A. Overview 

This randomized clinical study will constst of a one day test period and a follow-up visit. Two (2) 
test products will be evaluated. Twelve 1121 male and female subjects,~ 18 years old, who do not 
regularly use antibacteriallantimicrobtal soaps. medtcated lotions and creams, and or antidandruff 
shampoos (Appendix E), will be enrolled mto the study. Six (6) subjects will be used to evaluate 
each test product. · 

On the day of the study, the subjects wtll report to the clinical test facility. During this period, 
subjects' hands will be contaminated wtth a suspenston of £.coli. Subjects' hands will be 
contaminated eleven ( 11) times and sampled three (-' 1 times ~ing a plastic bag sampling procedure. 
The first contamination and sampling wtll be for the determination of the base count. The second 
contamination and sampling will be for determmatton of the test count after one ( 1) treatment with 
the assigned Test Product After eleven (II) contammation steps and ten (10) treatments with the 
assigned Test Products the hands will be sampled usmg the plastic bag sampling procedure 

To become familiar with the wash procedure usmg the liquid hand soap, the subjects will begin the 
test procedure by first performing a pracuce wash "1th Baby-san1i). For the base count, subjects will 
have their hands contaminated wtth £ coil lmmedtalely following the contamination step, the 
organisms on the subjects' hands wall be remo,·ed usmg a plastic bag sampling procedure. 

Prior to each treatment wash. subjects' hands w1ll be contaminated with£. coli. After completing the 
contamination step, the subjects wtll perform the test product application procedure with the assigned 

2 
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Test Product. Approximately five (5) minutes fbllO\ving the first procedure, the organisms on both of 
the subjects' hands will be removed using a plastic bag sampling procedure. Approximately five (5) 
minutes following the tenth treatment. the organisms on the subjects' hands will be removed using a 
plastic bag sampling procedure 

Aliquots of the subjects' sampling solutions will be diluted, plated, and incubated. Following 
incubation, the number of colony forming units (CFU's) will be enumerated. Antibacterial activity is 
determined by comparing the number of bacteria removed from the hands after one ( 1) treatment 
with the assigned Test Product and ten ( 10) treatments \vith the assigned Test Product to the number 
of bacteria removed from unwashed hands. 

B. Study Schedule 

l. Subject Qualification and Enrollment 

Prospective subjects will visit the test facility to be screened for their eligibility to participate in the 
study. Eligibility will be based upon information provided in the Demographics/Dermatological/ 
Medical History Form (DCF l) and the Inclusion Exclusion Form (DCF 2); and completion of a 
written informed consent (Appendix A). 

2. Test Period 

Subjects continuing on the study will be assigned a permanent subject number. Subjects will be 
assigned to one of the two test products according to the study randomization. 

The following outlines the schedule of procedures for the test day: 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Subjects will perform a practice wash wnh 13aby-sanR> (Appendix D). 

Subjects will rinse their hands with 70% alcohol and rinse their hands under running tap 
water (Section G). 

Subjects' hands will be contammated (Sect1on E). 

Subjects' hands will be sampled for a base count (Section F). 

Subjects will rinse their hands ·wnh water for 30 seconds (Section G). 

Subjects will rinse their hands wnh 70"" alcohol and rinse with tap water (Section G). 

Subjects' hands will be contammated (Section E). 

Subjects will wash their hands followmg the wash procedure for the assigned Test Product 
(Section C, Appendix C). 

Subjects' right and left hands wtll be sampled for a treatment value four (4) minutes and 
thirty (30) seconds :t thirty (301 seconds after the first wash with the assigned Test Product 
(Section F) .. 

lO. The hands will be rinsed for thirty seconds. 

11. Subjects will perform steps 7 and 8 1 abo\'e 1 a total of nine (9) more times at a minimum of 
five (5) minutes between each wash procedure. 

12. The subjects' hands will be sampled for a treatment value four (4) minutes and thirty (30) 
seconds :t thirty (30) seconds after the tenth wash with the assigned Test Product (Section F). 

13. Subjects' hands will be disinfected wuh a bland soap and water wash and Hibiclens® ( 4% 
chlorhexidine gluconate) wash and wnh a -:'O"n alcohol rinse (Section G). 

Note: A detailed scheduled ofthe ahoa·e prouJtm!J can be found in Appendix D. 

To ensure that any delayed ad\'erse e\ents. such as pnmary skin infections, are reported to the 
Study Investigator, all test subjects'' til be gt\en a copy of Subjects' Instructions Following Study 

3 
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Completion (Appendix B) before leaving the clinical site after they have completed the study. This 
sheet will instruct the subjects to examine their hands and wrists daily until the final scheduled visit 
for the presence of pimples, blisters. or raised. red itching bumps surrounded by erythema and/or 
edema that may be indicative of a skin infection. Subjects, who notice such lesions, will be 
instructed to call the clinical test site. The subjects \viii return to the clinical test site within four 
( 4) to nine (9) days after the study procedures ha\·e been completed to have their hands and wrists 
examined by a technician. The technician will complete DCF 3 for each subject on their follow-up 
visit. 

C. Product Treatment Procedure 

Subjects will wash their hands and wrists according to the procedure described in Product 
Treatment Procedure, Appendix C. In general the following should be noted: 

a. Water temperature should be closely monitored and maintained at 95-100°F. The water 
temperature should be recorded on Source Document 1 or 2 before each wash. 

b. Water pressure should be adjusted to a tlow of 4 Llminute. This may be accomplished by 
placing a 2000 mL glass beaker or tlask under each spigot to be used for subjects' hand 
washing. Allow the water to tlow into the beaker. Adjust the water flow at each spigot 
accordingly, so that the beaker fills within thirty (30) seconds. 

c. Subjects are to be closely supervised as they lather and wash their hands and wrists. The 
washes will be recorded on Source Documents l or 2. 

D. Preparation of Bacterial Suspensions 

A stock culture of Escherichia coli, A TCC 11229. will be prepared by transferring at least isolated (3) 
colony from an agar plate or slant aseptically to a tub~ containing sterile Trypticase Soy Broth (TSB). 
The inoculated broth will then be incubated for 2-t: -t hours at 35:!: 2° C. At least three (3) additional 
24 hour broth transfers will be made in rubes containmg appropriate volumes TSB from this broth 
culture. 

A 2-liter flask containing 1000 mL ofTSB will be inoculated with 1.0 mL of the fmal24 hour broth 
transfer. The flask will be incubated for 24 ::: 4 hours at 35 :_!: 2° C. Prior to any withdrawal of culture, 
whether for hand contamination or for numbers assay. the suspension will be stirred or shaken. The 
suspension will be assayed for number of organisms at the beginning and end of the treatment period. 
A suspension will not be used for more than eight ( 8 1 hours. 

E. Contamination 

Note: Prior to contamination, subjects lwnds mmt he' rHh~v dry. Also, care should be taken to ensure 
that the culture is evenly spread m·er hoth lwm/.1 

A total volume of 4.5 mL of the assigned bacterial suspension will be dispensed into the subjects' 
cupped hands in 1.5 mL increments. After each 1.5 mL aliquot is added, the suspension will be rubbed 

·thoroughly over the surface of both hands. not going above the wrist and avoiding the nail beds. Each 
application and spreading should last approxtmately twenty (20) seconds. Between each aliquot the 
hands will be held away from the body and allowed to atr dry for-approximately thirty (30) seconds. 
Following the third 1.5 mL aliquot, the hands are allowed to air dry for approximately one (1) minute. 
A record of base and test contaminations wtll be documented on Source Document 1 or 2. 

F. Bacterial Sampling Procedure 

For removal of bacteria from the subJects· hands. Ions~! fining plastic bags with low bioburden will 
be placed on each subject's right and or left hands. :\ 75 mL aliquot of stripping solution [0.1% 
Triton X-100 in 0.075 M phosphate buffer. l.O"n polysorbate (Tween) 80, 0.3% Lecithin, pH 7.9] 
will be aseptically added mto each bag The same solution will be used for the base counts and test · 
counts. 

4 
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The bag on each hand will be secured at the wrist with a child's size tourniquet and massaged for one 
(l) minute in a uniform manner by a lab technician. Aliquots of the solution will be aseptically 
obtained directly from the bag without touching the hands in the process and will be appropriately 
diluted in a sterile diluent with the appropriate neutralizer (for the test wash samples only). A record 
of base and test samplings will be documented on Source Document l. 

The solution samples for bacteria counts will be labeled by either an Investigator derived code or the 
actual subject's number so that the individuals who prepare the plates and count the CFU's are 
unaware of the sources of the sampling solution. 

The solution will be aseptically placed in a sterile test tube. The test tube will be affixed with the 
subject number, baseline or post-treatment, and placed on ice for microbiological analysis. The 
sponsor will analyze the samples for microbiological content. The transfer of the microbial 
specimens will be recorded on Source Document 3. 

G. Disinfection of Hands 

After the baseline sampling, the subjects will rinse their hands for thirty (30) seconds under running tap 
water. The subjects' hands will be disinfected with a /0'~\, alcohol wash. Subjects' hands will be 
squirted with 70% alcohol for approximately ten ( 10) seconds. Subjects will rub the alcohol over the 
surface of their hands and wrists for approximately fi ftcen ( 15) seconds. Subjects will rinse their hands 
and wrists under running tap water for approximately fifteen ( 15) seconds and dry their hands and 
wrists with paper towels. 

After the final sampling is completed, the subject's hands will be washed with a bland soap (provided 
by the investigator) for approximately for thirty (30) seconds and rinsed for approximately fifteen (15) 
seconds. The subjects' hand will then be washed with Hibiclens® (4% chlorhexidine gluconate) for at 
least sixty (60) seconds. Subjects' hands and \vrists w11l be rinsed with a 70% alcohol wash for ten (10) .. 
seconds. The subjects will rub the alcohol on all surfaces of their hands for fifteen (15) seconds and 
allow their hands to air dry. 

A record of each disinfection procedure w1ll be recorded on Source Document 1. 

H. Plating and Incubation of the Organisms 

Baseline specimens will be serially diluted m half-strength (0.0375 M) buffer (without Trtion X-100) in 

ten-fold dilutions to 10'1, I 0_. and 10 '. The d1luted specimens will be plated using an automated 
plating system (Eddyjet system) onto MacConkey"s agar. Post treatment specimens will be serially 

diluted in ten-fold dilutions to w·•. 1 o·; I 0 ' and I o• l' smg an automated plating system (Eddyjet 
system), the undiluted and diluted spectmens will be plated onto MacConkey's agar. The media for 
these analyses are shown in Appendix F. 

Plated samples will be incubated aerob1cally for 18 - ~-' hours at 35 ~ 2°C. The plates will be analyzed 
using the Countermat®. The results Will be reported as colonies per mL using the Countermat® 
software package. 

The results will be recorded an electronic file created by the sponsor. 

III. Study Population 

Subjects will be screened for their eligibility to part1c1pate hased upon information provided in the 
DemographicS/Dermatological/Medical H1story Form [Data collection form (DCF) 1]. Only subjects 
meeting the inclusion/exclusion criteria. outhned m DCF :!. will be allowed to participate in the study. If a 
subject is admitted to this study in apparent\ 1olauon of any of the above criteria, the reason(s) for 
admission will be noted by the Investigator or her des1gnee. 
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A. Subject Inclusion Criteria 

Subjects will be eligible for enrollment if they: 

1. Are a male or female, over 18 years of age : 

2. Have signed a written informed consent (Appendix A); 

3. Are in good health, as evidenced by response to the Demographics/Dermatological/ Medical 
History Form (DCF 1); 

4. Have hands and wrists that are free of dermatoses. cuts. lesions, and other skin disorders; 

5. Are willing to comply with all study protocol requirements. 

B. Subject Exclusion Criteria 

Subjects will not be enrolled in the study if they: 

1. Are currently participating in another clinical study at this or any other facility; 

2. Have participated in any type of arm or hand wash study within the past 7 days; 

3. Have cuts, lesions, or other skin disorders on their hands or wrists; 

4. Have soap, detergent, antibiotic. and or perfume allergies; 

5. Have eczema or psoriasis on their hands or arms: 

6. Are using antibacterial/antimicrobial soaps ( hqu1ds and/or bars), medicated lotions and creams, 
and/or anti-dandruff shampoos in the home within the las.t week (Appendix E); 

7. Have excessively long or artificial nails (<:2 mm free edge) which would interfere with sampling; 

8. Are currently pregnant; 

9. Are currently lactating; 

I 0. Have been diagnosed as having a medical condition which would preclude participation such as: 
diabetes, hepatitis, an organ transplant. or AIDS (or HIV positive); and/or 

II. Have any other medical condition. which in the opmion of the Investigator, would preclude 
participation. 

D. Subject Number Assignment and Randomization 

Upon entry into the study, each subject will be ass1gned a screening number beginning with 1001. 
Subjects will be assigned a permanent consecutJ\'e number. beginning with 001, as they are accepted 
into the study. This number will be used to 1denufy the subject for the duration of the study. 

IV. Study Material 

A. Test Product 

The test products will be sent by the Sponsor to the clnucal site prior to study initiation. The test 
products will be identified with the appropnate label atlixed to the outside of each container. 

B. Shipping of Treatment Products and Other Stud~· Supplies 

The quantity of all treatment products and other study 'upplies. shipped to and returned from the 
chnical site, will be documented by the test site. Thl.' trl.'atment products will be packed into one or 
more cartons labeled with: 

I . the study number; 

2. distnbutor statement (i.e., "Dtstnbuted by Htll Top Research, Inc." with the facility's full 
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address and phone number); 

3. any applicable safety and handling procedures. 

C. Return of Study Materials 

Upon completion of the study, the Invesrigator(s) will insure that all test products and study materials, 
whether completely used, partially used. or unused will be returned to the Sponsor at the following 
address: 

The Procter & Gamble Company 
Sharon Woods Technical Center 
11520 Reed Hartman Highway 

Cincmnati, Ohio 45241 
Attn.: Kathy \Viandt 

V. Other Study Documentation 

A. Adverse Events 

Should any unexpected or serious adverse event occur during the clinical study or as a result of test 
product or study procedures, the subject w1II b•· requested to return to the site to be examined-by the 
investigator or designee. The Investigator w1ll determme if the adverse event is likely to be associated 
with product treatment or the study procedures. The 111\'estigator or other qualified medical personnel 
will determine if the event warrants tenmnauon of par11c1pation and/or to prescribe treatment, if 
necessary. The Investigator will notify the Sponsor representatives, Ward L. Billhimer, 513-626-1926 
(work) or 513-831-8163 (home) or Kathy Wiandt. 5 L'-626-5225 (work) or 513-398-6035 (home). 

Each subject will need to be followed unul the resolutiOn of any adverse event. Information pertaining .. 
to the presenting signs, working diagnoSIS. assessment of the relationship of the adverse event to the 
product treatment, results of the follow-up \'ISJts and any prescribed treatment, will be documented in 
DCF 4. If treatment by a physician is necessary. th1s treatment will be documented on DCF 5. 

The following criteria will be used to determme the reportmg time frame. 

1. Any serious adverse events or adverse events n:qlllnng immediate medical attention will be 
reported to the Sponsor's Monllor 1mmed1ately 1 mght or day) by telephone. 

2. Adverse events resulting in subJect termmat1on from the study will be reported during the 
immediate business day by telephone. 

3. Adverse events that do not reqUire d1sconunuauon of test participation can be reported during 
the immediate business day or ncrxt busmess dJy by telephone. 

4. In the event of a serious adverse reaction. not n.e~essarily related to use of the test product, or in 
the event of a death from any cause. the lm·e,llgJtor must report the event to the Sponsor's 
Monitor. 

B. Protocol Amendments 

If it becomes necessary to modify th1s protocol. the rnod1fication will be documented by a protocol 
amendment signed by the investigator and a repre,entauve of the Sponsor. All amendments to the 
final protocol will be consecutively numbered and" 111 describe any changes made and the rationale 
for making the changes. 
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C. Protocol Deviations 

If a deviation from the fmal protocol occurs. it is the responsibility of the Investigator, or designee, to 
notify the Clinical Research Associate or designee. The deviation and subsequent notification will be 
documented appropriately. 

D. Study Monitoring 

The Investigator will permit a representative of the Sponsor (usually the Clinical Research Associate) 
to visit the facility during the course of the study to monitor study progress. During the visit(s), the 
Investigator will permit the monitor to inspect all forms and corresponding study subject's records to 
verify adherence to the protocol. The study monitor will also be permitted to review and verify test 
articles, wash procedure, and any Investigator-generated or Sponsor-generated study documents. 
The monitor will document and discuss this visit wtth the Investigator, or his designee, including any 
problems that are to be resolved. 

VI. Statistical Analyses 

The sponsor will be responsible for all statistical analyses. For the bag juice results, each subject's base 
sampling CFU's will be compared to their test sampling CFU's using a nonparametric Wilcoxon paired 
signed-rank test. P-values ~ 0.10 will be cons1dered statistically significant. Percent change for each 
organism will be computed , if needed. by the followmg formula: 

1- (geometric mean of the test CFFs) X 100 
geometric mean of the basel me CFU's 

VII. Investigator Responsibilities 

A. Subject Informed Consent 

All subjects will be informed as to the type of study. the general nature of the products being tested, 
and any known or anticipated adverse reactions wh1ch mtght result from participation. Each subject 
must provide the Investigator with \Huten mformed l·onsent to serve as a participant in the study. 
Basic elements of informed consent are outlined m 21 CFR 50.25. 

B. Final Report 

The Sponsor will generate a final report of chmcal n:sults. The investigator will provide a detailed 
description of the adverse events and denauons from the protocol. The investigator will also include 
an accounting of the subjects screened. ehmmated. enrolled and terminated. The Investigator will 
submit the legible copies of all data collection fom1s The Sponsor may request one (1) copy of all 
case report forms before the Investigator's report 1s rl!ady for submission to the Sponsor. 

C. Record Retention 

The Investigator will retain all study records m accordance with the test facility's SOP's. 

D. Confidentiality 

The Investigator and employees of the test fac1hty are obligated to keep any information confidential 
regarding any of the personal cleansmg products and all aspects of the study, as subject to the terms 
and conditions of the Laboratory Sen 1ces Agreement between the test facility and Sponsor. 
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VIII. References 

I. Annual Book of ASTM Standards, Volume 11.04. ASTM Designation: E 1174-94, Standard Test 
Method for "Evaluation of Health Care Personnel Handwash Formulation". 

2. Tentative Final Monograph for Health-Care Antiseptic Drug Products; Proposed Rule, 21 CFR Parts 
333 and 369, Federal Register, Volume 59. No. 116. June 17, 1994. 
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IX. Attachments 

The following Appendices, Data collection forms are included as attachments to the Final Protocol: 

A Written Informed Consent 
B Subject's Follow-up Instructions 
C Product Treatment 
D Schedule of Test Period Procedures 
E List of Representative Antibacterial Antimicrobial Products 
F Microbiological Media and Methods 

Data Collection Forms 

1 Demographics/Dermatological Yfed1cal History Form 
2 Inclusion/Exclusion Form 
3 Follow- up Visit 
4 Adverse Event 
5 Physician's Report Form 

Source Documents 

1 Treatment Phase (Baseline, Wash I and \\'ash I 0) 
2 Treatment Phase (Washes 2 through 9) 
3 Shipping of Microbiological Spec1mens 
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X. Sponsor and Investigator Concurrence 

For The Procter and Gamble Company 

PREPARED BY: 

Kathy Wiandt, B.A., Clinical Research Associate 
Clinical Research and Biometrics Department 

STATISTICIAN: 

e C. Philippo,B.A., Statistician 
Clinical Research and Biometrics Department 

APPROVED BY: 

Ward L. Billhimer, M.S., Senior Scientist 
Clinical Research and Biometrics Department 

II 

Date: _:::>_-+-/ '1-!.... ..4-1 0_/_ 

Date: 

Date: 5 /v/vt 
I I 
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Agreed and Accepted by Hill Top Research, Inc. and the Study Investigator(s) for 
CRB-0 1-05-064-HB: 

I certify that I have reviewed and approved the protocol, infonned consent fonn, and other associated 
documents and agree to abide by their tenns. In addition, I agree to conduct this clinical study in 
compliance with federal, state and local government regulations, guidelines and standards applicable to 
such studies. 

Date: 

Date: 

Date: 
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WRITTEN INFORMED CONSENT 

To be provided by the clinical site. 
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SUBJECT'S INSTRUCTIONS FOLLOWING STUDY COMPLETION 

You have just completed participation in a clinical study, "Efficacy Evaluation OfTwo 
Liquid Soap Products In A Modified Health Care Personnel Handwash Study Versus Escherichia 
Coli". During this study, a quantity of bacteria(£. coli) was placed on the surface ofboth 
your hands. Although we do not expect you to have any adverse experience as a result of 
participation in this study, there is a remote possibility that an infection may develop on 
your hands and wrists within four (4) to nine (9) days. 

To determine whether you have developed an infection from the test bacteria, we would 
like you to examine your hands and wrists daily. If you notice the appearance of any 
pimples, blisters or raised bumps surrounded by redness and/or swelling, please contact 
Gayle Mulberry or Ann Brady at (513) 831-3114 dt!ring normal business hours (8:00am-
5 p.m.) or at (513) 831-3354 after hours. 

You are required to return to the test site for a follow-up visit. Your follow-up is 
scheduled for: 

Date Time 

Thank you for your cooperation. 
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PRODUCT TREATMENT PROCEDURE 

• Water temperature should be maintained at 95- 100° F. 

• The temperature should be checked and recorded before each wash. 

• The water pressure at each spigot to be used for the study should flow at 4 Llmin. 

• Subjects should remove all jewelry from hands and wrists prior to start of wash procedure. 

The following wash procedure lvill be performed h1· each subject: 

1. Subjects will be instructed to wet their hands under the running water. 

2. 2.0 mL of product will be dispensed from a drsposable syringe into the subjects' hands by 
a laboratory technician. 

3. The technician will instruct the Subjects to lath~r all surfaces of their hands and wrists for 
fifteen (15) seconds. 

4. Subjects will rinse their hands under nrnning tap water for thirty (30) seconds. 

5. A. For test washes #1 and #10. hands will not h~ dried. 

B. For test washes #2 through ;;9, subjects'' rll dry their hands with paper towels. 

(Note: following the practice II'Cish .. \ub}t'cts · hands will be disinfected and contaminated.) 

6. Bags will be placed on the subjects' right and left hands for sampling after the fust wash 
and after the tenth treatment. Sampling time will be approximately five (5) minutes 
following the wash with the test product. 



Appendix D 
HT-01-108591-11 

CRB-0 1-05-065-HB 

SCHEDULE OF TEST PERIOD PROCEDURES 

1. Practice treatment with Test Product: 

• subjects wet hands under running tap water 
• dispense 2.0 mL of Baby San® into subjects· hands 
• subjects lather hands and \\Tists for fifteen ( 15) seconds 
• subjects rinse hands under running tap water for thirty (30) seconds 
• subjects dry hands with a paper towel 

2. 70% alcohol rinse 

• squirt backs and palms of subjects' hands with 70% alcohol for 10 seconds 
• subjects rub alcohol over hands for 15 seconds 
• subjects rinse hands under running tap'' :1ter for 15 seconds 
• subjects dry hands with paper towels 

3. Base contamination 
• dispense 1.5 mL aliquot of bacterial suspensiOn onto both subjects' hands 
• subjects rub aliquot over hands for 20 seconds 
• allow subjects' hands to air dry for approximately 30 seconds 
• repeat appliCation 2 times 
• allow subjects' hands to air dry 1 mmute after the last application 

4. Base sampling 
• place bags on subject's right and left hands 
• dispense 75 mL stripping solution mto each bag 
• secure bags 
• massage for 1 minute 
• sample each bag 

5. Water rinse 
• subjects rinse hands with water for 30 seconds 

6. 70% alcohol rinse 
• perform as above 

7. Test contamination (prior to Test Product treatments I through 10) 
• perform as above under base contammauon 

8. Test Products Treatments (treatments I through 10) 

• perform as described under practice treatment 
• for treatments #l and #10, hands will not be dncd pnor to sampling 
• for treatments# 2 through #9 subjects w11l dry hands with paper towels 

9. Test sampling- Following Treatment I 
• perform as above under base sampling 
• subjects rinse hands With water for 30 seconds alter the first test sampling 
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10. Test sampling- Following Treatment 10 
• place bag on of the subject's hands 
• dispense 75 mL stripping solution into the bag 
• secure bag 
• massage for 1 minute 
• sample bag 

11. Disinfection 
• subject rinse hands for thirty (30) seconds 
• squirt subjects' hands with 2 mL of bland soap 
• subjects wash hands and wrists for approximately 30 seconds 
• subjects rinse hands and wrists for approximately 15 seconds 

• squirt subjects' hands with 5 mL of HibiclensK 
• subjects wash hands and wrists for at least 60 seconds 
• subjects rinse hands and wrists for 15 seconds 
• squirt backs, palms and wrists of subjects' hands w1th 70% alcohol for 10 seconds 
• subjects rub alcohol over hands and wnsts for 15 seconds 
• subjects' hands will be allowed to air dry 
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LIST OF ANTIBACTERIAL I A~TI:\UCROBIAL PRODUCTS 
Medicated Acne Cleansers 

Benzac W Wash 5 
Desuam-X 5 Wash 
Benzac W Wash 10 
Desquam-X !Om Wash 
Fostex 10% BPO Wash 
Oxy 10 Wash 
Propa P.H. Liquid Acne Soap 
Pan0xyl5 
Fostex I 0% BPO 
PanOxyl 10 
Clearasil Antibacterial Soap 
Sastid Plain Therapeutic Shampoo and Acne Wash 
Oxy Clean Soap 
Fostex \1edicated C!t:ansing Bar 
Salicyhc Ac1d and Sulfur Soap 
Sulfur Soap 

Antidandruff Shampoos 

Head and Shoulders (all formulas) 
Selsun Blue (all fommlas) 
Pert Plus for Dandruff 
Suave for dandruff 
Neutrogena T-gel 
Neutrogena T-sal 
Scalpacin 
Tegrin 
Any antidandruff shampoo 

And-bacterial Soaps 

Safeguard bar and hqUid 
Lever :!000 bar and hqurd 
Irish Spnng bar 
Dial bar and liqUid 
Softsoap Anubactenal Soap 

Antibiotic Ointments and Creams 

Bacitracm 
Polysponn 
J & J F1rst Aad Cream 
Neomycan 

Antibac:trrial Dish\\ashinR Liquids 

Dawn 
Joy 
Daal 
Palmoh\·e 
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l\1ICROBIOLOGICAL .\fEDIA AND METHODS 

0.075M Phosphate Buffer Solution with Neutralizers 

Weigh 0.4 grams ofKH2P04, 10.1 grams ofNa2HP04, 10.0 grams of Polysorbate (Tween) 80, 3 grams of 

lecithin, and 1.0 gram of Triton X-100. Dissoh·e in I liter of distilled or deionized water. Adjust to pH 7.9 
± 0.1 with 1 N HCI or 1 N NaOH. Dispense buffer in bottles so that after autoclaving the volume equals 75 
:t: 1 mL. Loosely cap bottles and sterilize in the autoclave at I 21 °C. 

0.0375M Phosphate Buffer Solution with Neutralizers 

Weigh 0.2 grams ofKH2P04, 5.05 grams ofNa2HP04. 10.0 grams of Polysorbate (Tween) 80 and 3 

grams of lecithin. Dissolve in 1 liter of distilled or deionized "·ater. Adjust to pH 7.9 ±0.1 with 1 N HCl or 
1 N NaOH. Dispense buffer in appropriate volumes. Loosely cap vessels and sterilize in the autoclave at 
121 oc. 
MacConkey's Agar 

Suspend 50 grams in 1 liter of distilled or deionized water. Loosely cap flask and sterilize in the 
autoclave at 121 °C. Cool to 45-50°C in a water bath. Pour in sterile 15 x 100 mm Petri dishes. Allow to 
cool and solidify on a level flat surface. Check for sterility. Prepared plates are stored at 2- 8°C and used 
within 30 days. 

Estimated Plate Count Procedure 

Do not record counts on crowded plates from the h1ghest diluuon as too numerous to count (TNTC). If the 
number of colonies per plate exceeds 250, count colonies m those portions of the plate that are 
representative of colony distribution and calculate the Esttmated Standard Plate Count (ESPC) from these 
counts. The ESPC will be determined utilizmg the gnd embossed area on the lighted surface of the colony 

counter. Each large square on the grid is 1 cm2. If there are fewer than 10 colonies per square centimeter, 
count colonies in 12 squares, selecting, if representative. s1x consecutive squares horizontally across the 
plate and six consecutive squares at right angles. bemg careful not to count a square more than once. When 
there are more than 10 colonies per square centimeter. count colonies in four such representative portions. 
In both instances, multiply the average found per square centimeter by the area of the plate used to 
determine the estimated number of colonies per plate. 

If the total number ofCFU's have been estimated accordmg to the procedure described above, ESPC 
(~stimated ~tandard ~late ~ount) should be recorded followmg the value. 

Note: If the highest dilution plated contams >250 CFU's and a count ~300 CFU's has been previously 
determined, that value may be reported. It w11lnot he necessary to estimate the total CFU's on a 
plate containing >250 CFtrs using the above procedure. Plates containing the highest dilution of 
test specimen plated and the CFU counts are greater than 300, then the above procedure should be 
used to determine the total CFU count. 
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Data Collection Form 1 

DEMOGRAPHICS/DERMATOLOGICAU:\1EDICAL HISTORY FORM 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen# 

01-108591-11 
Subject 

/ _, __ ,_ Permanent #: 
Qualification ------

CRB-01-05-065-HB 
mm dd yy F M L 

I Gender: (j Male LJ Female Age: Years ----
Does the subject have any of the following at the treatment sites? 

I. DERMA TO LOGIC DISORDER No Yes 
Don't 
Know 

1. Psoriasis? 

2. Eczema? 

3. Skin Cancer ? 

4. Skin Allergies ? Please specify: 

5. Hives? 

Does the Subject have any of the following (present and past)? 

II. OTHER MEDICAL INFORMATION No Yes 
Don't 
Know 

1. Allergies.? Please specify. 

2. Hepatitis'? 

3. Heart and Vascular Disease? .. 
4. Liver Disease? 

5. Kidney Disease ? 

6. Tuberculosis ? 

7. Diabetes? Controlled? Diet [ ] Oral [ ] Insulin [ ] 

8. Cancer? 

9. Auto-immune disease (lupus erythematosus. thyrotdius. AIDS. etc.)? 

10. Organ transplant ? 

11. Any other condition not listed ? Please spectfy: 

Is the subject taking any medication? If yes, please specify beiow: 

III. MEDICATION No Yes 
Don't 
Know 

1. Antibiotics, oral or systemic ? 

2. Cortisone, Steroids, ACTH, Anti-reaction Drugs '! 

3. Heart Medication ? 

4. Insulin? 

5. Other? 

Comments: 

Based on the above medical history, the subject is: (j Qualified or 0 Not qualified for the study. 

r I Interviewer's Signature: Date: __ ___;! ____ .! __ _ 
mm dd yy 



Data Collection Form 2 
INCLUSION I EXCLUSION FORM 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen # 

01-108591-11 
Subject 

I I I 
Permanent #: 

Qualification ------ ------
CRB-01-05-065-HB 

111111 dd yy F M L 

INCLUSION CRITERIA 

Check one 

YES NO Subject: 

I. Is :2: 18 years? 

2. Has signed informed consent'! 

3. Is healthy as evidenced by responses on DCF I ? 

4. Has hands and wrists that are free of dermatoses, cuts, lesions, and other skin disorders ? 

5. Is willing to comply with all study protocol requirements ? 

EXCLUSION CRITERIA 

YES NO N/A Subject: 

I. Is currently participating in another clinical study at this or any other facility? 

2. Has participated in any type of hand or arm wash study within the past 7 days ? 

3. Has cuts, lesions, or other skm disorders on their hands or wrists ? 

4. Has soap, detergent, antibiotic andorperti.1me allergies? 

5. Has eczema or psoriasis on their hands or wrists '? 

6. Has used antibacteriaVantimicrobial soaps. medicated lotions and creams and/or anti-dandruff 
shampoos within the last week'! 

7. Has long {:2: 2 nun free edge) or artificial nails 

Female Female Male 8. Is currently pregnant? LJ Yes LJ No Of child-bearing potential: LJ Yes LJ No 

LJ Surg1cally Sterile LJ Post-menopausal 

If of child bearing potential- 0-HCG Test Results: LJ negative LJ positive 

Female Female Male 9. Is currently lactating? 

I 0. Has been medically diagnosed as havmg a medical condition such as: diabetes, 
hepatitis, an organ transplant. or AIDS (or HlV positive)? 

II. Has another medical condmon wh1ch m the opinion of the Investigator would 
preclude participation ? 

Based upon dermatologic evaluation and the information contamedm DJta Collection 1 and 2, the subject is: 

LJ Qualified LJ Not Qualified for participation in this study. 

Reasons for disqualification: 

Interviewer's Signature 
Date: I I 

nun dd yy 

Investigator's Signature:: Date: I I 
nun dd yy 
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Study t# . 

01-108591-11 
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EVENT TIME 

Test Contamination Procedure ##2 am/pm 

Test Product Treatment ##2 am/pm 

Test Contamination Procedure ##3 am/pm 

Test Product Trealment ##3 am/pm 

Ttst C'ontaminalion Procedure #4 am/pm 

Teil Product Treatment #4 am pm 

Tnt c·onlamination l'roc:rdure #!t am pm 

Test Product Trealmenl #5 am/pm 

Test Contamination Procedure ##6 am/pm 

Test Product Treatment #6 am/pm 

Test Contamination Procedure #7 am/pm 

Test Product Treatment #7 am/pm 

Test Contamination Procedure #8 amlpm 

Recorder's Signature: 

Reviewer's Signature: 
~-----

Son. , ')cument 2 

TREATMENT PHASE 

Hill Top Research, Inc. Permanent t#'s 

PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I WalerTemp: 

0 Yes/0 No 

0 Yes/ 0 No I \Vater Temp: 

0 "l''i'o No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

Date: I • I 

Date: I I 

-), 

OF 

OF 

OF 

• 

I 
I 

OF 

OF 

OF 



-) 
f 

Study# Hill Top Research, Inc. 

OI-108S91-ll 
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Test Product Treatment #8 am/pm 0 

Test Contamination Procedure #9 am/pm 0 

Test Product Treatment #9 am/pm 0 

Recorder's Signature: 

Rc\'Jl'\\ er's S1gnaturl'· 
------

) 

Source Document 2 (co11ti11ued) 

TREATMENT PHASE 

Yes/0 No 

Yes/0 No 

Yes/0 No 

I Date: I 

I Datl': I 

) 

Permanent #'s 

I Water Temp: Of 

I Water Temp: Of 

I 

I 
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EVENT 

Practice Wash 

Decontamination 

Base Contamination Procedure 

Base Bacterial Sampling Procedure 

Base Decontamination 

Test Contamination 1•rocedure #I 

Te\1 1•roduct Treatment #I 

Test Bacterial Sampling Procedure #I 
(after first treatment) 

Test Contamination Procedure #10 

Test Product Treatment #10 

Test Bacterial Sampling Procedure #2 
(after lOth treatment) 

Decontamination 

Recorder's Signature: 

Reviewer's Signature: 

) 
Source Document 1 

TREATMENT PHASE 

Hill Top Research, Inc:. Permanent #'s 

TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

am/pm Cl Yes I Cl No 

am/pm Cl Yes/ Cl No 

am/pm (j Yes I Cl No 

am/pm (j Yes I Cl No 

am/pm (j Yes I Cl No 

ampm (j Yes I Cl No 

am pm (j Yes 0 No I \\'ater Temp: 

am/pm (j Yes/Cl No 

am/pm Cl Yes I Cl No 

arnlpm Cl Yes/ Cl No I Water Temp: 

arnlpm (j Yes/0 No 

arnlpm (j Yes I Cl No I Water Temp: 

I Date: I I 

I Date: I I 

~) 

OF 

Of 

Of 





Data Collection Form 3 

FOLLOW-UP VISIT 

Study# Hill Top Research, Inc. Visit Code Date Subjec:t Initials 
Subject Screen 

"I # 

01-108591-11 
Follow-up 

! I I 
Permanent #: 

------ ------
CRB-01-05-065-HB 

111111 dd yy F M L 

Date Subject Entered the Study: Follow-up Visit Date : 

I I I I --------- ---------
mm dd yy mm dd yy 

Does the subject's hands have the presence of pimples, blisters. or raised itching bumps surrounded by erythema 
and/or edema that may be indicative of a skin infection '! 

YES NO If yes, complete below: 

Clinical Observations: (Include date of onset and descriptions: severity locations, etc.) 

Comments: 

Has the subject had any health related issues since the treatment procedure'? 

YES NO If yes, complete below: 

Comments: 

Investigator's Signature or designee Date 

---~-----~'-------nun dd yy 



Data Collection Form 4 

ADVERSE EVE~T 

Study# Hill Top Research, Inc. Date Subject Initials 
Subject Screen# 

. 01-108591-11 I _1_1_ 
Permanent #: 

-----
CRB-01-05-065-HB 

mm dd yy F M L 

Was reaction related to treatment? Cl Not related Cl Possibly related Ll Definitely related Cl Other (explain) 

Did subject take any medication during the study period? Cl YES 0 NO If yes, complete section below. 

Date of Onset: Date Reported: Date Resolved: 

Describe event: 

Action Taken: Cl None Cl Continued on study Cl Withdrawn from the study Cl Consulted physician 

Cl Medication taken (Complete below) Cl Hospitalized Cl Other (explain) 
... 

-.,Additional Comments: 

FOLLOW - l!P ACTIO~ TAKEN 

Date Action Taken Comments Initials 

CONCOMITANT :\tEDICATION TAKEN 

Medication Total Dally Dose Start Date Stop Date Indication 
(Oral or Systemic) mm. dd · yy mm ldd I yy (Reason for Taking) 

; I I 

I I 

I I 

Investigator's Signature: Recorded by: Date 

______ ! ! ____ __ 
mm dd yy 



Data Collection Form 5 

PHYSICIAN'S ACTION REPORTING FORM 

Study# Hill Top Research, Inc. Date Subject Initials 
Subject Screen # 

01-108591-11 __ ! __ , __ Permanent #: 
------

CRB-0 1-05-065-H 8 
mm dd yy F M L 

Date(s) of office visit(s): -------------------------------

Pertinent Medical History: (e.g., causes of similar reactions, known allergies, 
potential involvement of current medications or medical conditions) 

Test Product Exposure: 
Use Began On: ____ _ Used Ended on: ____ _ 

Date Date 
Number of Uses: -----

Clinical Observations: (Include date of onset and descriptiOns St:\ enty locations. etc.) 

lmpr~sion: ______________________________________________ ___ 

Treatment: 

Follow Up: -----------------------------------

Date Resolved:-----------

Is condition related to use of the t~t products? 

[ ] Probably related* ] Not Relate.d* [ ] Unknown 

Reasons: ________________________________________ _ 

Physician's Signature Date 



Institution: Hill Top Research, Inc. HTR Study No. 01-108591-11 
Investigator: Gayle K. Mulberry, M.S. Sponsor No. CRB 01-05-065-HB 

Page No; .:I..=.._-.... \ __ 
r Study Title: "Efficacy Evaluation of Two Liquid Soap Products In a Modified Health 

Care Personnel Handwash Study Versus Escherichia coif 

CONSENT FORM 

INTRODUCTION: You are being asked to take part in a research study. Before you give 
your consent to be a subject, it is important that you take enough time to read and 
understand what your participation would involve. In preparing this consent form, it has 
been necessary to use some technical language. Please ask questions if there is anything 
you do not understand. 

You will be given a signed copy of this consent form and any other necessary written 
information prior to the start of the study. 

PURPOSE: The purpose of this research study is to determi·ne the effectiveness of two. 
liquid soap products containing an antibacterial ingredient against bacteria found on the 
skin. Approximately twenty (20) people at least 18 years of age will be screened as 
potential subjects in this study. At least twelve (12) subjects are expected to complete the 
two-visit study. 

TEST ARTICLES: You will be assigned 1 of the two antibacterial liquid soap products. The .. 
liquid soap products are experimental. 

STUDY PROCEDURES: Prior to enrollment in the test, you will be asked to complete a 
brief medical history questionnaire and another form to determine your eligibility for the 
study. Your hands and wrists will be checked for visible cuts, scratches or rashes on them. 
It is possible that you may not be able to participate based on your answers to these 
questions or the condition of the skin on your hands and wrists. 

If you are selected to participate in this study, you will be instructed to perform a 
practice treatment with a liquid soap product. Then, your hands will be rinsed with 
alcohol, rubbed for about 15 seconds and rinsed in tap water .for 15 seconds followed 
by drying with papertowels. Afterwards, your hands will be contaminated with a watery 
liquid containing relatively non-harmful bacteria (Escherichia colt)~ This liquid 
containing the bacteria will be spread over the surfaces of the hands, and the hands will 
be allowed to air dry. Following air drying, the hands willlle sampled .. Sampling is 
accomplished by having you place your hands into large plastic bags to which will be 
added a mild soap-like solution. A laboratory technician will massage each bagged 
hand for one minute. The hands will be removed from the bags and the solution from 
each bag will be tested to determine the number of test bacteria added to the hands. 
Following this baseline sampling, the hands will be rinsed for 30 seconds with tap 
water, rinsed with 70% alcohol and water, then dried with paper towels. Then the 
hands will be contaminated as above and treated with the assigned test material, 1 



Consent Form 
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of the 21iquid soap products following specific directions. After the treatment with the 
liquid soap product, your hands will be sampled as above about 4-5 minutes after the 
first treatment is completed to determine the number of bacteria removed or killed by 
treatment. ·Your hands will be contaminated and treated 10 times. After the 1 O"' 
treatment, sampling will be repeated. Following each sampling, your hands will be 
rinsed with tap water.· After the final sampling your hands will then be washed with a 
plain soap followed by a wash with Hibiclens®, an antimicrobial soap, and rinsed with 
alcohol prior to leaving the lab. 

After completing the treatment visit and until your follow-up visit, you-will need to check the 
skin on your hands each day for any pimples, bumps or rashes. Within four to nine days 
after you have completed treatment, you will be required to return to the lab for a follow-up 
visit. Your hands will be checked for infection by a technician trained in obsetving infection. 

FEMALES OF CHILDBEARING POTENTIAL: You may not participate in this study if you 
are pregnant or nursing. As part of giving your consent you must agree to have a urine 
pregnancy test at the start of the study. 

RISKS: The risks associated with this test are primarily related to infection with the test 
bacteria. For healthy persons, the possibility of a skin infection exists; however, this 
possibility is remote because, (1) test bacteria are applied only to healthy or uninjured skin, 
and (2) the skin is cleansed with antibacterial products following contact with the test .. 
bacteria. Your hands may also show a "reaction." A "reaction .. could be pimples, blisters 
or raised bumps surrounded by redness and/or swelling, It is unlikely, but possible, that 
a rash could develop. • 

No risks to you as a study participant, other than those described above as •reactions," are 
anticipated during the study. Reactions are usually due to irritation, although an allergic 
reaction might occur. If you become allergic, it is possible that future exposures to the 
same ingredient may cause a skin reaction. If this occurs, you will be provided with 
informa~ion to minimize the chance for Mure exposures. 

You may experience risks or side effects that are not known at this time. You will be 
informed in a timely manner if new information becomes available that may influence your 
willingness to continue in this study. 

BENEFITS: You will not benefit from the application of test product but the study results 
may allow a new or improved product to be marketed. 

ALTERNATIVE PROCEDURESfTREATMENTS: Because you are not being treated for 
a medical condition, alternative treatments do not apply to this study. 
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CONFIDENTIALITY: Information concerning ·you that is obtained in connection with this 
study will be kept confidential by Hill Top Research, except that the sponsoring company 
whose product is being tested will receive a copy of the study records. The records will be 
coded to protect your identity. In addition, government regulatory agencies, including the 
U.S. Food and Drug Administration (FDA), may inspect the records of the study. 
Information obtained in the study may be used for medical or scientific publication, but your 
identity will remain confidential. 

MEDICAL TREATMENT: If in the course of this study you experience illness, discomfort 
or injury that appears to be a result of the study, Hill Top Research will provide you with 
medical care at no cost to you. Providing such medical care is not an admission of legal 
responsibility. If such illness, discomfort or injury does occur, ask any staff member to 
arrange a meeting for you with the appropriate personnel. 

In certain cases of illness or injury resulting from this study, workers' compensation 
coverage may be available. In accordance with Ohio law, Hill Top Research has secured 
workers' compensation coverage for participants in its studies and tests, and has paid and 
will pay appropriate premiums into the State Insurance Fund on behalf of such participants. 

WHO TO CONTACT: If you have any questions about this study or in case of an 
emergency, contact Emilie, Study Coordinator at 513-831-3114, ext. 2324 during business 
hours (M-F, 8:00A.M.- 5:00P.M.) or Ann Brady, Study Manager at 513-831-3354 after .. 
hours. 

• 

·. 
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-r' VOLUNTARY PARTICIPATION/WITHDRAWAL: Your participation in this research study 
··• is strictly voluntary. You may refuse to participate or may discontinue participation at any 

time during the study without penalty or loss of benefits to which you are otherwise entitled. 

If you agree to participate in this study, you are also agreeing to provide Hill Top Research 
with accurate information and to follow study instructions as given to you. If you fail to 
comply with study procedures. your participation may be terminated. 

Your participation in the study may be discontinued at any time without your consent by 
the Investigator. the FDA. or the sponsoring company. 

COMPENSATION: You will be paid $55.00 for the completion of this study. You wil1 be 
compensated according to the following schedule: 

If you do not qualify Visit 1 you will receive $10.00 
If you qualify but are Visit 1 you will receive $15.00 
eliminated as an 
extra subject 
If you complete Visit 1 you will receive $30.00 
If you complete Visit 2 you will receive $55.00 

Payments will be made at the end of the study. 

r-- There are no anticipated expenses to you for participating in this study. All test related 
materials will be provided at no cost to you . 

• 
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CONSENT TO PART.ICIPATE 
Page No. :r: - 5 

I know that my participation in this study is voluntary and that I have the right to refuse to 
participat~. I know that I may withdraw from the study at any time without penalty or loss 
of benefits to which I am otherwise entitled. If I withdr~w or am dismissed for failure to 
obey rules or follow directions, I understand I will only be paid for the portion of the study 
that I have completed. If, in the judgment of the Investigator, it is best to discontinue my 
participation in the study for other reasons, I will be paid either in full or for that portion of 
the study already completed. 

If I am a female of childbearing potential, I am nof currently pregnant or nursing an infant. 
I am using an adequate means of birth control and, if I become pregnant or believe I have 
become pregnant, I will notify the Investigator immediately. 

CONSENT: I have read all of the above information and have been given an opportunity 
to ask questions about this study. Answers to such questions {if any) were satisfactory. 
I am eighteen years of age or older and freely and without reservation give my consent 

to serve as a subject in this study. By signing this form, I have not given up any of my 
legal rights as a research subject. 

Subject's Name Printed: First Middle Initial 

Subject's Signature 

Signature of Person Conducting Consent Discussion 

SUBJECT SCREEN NO. __ 
SUBJECT NO. __ 

last 

Date 

Date 
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CRA: Kathy Wiandt 

Study Statistician: Jeanne Philippo 

Clinical Study Report 

Date: May 22, 2001 

Retention Limit: Until Superseded 

Approved by: f~ ', ~ I:--;~. I,~: I 

Subject: Results of Efficacy Evaluation of Three Hand wipe Products in a Modified Healthcare Personnel 
Handwash Study Versus Escherichia coli- CRB-01-04-063-HB I HT# 01-108589-11. 

Objective: 

The objective of this study was to determine the ability of three antibacterial handwipe products to significantly 
reduce transient microbial flora (Escherichia coli 11229) on the hands after a single treatment and after ten (10) 
treatments. 

Materials Tested: 

Test Code Test Material Active Ingredient Batch Number 
A Handwipe Product 1 ·~·;, Salicylic Acid SWH94-136 
B Handwipe Product o·~~ Salicylic Acid SWH94-137 
c Handwipe Product 2~·;, Salicylic Acid SWH94-138 

Key Conclusions: 

Jhe purpose of this test was to screen antibactenal hand wipe prototypes. The base size per product tested 
was small and therefore no statistical differences were determmed between the products. 

The summary of the mean logs recovered and the log reductions achieved following the first and tenth 
washes were determined. 

Table I -Summary ofHCPHWT Log10 Bacterial Results 

Baseline Log10Counts- I Wash LogtoCounts- 10 Washes 

Treatment Sample Mean Mean 

i 
Change i o;o Mean Change % 

Size from i Reduction from Reduction 
Basel me 

I 
Baseline I i 

I 
I I 

A-Handwipe I I 

1% Salicylic 4 7.43 5.54 I.S9 98.7 4.05 3.38 >99.9 
Acid I 

I 

B-Handwipe I 

0% Salicylic 4 
I 

6.78 5.35 
I 

1.43 96.3 4.34 2.44 99.6 
Acid 

C-Handwipe 

2% Salicylic 4 7.45 5.43 2.01 99.0 4.44 3.01 99.9 
Acid 

I 

I 

Attached are the statistical analysis tables for the study. 



Study Summary: 

Test Site: Hill Top Research, Miamiville, Ohio 

Study Dates: April20-24, 2001 

Investigator: Gayle K. Mulberry, M.S. 

Experimental Design: This was a randomized clinical study consisting of a one day test period and a 
single follow-up visit. Three test products were evaluated. Four subjects were used to evaluate each 
product. 

Efficacy Measurements Taken: The subjects' hands were contaminated with a suspension of E.co/i. 
Subjects' hands were contaminated eleven ( 11) times and sampled three times using a plastic bag sampling 
procedure. The first contamination and sampling was for the detennination of the base count. The second 
contamination and sampling was for detennination of the test count after one treatment with the assigned 
Test Product. After eleven contamination steps and ten treatments with the assigned Test Products the 
hands were sampled using the plastic bag sampling procedure. 

Subject Demographics: Twelve ( 12) male and female subJects, ~ 18 years old, who do not regularly use 
antibacterial/antimicrobial soaps, medicated lotions or creams and or antidandruff shampoos were enrolled 
into the study. Four (4) subjects were used to evaluate one of three test products. 

Overview: To become familiar with the wipe procedure usmg non-medicated hand wipe, the subjects 
practiced the wipe procedure with Nice 'n' Clean®. For the base count, subjects' hands were contaminated 
with E. coli. Immediately following the contamination step. the organisms on the subjects' hands were 
removed using a plastic bag sampling procedure. 

Prior to each treatment wash, subjects' hands were contaminated with E. coli. After completing the 
contamination step, the subjects perfonned the test product application procedure with the assigned Test 
Product. The subjects wiped each of their hands for fifteen ( 15) seconds. Approximately five (5) minutes 
following the wipe procedure, the organisms on both of the subjects' hands were removed using a plastic 
bag sampling procedure. Approximately five (5) minutes following the tenth treatment, the organisms on 
the subjects' hands were removed using a plastic bag sampling procedure 

Samples of the subjects' sampling solutions were dtluted. plated, and incubated. Following incubation, the 
numbers of colony fonning units (CFU's) were enumerated. Antibacterial activity was detennined by 
comparing the number of bacteria removed from the hands after one (1) treatment with the assigned Test 
Product and ten ( 1 0} treatments with the assigned Test Product to the number of bacteria removed from 
unwashed hands. 

Data Analysis: 

For the bag juice results, each subject's base sampling CTU's was compared to their test sampling CFU's 
using a nonparametric Wilcoxon paired signed-rank test. P-values ~ 0.10 were considered statistically 
significant. Percent change for each orgamsm was computed by the following formula: 

Regulatory/Ethics Status: 

1 - ( geometric mean of the test CFU's 
geometric mean of the baselme CFU's) 

X 100 

This study was conducted in compliance with federal. state. and local regulations, guidelines, and standards 
including those related to Infonned Consent and Good Cltmcal Practices as specified under 21 CRF 321.66. 



Subject Accountability: 

Eighteen (18) subjects were screened for the study. Twelve ( 12) subjects were screened, enrolled and 
completed this study. Four (4) subjects met the study qualifications, but were excluded because they were 
extra subjects. Two (2) subjects were excluded because of open cuts on their hands. 

Adverse Events: 

There were no adverse events in this study. 

Clinical Research Associate 



r' 
·. -,.,: 

A: 4 

B: 4 

C: 4 

10 A: 4 

8: 4 

C: 4 

Wash 

10 A: 4 

8: 4 

C: 4 

~RB-01-04-063-IIB 

7.43 

6.78 

7.45 

7.43 

6.78 

7.45 

1.89 

1.43 

2.01 

3.38 

2.44 

3.01 

LoglO(Count) 

7.41 

6.68 

7.46 

7.41 

6.68 

7.46 

1.91 

1.46 

2.11 

3.37 

2.46 

2.41 

Std.Error 

0.053 

0.229 

0.048 

0.053 

0.229 

0.048 

0.133 

0.125 

0.108 

0.344 

0.055 

0.662 

Percent 
Reducdon 

9S.7 

5.35 

5.43 

4.05 

4.34 

4.44 

0.1250 

0.1250 

0.1250 

0.1250 

0.1250 

0.1250 

%.3 4.34 

99.0 i • 4.44 

5.44 

5.40 

4.08 

4.31 

4.98 

98.7 

96.3 

99.0 

>99.9 

99.6 

99.9 

2.44 

3.01 

0.284 

0.069 

0.341 

0.227 

0.660 

99.6 

99.9 



HTR Study No.: 01-108589-11 
Sponsor Study No.: CRB-01-04-063-HB 

QUALITY ASSURANCE STATEMENT 

Tills study was inspected in accordance with the Standard Operating Procedures of Hill Top 
Research, Inc. To assure compliance with the study protocol, the Quality Assurance Unit 
performed an inspection during the conduct of this study and completed an audit of the study 
records. 

Data reviewed by: 

/LJ~ 
Richard D. Pendleton, B.S. ~I bae 
Auditor, Quality Assurance 
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I. 

II. 

Study Objective and Background 

A. Objective 

The objective of the study is to determine the ability of a three antibacterial handwipe products 
to significantly reduce transient microbial flora (EschL'richia coli 11229) on the hands after a single 
treatment and after ten ( 10) treatments. 

B. Background 

The skin micro flora can be divided into two ( 2) groups, the resident flora and the transient flora. The 
resident flora includes organisms that are consistently present on the skin. The transient flora are the 
contaminating skin organisms resulting from contact with the environment. They comprise a wide 
variety of Gram positive and Gram negative species that can be responsible for the spread of 
infections and gastrointestinal diseases. 

Since the benefits that result from washing with antibacterial products can not be easily measured 
under consumer use conditions, it is necessary to do controlled clinical studies to demonstrate their 
efficacy. This clinical study is a modification of an ASTM test method, "Evaluation of Health Care 
Personnel Handwash Formulation"( II and reported in the Tentative Final Monograph for Health Care 

Antiseptic Drug Products(2). It is used to determine the ability of an antimicrobial handwashing 
agent, when used in a hand washing procedure. to reduce the transient microbial flora 
(contaminants). This study is designed to demonstrate the efficacy of three towelette products in 
reducing the numbers of a marker orgamsm. Esd1emlua coli ATCC 11229 on the hands after a 
contamination and a single treatment and after ten treatments. Efficacy is determined by comparing 
the numbers of marker organisms on the hands before and after using the test products. 

C. Study Safety Statement 

This testing meets the ethical requirements stipulated in the Sponsor's Policy for Research Involving 
Human Subjects. Appropriate safety testing has been completed and risk assessments justify the 
placement of the test products in this study at these concentrations (levels of exposure). 

Study Summary 

A. Overview 

This randomized clinical study will cons1st of a one day test period and a follow-up visit. Three (3) 
test products will be evaluated. Twelve ( 121 male and female subjects,~ 18 years old, who do not 
regularly use antibacteriaVantimicrob1al soaps. med1cated lotions and creams, and or antidandruff 
shampoos (Appendix D), will be enrolled mto the study. Four (4) subjects will be used to evaluate 
each test product. 

On the day of the study, the subjects w1ll report to the clinical test facility. During this period, 
subjects' hands will be contaminated w1th a suspen~1on of E. coli. Subjects' bands will be 
contaminated eleven ( 11) times and sampled three 1 .~ 1 umes using a plastic bag sampling procedure. 
The first contamination and sampling w1ll be for the determination of the base count. The second 
contamination and sampling will be for determmauon of the test count after one ( 1) treatment with 
the assigned Test Product. After ele\'en 1 II) contanunation steps and ten (10) treatments with the 
assigned Test Products the hands w1ll be sampled usmg the plastic bag sampling procedure 

To become familiar with the wipe procedure usang the towelette product, subjects will begin the test 
procedure by first performing a pracuce w 1pe w nh Su;e ·n · Clean®. For the base count, subjects will 
have their hands contaminated with E , "" Immediately following the contamination step, the 
organisms on the subjects' hands w11l be remo\·ed usmg a plastic bag sampling procedure. 

Prior to each treatment wash. subjects' hands wtll be contaminated with E. coli. After completing the 
contamination step, the subjects will perform the test product application procedure with the assigned 

2 
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Test Product. Approximately five ( 5) minutes following the first procedure, the organisms on both of 
the subjects' hands will be removed using a plastic bag sampling procedure. Approximately five (5) 
minutes following the tenth treatment. the organisms on the subjects' hands will be removed using a 
plastic bag sampling procedure 

Aliquots of the subjects' sampling solutions will be diluted, plated, and incubated. Following 
incubation, the number of colony forming units (CFU's) will be enumerated. Antibacterial activity is 
determined by comparing the number of bacteria removed from the hands after one ( 1) treatment 
with the assigned Test Product and ten ( 10) treatments with the assigned Test Product to the number 
of bacteria removed from unwashed hands. 

B. Study Schedule 

1. Subject Qualification and Enrollment 

Prospective subjects will visit the test facility to be screened for their eligibility to participate in the 
study. Eligibility will be based upon information provided in the Demographics/Dermatological/ 
Medical History Form (DCF 1) and the Inclusion Exclusion Form (DCF 2); and completion of a 
written informed consent (Appendix A). 

2. Test Period 

Subjects continuing on the study will be assigned a permanent subject number. Subjects will be 
assigned to one of the three test products according to the study randomization. 

The following outlines the schedule of procedures for the test day: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Subjects will perform a practice wipe with :\ice 'n' Clean :El. 

Subjects will rinse their hands with 70% alcohol and rinse their hands under running tap 
water (Section G). 

Subjects' hands will be contammated (Section E). 

Subjects' hands will be sampled for a base count (Section F). 

Subjects will rinse their hands with water for 30 seconds (Section G). 

Subjects will rinse their hands with 70% alcohol and rinse with tap water (Section G). 

Subjects' hands will be contammated (Sectaon E). 

Subjects will wipe their hands following the wape procedure for the assigned Test Product 
(Section C). 

Subjects' hands will be sampled for a treatment value four (4) minutes and thirty (30) seconds 
~ thirty (30) seconds after the first w1pe wuh the assigned Test Product (Section F). 

10. The hands will be rinsed for thirty seconds. 

11. Subjects will perform steps 7 and 8 (above) a total of nine (9) more times at a minimum of 
five (5} minutes between each wash procedure. 

12. The subjects' hands will be sampled for a treatment value four (4) minutes and thirty (30} 
seconds~ thirty (30) seconds after the tenth wtpe with the assigned Test Product (Section F). 

13. Subjects' hands will be disinfected bland soap and water wash and Hibiclens® (4% 
chlorhexidine gluconate) wash and wuh a 70";, alcohol rinse (Section G). 

Note: A detailed scheduled of the abow proudurl!.'i can be found in Appendix C. 

To ensure that any delayed adverse events. such as primary skin infections, are reported to the 
Study Investigator, all test subjects wall be gaven a copy of Subjects' Instructions Following Study 
Completion (Appendix B) before leanng the chmcal site after they have completed the study. This 
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sheet will instruct the subjects to examine their hands and wrists daily until the final scheduled visit 
for the presence of pimples, blisters. or raised. red itching bumps surrounded by erythema and/or 
edema that may be indicative of a skin infection. Subjects, who notice such lesions, will be 
instructed to call the clinical test site. The subjects will return to the clinical testsite within four 
(4) to nine (9) days after the study procedures ha,·e been completed to have their hands and wrists 
examined by a technician. The technician will complete DCF 3 for each subject on their follow-up 
visit. 

C. Product Treatment Procedure 

Subjects will wipe their hands and wrists according to the procedure below. A record of the product 
treatment procedure will be documented on Source Documents I or 2 

I. The technician will dispense the Test Product into the subject's left hand using a gloved hand. 

2. The subject will rub all surfaces of their right hand and wrist for fifteen (15) seconds while the 
technician instructs the subject to: 

• rub palm 
• rub back of hand 
• rub the wrist 
• rub fingers and web areas between fingers 
• rub the tips of the fingers 

3. The subject will transfer the wipe to their right hand. 

4. The subject will rub all surfaces of their left hand :md wrist for fifteen ( 15) seconds while the 
technician instructs the subject to: 

• rub palm 
• rub back of hand 
• rub the wrist 
• rub fingers and web areas between fingers 
• rub the tips of the fingers 

D. Preparation of Bacterial Suspensions 

A stock culture of Escherichia coli, ATCC 11229. w1ll be prepared by transferring one (1) colony from 
an agar plate or slant aseptically to a tube containmg sterile Trypticase Soy Broth (TSB). The 
inoculated broth will then be incubated for 2-':::-' hours at 35:!:: 2° C. At least three (3) additional24 
hour broth transfers will be made in tubes containing appropriate volumes TSB from this broth culture. 

A 2-liter flask containing 1000 mL ofTSB will be maculated with 1.0 mL of the fmal24 hour broth 
transfer. The flask will be incubated for 24: 4 hours at 35 :!:: 2° C. Prior to any withdrawal of culture, 
whether for hand contamination or for numbers assay. the suspension will be stirred or shaken. The 
suspension will be assayed for number of organisms at the beginning and end of the treatment period. 
A suspension will not be used for more than eight ( 8 1 hours. 

E. Contamination 

Note: Prior to contamination. subjttctl ha11tl\ mit\ I he 11\/h~\' dry. Also, care should be taken to ensure 
that the culture is evenlv spread m·,•r hoth hand\ 

A total volume of 4.5 mL of the assagned bactenal SU!>J}Cnsion will be dispensed into the subjects' 
cupped hands in 1.5 mL increments. After each 15 ml aliquot is added, the suspension will be rubbed 
thoroughly over the surface of both hands. not gomg above the wrist and avoiding the nail beds. Each 
application and spreading should last approx1rnafely t\\cnty (20) seconds. Between each aliquot the 
hands will be held away from the body and allo"ed to a1r dry for approximately thirty (30) seconds. 

CRB-01-04-063-HB 
4/18/01 



Following the third 1.5 mL aliquot, the hands are allowed to air dry for approximately one (1) minute. 
A record of base and test contaminations will be documented on Source Document 1 or 2. 

F. Bacterial Sampling Procedure 

For removal of bacteria from the subjects' hands. loose fitting plastic bags with low bioburden will 
be placed on each subject's right and/or left hands. A 75 mL aliquot of stripping solution (0.1% 
Triton X-100 in 0.075 M phosphate buffer. 0.5% polysorbate (Tween) 80,0.07% Lecithin, pH 7.9] 
will be aseptically added into each bag. The same solution will be used for the base counts and test 
counts. 

The bag on each hand will be secured at the wrist with a child's size tourniquet and massaged for one 
(1) minute in a uniform manner by a lab technician. Aliquots of the solution will be aseptically 
obtained directly from the bag without touching the hands in the process and will be appropriately 
diluted in a sterile diluent with the appropriate neutralizer (for the test wash samples only). A record 
of base and test samplings will be documented on Source Document l. 

The solution samples for bacteria counts will be laheled by either an Investigator derived code or the 
actual subject's number so that the indi\'iduals who prepare the plates and count the CFU's are 
unaware of the sources of the sampling solution. 

The solution will be aseptically placed m a sterile tt:st n1be. The test tube will be affixed with the 
subject number, baseline or post-treatment. and plact:d on ice for microbiological analysis. The 
sponsor will analyze the samples for microbiological content. The transfer of the microbial 
specimens will be recorded on Source Document 3. 

G. Disinfection of Hands 

After the baseline sampling, the subjects will rinse their hands for thirty (30) seconds under running tap 
water. The subjects' hands will be disinfected with a 70'Yo alcohol wash. Subjects' hands will be 
squirted with 70% alcohol for approximately ten ( 101 seconds. Subjects will rub the alcohol over the 
surface of their hands and wrists for approximately fifleen ( 15) seconds. Subjects will rinse their hands 
and wrists under running tap water for approximately tifteen ( 15) seconds and dry their bands and 
wrists with paper towels. 

After the final sampling is completed. the subject's hands will be washed with a bland soap (provided 
by the investigator) for approximately for thirty (30) seconds and rinsed for approximately fifteen (15) 
seconds. The subjects' hand will then be washed with H ibiclens® ( 4% chlorhexidine gluconate) for at 
least sixty (60) seconds. Subjects' hands and wrists w1ll be rinsed with a 70% alcohol wash for ten ( 10) 
seconds. The subjects will rub the alcohol on all surfaces of their hands for fifteen (15) seconds and 
allow their hands to air dry. 

A record of each disinfection procedure w1ll be reconh:d on Source Document 1. 

H. Plating and Incubation of the Organisms 

.... 

Baseline specimens will be serially diluted m half-strength (0.0375 M) buffer (without Trtion X-100) in .. 
ten-fold dilutions to to·3

, 10_. and 10 ·. The diluted spcc1mens will be plated using an automated 
plating system (Eddyjet system) onto MacConkey's agar. Post treatment specimens will be serially 

4 

diluted in ten-fold dilutions to 1 o·•, 10 = 10 ' and 10 · l' sing an automated plating system (Eddyjet 
system), the undiluted and diluted specunens will be plated onto MacConkey's agar. The media for 
these analyses are shown in Appendix E. 

Plated samples will be incubated aerob1cally for 18 - .:!4 hours at 35 ~ 2°C. The plates will be analyzed 
using the Countermatli. The results w11l be reported as colonies per mL using the Countermat® 
software package. 
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The results will be recorded an electronic file created by the sponsor. 

III. Study Population 

Subjects will be screened for their eligibility to participate based upon information provided in the 
Demographics/DermatologicaVMedical History Form [Data collection form (DCF) 1]. Only subjects 
meeting the inclusion/exclusion criteria, outlined in DCF 2. will be allowed to participate in the study. If a 
subject is admitted to this study in apparent violation of any of the above criteria, the reason(s) for 
admission will be noted by the Investigator or her designee. 

A. Subject Inclusion Criteria 

Subjects will be eligible for enrollment if they: 

1. Are a male or female, over 18 years of age : 

2. Have signed a written informed consent (Appendix A): 

3. Are in good health, as evidenced by response to the Demographics/Dermatological/ Medical 
History Form (DCF l); 

4. Have hands and wrists that are free of dem1atoses. cuts. lesions. and other skin disorders; 

5. Are willing to comply with all study protocoln:quirements. 

B. Subject Exclusion Criteria 

Subjects will not be enrolled in the study if they: 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

II. 

Are currently participating in another clinical study at this or any other facility; 

Have participated in any type of arm or hand wash study within the past 7 days; 

Have cuts, lesions, or other skin disorders on thetr hands or wrists; 

Have soap, detergent. antibiotic. and/or perfume allergies; 

Have eczema or psoriasis on the1r hands or am1s: 

Are using antibacterial/antimicrobial soaps 11tqu1ds and/or bars), medicated lotions and creams, 
and/or anti-dandruff shampoos m the home "ttlun the last week (Appendix D); 

Have excessively long or artific1al na1ls 1~2 mm free edge) which would interfere with sampling; 

Are currently pregnant; 

Are currently lactating; 

Have been diagnosed as having a medical condition which would preclude participation such as: 
diabetes, hepatitis, an organ transplant. or AIDS lor HIV positive); and/or 

Have any other medical condition. which m the opinion of the Investigator, would preclude 
participation. 

D. Subject Number Assignment and Randomization 

Upon entry into the study, each subject w11l be ass1gned a screening number beginning with 1001. 
Subjects will be assigned a permanent consecuuve number. beginning with 001, as they are accepted 
into the study. This number will be used to tdenuf~ the subject for the duration of the study. 
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IV. Study Material 

A. Test Product 

The test products will be sent by the Sponsor to the clinical site prior to study initiation. The test 
products will be identified with the appropriate label affixed to the outside of each container. 

B. Shipping of Treatment Products and Other Stud~· Supplies 

The quantity of all treatment products and other study supplies, shipped to and returned from the 
clinical site, will be documented by the test site. The treatment products will be packed into qne or 
more cartons labeled with: 

I. the study number; 

2. distributor statement (i.e., "Distnbt:ted by Hill Top Research, Inc." with the facility's full 
address and phone number): 

3. any applicable safety and handling procedures. 

C. Return of Study Materials 

v. 

Upon completion of the study, the Invesugatnrt s) '' tll111sure that all test products and study materials, 
whether completely used, partially used. or unused ''til he returned to the Sponsor at the following 
address: 

The Procter & Gamble Company 
Sharon Woods Techntcal Center 
11520 Reed Hartman Htghway 

Cincmnatt. Ohto ~5241 

Attn.: Kathy Wtandt 

Other Study Documentation 

A. Adverse Events 

Should any unexpected or serious adverse event occur during the clinical study or as a result of test 
product or study procedures, the subject w1ll be reque~ted to return to the site to be examined by the 
investigator or designee. The lnvesngator w1ll detem1me if the adverse event is likely to be associated 
with product treatment or the study procedures. The mvestigator or other qualified medical personnel 
will determine if the event warrants termmatton of parttctpation and/or to prescribe treatment, if 
necessary. The Investigator will nottfy the Sponsor representatives, Ward L. Billhimer, 513-626-1926 
(work) or 513-831-8163 (home) or Kathy Wtandt. 51.~-626-5225 (work) or 513-398-6035 (home). 

Each subject will need to be followed unttl the resoluuun of any adverse event. Information pertaining 
to the presenting signs, working diagnost'>. a!>sessnlt'nt of the rel_!!tionship of the adverse event to the 
product treatment, results of the follow-up\ tstts and Jny prescribed treatment, will be documented in 
DCF 4. If treatment by a physician is necessary. tht!> treatment will be documented on DCF 5. 

The following criteria will be used to determme the rc.-porting time frame. 

I. Any serious adverse events or ad,ersc e\·ents tequtring immediate medical attention will be 
reported to the Sponsor's Momtor tmmedtatel~ 1 mght or day) by telephone. 

2. Adverse events resulting in subJ~ct termmauon from the study will be reported during the 
immediate business day by telephone 

3. Adverse events that do not requtre dtsconunu.Juon of test participation can be reported during 
the immediate busmess day or n~'t bu._m~n dJ~ by telephone. 
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4. In the event of a serious adverse reaction. not necessarily related to use of the test product, or in 
the event of a death from any cause. the Investigator must report the event to the Sponsor's 
Monitor. 

B. Protocol Amendments 

If it becomes necessary to modify this protocol. the modification will be documented by a protocol 
amendment signed by the investigator and a representative of the Sponsor. All amendments to the 
final protocol will be consecutively numbered and \\·ill describe any changes made and the rationale 
for making the changes. 

C. Protocol Deviations 

If a deviation from the final protocol occurs, it is the responsibility of the Investigator, or designee, to 
notify the Clinical Research Associate or designee. The deviation and subsequent notification will be 
documented appropriately. 

D. Study Monitoring 

The Investigator will permit a representati\"e of the Sponsor (usually the Clinical Research Associate) 
to visit the facility during the course of the study to monitor study progress. During the visit(s), the 
Investigator will permit the monitor to mspect all forms and corresponding study subject's records to 
verify adherence to the protocol. The study monttor will also be permitted to review and verify test 
articles, wash procedure, and any lnvesugator-generated or Sponsor-generated study documents. 
The monitor will document and discuss th1s vistt '' nh the Investigator, or his designee, including any 
problems that are to be resolved. 

VI. Statistical Analyses 

The sponsor will be responsible for all staust1cal analyses. For the bag juice results, each subject's base 
sampling CFU's will be compared to the1r test samplmg CFU's using a nonparametric Wilcoxon paired 
signed-rank test. P-values ~ 0.10 will be cons1dered statistically significant. Percent change for each 
organism will be computed, if needed. by the followmg formula: 

( .L: geometnc mean of the test CFU's) X 100 
geometric mean of the baseline CFU's 

VII. Investigator Responsibilities 

A. Subject Informed Consent 

All subjects will be informed as to the type of study. the general nature of the products being tested, 
and any known or anticipated adverse reactions that nught result from participation. Each subject 
must provide the Investigator with wntten mformed consent to serve as a participant in the study. 
Basic elements of informed consent are outlined in 21 CFR 50.25. 

B. Final Report 

The Sponsor will generate a final report of chmcal n.:sults. The investigator will provide a detailed 
description of the adverse events and denauons from the protocol. The investigator will also include 
an accounting of the subjects screened. ehmmated. ~·nrolled and terminated. The Investigator will 
submit the legible copies of all data collection forms. The Sponsor may request one ( 1) copy of all 
case report forms before the lnvesttgator's report 1s 1eady for submission to the Sponsor. 
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C. Record Retention 

The Investigator will retain. all study records in accordance with the test facility's SOP's. 

D. Confidentiality 

The Investigator and employees of the test facility are o~liga_ted to keep any information confidential 
regarding any of the personal cleansing products and all ~spects of the study, as subject to the terms 
and conditions of the Laboratory Services Agreement between the test facility and Sponsor. 

Vlll. References 

I. Annual Book of ASTM Standards, Volume I 1.04. ASTM Designation: E 1174-94, Standard Test 
Method for "Evaluation of Health Care Personnel Handwash Formulation". 

· 2. -Tentative Jtl;ll Monograph for Health·-Care Antiseptic-Drug Products; Proposed-Rule, ii-CFR Parts 
333 and 369, Federal Register, Volume 59, :-.lo. II 6. June I 7, 1994 . 

.:._ .. --

-.,. __ 

·-r. 
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IX. Attachments 

The following Appendices, Data collection forms are included as attachments to the Final Protocol: 

Written Informed Consent 
Subject's Follow-up Instructions 
Schedule of Test Period Procedures 

A 
B 
c 
D 
E 

List of Representative Antibacterial/ Antimicrobial Products 
Microbiological Media and Methods 

Data Collection Forms 

Demographics/DermatologicaL ~ledical History Form 
2 Inclusion/Exclusion Form 
3 Follow- up Visit 
4 Adverse Event 
5 Physician's Report Form 

Source Documents 

1 Treatment Phase (Baseline, Wash I and \\'ash I 0 l 
2 Treatment Phase (Washes 2 through 9) 
3 Shipping of Microbiological Specimens 
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X. Sponsor and Investigator Concurrence 

For The Procter and Gamble Company 

PREPARED BY: 

Kathy Wiandt, B.A., Clinical Research Associate 
Clinical Research and Biometrics Department 

STATISTICIAN: 

C. Philippo,B.A., Statistician 
Clinic Research and Biometrics Department 

APPROVED BY: 

Ward L. Billhimer, M.S., Senior Scientist 
Clinical Research and Biometrics Department 

II 

Date: 1/tt/ol 

Date: 

Date: 
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WRITTEN INFORMED CONSENT 

To be provided by the clinical site. 



Appendix B 
HT-01-108589-11 

CRB-01-04-063-HB 

SUBJECT'S INSTRUCTIONS FOLLOWING STUDY COMPLETION 

You have just completed participation in a clinical study, "Efficacy Evaluation Of Three 
Handwipe Products Modified Health Care Personnel Handwash Study Versus Escherichia Coli". 
During this study, a quantity ofbacteria (£. coli) was placed on the surface of both your 
hands. Although we do not expect you to have any adverse experience as a result of 
participation in this study, there is a remote possibility that an infection may develop on 
your hands and wrists within four (4) to nine (9) days. 

To determine whether you have developed an infection from the test bacteria, we would 
like you to examine your hands and wrists daily. If you notice the appearance of any 
pimples, blisters or raised bumps surrounded by redn~:ss and/or swelling, please contact 
Gayle Mulberry or Ann Brady at (513) 831-311-+ during normal business hours (8:00am-
5 p.m.) or at (513) 831-3354 after hours. 

You are required to return to the test site for a follow-up visit. Your follow-up is 
scheduled for: 

Date Time 

Thank you for your cooperation. 
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SCHEDULE OF TEST PERIOD PROCEDURES 
1. Practice treatment Nice 'n' Clean®: 

• towelette is placed in subjects' left hand 
• subject will rub all surfaces of their right hands and wrist for 15 seconds including palmar 

surface, back of hand, fingers and web area between fingers, and finger tips 
• subject transfers towelette to right hand 
• subject will rub all surfaces of their left hands and \\Ttst for 15 seconds including palmar 

surface, back of hand, fingers and web area between tingers. and finger tips 

2. 70% alcohol rinse 

• squirt backs and palms of subjects' hands with 70% alcohol for 10 seconds 
• subjects rub alcohol over hands for 15 seconds 
• subjects rinse hands under running tap water for 15 seconds 
• subjects dry hands with paper towels 

3. Base contamination 

• dispense 1.5 mL aliquot of bacterial suspension onto both subjects' hands 

• subjects rub aliquot over hands for 20 seconds 

• allow subjects' hands to air dry for approximately 30 seconds 

• repeat application 2 times 

• allow subjects' hands to air dry 1 minute after the last application 

4. Base sampling 

• place bags on subject's right and left hands 

• dispense 75 mL stripping solution mto each bag 

• secure bags 

• massage for 1 minute 

• sample each bag 

s. Water rinse 

• subjects rinse hands with water for 30 seconds 

6. 70% alcohol rinse 

• perform as above 

7. Test contamination (prior to Test Product treatments 1 through 10) 

• perform as above under base contammauon 

8. Test Products Treatments (treatments I through 10) 

• perform as described under pract1ce treatment 

• for treatments #l and #10. hands w1ll not be dned pnor to sampling 

• for treatments# 2 through #9 subjects w1ll dry hands with paper towels 

9. Test sampling- Following Treatment I 

• perform as above under base sampl mg 



,-.... 

• subjects rinse hands with water for 30 seconds after the first test sampling 
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10. Test sampling- Following Treatment l 0 
• place bag on of the subject's hands 
• dispense 75 mL stripping solution into the bag 
• secure bag 
• massage for 1 minute 
• sample bag 

11. Disinfection 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

subject rinse hands for thirty (30) seconds 
squirt subjects' hands with 2 mL of bland soap 
subjects wash hands and wrists for approximately 30 seconds 
subjects rinse hands and wrists for approxtmatcly 15 seconds 

squirt subjects' hands with 5 mL ofHibtclensK 
subjects wash hands and wrists for at least 60 seconds 
subjects rinse hands and wrists for 15 seconds 
squirt backs, palms and wrists of subjects' hands with 70% alcohol for 10 seconds 
subjects rub alcohol over hands and wnsts for 15 seconds 
subjects' hands will be allowed to air dry 
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LIST OF ANTffiACTERIAL I ANTIMICROBIAL PRODUCTS 
Medicated Acne Cleansers 

Benzac W Wash 5 
Desuam-X 5 Wash 
Benzac W Wash I 0 
Desquam-X lOrn Wash 
Fostex 10% BPO Wash 
Oxy 10 Wash 
Propa P.H. Liqutd Acne Soap 
PanOxyl 5 
Fostex I 0'~., BPO 
PanOxyiiO 
Clearastl Amibacterial Soap 
Sastid Plain Therapeuttc Shampoo and Acne Wash 
Oxy Clean Soap 
Fostex \ledicated Ckansing Bar 
Salicyhc Actd and Sulfur Soap 
Sulfur Soap 

Antidandruff Shampoos 

Head and Shoulders tall formulas) 
Selsun Blue tall formulas) 
Pert Plus for Dandruff 
Suave for dandruff 
Neutrogena T-gel 
Neutrogena T-sal 
Scalpacm 
Tegrin 
Any anudandmff shampoo 

Anti-bacterial Soaps 

Safeguard bar and hqutd 
lever 2000 bar and hqutd 
Irish Spnng bar 
Dial bar and hqi.ttd 
Softsoap Anttbacten;~l Soap 

Antibiotic Ointments and Creams. 

Bacitracm 
Polysponn 
J & J Ftrst Atd Cream 
Neomycm 

Antibacterial Dishwashin2 Liquids 

Dawn 
Joy 
Dial 
Palmolive 
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MICROBIOLOGICAL :\IEDIA A:'IJD METHODS 

0.07SM Phosphate Buffer Solution with Neutralizers 

Weigh 0.4 grams ofKH2P04, 10.1 grams ofNazHP04, 5.0 grams of Polysorbate (Tween) 80, 0.7 grams 

oflecithin, and 1.0 gram of Triton X-100. Dissolve in I liter of distilled or deionized water. Adjust to pH 
7.9 ± 0.1 with 1 N HCl or 1 N NaOH. Dispense buffer in bottles so that after autoclaving the volume 
equals 75 ±. 1 mL. Loosely cap bottles and sterilize in the autoclave at 121 °C. 

0.0375M Phosphate Buffer Solution with Neutralizers 

Weigh 0.2 grams ofKHzP04, 5.05 grams ofNa2HP04. 5.0 grams of Polysorbate (Tween) 80 and 0.7 

grams of lecithin. Dissolve in 1 liter of distilled or deionized \\ ater. Adjust to pH 7.9 ±0.1 with 1 N HCl 
or 1 N NaOH. Dispense buffer in appropriate \·olumes. Loosdy cap vessels and sterilize in the autoclave 
at 
12loC. 

MacConkey's Agar 

Suspend 50 grams in 1 liter of distilled or deionized water. Loosely cap flask and sterilize in the 
autoclave at 121°C. Cool to 45-50°C in a water bath. Pour m sterile 15 x 100 mm Petri dishes. Allow to 
cool and solidify on a level flat surface. Check for sterility. Prepared plates are stored at 2- 8°C and used 
within 30 days. 

Estimated Plate Count Procedure 

Do not record counts on crowded plates from the highest dilut1on as too numerous to count (TNTC). If the 
number of colonies per plate exceeds 250, count colonies m those portions of the plate that are 
representative of colony distribution and calculate the Estimated Standard Plate Count {ESPC) from these 
counts. The ESPC will be determined utilizing the grid embossed area on the lighted surface of the colony 

counter. Each large square on the grid is 1 em:!. If there are fewer than I 0 colonies per square centimeter, 
count colonies in 12 squares, selecting, if representative. s1x consecutive squares horizontally across the 
plate and six consecutive squares at right angles. being careful not to count a square more than once. When 
there are more than 10 colonies per square centimeter. count colonies in four such representative portions. 
In both instances, multiply the average found per square centimeter by the area of the plate used to 
determine the estimated number of colonies per plate. 

If the total number ofCFU's have been estimated according to the procedure described above, ESPC 
(~stimated ~tandard ~late ~ount) should be recorded followmg the value. 

~ote: If the highest dilution plated contams >250 CFFs and a count ~300 CFU's has been previously 
determined, that value may be reported. II w11l not ht• necessary to estimate the total CFU's on a 
plate containing >250 CFU's using the above procedure. Plates containing the highest dilution of 
test specimen plated and the CFU counts are greater than 300. then the above procedure should be 
used to determine the total CFU count 



Data Collection Form I 

DEMOGRAPHICSIDERMATOLOGICALI:\IEDICAL HISTORY FOR\1 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials Subject Screen # 

I Ol-108S89-ll 
Subject 

_!_! __ Permanent #: 
Qualification -----

CRB-01-04.063-HB 
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I Gender: Ll Male<•> Ll Female<2l Age: Years ----
Does the subject have any of the following at the treatment sites? 

I. DERMATOLOGIC DISORDER No Yes 
Don't 
Know 

1. Psoriasis'? 

2. Eczema"? 

3. Skin Cancer '? 

4. Skin Allergies ? Please specify: 

5. Hives'? 

Does the Subjed have any of the following (present and past'"? 

II. OTHER MEDICAL INFORMATION No Yes 
Don't 
Know 

1. Allergies.? Please. specify. 

2. Hepatitis? 

3. Heart and Vascular Disease? ..... 
4. Liver Disease ? 

5. Kidney Disease ? 

6. Tuberculosis ? 

7. Diabetes? Controlled? Diet [ ] Oral [ I lnsuhn ( l 
8. Cancer? 

9. Auto-immune disease (Lupus erythematosus. thyrotdllts. AIDS. etc.)? 

10. Organ transplant ? 

II. Any other condition not listed ? Please spectfy 

Is the subject taking any medication? If yes. please spedf~· below: 

III. MEDICATION No Yes 
Don't 
Know 

1. Antibiotics. oral or systemic '? 

2. Cortisone. Steroids, ACTH. Anti-reaction Drugs ' 

3. Heart Medication ? 

4. Insulin"! 

5. Other? 

Comments: 

Based on the above medical history. the subject 1s: LJ Qualified or LJ Not qualified for the study. 

~ Interviewer's Signature: Date: ___ .....;/ ___ .....;/ ___ _ 
mm dd yy 
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Data Collection Form 2 
INCLUSIOl'i I EXCLCSION FORM 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen # 

01-108589-11 
Subject 

I I I 
Permanent #: 

Qualification ------ ------
CRB-01-04-063-HB 
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INCLt:SIO~ CRITERIA 

Check one 

YES NO Subject: 

1. Is~ 18 years? 

2. Has signed informed consent'! 

3. Is healthy as evidenced by responses on OCT I '! 

4. Has hands and wrists that are free of dermatoses. cuts, lesions, and other skin disorders ? 

5. Is willing to comply with all sntdy protocol requirements'? 

EXCLl'SIO:\' CRITERIA 

YES NO N/A Subject: 

1. Is currently participating in another clime a I study at this or any other facility? 

2. Has participated in any type of hand or arm wash study within the past 7 days'? 

3. Has cuts, lesions, or other skm dtsorders on their hands or wrists? 

4. Has soap, detergent, antibiotic and,or perfume allergies? 

5. Has eczema or psoriasis on thetr hands or wrists'! .... 
6. Has used antibacteriaVanttmtcrobtal soaps. medicated lotions and creams and/or anti-dandruff 

shampoos within the last week'! 

7. Has long(~ 2 mm free edge) or anifictal natls 

Female Female Male 8. Is currently pregnant ? IJ Yes IJ !'o Of child-bearing potential: IJ Yes IJ No 

c:J Surgtcally Sterile c:J Post-menopausal 

If of child bearing potenttal - P-HC'G Te-.1 Results: IJ negative IJ positive 

Female Female Male 9. Is currently lactating? 

-

10. Has been medically diagnosed as ha\'lng a medical condition such as: diabetes, 
hepatitis, an organ transplant. or AIDS (or HIV positive)? 

11. Has another medical condttton whtch tn the opinion of the Investigator would 
preclude participation ? 

Based upon derrnatologic evaluation and the information contatned tn Data Collection I and 2, the subject is: 

IJ Qualified IJ Not Qualifaed for parllctpatton iri this study. 

Reasons for disqualification: 

Interviewer's Signature 
Date: I I 

mm dd yy 

Investigator's Signature:: Date: I I 
mm dd yy 



) 

Study II 

01-108589-11 
CRB-0 1-04-063-11 8 

EVENT TIME 

Test Contamination Procedure #2 am/pm 

Test Product Treatment #2 am/pm 

Test Contamination Procedure #3 amlpm 

Test Product Treatment #3 am/pm 

Test Contamination Procedure #4 am/pm 

Te~t l•roducl Trrulmcnl #4 am pm 

Tcl>l ('ontaminalion 1•ron•durc #5 am pm 

Test Product Treatment #S anv'pm 

Test Contamination Procedure #6 am/pm 

Test Product Treatment #6 am/pm 

Test Contamination Procedure #7 am/pm 

Test ~roduct Treatment #7 am/pm 

Test Contamination Procedure #8 amlpm 

Recorder's Signature: 

Reviewer's Signature: 

Sou., .. )cument 2 

TREATMENT PHASE 

Hill Top Research, Inc. Permanent #'s 

PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

0 Yes/0 No 

0 Yes/0 No J Water Temp: 

I 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 YestO No 

0 Yes· 0 No I \\'utcr Temp: 

0 Yc:s 1 0 Nn 

0 Yes/ 0 No I \Vater Temp: 

0 Yes/0 No 

0 .Yes/0 No I Water Temp: 

0 Yes/0 No 

0 Yes/0 No I Water Temp: 

0 Yes/0 No 

Date: I _t I 

Date: I I 

) 

Of 

Of 

OF' 

OF 

Of 

Of 



) 

Study# Hill Top Research, Inc. 

01-108589-11 
CRB-0 1-04-063-11 B 

Test Product Treatment #8 am/pm 0 

Test Contamination Procedure #9 am/pm 0 

Test Product Treatment #9 arnlpm 0 

Recorder's Signature: 

R~:' ll•\\ l'l\ S•gnalllll": 
----------

) 

Source Document 2 (continued) 
TREATMENT PHASE 

Yes/0 No 

Yes/0 No 

Yes/0 No 

J Date: I 

I Oatl': I 

l 

) 

Permanent #'s 

I Water Temp: Of 

I Water Temp: Of I 

I 

I 



~) 

Study# 

01-108589-11 
CRB-01-04-063-118 

EVENT 

Practice Wipe 

Decontamination 

Base Contamination Procedure 

Base Bacterial Sampling Procedure 

Base ()econtamination 

Test ('ontamination Procedure #I 

Tc'it l•roduct Tre~ttment Ill 

Test Bacterial Sampling Procedure #I 
(after first treatment) 

Test Contamination Procedure #10 

Test Product Treatment #10 

Test Bacterial Sampling Procedure #2 
(after lOth treatment) 

Decontamination 

Recorder's Signature: 

Reviewer's Signature: 
---- ---

<) 
Source Document 1 

TREATMENT PHASE 

Hill Top Research, Inc. Permanent #'s 

TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL? 

am/pm 0 Yes/0 No 

am/pm OYes/0 No 

am/pm 0 Yes/0 No 

am/pm 0 Yes/0 No 

am/pm 0 Yes/0 No 

am/pm 0 Yes/0 No 

am pm 0 \'~~: 0 No .~ \\'atcr Temp: 

am/pm 0 Yes/0 No 

am/pm 0 Yes/ 0 No 

am/pm 0Yesl0 No I Water Temp: 

am/pm 0 Yes/0 No 

am/pm 0 YesiO No I Water Temp: 

I Date: I I 

I Dat~ I I 

~) I 

OF 

OF 

OF 



Data Collection Form 3 

FOLLOW-UP VISIT 

Study# Hill Top Research, Inc. Visit Code Date Subject Initials 
Subject Screen 
# 

01-108589-11 
Follow-up 

; I I 
Permanent#: 

------ ------
CRB-01-04-063-HB 

mm dd yy F M L 

Date Subject Entered the Study: Follow-up Visit Date : 

I I I I --------- -------mm dd yy mm dd yy 

Does the subject's hands have the presence of pimples. blisters. or raist:d itching bumps surrounded by erythema 
and/or edema that may be indicative of a skin infection '! 

YES NO If yes, complete below: 

Clinical Observations: (Include date of onset and descriptions severity locations, etc.) 

Comments: . 
' ' 

Has the subject had any health related issues since the treatment procedure'! 

YES NO If yes, complete below: 

Comments: 

Investigator's Signature or designee Date 

---~' '------­mm dd yy 



Data Collection Form -4 

AD\'ERSE EVE:'\T 

Study# Hill Top Research, Inc. Oate Subject Initials 
Subject Screen# 

01-108589-11 I I I 
Permanent #: 

----- ------
CRB-01-04-063-HB 

rnrn dd yy F M L 

Was reaction related to treatment? LJ Not related Cl Possibly related Cl Definitely related LJ Other (explain) 

Did subject take any medication during the study period'? Cl YES Cl NO If yes, complete section below. 

Date of Onset: Date Reported: Date Resolved: 

Describe event: 

Action Taken: Cl None Cl Continued on study Cl Withdrawn from the study Cl Consulted physician 

Cl Medication taken (Complete below) Cl Hospllahzed Cl Other (explain) ... 
.._Additional Comments: 

FOLLOW -t·p ACTIO~ TAKEN 

Date Action Taken Comments Initials 

CONC0:\11T A~T :\IEDIC A TION TAKEN 

Medication Total Dally Dose Start Date Stop Date Indication 
(Oral or Systemic) rnm Jd '~ mmlddlyy (Reason for Taking) 

I I 

I 

' I I 

Investigator's Signature: Date 

----~~----~~------
mm dd yy 

I 



Data Collection Form 5 

PHYSICIAN'S ACTION REPORTING FORM 

Study# Hill Top Research, Inc. Date Subject Initials 
Subject Screen# 

I 01-108589-11 / __ ! __ ! __ Permanent #: 
------

CRB-0 1-04-063-HB 
mm dd yy F M L 

Date(s) of office visit(s): -------------------------------

Pertinent Medical History: (e.g., causes of similar reactions. known allergies. 
potential involvement of current medications or medical conditions) 

Test Product Exposure: 
Use Began On: ____ _ Used Ended.on: ____ _ 

Date Date 
Number of Uses: ____ _ 

Clinical Observations: (Include date of onset and descriptions. severity locations. etc.) 

Impression: _____________________________________ _ 

/""" 
freatment: 

Follow Up: -----------------------------------

Date Resolved:----------

Is condition related to use of the test products? 

[ 1 Probably related* 

Reasons: 

1 Not Related* [ 1 Unknown 

-----------------------------------------------

Physician's Signature Date 



Source Document 3 
HT# 01-108589-11 
CRB-0 1-04-063-H B 

TRANSFER OF MICROBIAL SPECIMENS 

SPECIMENS TAKEN TO THE LABORATORY SPECIMENS RECEIVED 

Date: Time: Date Received: 

Test Site: Time: 

Method of Transport: Laboratory: 

Samples Packed as specified: Yes No -- Cold storage intact? Yes No --

LISTING OF SPECIMENS SPECIMENS RECEIVED 

Subject No. Sample No. Time Collected ¥'= 01\. 0 = Lost I Damaged Time Plated 
:'li R = ~ ot Received 

-

Shipping Rece1\'lng 
Technician: Date: Techmc1an: Date: 



Institution: Hill Top Research, Inc. 
Investigator: Gayle K. Mulberry, M.S. 

HTR Study No. 01-108589-11 
Sponsor No. CRB 01-04-063-HB 

Page No. ::U: -14 
Study Title: "Efficacy Evaluation of Three Handwipe Products In a Modified Health 
Care Personnel Handwash Study Versus Escherichia cotr 

CONSENT FORM 

INTRODUCTION: You are being asked to take part in a research study. Before you give 
your consent to be a subject, it is important that you take enough time to read and 
understand what your participation would involve. In preparing this consent form, it has 
been necessary to use some technical language. Please ask questions if there is anything 
you do not understand. 

You will be given a signed copy of this consent form and any other necessary written 
information prior to the start of the study. 

PURPOSE: The purpose of this research study is to determine the effectiveness of three 
handwipe products containing an antibacterial ingredient against bacteria found on the 
·skin. Approximately twenty (20) people at least 18 years of age will be screened as 
potential subjects in this study. At least twelve (12) subjects are expected to complete the 
two-visit study. 

TEST ARTICLES: You will be assigned 1 of the three antibacterial handwipe products. The_ · 
handwipe products are experimental. 

STUDY PROCEDURES: Prior to enrollment in the test, you will be asked to complete a 
brief medical history questionnaire.and another form to determine your eligibility for the 
study. Your hands and wrists will be checked for visible cuts, scratches or rashes on them. 
It is possible that you may not be able to participate based on your answers to these 
questions or the condition of the skin on your hands and wrists. 

If you are selected to participate in this study,· you will be instructed to perform a 
practice treatment with a handwipe product. Then, your hands will be rinsed with 
alcohol, rubbed for about 15 seconds and rinsed in tap water for 15 seconds followed 
by drying with paper towels. Afterwards, your hands will be contaminated with a watery 
liquid containing relatively non-harmful bacteria (Escherichia coli). This liquid 
containing the bacteria will be spread over the surfaces of the hands, and the hands will 
be allowed to air dry. Following air drying, the hands will be sampled. Sampling is 
accomplished by having you place your hands into large plastic bags to which will be 
added a mild soap-like solution. A laboratory technician will massage each bagged 
hand for one minute. The hands will be removed from the bags and the solution from 
each bag will be tested to determine the number of test bacteria added to the hands. 
Following this baseline sampling, the hands will be rinsed for 30 seconds with tap 
water, rinsed with 70% alcohol and water, then dried with paper towels. Then the 
hands will be contaminated as above and treated with the assigned test material, 1 



Consent Form 
Page 2 of 5 

HTR Study No. 01-108589-11 
Page No. :tt- 6 

r" of the 3 handwipe products following specific directions. After the treatment with the 
handwipe product, your hands will be sampled as above about 4-5 minutes after the 
first treatment is completed to determine the number of bacteria removed or killed by 
treatment. Your hands will be contaminated and treated 10 times. After the 10ih 
treatment, sampling will be repeated. Following each sampling, your hands will be 
rinsed with tap water. After the final sampling your hands will then be washed with a 
plain soap followed by a wash with Hibiclens®, an antimicrobial soap, and rinsed with 
alcohol prior to leaving the lab. 

After completing the treatment visit and until your follow-up visit, you will need to check the 
skin on your hands each day for any pimples, bumps or rashes. Within four to nine days 
after you have completed treatment, you will be required to return to the lab for a follow-up 
visit. Your hands will be checked for infection by a technician trained in observing infection. 

FEMALES OF CHILDBEARING POTENTIAL: You may not participate in this study if you 
are pregnant or nursing. As part of giving your consent you must agree to have a urine 
pregnancy test at the start of the study. 

RISKS: The risks associated with this test are primarily related to infection with the test 
bacteria. For healthy persons, the possibility of a skin infection exists; however, this 
possibility is remote because, (1) test bacteria are applied only to healthy or uninjured skin, ..... 
and (2) the skin is cleansed with antibacterial products following contact with the test 
bacteria. Your hands may also show a "reaction." A "reaction" could be pimples, blisters 
or raised bumps surrounded by redness and/or swelling. It is unlikely, but possible, that 
a rash could develop. • · 

No risks to you as a study participant, other than those described above as "reactions," are 
anticipated during the study. Reactions are usually due to irritation, although an allergic 
reaction might occur. If you become allergic, it is possible that future exposures to the 
same ingredient may cause a skin reaction. If this occurs, you will be provided with 
information to minimize the chance for Mure exposures. 

You may experience risks or side effects that are not known at this time. You will be 
informed in a timely manner if new information becomes available that may influence your 
willingness to continue in this study. 

BENEFITS: You will not benefit from the application of test product but the study results 
may allow a new or improved product to be marketed. 

ALTERNATIVE PROCEDURESITREA TMENTS: Because you are not being treated for 
a medical condition, alternative treatments do not apply to this study. 



Consent Form 
Page 3 of5 

HTR Study No. 01-108589-11 
Page No. :tr -l (.p 

(' CONFIDENTIALITY: Information concerning you that is obtained in connection with this 
study will be kept confidential by Hill Top Research, except that the sponsoring company 

· whose· product is being tested wili receive a copy of the study records. The records will be 
coded to protect your identity. In addition, government regulatory agencies, including the 
U.S. Food and Drug Administration (FDA), may inspect the records of the study. 
Information obtained in the study may be used for medical or scientific publication, but your 
identity will remain confidential. 

MEDICAL TREATMENT: If in .the course of this study you experience illness, discomfort 
or injury that appears to be a result of the study, Hill Top Research will provide you with 
medical care at no cost to you. Providing such medical care is not an admission of legal 
responsibility. If such illness, discomfort or injury does occur, ask any staff member to 
arrange a meeting for you with the appropriate personnel. 

In certain cases of illness or injury resulting from this study, workers' compensation 
coverage may be available. In accordance with Ohio law, Hill Top Research has secured 
workers' compensation coverage for participants in its studies and tests, and has paid and 
will pay appropriate premiums into the State Insurance Fund on behalf of such participants. 

WHO TO CONTACT: If you have any questions about this study or in case of an 
emergency, contact Stacey, Study Coordinator at 513-831-3114, ext. 2324 during business ... 
hours (M-F, 8:00A.M.- 5:00P.M.) or Ann Brady, Study Manager at 513-831-3354 after 
hours. 



Consent Form 
Page 4 of5 

HTR Study No. 01-108589-11 
. Page No. :tt:- 17 

(' VOLUNTARY PARTICIPATION/WITHDRAWAL: Your participation in this research study 
, is strictly voluntary. You may refuse to participate or may discontinue participation at any 

time during the study without penalty or loss of benefits to which you are otherwise entitled. 

If you agree to participate in this study, you are also agreeing to provide Hill Top Research 
with accurate information and to follow study instructions as given to you. If you fail to 
comply with study procedures, your participation may be terminated. 

Your participation in the study may be discontinued at any time without your consent by 
the Investigator, the FDA, or the sponsoring company. 

COMPENSATION: You will be paid $55.00 for the completion of this study. You will be 
compensated according to the following schedule· . 

If you do not qualify Visit 1 _you will receive $10.00 
If you qualify but are Visit 1 you will receive $15.00 
eliminated as an 
extra subject 
If you complete Visit 1 you will receive $30.00 
If you complete Visit 2 you will receive $55.00 

Payments will be made at the end of the study. 

There are no anticipated expenses to you for participating in this study. All test related 
materials will be provided at no cost to you. 



Consent Form 
Page 5 of5 

HTR Study No. 01-108589-11 
Page No. :It-(~ 

CONSENT TO PARTICIPATE 

I know that my participation in this study is voluntary and that I have the right to refuse to 
participate. I know that I may withdraw from the study at any time without penalty or loss 
of benefits to which I am otherwise entitled. If I withdraw or am dismissed for failure to 
obey rules or follow directions, I understand I will only be paid for the portion of the study 
that I have completed. If, in the judgment of the Investigator, it is best to discontinue my 
participation in the study for other reasons, I will be paid either in full or for that portion of 
the study already completed. 

If. I am a female of childbearing potential, I am not currently pregnant or nursing an infant. 
I am using an adequate means of birth control and, if I become pregnant or believe I have 
become pregnant, I will notify the Investigator immediately. 

CONSENT: I have read all of the above information and have been given an opportunity 
to ask questions about this study. Answers to such questions (if any) were satisfactory. 
I am eighteen years of age or older and freely and without reservation give my consent 

to serve as a subject in this study. By signing this form, I have not given up any of my 
legal rights as a research subject. 

Subject's Name Printed: First Middle Initial 

Subject's Signature 

Signature of Person Conducting Consent Discussion 

SUBJECT SCREEN NO. __ 
SUBJECT NO. __ 

Last 

Date 

Date 





FINAL REPORT OF CLINICAL TEST RESULTS 

From: P. B. Neumann, J. S. Englehart 

. To: Study File for CRB-97-11-245-CD 

Date: July 10, 1998 

Retention Limit: Until Superseded 
Released: 1./Lil 1/tolfl 

r I 

Subject: · Residual Effectiveness Screening Test Results on B-22M Liquid Soap Formulations with 
Varying Levels of SaUc:ylic: Acid and Tric:losan (TCS) and Liquid Ivory® against E. coli­
Hill Top Research, Inc:., CRB-97-11-245-CD, HT 97-5425-11 

Sum.mary: 

·The results of this clinical study show that B-22M liquid soap formulations with either no TCS, 0.5% TCS or 
1.0% TCS and no salicylic acid (codes A, Band<;:, respectfully} were not significantly more effective than 
Liquid Ivory, code J, at lowering the levels of Escherichia coli inoculated on the skin (p-value <O.TO}. All 
other B-22M liquid soap formulations with either 0.5% or 1.0% salicylic acid and varying levels ofTCS, 
ranging from none to 1.0%, were significantly more effective than Liquid Ivory at lowering organisms 
inoculated on the skin. 

The results are summarized in the attached tables. 

Objective: 

The objective of this study was to evaluate the residual effectiveness often (10) liquid soap products against 
potentially pathogenic bacteria (Escherichia coli, A TCC 11229) under simulated skin conditions which are 
considered optimal for bacterial growth, proliferation, and possible infection. 

Test Products: 

Code Test Product Active Ingredient TSIN 

A B-22M none 810060-108 

8 B-22M 0.5% TCS 810060-110 

c B-22M 1.0% TCS 810060-112 

D B-22M, 0.5% salicylic acid none 810060-100 

E B-22M, 0.5% salicylic acid 0.5% TCS 810060-102 

F 8-22M, 0.5% salicylic acid 1.0% TCS 810060-104 

G B-22M, 1.0% salicylic acid none 810060-092 

H B-22M, 1.0% salicylic acid 0.5% TCS 810060-094 

I 8-22M, 1.0% salicylic acid 1.0%TCS 810060-096 

J Liquid Ivory Soap none 810060-126 

Study Design: 

Th1s study was conducted at Hill Top Research, Inc. in Miamiville, Ohio on December 1, 1997. This was a 
randomized, split forearm wash study to evaluate the restdual antibacterial effectiveness often (10) liquid 
products. Th1rty (30) male and female subjects. ages 18 through 65 years old, who did not regularly use 

Page 1 of6 



Study Design: (continued) -r, antibacterial soap, medicated lotion or cream, and/or antidandruff shampoo were enrolled. For the test 

r~ 

procedure, each of the subject's forearms was divided into an upper and lower treatment area, for a total of 
four (4) treatment areas per subject. Each treatment area was washed one (1) time for forty-five (45) seconds. 
Within five (5) minutes after the wash with the test products was completed, a 3.0 em circular test site was 
marked-off in each area. Each circular site was then inoculated with 10 J.LL of a 24 hour broth culture of 
E. coli grown in Trypticase Soy Broth (TSB) and occluded with a 24 mm Hill Top Chamber® that was taped 
to the skin with Durapore® tape. One (1) hour after inoculation, the surviving organisms were harvested 

. from each occluded site using the Williamson-Kligman scrub technique. The specimens from each site were 
plated on Trypticase Soy Agar with polysorbate (Tween) 80 and incubated for 18-24 hours at-35 ±2°C. The 
colony forming units (CFU's) of E. coli were counted at the end of the incubation period to determine the 
number of surviving organisms at each of the treated sites. 

Data Analysis: 

The surviving colony forming units (CFU's) of bacteria for each subject were enumerated. The numbers of 
bacteria were converted to base 10 logarithms. The log10 CFU counts were compared using analysis of 
variance techniques. Factors were treatment levels and subject, adjusting for subject to subject variability, 
side (right vs. left) variability, site (upper vs. lower) variability, and site to side variability, to estimate which 
of the test products had the greatest activity. P-values ~ 0.10 were considered statistically significant. 

Subject Accountability: 

Thirty (30) subjects were enrolled and completed this study. 

Adverse Events: 

None reported. 

Submitted by: 

·.) 
~. ·• .. ~·;c £ '~'-(.1.•'1'\.(\.~ .. -
Paula B. Neumann 
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CRB97-11-245-CC I HT97-5425-11 

Conclusions: 

The three B22M prototypes with no salicylic: ac:id were not significantly more 
effective than Liquid Ivory Soap. All other prototypes were significantly 
more effective against •· c:oli at p-values 5 0.10. 

Salicylic: ac:id was a significant factor (p-value • 0.0044) in efficacy 
against 1. coli, whereas TCS was not (p-value • 0.4652). 

Both the 0.5\ and 1\ salicylic: acid B22M prototypes were significantly 
more effective than Liquid Ivory Soap even when TCS was not present 
at p-values 5 0.10. 

Although the interaction between TCS and salicylic acid was not significant, 
(p-value • 0.1386) it was close enough to significance to merit examination. 
It appears as though some salicylic: acid was necessary to provide a dose 
response with TCS in the ranges examined in this study and that this 
response is greater than 0.5\ salyclic acid. See Figures 1 • 2. 

Std. 
Treatment Code N Mean Dev. 

B22M, O.Ot TCS, O.Ot Salicylic Acid A 12 4.9 0.546 
B22M, 0.5\' TCS, o.ot Salicylic Acid B 12 5.2 0.524 
B22M, l.Ot TCS, 0.0\ Salicylic Acid c 12 5.0 0.510 
B22M, o.ot TCS, o.5t Salicylic Acid 0 12 4.3 1.086 
B22M, 0.5\ TCS, o.5t Salicylic Acid E 12 4.1 1.292 
B22M, l. 0\ TCS, O.St Salicylic Acid F 12 4.0 0.967 
B22M, 0.0\ TCS, l.Ot Salicylic Acid G 12 4.2 o. 713 
B22M, 0.5\ TCS. 1.0\ Salicylic Acid H 12 3.8 0.936 
B22M, l. Ot TCS, l. Ot Salicylic Acid I 12 3.5 1.411 
Liquid Ivory Soap J 12 5.3 0.6074 

One Way Layout Ignoring DOX Design: 
Std. 

Treatment LSMean Error 
A 4.7 0.220 
B 4.9 0.220 
c 5.0 0.220 
0 4.4 0.220 
E 4.4 0.220 
F 4.3 0.220 
G 4.3 0.220 
H 3.9 0.220 
I 3.4 0.220 
J 5.1 0.220 
Overall P·value•O.OOOl 

Pairwise P-values (One Way Layout Ignoring DOX Design) 
i/j A B c 0 E F G H I J 
A 0.4224 0.2858 0. 3409 0.3661 0.]463 0.3438 0.0234 0.0001 0.1145 
B 0.4224 0. 7357 0.0793 0.0997 0.1066 0.1109 0.!1052 0.0001 0.4608 
c 0.2858 0.7357 0.0284 0.0396 0.0474 0.0595 0.0025 0.0001 0.6923 
0 0.3409 0.0793 0.0284 0.9976 0.9598 0.9659 0.2017 0.0071 0.0273 
E 0. 3661 0.0997 0 0 0396 0.9976 0.9548 0. 9614 0.1790 0.0065 0.0290 
F 0. 3463 0.1066 0. 0474 0. t598 o.tsu 0.9~59 0.1681 0.0050 0.0245 
G 0.3438 0.1109 0.0595 o.tnt 0.9614 0. 9959 0.1409 0.0029 0.0184 
H 0 0 0234 0.0052 0.0025 0 0 2017 0.1790 0' 1681 0' 1409 0.07.66 0.0002 
I 0.0001 0.0001 0.0001 0 0 0071 0.0065 0.0050 0.0029 0. 0766 0.0001 
J 0.1145 0.4608 0. 6923 0.027] o.ono 0.0245 0 '0184 0.0002 0.0001 

NOTE: To ensure overall protection level. only prob&b1l1t1es associated with pre-planAed 
compar1sons should be used. 

• C' 
Page 3 of6 
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r Salicylic Std. Pairwise P-values 
Acid LSmean Error 1 2 3 

1 • O.Ot 4.8 0.162 1 0.0428 0.0011 
2 • o.st 4.3 0.152 2 0.0428 0.0618 
3 . 1.0t 3.9 0.152 3 0. 0011 0.0618 
Overall P-value-. 0.0044 

Std. Pairwise P-values 
TCS LSMean Error 1 2 3 

1 • O.Ot 4.5 0.120 1 0.7083 0.2287 
2 .. o.5t 4.4 0.120 2 0.7083 0.4029 
3 • 1.0t 4.2 0.120 3 0.2287 0.4029 
Overall P-value • 0.4652 

Salicylic Std. 
Acid TCS LSMean Error 

1 • o.ot o.ot 4.6 0.239 
2 • o.ot O.St 4.9 0.244 
3 = o.ot l.Ot 5.0 0.242 
4 .. o.st o.ot 4.4 0.235 
5 • o.5t 0.5t 4.3 0.234 
6 • o.5t l.Ot 4.3 0.235 
7 • l.Ot O.Ot 4.4 0.242 
8 . l.Ot o.5t 3.9 0.244 
9 • l.Ot l.Ot 3.4 0.239 
Overall P-value • 0.1386 

Pairwise P-values: 
i/j 1 2 3 4 5 6 7 8 9 
1 0.4355 0.3262 0.3871 0.4214 0.4118 0. 4429 0.0484 0.0005 
2 0.4355 0.7861 0.1022 0.1317 0.1468 0.1739 0.0148 0.0001 
3 0.3262 0.7861 0.0450 0.0638 0.0791 0.1107 0.0084 0.0001 
4 0. 38/l 0.1022 0.0450 0.9861 0.9846 0.9809 0.2544 0.0150 
5 0.4214 0.1317 0. 0638 0.9861 0. 96 95 0.9923 0.2207 0.0128 
6 0.4118 0.1468 0.0791 0. 9846 0. 9695 0. 9614 0.2003 0.0095 
1 0.4429 0.1739 0.1107 0.9809 0.9923 0. 9614 0.1559 0.0053 
8 0.0484 0. 0148 0.0084 0.2544 0.2207 0.2003 0.1559 0.1046 
9 0.0005 0.0001 0.0001 0.0150 0.0128 0.0095 0.0053 0.1046 

NOTE: To ensure overall protection level, only probab1l1t1es associated with pre-planned 
compar1sons should be used. 

P. B. Neumann 

r"·l 
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Figure 1 - Plot of Log( Count) by % TCS and o/o Salicylic Acid 
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·Figure 2 - Plot of Log( Count) by % TCS and % Salicylic Acid 
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(' I. Study Objective 

The objective of this study is to evaluate the residual effectiveness often (10) liquid soap products 
containing an antibacterial active against potentially pathogenic bacteria (Escherichia coli, ATCC 11229) 
under simulated skin conditions which are considered optimal for bacterial growth, proliferation, and 
possible infection. 

II. Study Summary 

This is a randomized blinded clinical study that will evaluate the residual effectiveness often (lO) liquid 
soap products using a split forearm test design. It will consist of a one ( 1) day test period. Thirty (30) 
male and female subjects, age 18 to 65 years, who do not regularly use antibacterial/antimicrobial soaps, 
medicated lotions and creams; and/or anti-dandruff shampoos will be enrolled into the study. During this 
study, thirty (30) subjects will be used to evaluatt; ten ( 1 0) test products. 

On the day of the test, subjects will report to the clinical test facility. Each ofthe subjects' forearms will 
be divided into an upper and lower treatment area for a total of four (4) treatment areas. Subjects will 
have each of their forearms washed by a laboratory technician with the test products according to a 
randomization. 

Following treatment with the test products, a test site will be marked off in the center of each treatment 
area on the forearms. Each of the four (4) test sites v.ill be inoculated With a known amount of 
Escherichia coli (ATCC 11229) grown in Trypticase Soy Broth (TSB). The test sites will then be 
occluded v.ith a Hill Top Chamber® patch for one (I) hour. After occlusion, the patches will be removed 
and the bacteria on the skin will be harvested using a scrub technique (1). Each sample of harvested 
bacteria v.ill be diluted, plated, and incubated. Follov.ing incubation, the number of surviving colony 
forming units (CFU's) for each site will be determined. 

Ill. Study Population 

Subjects \\ill be screened for their eligibihty to partictpate based upon information provided in the 
Demographtcs!Dermatological/Medical Histol')· Fonn [Case Report Fonn (CRF) 1). Only subjects 
meeting the inclusion/exclusion cnteria. outhncd tn CRF2, v.ill be allowed to participate in the study. If a 
subject is admitted to this study in apparent vtolation of any ofthe above criteria. the reason(s) for 
admission v.ill be noted by the Investigator or Ius destgnce. 

A. Subject Inclusion Criteria 

Subjects are eligible for enrollment if they· 

I. Are a male or female, age 18 to 65 years; 

2. Have signed the Informed Consent (Appendix A); 

3. Are in good health, as evidenced by response to the Demographics/ DermatologicaVMedical 
History Fonn (CRF 1); 

4. Have foreanns that are free of dcnnatoses, cuts, lesions, and other skin disorders; and 

5 Are v.illing to comply with all study protocol requirements. 

• 
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B. Subject Exclusion Criteria 

A subject cannot be enrolled in the study if they: 

1. Are currently participating in another clinical study at this or any other facility; 

2. Have participated in any type of hand or arm wash study within the past 
14 days; 

3. Have cuts, scratches, or a rash on the volar surface of either forearm; 

4. Have soap, detergent, and/or perfume allergies; 

5. Have eczema or psoriasis on their arm(s); 

6. Have taken systemic antibiotics or used topical antibiotics for any reason in the three (3) 
weeks prior to the start of the study; 

7. Are currently using antibacterial/antimicrobial soaps (liquids and/or bars), medicated lotions 
and creams, and/or anti-dandruff shampoos; 

8. Are currently pregnant; 

9. Are currently lactating; 

10. Have been medically diagnosed as having a medical condition which would preclude 
participation such as: diabetes, hepatitis, an organ transphint, or AIDS (or HIV positive); 
and/or 

11. Have any other medical condition, which in the opinion of the Investigator would preclude 
participation. 

IV. Study Design and Procedures 

A. Randomization 

The Sponsor will generate the study randomization for the assignment of treatment products. Each 
subJect \\111 be ass1gned to a treatment number which will become their permanent subject 
Identification number. All subjects and s1te persoMel, mcluding the Investigator, will remain blinded 
·to product identities. 

B. Study Schedule 

On the day of the test, prospective subjects ..-.ill visit the test facility to complete a written informed 
consent, (Appendix A), the Demographics/Dermatological/ Medical History Form (CRF 1), and the 
Inclusion/Exclusion Form (CRF 2). Subjects who meet the study criteria, will be randomly assigned 
to a treatment regimen. Two (2) treatment areas. upper and lower, will be marked off on each arm. A 
lab technician ..-.ill wash each of the treatment areas with one (1) of the test products according to the 
procedure described in Appendix C. After the wash with the test products is completed, a test site will 
be marked-off in the center of each treatment area on the subjects' forearms. These sites will be 
inoculated. occluded. and harvested according to the procedures described below. 

To ensure that any delayed adverse events, pnmanly skin infections, are reported to the study 
lnvest1gator, all test subjects ..-.ill be gJVen a copy of Subjects' Instructions Following Study 
Complet1on (Appendix 8) before lea\c1ng the chrucal test facility after they have compl~ted the study. 
Th1s sheet \\ill instruct the subjects to cxanune theu forearms 48-72 hours after completion of the 
study for the presence of punples, bbstcrs, or raised red itching bumps surrounded by eryther:fa and/or 
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edema that may be indicative of a skin infection. Subjects, who notice any ofthese lesions, will be 
instructed to call the clinical test site. 

All test sites on both anns will be inoculated with E. coli (ATCC 11229) that has been grown in 
Trypticase Soy Broth (fSB). To detennine the~ number ofCFU/mL at the time of inoculation, 
the broth culture to be used for inoculation will be plated. 

Using an Eppendorf® pipette, the skin area delineated by the cylinder will be inoculated with 10 ~of 
the bacterial culture to obtain 106 to 107 colony fonniitg units (CFU's) of E. coli. A sterile, 
disposable, inoculating loop will be used to evenly spread the inoculum within the center of the test 
site while remaining 4 to 5 nun from the marked edge. Inoculation of each site will be documented on 
CRF3. 

E. Occlusion of the Test Sites 

The inoculated test site Y.ill be immediately occluded by covering it with a small plastic bowl (25 nun 
Hlll Top Chamber® with pad removed) that Y.ill be secured to the skin with an adhesive dressing · 
(Durapore®, 3M). The time of occlusion Y.ill be recorded on CRF 3. 

F. Harvesting ofthe Surviving E. coli Organisms 

All inoculated sites will be harvested for surviving organisms at 1 hour ± 5 minutes after inoculation. 
The time of harvesting will be recorded on CRF 3. 

The following procedure will be used for harvesting: 

I. A hollow glass cylinder 2.2 em in diameter wdl be positioned in the middle area of the test site 

2. 

3. 

4. 

5. 

avoiding contact with tbC ink-stamped edge. · 

1 0 mL of phosphate-buffered 0 I o/o Tnton X-100 detergent (pH 7.9), with suitable 
neutralizers, will be p1petted utto the cyhnder. 

The skin inside the cylinder Y.1ll be massaged for 60 seconds with a Teflon policeman-. 

The fluid Y.ill be removed by p1pettmg at into an empty sterile culture tube. 

Another 1.0 mL of buffered detergent , .. ;n be added for a second 30 second scrub. 

4 
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6. The fluid from the second scrub v.ill be removed and pooled with the fluid from the first 
scrub. 

G. Disinfection of the Test Sites 

After each test site is harvested, it will be disinfected with 70% isopropyl alcohol. When the 
harvesting of the last test site is completed, both forearms will be washed for approximately thirty 
(30) seconds with Hibiclens® (4% chlorhexidine gluconate). After the arms have been washed with 
Hibiclens®, a small amount of Polysporin® antibiotic ointment will be applied to each test site. 

H. Plating and Incubation of the Organisms 

Specimens from each of the four (4) sites will be plated within four (4) hours after harvesting. For 
plating, they will be serially diluted in half-strength (0.0375 M) buffer in ten-fold dilutions to 104 . 

0.1 mL aliquots of each undiluted and diluted specimen will be pipetted onto the surface of duplicate 
plates, containing Trypticase Soy Agar with polysorbate (Tween) 80. The aliquots will be evenly 
spread on the surface of the plate with a sterilized bent glass rod. The media for these analyses are 
shown in Appendix F. 

Plated samples will be incubated aerobically for 18- 24 hours at 35 ± 2°C. The CFU's of test 
bacteria will be counted at the end of the incubation period. In general, the number of CFU's per 
sample v.ill be determined by taking the average of the counts from the plates which are in the range of 
2: 25 to~ 250 CFU's. If there are no plates with counts within this range, the following rules will be 
used to determine which counts will be used for the obtaining the number of CFU's for that specimen: 

I. If all of the counts are below the prescribed range, the numbers below 25 from the undiluted 
plates will be used. 

2. If the counts from the highest dilution are> 250, the numbers, obtained from using the 
estimated counting procedure described in Appendix F, will be used. 

The number of CFU's for each dilution counted v.1ll be recorded on Source Document 2. 

V. Study Material and Instructions 

A. Study Materials 

All test products v.ill be sent by the Sponsor to the chnical site prior to study initiation. 

Each treatment product will be identified v.ith the appropriate label (Appendix D) affixed to the 
outside of each container. 

B. Shipping of Study Materials 

The quantity of all materials, including test products and study supplies shipped to and returned from 
the chnical site, will be documented on the Shipping and Receiving Form (Source Document 1). The 
products v.ill be packed into one or more cartons labeled with: 

the study number~ 

2. distributor statement (i.e., "Dtstnbuted by Hill Top Research, Inc. with the test facility's full 
address and phone number); and 

3 any apphcable safety and handhng procedures. 
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C. Return of Study Materials 

Upon completion of the study, the Investigator will insure that all test products, whether 
completely used, partially used, or unused will be returned to the Sponsor at the following 
address: -

The Procter & Gamble Company 
Sharon Woods Technical Center 
11511 Reed Hartman Highway 

Cincinnati, Ohio 45241 
Attn.: Jan Englehart 

VI. Other Study Documentation and Requirements 

A. Adverse Event and intercurrent Event Reporting 

Should any unexpected or serious adverse event occur during the clinical study or as a result of 
application of the test organism to the skin of the subjects, the subject will be requested to return to the 
site to be examined by the Investigator. The Investigator will determine whether: (a) the adverse event 
is likely to be associated with product treatment or the study procedures; (b) the event warrants 
termination of participation; and (c) to prescribe treatment. if necessary. The Investigator will notify 
the Sponsor representatives, Ward Billhirner, 513-626-1926 (work) or 513-831-8163 (home) or Jan 
Englehart, 513-626-1896 (work) or 513-385-9596 (home). 

Each subject will need to be followed until the resolution of any adverse event. Information pertaining 
to the presenting signs, working diagnosis, assessment of the relationship of the adverse event to the 
product treatment. results of the follow-up· visits and any prescribed treatment. will be documented in 
CRF 4. If treatment by a physician is necessary, this treatment will be documented on CRF 5. 

B. Deviations from Protocol 

Any deviations from the protocol that occur during execution and not previously agreed to by the 
Sponsor and Investigator will be documented. All changes in the protocol must be made in written 
amendments agreed upon by the Investigator and Sponsor. The amendments must be attached to the 
protocol on file. 

C. Subject Termination and Completion 

At the termination of the study, CRF 6 Y.ill be completed on all subjects. A concerted effort will be 
made to retain and follow all subjects in the study. Subjects, who terminate their own participation, 
prior to study closure, for any of the following reasons will also be documented in CRF 6. 

a) Intolerance of the study procedures. 

b) Intercurrent illness which interferes with the evaluation. 

c) Noncompliance with the protocol. 

d) Investigator decision to withdraw a subject from study. 

e) Subjects, who are prescribed medlcation for an illness arising during the study, 
may be terminated on the basis of an mtercurrent event. This event will be 
noted on the appropriate CRFs 

f) Subjects who decide to Y.ithdraw from the study for personal reasons. 
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{' D. Investigator Review 

r 

The Investigator will review all case report forms and will sign the Investigator Review Form (CRF 6) 
· at study tennination attesting to the completeness and accuracy of case report forms that pertain to 
their responsibilities. -

VII. Statistical Analyses 

Data will be analyzed using analysis of variance. Data will be analyzed according to a 3 x 3 factorial 
design. Factors will be treatment levels and subject. Additional terms to be included in the model 
provided there are sufficient degrees of freedom are side, ann site, and the side by site interaction. 
P-values ~0.10 will be considered significant. 

VIII. Ethical and Regulatory Requirements 

A. Institutional Review Board (IRB) Review and Approval 

Review by an IRB is required to conduct this study. A copy of the approval letter along with a list of 
the IRB members who acted on this protocol and a statement that the IRB is in compliance with 
current Good Clinical Practices (GCP) regulations will be provided to the Sponsor. 

B. Subject Informed Consent 

Prior to study initiation, all subjects will be informed as to the type of study, the procedures to be 
followed, the general nature of the products being tested, and any known or anticipated adverse 
reactions which might result from participation. Each subject must sign the written informed consent 
(Appendix A) before participating in this study. The informed consent will contain all the basic 
elements outlined in 21 CFR 50.25. 

C. Study Monitoring 

The Investigator Y<ill permit a representauve of the Sponsor to make regular visits during the course of 
the study. During-these visits, the lnvesttgator \\ill permit the Sponsor's Monitor to inspect all forms­
and corresponding study subject's records to verify adherence to the protocol. The Sponsor's Monitor 
wtll also be permitted to review and verify laboratory reports, case report forms, drug/test article 
supply and inventory records. Any comments/instrucuons made by the Sponsor's Monitor will be 
recorded in the Investigator's study file. 

D. Protocol Revisions and Amendments 

With the exception of emergency situations, no changes or deviations from this protocol will be 
permttted without documented approval from the Investigator and the Sponsor's Monitor. 

All amendments to the final protocol will be initiated by the Sponsor. They will be consecutively 
numbered, describe any changes being made, and the reasons for them. All amendments will be signed 
and dated by the Sponsor and the Investigator, and the impact on the study noted. If the Investigator 
devtates from the agreed final protocol. the Sponsor's Monitor will be informed of the change as soon 
as posstble by telephone. 

E. Final Report 

The Sponsor will generate a final report of clinical results. 
• 
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(' F. Study Safety Statement 

r·, 

The requested testing meets the ethical requirements stipulated in the Procter & Gamble Policy for 
. Research Involving Human Subjects. Appropriate safety testing has been completed and risk 

assessments justify the placement of the test products in this study at these concentrations (levels of 
· exposure). 

G. Confidentiality 

The obligations of the Investigator, Hill Top Research, Inc., regarding the confidential information on 
the antibacterial soap and all aspects of the study will be kept confidential according to the Laboratory 
Service agreement between Hill Top Research, Inc. and The Procter & Gamble Company. 

IX. References 

I. Williamson, P. and Kligman, A.M., A new method for the quantitative investigation of cutaneous 
bacteria. J Invest. Dermatol., 45:6 (1965) 498-503. 
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(· X. Sponsor and Investigator Concurrence 

r 

For The Procter and Gamble C~mpany 

PREPARED BY: 

APPROVED BY: 

Ward L. Billhimer, M.S., Senior Scientist 
Clinical Research and Biometrics Department 

. ) . 

Paula B. Neumann, Ph.D., Senior Scientist Biostatistician 
Clinical Research and Biometrics Department 

9 

Date: II /J f3 /'IJ 

Date: 

Date: \\ l I r 11 J 



Agreed and Accepted by Hill Top Research, Inc. and the Study Investigator for 
CRB-97-11-245-CD: 

·I certify that I have reviewed and approved the protocol, infonned consent form, and other associated documents and 
agree to abide by their tenns. In addition. I agree to conduct this clinical study in compliance with federal, state and 
local goveriunent regulations, guidelines and standards applicable to such studies including, but not limited to, those 
relating to Institutional Review Board (IRB), lnfonned Consent, and Good Clinical Practices. 

I am aware that it is the responsibility of the Investigator to promptly report to the IRB all changes to the research 
activity and all unanticipated problems involving risk to human subjects. In addition. as Investigator, I am aware that 
a summary report must submitted to the IRB when the study is completed. These guidelines are in accordance with 
CFR 312.66. The Sponsor will be copied on all correspondence to and from the IRB. 

Date: /I · r &/ · 'i 7 
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r XI. Attachments 

The following Appendices, Case Report F onns, and Source Documents are included as attachments to the 
Final Protocol: -

Appendices 

A Written Informed Consent 
B Subject's Instructions Following Study Completion 
C Wash Procedure 
D Product Labels 
E List of AntibacteriaV Antimicrobial Products 
F Microbiological Media 

Case Report Forms 

I Demographics/Derrnatological!Medical History Form 
2 Inclusion/Exclusion Form 
3 Treatment Record 
4 Adverse Event 
5 Physician's Action Report Form 
6 Subject Termination and Investigator Review Form 

Source Documents 

I Shipping and Receiving of Study Material 
2 Microbiology Worksheet- Enumeration of Organisms 

' C' 
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Appendix A 

HT# 97-5425-11 
CRB-97 -11-245-CD 

WRITTEN INFORMED CONSENT 

To be provided by the clinical site. 

• 



Appendix 8 

HT# 97-5425-11 
CRB-97-11-245-CD 

SUBJECT'S INSTRUCTIONS FOLLOWING STUDY COMPLETION 

You have just oompleted participation in a clinical study, "Residual Effectiveness Screening Test". During 
this study, two (2) test sites on each of your forearms were inoculated with Escherichia coli bacteria. 
Although we do not expect you have any adverse experience as a result of participation in this study, there is a 
remote possibility that an infection may develop on your forearms within the next 48 - 72 hours. 

To determine whether you have developed an infection from the test bacteria, we would like you to examine 
your arms during the .next 48 - 72 hour period. If you notice the appearance of any pimples, blisters, or raised 
red itching bumps surrounded by redness and/or swelling, please contact Gayle Mulberry or Ann Brady at 
(513) 831-3114 during normal business hours (8: 15 am- 5 pm) or at (513) 831-3354 after hours. 

Thank you for your cooperation. 

0 
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Appendix C 

HT# 97-5425-11 
CRB-97-11-245-CD 

WASH PROCEDURE 

Water temperature should be maintained at 95-100° F. 

The temperature should be checked and recorded before each wash. 

Water Oow should be 4 L/minute. 

Time of eacb wash should be recorded. 

A technician wiD wash each subject's arm. 

The technician wiD wear gloves for this procedure, changing after each treatment area.wasb. 

Wipe the template with 70°/r isopropyl alcohol after use. 

Begin with the subject's right ann: 

1. Using the template, mark two (2) 10 x 5 em treaonent areas (an upper and lower) on the 
subject's foreann. 

2. The subject should wet the upper treaonent site of their foreann under the running water. 

3. Dispense 0.5 mL of the appropriate test product. from a 1 cc disposable syringe, onto the 
upper treatment site area. 

4. The technician should wet their glo\·ed hand under the running water. 

5. The technician should carefully lather the test product with two (2) fingers in an up-and-down 
motion within the upper treatment sate for forty-five (45) seconds. 

· 6. The subject should rinse the upper treaonent sate avoiding crossover to the lower treatment 
site under the running water. Rinse for fifteen (15) seconds. Do not rub! 

7. Repeat steps 1 to 6 for the lower treatment sate. 

8. Pat subjects' forearms dry using a paper towel. Do not rub! 

9. Repeat steps 1 to 8 ori the left forearm 



ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code A 

Study# CRB-97-11-245-CD 
Hl'#97-5425-11 

Net Contents: 100 g 
Distributed by: 

HiD Top Resan:b 
Main and Mill Streets 

Miamiville. Ohio 45147 
(513) 831-3354 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1/98 

Use as directed for washing 
arms only. 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code C 

Study# CRB-97-11-245-CD 
HT#97-5425-Il 

Net Contents: 100 g 
Distributed by: 

H1ll Top Raean:h 
Mam and Mill Strecll 

~harruvillc. Ohio 45147 
(513) 831-3354 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1/98 

Use as directed for washing 
and arms only. 

Appendix D 

HT# 97-5425-11 
CRB-97-11-245-CD 

PRODUCT LABELS 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code 8 

Study# CRB-97-11-245-CD 
HI'#97-5425-11 

Net Contents: 100 g 
Distributed by: 

HillTopResan:b 
MaiD aod Mill Streets 

Miamiville, Ohio 45147 
(513) 831-3354 

May Contain: Triclosan (TCS) 
. Exp. Date: 1/1/98 

Use as directed for washing 
arms only. 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code D 

Study# CRB-97-11-245-CD 
HT#97-5425-11 

Net Contents: 100 g 
Distributed by: 

Hill Top Resan:b 
Main and MiD Streets 

Miamiville, Ohio 45147 
(513) 831-3354 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1/98 

Use as directed for washing 
and arms only. 
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ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code E 

Study# CRB-97-11-245-CD 
IIT#97-5425-11 

Net Contents: 100 g 
Distributed by: 

Hill Top Research 
Main and Mill Stncls 

Miamiville, Ohio 4Sl47 
(Sl3) 831-33S4 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1/98 

Use as directed for washing 
annsonly. 

r 
ANTIBACTERIAL 

LIQUID SOAP PRODUCT 
Product Code G 

Study# CRB-97-11-245-CD 
IIT#97-5425-11 

Net Contents: 100 g 
Disuibuted by: 

Hill Top Research 
Main lnd Mill Stncls 

Miamiville, Ohio 4S 147 
(Sl3)831-33S4 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1198 

Use as directed for washing 
annsonly. 

Appendix D 

HT# 97-5425-11 
CRB-97-11-245-CD 

PRODUCT LABELS 
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ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code F 

~tudy# CRB-97-11-245-CD 
IIT#97-5425-11 

Net Contents: 100 g 
Distributed by: 

HillTop Research 
Main and Mill S1reets 

Miamiville, Ohio 4S 147 
(S 13) 831·33S4 

May Contain: Tric1osan (TCS) 
. Exp. Date: 1/1/98 

Use as directed for washing 
anns only. 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code H 

Study# CRB-97-11-245-CD 
IIT#97-5425-11 

Net Contents: 100 g 
Distributed by: 

Hill Top Research 
Main and Mill Stncls 

Miamiville, Ohio 4Sl47 
(SI3) 831·33S4 

May Contain: Triclosan (TCS) 
Exp. Date: 111/98 

· Use as directed for washing 
annsonly. 



ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code I 

Study# CRB-97-11-245-CD 
IIT#97-5425-11 

Net Contents: 100 g 
Distributed by: 

Hill Top Research 
Main and Mill SIRCll 

Miamiville, Ohio 4S 147 
(SIJ) 831-33S4 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1198 

Use as directed for washing 
and anns only. 

Appendix D 

HT## 97-5425-11 
CRB-97-11-245-CD 

PRODUCT LABELS 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code J 

Study# CRB-97-11-245-CD 
IIT#97-5425-ll 

Net Contents: 100 g 
Distributed by: 

Hill Top Research 
Main and Mill SIRClS 

Miamiville, Ohio 4S 147 
(Sl3) 831-33S4 

May Contain: Triclosan (TCS) 
· Exp. Date: 1/1/98 

Use as directed for washing 
and anns only. 

• 
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Appendix E 

HT# 97-5425-11 
CRB-97-ll-245-CD 

LIST OF ANTIBACTERIAL I ANTIMICROBIAL PRODUCTS 

Medicated Acne Cleansen 

Benzac W Wash 5 
Desuam-X 5 Wash 
Benzac W Wash 10 
Desquam-X 10m Wash 
Fostex 10% BPO Wash 
Oxy 10 Wash 
Propa P.H. Liquid Acne Soap 
PanOxyl 5 
Fostex 10% BPO 
PanOxyllO 
Clearasil Antibacterial Soap 
Sastid Plain Therapeutic Shampoo and Acne Wash 
Oxy Clean Soap 
Fostex Medicated Cleansing Bar 
Salicylic Acid and Sulfur Soap 
Sulfur Soap 

Antidandnff Shampoos 

Head and Shoulders (all formulas) 
Selsun Blue (all formulas) 
Pert Plus for Dandruff 
Suave for dandruff 
Neutrogena T -gel 
Neutrogena T -sal 
Scalpacin 
Tegrin 
Any antidandruff shampoo 

Anti-bacterial Soaps 

Safeguard bar and liquid 
Lever 2000 bar and liquid 
Irish Spring bar 
Dial bar and hquid 
Softsoap Antibacterial Soap 

Antibiotic Ointments and Creams 

Baciuacin 
Polysporin 
J cl J First A1d Cream 
Neomyan 

Anti-haderial Disbwasbing Liquids 

Dawn 
Joy 
Palmoli\'C 
Dial 



0.075M Phosphate Buffer Solution 

Appendix F 

HT# 97-5425-11 
CRB-97-11-245-CD 

MICROBIOLOGICAL MEDIA 

Weigh 0.4 grams ofKH2P04, 10.1 grams ofNa2HP04, 1.0 gram Triton X, 15.0 grams of polysorbate (Tween) 
80, and 10.0 grams of Lecithin. Dissolve in 1 liter of distilled or deionized water. Adjust to pH 7.9 with 0.1N 
NaOH. Dispense buffer in 100 mL quantities in bottles. Loosely cap bottles and sterilize in the autoclave at 121° 
C. Prepared buffer is checked for sterility and stored at 15- 30°C for upto 30 days. 

Trypticase Soy Broth (TSB) 

Dissolve 30 grams in 1liter of distilled or deionized water. If necessary, warm slightly to dissolve completely. 
Dispense broth in 9 mL quantities in sterile tubes. Sterilize at 121 °C. Check for stCrility. Prepared tubes are 
stored at 15 - 30°C and used within 30 days. 

Trypticase Soy Agar with Polysorbate (Tween) 80 

Suspend 40 grams in 1 liter of distilled or deionized water in a hc-.ar resistant flask. Heat to boiling with gentle 
mixing to dissolve completely. Add 15 grams of polysorbate (Tween) 80 and gently mix to dissolve completely. 

/"""" Loosely cap flask and sterilize in the autoclave at 12l°C. Cool to 45- 50°C in a water bath. Pour in sterile 15 x 
100 mm Petri dishes. Allow to cool and solidify on a level flat surface. Check for sterility. Prepared plates are · 
stored at 2- 8°C and used Ytithin 30 days. 

Estimated Plate Count Procedure 

Do not record counts on crowded plates from the highest dilution as too numerous to count (TNTC). If the 
number of colonies per plate exceeds 250, count colonies in those portions of the plate that are representative of 
colony d1stribuuon and calculate the Estimated Standard Plate Count (ESPC) from these counts. The ESPC will 
be detemuned utilizing the grid embossed area on the lighted surface of the colony counter. Each large square on 
the gnd is I cm2. If there are fewer than 10 colonies per square centimeter, count colonies in 12 squares, 
selcctmg, if representative, six consecutive squares horizontally across the plate and six consecutive squares at 
nght angles, being careful not to count a square more than once. When there are more than 10 colonies per 
square centimeter, count colonies in four such representative portions. In both instances, multiply the average 
found per square centimeter by the area of the plate used to detemune the estimated number of colonies per plate. 

If the total number ofCFU's have been estimated according to the procedure described above, ESPC (Estimated 
~tandard ~late Count) should be recorded following the value. 

Note: If the highest dilution plated contains >250 CFU's and a count ~300 CFU's has been previously 
determined, that value may be reported. It \\ill not be necessary to estimate the total CFU's on a plate 
contammg >250 CFU's usmg the above procedure. Plates containing the highest dilution of test specimen 
plated and the CFU counts are greater than 300, then the above procedure should be used~ determine the 
total CFU count. 



Case Report Form 1 

DEMOGRAPIDCSIDERMA TOLOGICAUMEDICAL HISTORY FORM 

'< S~di~!;! lfill'£opRes~~,lne~ I Visit Code Dat~-: • .. ,; ~~~~~~~~ Subject Screen# 

__ r ?7-~~~jfj )- . (;aylcl JGMtdifi-Y: ~ /- __ Subject _ 1_ 1_ _ 1_ 1_ Permanent#: 
_ L- __ -_- -_ -· -··--•, --_-_.-_- ·- - ·· -.---- .. _ ........ <-.:_<:-•-: -·:··•·· :::::_.,:. •-·~•--- • _ :. Qualification mrn dd yy F M L 

I Ge~er: 0 MaJe(l) 0 FemaleC2> 
Age: ____ Years 

Does_ the subject have any of the following at the treatment sites? 

L DERMATOLOGIC DISORDER 

1. Psoriasis ? 

2. Eczema? 

3. Skin Cancer ? 
4. Skin Allergies? Please specify: 
5. Hives? 

Does the Subject have any of the following (present and pas1 )? 

U. OTHER MEDICAL -INFORMATION 

Is the subject taking any medication? It yes, please specify below: 

m. MEDICATION 

1. Antibtot1cs: oral or systemic ? 

2. Cortisone, Steroids, ACTH, Anti-reaction Drugs? 
3 _ Heart Medication ? 

~ Insulin? 

5. Other? 

Comments: 

Based on the above medical historv, the sub•ect is. r . .I 
0 Qualified or 0 Not qualified for the study. 

Dare: --~'---~'-----­
mm dd yy 



r 

•. :: . u ><~ .··•·· .•.... 

Check one 
YES NO 

Case Report Form 2 
INCLUSION I EXCLUSION FORM 

mm dd 

Subject Screen # 

Permanent #: 

L 

.. ·•••• < >)•·····<,· ·~ . .::;: >• .. · · ..... · : : ··> : 
INCLUSION \,;1Ul£K.IA ? }i <•· /·•··•··:.···.· .. , <··.··•··:• .. •···•········•··· ... 

Subject: 

1. Is 18 to 6S years? 

2. Has signed infonned consent ? 

3. Is healthy as evidenced by responses on CRF 1 ? 

4. Has foreanns that are free of dennatoses, cuts, lesions, and other skin disorders ? 

s. Is willing to comply with all study protocol requireinents ? 

. ... ::: ... ·:. EXCLUSIONuu.•· •:n•,:,::,:::)}!:::,'~. ·.•.::::E .. . /. 

Check one 
YES NO N/A Subject: 

1. Is currently narticiruatino in another clinical study at this or any other _!'~~~!ity? 

2. Has participated in any type of hand or ann wash study within the past 14 days ? 

3. Has cuts, lesions. or other skin disorders on the volar surface of either forearm ? 

4. Has soap, detergent, and/or perfume allergies '! 

S. Has eczema or ~riasis on their ann(s) '! 
6. Has taken systemic antibiotics or used topical antibiotics for any reason in the 

3 weeks prior to the start of the test period ? 
1. Are currently using antibactenaUantinucrobial soaps (liquids and/or bars), medicated lotions 

and creams. and/or anti-dandruff shampoos ? 

Fcmal~ Female ~i.alc 8. Is currently pregnant ? 0 Yes 0 No Of child-bearing potential: 0 Yes 0 No 

0 Surgically Sterile 0 Post-menopausal 

If of child 13-HCG Test Results: 0 0 
Fetmlc Female Male 9. Is currently lactating? 

10. Has been medically diagnosed as having a medical condition such as: diabetes, 
hepatitis, an organ transplant. or AIDS (or mv positive)? 

11. Has another medical condluon wtuch 10 the opinion of the Investigator would 
preclude participation ? . 

· · · · ··· : ··:::·?:::•w:·;!•:i)i':;._ ... :.:··:-::.:.-:. . · · .•.• > • . 
. / .··. ·... ·:·· : 

.· 

Based upon dermatologic evaluation and the informauon contained 10 Case Report Forms 1 and 2, the subject is: 

0 Qualified 0 Not Qualified for participation in this study. 

Reasons for disqualification: 

I Investigator's Signature' Dare: ----~'----~'------
dd mm yy 
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·.Study# 

Case Report Form 3 

TREATMENT RECORD 

lfdiTop R&eArch. Inc~ 
.. ·.: ·.,·· ::: 

97-5425-ll Gayle K.. Mulberry Test Period __ 1 __ 1 _ 

Wash 

Product 
Code 

1 

Right 

Arm 

Left 

Arm 

Right Arm 
Test Sites 

Upper (1) Lower (2) 

am/pm am/pm 

F M L 

WASH RECORD: :( '•·'':'·.::·.'·: ;; 

Left Arm · 
Test Sites 

Upper (3) Lower (4) 

am/pm am/pm 

INOCULA TlON. OCCLUSION, AND HARVESTING::·,. 

Site Time Period Inoculation and Harvesting Time 
Occlusion Time 

upper (1) amlpm am/pm 

lower (2) amfpm am/pm 

Site Time Period Inoculation and Harvesting Time 
Occlusion Time 

upper (3) am/pm am/pm 

lower (4) am/pm am/pm 

I 

Initials I Date 

I 

I 

Initials I Date 

I 

I 

l\hcroblologlst's lrut1als: Investigator's Signature: Date: _1 __ 1 __ 

mm dd yy 
• 



Case Report Form 4 

ADVERSE EVENT 

Study## HillTop Research,Jnc. Date Subject Initials,>·• Permanent #: 
. . . . . 

97-5415-11 Gayle K. MulbUF>: I I __ 1 __ 1_ ------
nun dd \'\' F M L 

Was reaction related to treatment? 0 Not related D Possibly related 0 Definitely related D Other (explain) 

Did subject take any medication during the study period? 0 YES 0 NO If yes, complete section below. 

Date of Onset: Date Reported: Date Resolved: 

Describe event: 

Action Taken: D None 0 Continued on study 0 Withdrawn from the study 0 Consulted physician 

0 Medication taken (Complete below) 0 Hospitalized 0 Other (explain) 

Additional Comments: 

FOLLOW· UP ACTION TAKEN 

Date Action Taken Comments Initials 

CONCOMITANT MEDICATION TAKEN 

!\1edication Total Daily Dose Start Date Stop Date Indication 
tOral or S_,·stemlc) rrun/dd/yy rnm/dd/yy (Reason for Taking) 

. 
I I I I 

I I I I 

I I I I 

lln,cstil!ator's Signature: Date 

I I __ ___; ---oo ---
dd mm YY 

r' 
I 



Case Report Form S 

PHYSICIAN1S ACTION REPORTING FORM 

Study I· . > . HillTop ReSearch; In~ 
. . .... ·. . .. ·.-;·:::.·· · ... 

Date 

I I ------mrn dd ........ 

__ , __ !_ 
F M L 

Permanent#: 

Date(s) of office visit(s): ---------------------------

Pertinent Medical History: (e.g., causes of similar reactions, known allergies, 
potential involvement of current medications or medical conditions) 

Test Product Exposure: 
Use Began On: ____ _ Used Ended on: ____ _ Number of Uses: 

Date Date 

Clinical Observations: (Include date of onset and descriptions/severity/locations, etc.) 

-----

r Impression: ________________________________ _ 

Treatment: 

Follow Up: 

Date Resolved: --------

Is condition related to use of the test products? 

[ ] Probably related• [ ] Not Related• [ ) Unknown 

R~ons: ___________________ ~---------------

Phys1c1an's Signature Date 



,-... .. 

Case Report Form 6 

SUBJECT TERMINATION AND INVESTIGATOR REVIEW FORM 

. Studyf# ! ...... Itill1,'op Resear(b, Inc . Visit Code ) · ····.s~j··.ett······· ... ·•.•·•. ~als.. ·· ... ··· .. · ·. :PermaDeD.t II: 
.. · ....... ·. 

...... .. . ... 
· > .~Je K. Mulberry 

.. 

End ·of Study __ ! __ ! __ 
F M L 

97-5425-11. 

Date Subject Entered tbe Study: 

--'--'--
Date Subject Withdrew I Completed tbe Study: 

I I --mm dd yy mm dd yy 

Did subject drop out of study prior to completion? 0 YES 0 NO If yes, complete below: 

Check reason for subject premature termination: 

0 I =Adverse Event (Documented on CRF -') 

0 2 = Intercurrent Event 

0 3 = Lack of Compliance \\ith Protocol Specify: ---------------

0 -'=Personal reasons (family problems, lack oftransponation. etc.) 

0 5 =No show, Lost to Follow-up 

0 6 = Other Specify:---------------------

Comments· ----------------------------

MY SIGNATURE ON THIS PAGE CERTIFIES 

THAT I HAVE REVIEWED ALL OF mE DATA 

AND STATEMENTS SUBMITTED FOR miS 

SUBJECT AND FIND THEM ACCURATE AND 

COMPLETE TO THE BEST OF MY KNOWLEDGE. 

ln\estigator's Signature Date 

-----~' '----nun dd yy 
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MA TERJALS SHIPPED 

Date Shipped Time: 

Test Site. 

Method of Transport: 
. 

'\ LISTING OF MATERIALS SHIPPED 
II of n"EM DESCRIPTION • 

ITEMS • Include Batch no. in item description 

-------------

Shipping 
Technician: 

Date: 

.. 
I! 

SOURCE .L 1MENT I 
CRB-97-11-245-CD 
(liT# 97-5425-11) 

SIIIPPING & RECEIVING OF STUDY MATERIAL 

MATERfALS RECEIVED MATERIALS RETURNED 

Date Receaved Date: Time: 

Time: Test Site: 

Test Site Method of Transport: 

MATERIALS RECEIVED MATERIALS RETURNED 
4= OK Indicate if items are returned or 
I> = LOST/DAMAGED not returned 
NR = NOT RECEIVE!> 

.. 
---- - - ~ -------------- - ---- L_ --------------

Receiving Returning 
Technician: Technician: 

Date: Date: 

) 

MATERIALS RECEIVED 

Date Received: 

Time: 

Test Site: 

MATERIALS RETURNED I 

4=0K 
D = LOST/DAMAGED 
NR = NOT RECEIVED 

Receiving 
Technician: 

Date: 



r-. 
( 

I t•••Yi•····< ..... 
. / . 

Date Plated: 

Subject ·Test 
No. Site 

to·• 
to-1 

to-3 

J0-4 

to-s 

Subject Test 
No. Site 

to·1 

to·1 

to·3 

10 .... 

10·5 

Subject Test 
No. Site 

to·1 

to·1 

10·3 

10 .... 

to·5 

Subject Test 
No. Site 

ao·1 

to·1 

to·3 

·~ to-s 

SOURCE DOCUMENT l 
81'# 97•S4l5-11 

CRB-97-11-245-CD 
MICROBIOLOGY WORKSHEET- ENUMERATION OF ORGANISMS 

.. :: :::;:::·.;.:.::: ~:·/=:(;~~:~: ., ' ·n••tru· COUNTS (TOTAL# ORGANlSMSirlffi):•·::.'j::::::·•:,:::.:::::,::,:\{:,/'··•·.••·=··:·: .. >·•······•··•······ :.::.: ........ •· 

- I Date Counted: I Inoculum Count: 

Right Arm Left Arm 

1 (upper) 2 (lower) 3 (upper) 4 (lower) 

Plate 1 Plate l Plate 1 Plate l Plate 1 Plate l Plate 1 Plate l 

--

Right Arm Left Arm 

l (upper) 2 (lower) 3 (upper) 4 (lower) 

Plate 1 Plate 2 Plate 1 Plate l Plate 1 Plate l Plate 1 Plate l 

Rigbt Arm Left Arm 

1 (upper) 2 (lower) 3 (upper) 4 (lower) 

Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate l Plate 1 Plate l 

Right Arm Left Arm 

l (upper) 2 (lower) 3 (upper) 4 (lower) 

Plate 1 Plate 1 Plate I Plate 2 Plate I Plate l Plate 1 Plate l 

I 

Laboratory Supervisor Mtcrobtologtst Date 
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PROTOCOL AMENDMENT Issue I 11/24/97 

Residual Effectiveness Screening Test of Antibacterial Liquid Products against E. coli 

Study Number: 

Purpose of the 
Amendment: 

CHANGE#l 

CRB-97-11-245-CD (HT 97-5425-11) 

Changes to the Study Protocol 

Clarification of the Title of the Protocol 

The title of the protocol will be modified to read as follows: 

"Residual Effectiveness Screening Test of Liquid Products against E. coli" 

The word "antibacterial" has been removed since all of the test products do not contain the antibacterial active 
ingredient. 

CHANGE#2 Clarification of the Objective of the Protocol 

The objective of the protocol will be modified to read as follows: 

"The objective of this study is to evaluate the residual effectiveness of ten (10) liquid soap products against 
potentially pathogenic bacteria (Escherichia coli, ATCC 11229) under sir:nulated skin conditions which are 
considered optimal for bacterial growth, proliferation, and possible infection." 

The words "containing an antibacterial active" have removed since all of the test products do not contain the 
antibacterial active ingredient. 

For The Procter and Gamble Company: 

:S. Engl;h;s:s::cfulical Research Associate 
Date: u/z Lf /qz 

For Hill Top Research, Inc.: 

Ann R. Brady, A.S., ub-lnvesugator 

0 





FINAL REPORT Ot CLINICAL TEST RESULTS 

Date: July 10, 1998 From: . P. B. Neumann, J. S. Englehart 

To: Study File for CRB-97-12-262-CD 
,-

Retention Limit: Until Superseded 
Released: W~ll 7 l1tJ/" r 1 

Subject: Residual Effectiveness Screening Test Results on B-l2M Liquid Soap 
Formulations with Varying Levels of Salicylic Acid and Triclosan (TCS) and 
Liquid Ivory® against E. coli under Occluded and Unoccluded Conditions 
Hlll Top Research, Inc., CRB-97-U-262-CD, HT 97-5461-11 

Summary: 

The resultS of this clinical study show that B-22M liquid soap formulation with 1.0% salicylic acid, code G, 
and B-22M liquid soap formulation with 1.0% salicylic acid and 1.0% TCS, code I, were significantly more 
effective than B-22M (no salicylic acid or TCS, code A) and Liquid Ivory, code J, at lowering the levels of 
Escherichia coli inoculated on the skin (p-value <0.1 0) under both occluded and unocludded conditions. 
Treatment and occlusion status were highly significant factors, their interaction was not. 

The results are summarized in the attached tables. 

Objective: 

The objective of this study was to evaluate the residual effectiveness of four (4) liquid soap products against 
potentially pathogenic bacteria (Escherichia coli, A TCC 11229) under simulated skin conditions which are 
considered optimal for bacterial growth, proliferation, and possible infection. 

(' Test Products: 

Code Test Product 

A B-22M 

G B-22M, 1.0% salicylic acid 

I B-22M, 1.0% salicylic acid 

J Liquid Ivory Soap 

Study Design: 

Active Ingredient 

none 

none 

1.0% TCS 

none 

TSIN 

BI0060-108 

BI0060-092 

BI0060-096 

BI0060-126 

This study was conducted at Hill Top Research, Inc. in Miamiville, Ohio on December 2, 1997. This was a 
randomized, split forearm wash study to evaluate the residual antibacterial effectiveness of four (4) liquid 
products. Twenty (20) male and female subjects, ages 18 through 65 years old, who did not regularly use 
antibacterial soap, medicated lotion or cream, and/or antidandruff shampoo were enrolled to evaluate the 
products under both occluded and unoccluded conditions. For the test procedure, each of the subject's 
forearms was divided into an upper and lower treannent area, for a total offour (4) treannent areas per 
subject. Each treannent area was washed one ( 1) time for forty-five (45) seconds. Within five (5) minutes 
after the wash with the test products was completed, a 3.0 em circular test site was marked-off in each area. 
Each circular site was then inoculated with 10 ~L of a 24 hour broth culture of E. coli grown in Trypticase 
Soy Broth (TSB). According to a randomization, half of the test sites were occluded with a 24 mm Hill Top 
Chamber® that was taped to the skin with Durapore® tape. The other half of the test sites remained 

'Page 1 of3 



Study Design: (continued) 

r--. unoccluded. Ten (10) minutes after innoculation, the surviving organisms were harvested from each test site 
using the Williamson-Kligman scrub technique. The specimens from each site were plated on Trypticase Soy 
Agar with polysorbate (Tween ) 80 and incubated for 18 - 24 hours at 35 ±2°C. The colony forming units 
(CFU's) of E. coli were counted at the end of the incubation period to determine the number of surviving 
organisms at each of the treated sites. 

Data Analysis: 

The surviving colony forming units (CFU's) of bacteria for each subject were enumerated. The numbers of 
bacteria were converted to base 10 logarithms. The log1o CFU counts were compared using analysis of 
variance techniques according to a 4 x 2 factorial design with factors of treatment, occlusion and subject, 
adjusting for subject to subject variability, side (right vs. left) variability, site (upper vs. lower) variability, 
and site to side variability, to estimate which of the test products had the greatest activity. P-values ~ 0.10 
were considered statistically significant. 

Subject AccountabiUty: 

Twenty (20) subjects were enrolled and completed this study. 

Adverse Events: 

None reported. 

Submitted by: 

.0' 0 
I (-...;,to- l' /><' ,;(.t ;.....a.-~...,. 

Paula B. Neumann 

Page 2 of3 
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CRB97-12-262-CD I HT97-546l-ll 

Treatments: 
A • B22M 
G • a22M, lt Salicylic Acid 
I • B22M, lt Salicylic Acid, l' TCS 
J ··Liquid Ivory Soap 

conclusions: 

Treatment and occlusion status were highly significan~ fac~ors. The interaction 
between these terms was not significant. 

Significantly higher lsmean organism counts (E. coli) were detected with occlusion 
(p-value • 0.0003). 

, Liquid Ivory Soap sites had higher organism counts than either B22M with lt 
salicylic acid or B22m with lt salicylic acid ~ 1t TCS at p-values < 0.10. 

B22M sites had higher organism counts than B2~M with both salicylic acid and 
TCS (p-value • 0.04). 

Std. 
Occlude Treatment N Mean Dev. 

No A 10 4.8 0.321) 
No G 9 4.5. 0.48~ 

No I 9 4.2 0.209 
No J 10 5.0 0.15~ 

Yes A 10 5.1 0.630 
Yes G 9 4.9 0.569 
Yes I 9 4.7 0.795 
Yes J 10 5.4 0.594 

Std. 
Occlude LSMean Error 

No 4.64 0.074 p-value • 0.0003 
Yes 5.06 0.074 

Std. Pairwise p-values 
Treatment LSMean Error A G I J 

A 4.9 0.124 A 0.4383 0.0379 0. 2443 
G 4.8 0.134 G 0.4383 0.1138 0.1049 
I 4.5 0.134 I 0.0379 0.1138 0.0006 
J 5.1 0.126 J 0.2443 0.1049 0.0006 
Overall p-value•0.0072 

Std. LSMean 
Treatment Occlude LSMean Error • 

A No 4.8 0.161 1 
A Yes 5.1 0.161 2 
G No 4.6 0.173 3 
G Yes 5.0 0.173 4 Overall p·value•0.8832 
I No 4.2 0.172 5 
I Yes 4.8 0.172 6 
J No 5.0 0.163 7 
J Yes 5.4 0.163 8 

Pairwise p-values (Note: These are not valid as the overall p-value 
is not eiqa1f1eant. 1 

i/j 1 2 3 4 s 6 7 8 
1 0.1239 0.4729 0.3715 O.Olll 0.9620 0.4449 0.0178 
2 0.1239 0.0408 0.6374 0. OOll 0.2009 0.5370 0.2961 
3 0.4729 0.0408 0.0886 0 .Ul9 0.5267 0.1891 0.0068 
4 0. 3715 0.6374 0.0886 0.0021 0.3613 0.9015 0.1794 
5 0. 0333 0. 0012 0 .ll39 0.0028 0.0138 0.0027 0.0001 
6 0. 9620 0.2009 0.5267 0. 3613 0. Olll 0.4187 0.0175 
7 0.4449 0.5370' 0.1891 0.9015 0.002" 0.4187 0.0664 
8 0.0178 0. 2961 0.0068 0.1794 0.0001 0. 0175 0.0664 

P. B. Neumann 
Page 3 of3 



r, RESIDUAL EFFECTIVENESS SCREENING TEST OF 
ANTIBACTERIAL LIQUID PRODUCTS AGAINST E. COLI UNDER OCCLUDED 

AND UNOCCLUDED CONDITIONS 

Study Number: 

Study Identification: 

Principal Investigator: 

Sub-Investigator 

Clinical Test Site: 

Sponsor: 

Sponsor Representative: 

Sponsor Statistician: 

Sponsor Toxicologists: 

Clinical Research Associates: 

Start Date: 

CRB-97-12-262-CD 

HT# 97-5461-11 

Gayle K. Mulberry, M.S. 

Ann R. Brady, A.S. 

Hill Top Research, Inc. 
Main and Mill Streets 
Miamiville, Ohio 45147 

The Procter & Gamble Company 
Clinical Research and Biometrics Division 
Personal Cleansing Sector 
11511 Reed Hartman Highway 
Cincinnati, Ohio 45241 

Ward L Billhimer, M.S. 

Paula B. Neumann, Ph.D. 

Paul F. Sterchele, Ph.D. 
J. David Innis, Ph.D. 

Jan S. Englehart, B.S., ASCP 

December 2, 1997 

Confidentiality: The obligations of the lnvesttgator. regardmg the confidential information on the 
antibactenal soap and all aspects of the study Y.lll be kept confidential according to the agreement with The 
Procter & Gamble Company. • 
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r"' I. Study Objective 

The objective of this study is to evaluate the residual effectiveness of four ( 4) liquid soap products 
containing an antibacterial active against potentially pathogenic bacteria (Escherichia coli, ATCC 11229) 
under simulated skin conditions which are considered optimal for bacterial growth, proliferation, and 
possible infection. 

II. Study Summary 

This is a randomized blinded clinical study that will evaluate the residual effectiveness of four ( 4) liquid 
soap products using a split foreann test design. It will consist of a one (1) day test period. Twenty (20) 
male and female subjects, age 18 to 65 years, who do not regularly use antibacterial/antimicrobial soaps, 
medicated lotions and creams, and/or anti-dandruff Shampoos will be enrolled into the study. During this 
study, twenty (20) subjects will be used to evaluate four (4) test products under both occluded and 
unoccluded conditions. 

On the day of the test, subjects will report to the clinical test facility. Each of the subjects' forearms will 
be divided into an upper and lower treatment area for a total of four (4) treatment areas. Subjects will 
have each of their forearms washed by a laboratory technician with the test products according to a 
randomization. 

Following treatment with the test products, a test site will be marked off in the center of each treatment 
area on the forearms. Each of the four ( 4) test sites will be inoculated with a known amount of 
Escherichia coli (ATCC 11229) grown in Trypticase Soy Broth (TSB). According to a randomization, 
half of the test sites will then be occluded with a Hill Top Chamber®. The other half of the test sites will 
remain unoccluded. After ten (10) minutes, the bacteria on the skin will be harvested using a scrub 
technique (1). Each sample of harvested bacteria will be diluted, plated, and incubated. Following 
incubation, the number of surviving colony forming units (CFU's) for each site will be determined. 

III. Study Population 

Subjects will be screened for their eligibility to participate based upon information provided in the 
Demographics/Dermatological/Medical History Fonn [Case Report Fonn (CRF) 1]. Only subjects 
meeting the inclusion/exclusion criteria, outlined in CRF 2, will be allowed to participate in the study. If a 
subject is admitted to this study in apparent violation of any of the above criteria, the reason(s) for 
admission will be noted by the Investigator or his designee. 

A. Subject Inclusion Criteria 

Subjects are eligible for enrollment if they: 

1. Are a male or female, age 18 to 65 years; 

2. Have signed the Infonned Consent (Appendix A)~ 

3. Are in good health. as evidenced by response to the Demographics/ Dermatological/Medical 
History Fonn (CRF 1); 

4. Have forearms that are free of dermatoses, cuts, lesions, and other skin disorders~ and 

5. Are v.illing to comply with all study protocol requirements. 
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("""' B. Subject Exclusion Criteria 

A subject cannot be enrolled in the study if they: 

1. Are currently p;uticipating in another clinical study at this or any other facility; 

2. Have participated in any type of hand or arm wash study within the past 
14 days; 

3. Have cuts, scratches, or a rash on the volar surface of either foreann; 

4. Have soap, detergent, and/or perfume allergies; 

5. Have eczema or psoriasis on their arm(s); 

6. Have taken systemic antibiotics or used topical antibiotics for any reason in the three (3) 
weeks prior to the start of the study; 

7. Are currently using antibacteriaVantimicrobial soaps (liquids and/or bars), medicated lotions 
and creams, and/or anti-dandruff shampoos; 

8. Are currently pregnant; 

9. Are currently lactating; 

10. Have been medically diagnosed as having a medical condition which would preclude 
participation such as: diabetes, hepatitis, an organ transpl3nt, or AIDS (or HIV positive); 
and/or 

11. Have any other medical condition, which in the opinion of the Investigator would preclude 
participation. 

IV. · Study Design and Procedures 

A. Randomization 

The Sponsor will generate the study randomization for the assignment of treatment products. In 
addition, a randomization will be generated to indicate which test sites will be occluded and which 
sites will remain unoccluded. Subjects will be assigned-to a treatment number which will become their 
permanent subject identification number. All subjects and site personnel, including the Investigator, 
will remain blinded to product identities. 

B. Study Schedule 

On the day of the test, prospective subjects will visit the test facility to complete a written informed 
consent, (Appendix A), the Demographics/Dermatological/ Medical History Form (CRF 1), and the 
Inclusion/Exclusion Form (CRF2). Subjects who meet the $dy criteria, will be randomly assigned 
to a treatment regimen. Two (2) treatment areas, upper and lower, will be marked off on each arm. A 
lab technician will wash each of the tRatment areas with one (I) of the test products according to the 
procedure described in Appendix C. After the wash with the test products is completed, a test site will 
be marked-off in the center of each treatment area on the subjects' forearms. These sites will be 
inoculated. occluded. and harvested according to the procedures described below. 

To ensure that any delayed adverse events, primarily skin infections, are reported to the study 
Investigator, all test subjects will be gtven a copy of Subjects' Instructions Following Study 
Completion (Appendix B) before leaving the clinical test facility after they have completed the study. 
This sheet will instruct the subjectS to examine their forearms 48 - 12 hours after completion of the 
study for the presence of p1D1ples, blisters, or raised ·red itching bumps surrounded by erythema and/or 
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edema that may be indicative of a skin infection. Subjects, who notice any of these lesions, v;ill be 
instructed to call the clinical test site. 

C. Wash with the Test Products 

Two (2) 10 x 5 em treatment areas (upper and lower) will be marked off on each subject's forearms 
using a template. Each ofthe four (4) treatment areas on the subjects' forearms will be washed by a 
laboratory technician according to the procedure outlined in Wash Procedure, Appendix C. Each 
treatment area will be washed one ( 1) time v.1th the appropriate test product. A record of the subject 
washes will be kept on CRF 3. In general, the following should be noted: water temperature should 
be closely monitored and maintained at 95-100°F. The water temperature should be recorded. Wash 
time should be recorded at the start of washing. 

D. Microbial Inoculation 

Within five (5) minutes after the wash with the test products is ci>mpleted, one (1) circular test site 
will be marked-off in each treatment area of the subject's forearms. These circular sites will be spaced 
in the center of each treatment area of the forearm. They will be made by pressing a 3. 0 em diameter 
glass cylinder, inked with a stamp pad, against the skin. 

All test sites on both arms will be inoculated with £ coli (A TCC 11229) that has been grown in 
Trypticase Soy Broth (TSB). To determine the actual number ofCFU/mL at the time of inoculation, 
the broth culture to be used for inoculation will be plated. 

Using an Eppendorf® pipette, the skin area delineated by the cylinder will be inoculated with 10 f.LL of 
the bacterial culture to obtain 1o6 to 107 colony forming units (CFU's) of E. coli. A sterile, 
disposable, inoculating loop will be used to evenly spread the inoculum within the center of the test 
site while remaining 4 to 5 mm from the marked edge. Inoculation of each site will be documented on 
CRF3. 

E. Occlusion of the Test Sites 

According to a randomization, half of the inoculated test sites will be immediately occluded by 
covering with a small plastic bowl (25 mm Hill Top Chamber® with pad removed) that will be 
secured to the skin with an adhesive dressing (Durapore®, 3M). The time of occlusion will be 
recorded on CRF 3. The remaining half will not be occluded. Time following inoculation should be 
recorded on CRF 3. 

Following inoculation, all subjects will be instructed to rest their arms on a table, with the volar side 
of their forearms in an upward position, for approximately ten ( 1 0) minutes. 

F. Harvesting of the Surviving E. coli Organisms 

All inoculated sites will be harvested for surviving organisms at approximately ten (10) minutes after 
inoculation. The time of harvesting will be recorded on CRF 3. 

The following procedure will be used for harvesting: 

1. A hollow glass cylinder 2.2 em an diameter will be positioned in the middle area of the test site 
avoiding contact with the ink-stamped edge. 

2. 1. 0 mL of phosphate-buffered 0 .I% Triton X-1 00 detergent (pH 7. 9), with suitable 
neutralizers, will be pipettcd mto the cylinder. 
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r 3. 

4. 

The skin inside the cylinder will be massaged for 60 seconds with a Teflon policeman. 

The fluid will be removed by pipetting it into an empty sterile culture tube. 

5. Another 1.0 mL of buffered detergent will be added for a second 30 second scrub. 

6. The fluid from the second scrub will be removed and pooled with the fluid from the first 
scrub. 

G. Disinfection of the Test Sites 

After each test site is harvested, it will be disinfected with 70% isopropyl alcohol. When the 
harvesting of the last test site is completed, both forearms will be washed for approximately thirty 
(30) seconds with Hibiclens® (4% chlorhexidine gluconate). After the arms have been washed with 
Hibiclens®, a small amount of Polysporin® antibiotic ointment will be applied to each test site. 

H. Plating and Incubation of the Organisms 

Specimens from each of the four (4) sites will be plated within four (4) hours after harvesting. For 
plating, they will be serially diluted in half-strength (0.0375 M) buffer in ten-fold dilutions to 104 . 

0.1 mL aliquots of each undiluted and diluted specimen will be pipetted onto the surface of duplicate 
plates, containing Trypticase Soy Agar with polysorbate (Tween) 80. The aliquots will be evenly 
spread on the surface of tbe plate with a sterilized bent glass rod. 1be media for these analyses are 
shown in Appendix F. 

Plated samples will be incubated aerobically for 18- 24 hours at 35 ± 2°C. The CFU's of test 
bacteria will be counted at the end of the incubation period. In general, the number of CFU's per 
sample will be determined by taking the average of the counts from the plates which are in the range of 
~ 25 to ~ 250 CFU's. If there are no plates with counts within this range, the following rules will be 
used to determine which counts will be used for the obtaining the number of CFU's for that specimen: 

I. If all of the counts are below the prescribed range, the numbers below 25 from the undiluted 
plates will be used. 

2. If the counts from the highest dilution are > 250, the numbers, obtained from using the 
estimated counting procedure described in Appendix F, will be used. 

The number ofCFU's for each dilution counted.will be recorded on Source Document 2. 

V. Study Material and Instructions 

A. Study Materials 

All test products will be sent by the Sponsor to the clinical si~ prior to study initiation. 

Each treatment product will be identified with the appropriate label (Appendix D) affixed to the 
outside of each container. 

B. Shipping of Study Materials 

The quantity of all materials, including test products and study supplies shipped to and returned from 
the clinical site, will be documented on the Shipping and Receiving Fonn (Source Document 1). The 
products will be packed into one or more cartons labeled with: 

I. the study number; 

' r 
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2. distributor statement (i.e., "Distributed by Hill Top Research, Inc. with the test facility's full 
address and phone number); and 

3. any applicable safety and handling procedures. 

C. Return of Study Materials 

Upon completion of the study, the Investigator will insure that all test products, whether 
completely used, partially used, or unused will be returned to the Sponsor at the following 
address: 

The Procter & Gamble Company 
Sharon Woods Technical Center 
11511 Reed Hartman Highway 

Cincinnati, Ohio 45241 
Attn.: Jan Englehart 

VI. Other Study Documentation and Requirements 

A. Adverse Event and Intercurrent Event Reporting 

Should any unexpected or serious adverse event occur during the clinical study or as a result of 
application of the test organism to the skin of the subjects, the subj~ will be requested to return to the 

· site to be examined by the Investigator. The Investigator will detennine whether: (a) the adverse event 
is likely to be associated with product treatment or the study procedures; (b) the event warrants 
termination of participation; and (c) to prescribe treatment, if necessary. The Investigator will notify 
th~ Sponsor representatives, Ward Billhimer, 513-626-1926 (work) or 513-831-8163 (home) or Jan 
Englehart, 513-626-1896 (work) or 513-385-9596 (home). 

Each subject will need to be followed until the resolution of any adverse event. Information pertaining 
to the presenting signs, working diagnosis. assessment of the relationship of the adverse event to the 
product treatment, results of the follow-up visits and any prescribed treatment, will be documented in 
CRF 4. If treatment by a physician is necessary, dus treatment will be documented on CRF 5. 

B. Deviations from Protocol 

Any deviations from the protocol that occur dunng execution and not previously agreed to by the 
Sponsor and Investigator will be documented. All changes in the protocol must be made in written 
amendments agreed upon by the Investigator and Sponsor. The amendments must be attached to the 
protocol on file. 

C. Subject Termination and Completion 

At the tennination of the study, CRF 6 \\111 be completed on all subjects. A concerted effort will be 
made to retain and follow all subjects an the study. Subjects, who terminate their own participation, 
prior to study closure, for any of the following reasons will also be documented in CRF 6. 

a) Intolerance of the study procedures. 

b) Intercurrent illness which interferes \\1th the evaluation. 

c) Noncompliance "ith the prococol 

d) Investigator decas1on to withdraw a subjeCt from study. 

e) Subjects, who are prescribed rncdJcation for an illness arising during the study, • 
may be terminated on the basas of an mten:urrent event. This event will be 
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r noted on the appropriate CRF's. 

t) Subjects who decide to withdraw from the study for personal reasons. 

D. Investigator Review .-

The Investigator will review all case report forms and will sign the Investigator Review Form (CRF 6) 
at study termination attesting to the completeness and accuracy of case report forms that pertain to 
their responsibilities. 

VII. Statistical Analyses 

Data will be analyzed using analysis of variance. Data will be analyzed according to a 4 x 2 factorial 
design with factors of treatment, occlusion, and subject. Additional terms to be included in the model 
provided there are sufficient degrees of freedom are side, arm site, and the side by site interaction. 
P-values ~0.10 will be considered significant. 

VIII. Ethical and Regulatory Requirements 

A. Institutional Review Board (IRB) Review and Approval 

Review by an IRB is required to conduct this study. A copy of the approval letter along with a list of 
the IRB members who acted on this protocol and a statement that the IRB is in compliance with 
current Good Clinical Practices (GCP) regulations will be provided. to the Sponsor. 

B. Subject Informed Consent 

Prior to study initiation, all subjects will be informed as to the type of study, the procedures to be 
followed, the general nature of the products being tested, and any lmown or anticipated adverse 
reactions which might result from participation. Each subject must sign the written informed consent 
(Appendix A) before participating in this study. The informed consent will contain all the basic 
elements outlined in 21 CFR 50.25. 

C. Study Monitoring 

The Investigator will permit a representauve of the Sponsor to make regular visits during the course of 
the study. During these visits, the Investigator will permit the Sponsor's Monitor to inspect all forms 
and corresponding study subject's records to verify adherence to the protocol. The Sponsor's Monitor 
will also be permitted to review and verify laboratory reports, case report forms, drug/test article 
supply and inventory records. Any comments/instructions made by the Sponsor's Monitor will be 
recorded in the Investigator's study file. 

D. Protocol Revisions and Amendments 

With the exception of emergency situations, no changes or deviations from this protocol will be 
permitted without documented approval from the Investigator and the Sponsor's Monitor. 

All amendments to the final protocol will be initiated by the Sponsor. They will be consecutively 
numbered, describe any changes being made, and the reasons for them. All amendments will be signed 
and dated by the Sponsor and the Invesugator, and the unpact on the study noted. If the Investigator 
deviates from the agreed final protocol, the Sponsor's Monitor will be informed of the change as soon 
as possible by telephone. 

0 
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E. Final Report 

The Sponsor will generate a final report of clinical results. 

F. Study Safety Statement 

The requested testing meets the ethical requirements stipulated in the Procter & Gamble Policy for 
Research Involving Human Subjects. Appropriate safety testing bas been completed and risk 
assessments justify the placement of the test products in this study at these concentrations (levels of 
exj>osure). · 

G. Confidentiality 

The obligations of the Investigator, Hill Top Research, Inc., regarding the confidential information on 
the antibacterial soap and all aspects of the study will be kept confidential according to the Laboratory 
Service agreement between Hill Top Research, Inc. and The Procter & Gamble Company. 

IX. References 

1. Williamson, P. and Kligman, A.M., A new method for the quantitative investigation of cutaneous 
bacteria. J Invest. Dermatol., 45:6 (1965) 498-503. 
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r X. Sponsor and Investigator Concurrence 

For The Procter and Gamble Company 

PREPARED BY: 

J S. Englcllart, B.S.:;\SCP, Clinical Research Associate 
Clinical Research and Biometrics Department 

APPROVED BY: 

Ward L. Billhimer, M.S., Senior Scientist 
Clinical Research and Biometrics Department 

Paula B. Neumann, Ph.D., Senior Scientist Biostatistician 
Clinical Research and Biometrics Department 

9 

Date: 11 ;, e/qz 
~ I 

Date: t~[ .. P/-1 7 
I 

Date: I \ i i ~ ! -~· -



Agreed and Accepted by Hill Top Research, Inc. and the Study Investigator for 
CRB-97 -12,;262-CD: 

.-
I certify that I have reviewed and approved the protocol, informed consent form, and other associated documents and 
agree to abide by their terms. In addition. I agree to conduct this clinical study in compliance with federal, state and 
local government regulations, guidelines and standards applicable to such studies including, but not limited to, those 
relating to Institutional Review Board (IRB), Informed Consent, and Good Clinical Practices. 

I am aware that it is the responsibility of the Investigator to promptly report to the IRB all changes to the research 
activity and all unanticipated problems involving risk to human subjects. In addition. as Investigator, I am aware that 
a summary report must submitted to the IRB when the study is completed. These guidelines are in accordance with 
CFR 312.66. The Sponsor will be copied on all correspondence to and from the IRB. 

Date: //-/?-?? 

' C' 
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XI. Attachments 

The following Appendices, Case Report Forms, and Source Documents are included as attachments to the 
Finai Protocol: .-

Appendices 

A Written Informed Consent 
B Subject's Instructions Following Study Completion 
C Wash Procedure 
D Product Labels 
E List of Antibacterial/ Antimicrobial Products 
F Microbiological Media 

Case Report Forms 

1 Demographics/Dermatological/Medical History Form 
2 Inclusion/Exclusion Form 
3 Treatment Record 
4 Adverse Event 
5 Physician's Action Report Form 
6 Subject Termination and Investigator Review Form 

Source Documents 

1 
2 

Shipping and Receiving of Study Material 
Microbiology Worksheet - Enumeration of Organisms 

11 
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Appendix A 

HT# 97-5461-11 
CRB-97 -12-262-CD 

WRITTEN INFORMED CONSENT 

To be provided by the clinical site. 



.-

Appendix B 

HT# 97-5461-11 
CRB-97-12-262-CD 

SUBJECT'S INSTRUCTIONS FOLLOWING STUDY COMPLETION 

You have just completed participation in a clinical study, "Residual Effectiveness Screening Test". During 
this study, two (2) te~ sites on each of your forearms were inoculated with Escherichia coli bacteria. 
Although we do not expect you have any adverse experience as a result of participation in this study, there is a 
remote possibility that an infection may develop on your forearms within the next 48 - 72 hours. 

To determine whether you have developed an infection from the test bacteria, we would like you to examine 
your arms during the next 48 - 72 hour period. If you notice the appearance of any pimples, blisters, or raised 
red itching bumps surrounded by redness and/or swelling, please contact Gayle Mulberry or Ann Brady at 
(513) 831-3114 during normal business hours (8:15am- 5 pm) or at (513) 831-3354 after hours. 

Thank you for your cooperation. 



Appendix C 

HT# 97-5461-11 
CRB-97-12-262-CD 

WASH PROCEDURE 

Water temperature should be maintained at 95-100° F. 

The temperature should be checked and recorded before each wash. 

Water flow should be 4 L/minute. 

Time of each wash should be recorded. 

A technician will wash each subject's arm. 

The technician will wear gloves for this procedure, changing after each treatment area wash. 

Wipe the template with 70% isopropyl alcohol after use. 

Begin with the subject's right ann: 

1. Using the template, mark two (2) 10 x 5 ern treatment areas (an upper and lower) on the 
subject's forearm. 

2. The subject should wet the upper treatment site of their foreann under the running water. 

3. Dispense 0.5 mL of the appropriate test product, from a 1 cc disposable syringe, onto the 
upper treatment site area. 

4. The technician should wet their gloved hand under the running water. 

5. The technician should carefully lather the test product with two (2) fingers in an up-and-down 
motion within the upper treatment site for forty-five (45) seconds. 

6. The subject should rinse the upper treatment site avoiding crossover to the lower treatment 
site under the running water. Rinse for fifteen (15) seconds. Do not rub! 

1. Repeat steps 1 to 6 for the lower treatment site. 

8. Pat subjects' forearms dry using a paper towel. Do not rub! 

9. Repeat steps 1 to 8 on the left forearm. 



ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code A 

Study# CRB-97-12-262-CD 
liT#97-5461-11 

Net Contents: 100 g 
Dislributed by: 

HillTopRcsearcb 
Main and Mill Streets 

Miamiville, Ohio 4'147 
(513) 831-3354 

May Contain: Triclosan (TCS) 
Exp. Date: 1/1/98 

Use as directed for washing 
annsonly. 

r' 
ANTIBACTERIAL 

LIQUID SOAP PRODUCT 
Product Code I 

Study# CRB-97-12-262-CD 
Hl'#97-5461-ll 

Net Contents: 100 g 
Dislribuled by: 

Hill Top ReMUCb 
Main and MiD Strelts 

Miamiville, Ohio 45147 
<'13) 831·3354 

May Contain: Triclosan (TCS) 
Exp. Date: l/1/98 

Use as directed for washing 
and arms only. 

r 
' ~ 

Appendix D 

HT## 97-5461-11 
CRB-97 -12-262-CD 

PRODUCT LABELS 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code G 

Study# CRB-97-12-262-CD 
liT#97-5461-11 

Net Contents: 100 g 
Distributed by: 

HillTopRcsurc:h 
Main and Mill S11'CC1s 

Miamiville, Ohio 45 147 
(513) 831-33,4 

May Contain: Triclosan (TCS) 
Exp. Date: 111/98 

Use as directed for washing 
arms only. 

ANTIBACTERIAL 
LIQUID SOAP PRODUCT 

Product Code J 

Study# CRB-97-12-262-CD 
Hl'#97-5461-ll 

Net Contents: 100 g 
Dislributed by: 

HiD Top Rcsurc:h 
Main and Mill S1rCC1s 

Miamiville, Ohio 45 147 
<'13) 831-3354 

May Contain: Tric1osan (TCS) 
Exp. Date: 111/98 

Use as directed for washing 
and arms only. 



Appendix E 

HT# 97-5461-11 
CRB-97-12-262-CD 

LIST OF ANTiBACTERIAL I ANTIMICROBIAL PRODUCTS 

Medicated Acne Cleansen 

Benzac W Wash 5 
Desuam-X 5 Wash 
Benzac W Wash 10 
Desquam-X lOrn Wash 
Fostex 10% BPO Wash 
Oxy 10 Wash 
Propa P.H. Liquid Acne Soap 
PanOxyl S 
Fostex 10% BPO 
PanOxyllO 
Clearasil Antibacterial Soap 
Sastid Plain Therapeutic Shampoo and Acne Wash 
Oxy Clean Soap 
Fostex Medicated Cleansing Bar 
Salicylic Acid and Sulfur Soap 
Sulfur Soap 

Antidandruff Shampoos 

Head and Shoulders (all fonnulas) 
Selsun Blue (all fonnulas) 
Pert Plus for Dandruff 
Suave for dandruff 
Neutrogena T -gel 
Neutrogena T -sal 
Scalpacin 
Tegrin 
Any antidandruff shampoo 

Anti-bacterial Soaps 

Safeguard bar and liquid 
Lever 2000 bar and liquid 
Irish Spring bar 
Dial bar and liquid 
Softsoap Antibacterial Soap 

Antibiotic Ointments and Creams 

Bacitracin 
Polysporin 
J cl J First Aid Cream 
Neomycin 

Anti-bacterial Disbwasbing Liquids 

Dawn 
Joy 
Palmolive 
Dial 

• 
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0.07SM.Phosphate Buffer Solution 

AppendixF 

HT# 97-5461-11 
CRB-97 -12-262-CD 

MICROBIOLOGICAL MEDIA 

Weigh 0.4 grams ofKH2P04, 10.1 grams ofNa2HP04, 1.0 gram Triton X, 15.0 grams of polysorbate (Tween) 
80, and 10.0 grams of Lecithin. Dissolve in 1 liter of distilled or deionized water. Adjust to pH 7. 9 with 0.1 N 
NaOH. Dispense buffer in 100 mL quantities in bottles. Loosely cap bottles and .sterilize in the autoclave at 121° 
C. Prepared buffer is checked for sterility and stored at 15- 30°C for upto 30 days. 

Trypticase Soy Broth (TSB) 

Dissolve 30 grams in 1 liter of distilled or deionized water. If necessary, warm slightly to dissolve completely. 
Dispense broth in 9 mL quantities in sterile tubes. Sterilize at 121°C. Check for sterility. Prepared tubes are 
stored at 15- 30°C and used within 30 days. 

Trypticase Soy Agar with Polysorbate (Tween) 80 

Suspend 40 grams in 1 liter of distilled or deionized water in a hear resistant flask. Heat to boiling with gentle 
mixing to dissolve completely. Add 15 grams of polysorbate (Tween) 80 and gently mix to dissolve completely. 

r Loosely cap flask and sterilize in the autoclave at 121°C. Cool to 45- 50°C in a water bath. Pour in sterile 15 X 

100 mm Petri dishes. Allow to cool and solidify on a level flat surface. Check for sterility. Prepared plates are 
stored at 2- 8°C and used within 30 days. 

Estimated Plate Count Procedure 

Do not record counts on crowded plates from the highest dilution as too numerous to count (TNTC). If the 
number of colonies per plate exceeds 250, count colonies in those portions of the plate that are representative of 
colony distribution and calculate the Estimated Standard.Plate Count (ESPC) from these counts. The ESPC will 
be determined utilizing the grid embossed area on the lighted surface of the colony counter. Each large square on 
the grid is I cm2. If there are fewer than 10 colonies per square centimeter, count colonies in 12 squares, 
selecting, if representative, six consecutive squares horizontally across the plate and six consecutive squares at 
right angles, being careful not to count a square more than once. When there are more than 10 colonies per 
square centimeter, count colonies in four such representative portions. In both instances, multiply the average 
found per square centimeter by the area of the plate used to determine the estimated number of colonies per plate. 

If the total number of CFU's have been estimated according to the procedure described above, ESPC ~stimated 
S,tandard flate ~ount) should be recorded following the value. 

Note: If the highest dilution plated contains >250 CFU's and a count ~300 CFU's has been previously 
determined. that value may be reponed. It will not be necessary to estimate the total CFU's on a plate 
containing >250 CFU's using the above procedure. Plates containing the highest dilution of test specimen 
plated and the CFU counts are greater than 300, then the above procedure should be used to determine the r--. total CFU count. 



Case Report Form 1 

DEMOGRAPHICS/DERMA TOLOGICAUMEDICAL HISTORY FORM 

I ~nder: 0 Male(l) 0 Female(2> 
Age: ____ Years 

Does tbe subject bave any of tbe following at tbe treatment sites? 
. ···.· ... · .. ·.·.·.·:--.·-:···-;:·····. ···.· 

1. Psoriasis ? 

2. Eczema? 

3. Skin Cancer ? 

4. Skin Allergies ? Please specify: 
5. Hives? 

Does tbe Subject bave any of tbe following (present and pa:rt)? 

. OTHER MEDICAL INFORMATION . 

·Is tbe subject taking any medication? If yes. pleue specify below: 

m.. MEDICATION 

1. Antibiotics, oral or systemic ? 

2. Cortisone, Steroids, ACTH. Anti-reaction Drugs? 

3. Heart .Medication ? 

4. I~in ? 
5. Other? 

Comments: 

Based on the above medical history, the subject lS: 0 Qualified or 0 Not qualified. for the study. 

I Interviewer's Signature: Date: I I 
---~----~------dd yy mm 



v. .:-:-:•.•:: .. :·:·. 

:·•·····-······ 
Check one 

Case Report Form l 
INCLUSION I EXCLUSION FORM 

-'-'­F M L 

Permanent #: 

·. 
············-· •.............• -......... · .....•.....•. -.....• _>······>' } ···>·.······ }.·-.. INCLUSION t..H•• ~ :_,.; ·•-:·.:•:. < > ·-··· )· ><••-· ............................................... : . ·•:·:-:: •::.· _:- .:_:. ··>···<< 

YES NO Subject: 
1. Is 18 to 65 years ? 

20 Has signed informed consent ? 

3 0 Is healthy as evidenced by responses on CRF 1 ? 

4. Has foreanns that are free of dermatoses, cuts, lesions, and other skin disorders? 

5o Is willing to comply with all study protocol requirements? 

:·-.. •· r••-·-·•·-···•···>·.· .. ·< · ·'·•g:: · ·• :·.··. -- ..• <'····: ... EXCLUSION\,;IU.I&~<.::'I:::::::;:l[).:•::)H (· .. -.):o:Hfi::; (H,·->· 
Check one 

YES NO N/A Subject: 

10 Is currently participating in another clinical study at this or any other facility ? 

20 Has participated in any type of hand or arm wash study within the past 14 days ? 

3. Has cuts, lesions, or other skin disorders on the volar surface of either forearm ? 

40 Has soap, detergent, and/or .,..~fwu.; aller~nes ? 

So Has eczema or psoriasis on their arm(s)? 

6. Has taken systemic antibiotics or used topical antibiotics for any reason in the 
3 weeks prior to the start of the test period ? 

7. Are currently using antibacterial/antimicrobial soaps (liquids and/or bars), medicated lotions 
and creams. and/or anti-dandruff shampoos ? 

Female Female Male 80 Is currently pregnant ? 0 Yes 0 No Of child-bearing potential: 0 Yes 0 No 

0 Surgically Sterile 0 Post-menopausal 

If of child ~u•r; P-HCG Test Results: 0 ..... 15'" ...... 0 
Female Female Male 9 0 Is currently lactating? 

100 Has been medically diagnosed as having a medical condition such as: diabetes, 
hepatitis, an organ transplant, or AIDS (or mv positive)? 

11. Has another medical condiuon which in the opinion of the Investigator would 
preclude participation ? 

~.:.~ ... :;.:: . .- .• o.:-.0 •• ; .•.•. :.•:·•:•.···:0• •• -.··················:.:-.:<•·.·.·· 
•/ -. '··············· .m• •0·•·::· 

Based upon dermatologic evaluation and the information conwned in Case Repon Forms 1 and 2, the subject is: 

0 Qualified 0 Not Qualified for participation in this study. 

Reasons for disqualification: 

llnvestigato(s Signature: Date: I I 
-----' -----'---

dd mm yy 



Case Report Form 3 
TREATMENT RECORD 

.· .·• ,, .. · .. · ..•. ·.·.· ·. ····:· ... ·=:-· ·.· .··.::.- "··: 

. sfii~Jf·:U ~~!9pi~~Inc.···l•···.· VisitCode 

Product 
Code 

1 

Right 

Arm 

Left 

Arm 

am/pm am/pm 

WASH RECORD 

__ ! __ ! __ 

F M L 

Left Arm 
Test Sites 

{3) Lower (4) 

am/pm am/pm 

· .. ·····.•.-:.:-:-.··-:-:-:-.-:· .. ·. 
INOCULATION, OCCLUSION, AND BARVEST.II!J(;':t\:{t••·•::·: .. • 

Site Time Inoculation Occluded Harvestin& 
Period Time Time 

upper (1) am/pm yes I no am/pm 

lower (2) am/pm yes I no am/pm 

Site 
Time Inoculation Occluded Harvesting 

Period Time Time 

upper (3) am/pm yes I no am/pm 

lower (4) am/pm yes I no am/pm 

Page 1 of2 

I 

· 2 D ·•/•·.·•.i 
Initials I Date 

I 

I 

Initials I Date 

I 

I 

Microbiologist's Initials: Investigator's Signature: Date: -'--'--
mm dd yy 



.r' 

Case Report Form 4 

ADVERSE EVENT 

Date Sdb~Jiliti~,:\i,~:;·\ \ · Pennanent #: 
; 

__ ! __ , __ --'--'-mm dd w F M L 

Was reaction related to treatment? 0 Not related 0 Possibly related 0 Definitely related 0 Other (explain) 

Did subject take any medication during the study period? 0 YES 0 NO If yes, complete section below. 

Date of Onset:------- Date Reported:------- Date Resolved:-------

Describe event:--------------------------------

Action Taken: 0 None 0 Continued on study 0 Withdrawn from the study . 0 Consulted physician 

0 Medication taken (Complete below) 0 Hospitalized 0 Other (explain) 

Additional Comments: 

Date 

Medicatioa 
(Oral or Systmic) 

1170LLOW UP ACTION T ... ~-~-· .· · .. · .. -..... :::::){({{:·::::-::::: .. · 
R • ~:(>' ::>>'>' ... ,,,.,,.,, .. ,,,,,,};:;;:I··.·.······· 

Action Takea 

Total DaUy Dose Start Date 
mmldd/yy 

I I 

I I 

I I 

Stop Date 
mmlddlyy 

I I 

I I 

I I 

Comments 

ladicatioa 
{Retuonfor Taking) 

laitials 

r! I....Uptor's 5;patore: lllecenldby: Date 

--~' '----mm dde yy 



Case Report Form 5 

PHYSICIAN'S ACTION REPORTING FORM 

r •··•·••./ .. ·•••:~*~4)'~)••••• ~1J.:.w~P:Jiese1lJ.dl.ln~··· ... Date . Subj~ laitiaJ~::> . Permanent##: 

r 

mm dd 
i ?1;546tfti·. }: ••.. (}''~~~~!'}' (•. --'--'--\'V --'--'­F M L 

Date(s) of office visit(s): ---------------------------

Pertinent Medical History: (e.g., causes of similar reactions, known allergies, 
potential involvement of current medications or medical conditions) 

Test Product Exposure: 
Use Began On: ____ _ Used Ended on: ----- Number of Uses: 

Date Date 

Clinical Observations: (Include date of onset and descriptions/severity/locations, etc.) 

----

Impression: ______________________________ _ 

Treatment: -------------------------------

Follow Up: -------------------------------

Date Resolved: --------

Is condition related to use of the test products? 

[ ] Probably related* [ ] Not Related* [ ] Unknown 

R~ons: _________________________________ __ 

Physician's Signature Date 



Case Report Form 6 

SUBJECT TERMINATION AND INVESTIGATOR REVIEW FORM 
. . .. ·.· 

[j:) ,::.),~~~11)':'1'=\i:fH.: il ~.f-~~R.esearcht Inc. 
·. :·.>.< 

End·ofS!UciY/ --'--'--•:•••:···~··••i·~~··~,:Mulber.y ... F M L 

Date Subject Entered the Study: 

--'--'--
Date Subject Withdrew I Completed the Study: 

--'--'--mm dd yy mm dd yy 

Did subject drop out of study prior to completion? 0 YES 0 NO If yes, complete below: 

Check reason for subject premature termination: 

0 1 =Adverse Event (Documented on CRF 4) 

0 2 = Intercurrent Event 

0 3 =Lack of Compliance with Protocol Specify: --------------

0 4 = Personal reasons (family problems, lack of transportation, etc.) 

0 5 =No show, Lost to Follow-up 

0 6 = Other Specify:----------------------

Commrenu: ----------------------------------------------

MY SIGNATURE ON miS PAGE CERTD'IES 

THAT I HAVE REVIEWED ALL OF mE DATA 

AND STATEMENTS SUBMITTED FOR miS 

SUBJECT AND FIND mEM ACCURATE AND 

COMPLETE TO mE BEST OF MY KNOWLEDGE. 

Investigator's Signature Date 

------~' '------mm dd yy 



) 

MATERIALS SHIPPED 

Date Shipped: Time: 

Test Site: 

Method of Transport: 

LISTING OF MATERIALS SHIPPED 
tl of ITEM DESCRIPTION • 

ITEMS • Include Batch no. in item description 

. 
--- - -----

Shipping 
Technician: 

Date: 

-) 
SOURCE DOCUMENT 1 

CRB-97-ll-262-CD 
(HT# 97-5461-ll) 

SHIPPING & RECEIVING OF STUDY MATERIAL 

MATERIALS RECEIVED MATERIALS RETURNED 

Date Received: Date: Time: 

Time: Test Site: 

Test Site: Method of Transport: 

MATERIALS RECEIVED MATERIALS RETURNED 
4=0K Indicate if items are returned or 
D • LOST/DAMAGED not returned 
NR = NOT RECEIVED 

~--~-

Receiving Returning 
Technician: Technician: 

Date: Date: 

' -) 

MATERIALS RECEIVED 

Date Received: · 

Time: 

Test Site: 

MATERIALS RETURNED 
4=0K ., 
D = LOST/DAMAGED 
NR = NOT RECEIVED 

J 

I 
I 

Receiving 
Technician: 

Date: 
---------



r 

SOURCE DOCUMENT 2 
HT# 97-5461-11 

CRB-97-12-262-CD 
MICROBIOLOGY WORKSHEET- ENUMERATION OF ORGANISMS 

.··,-:·:··· .. · .. :-·-.: .. ··.-.< ... ··-:-:-::.::. .. -.· ... _:;::.::.::';:.:;-:-.-:-· :::::::: 0 au· COUNTS (TOTAL# ORGANlSMs t IIIL)t =: ;?)(:.:~:_:_:_:, .·.··· ....... ···,·.-.·-.··.·:: ·-:=·-:-·::::--:::-:.:;:::;:::::=.-::;:;:;::-:-:.·-· 

Date Plated: .- I Date Counted: I Inoculum Count: 

Subject Test Right Arm Left Arm 

No. Site 1 (upper) 2 (lower) 3 (upper) 4 (lower) 

[=·28••<) Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2 
to-• 

to-2 

to-3 

104 

to-5 

Subject Test Right Arm Left Arm 

No. Site 1 (upper) 2 (lower) 3 (upper} 4 (lower) 

Plate 1 Plate 2 Plate 1 Plate 2 Plate t Plate 2 Plate 1 Plate 2 
to-1 

to-2 

to-3 

104 

to-5 

Subject Test Right Arm Left Arm 

No. Site 1 (upper) 2 (lower) 3 (upper} 4 (lower) 

Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2 Plate 1 Plate 2 
to-1 

to-2 

to-3 

to4 

to-5 

. Subject Test Right Arm Left Arm 

No. Site 1 (upper) 2 (lowr) - 3 (upper) 4 (lower) 

Plate I Plate 2 Plate I Plate l Plate t Plate l Plate 1 Plate l 
to-1 

to-2 

10·3 

104 

to-5 

Laboratory Supervisor Microbiologist Date . 
C' .... 
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PROTOCOL AMENDMENT Issue I 11/24/97 

Residual Effectiveness Screening Test of Antibacterial liquid Products against E. coli 
under Occluded and Unoccluded Conditions 

Study Number: 

Purpose of the 
Amendment: 

CHANGE#l 

CRB-97,.11-262-CD (HT 97-5461-11) 

Changes to the Study Protocol 

Clarification of the Title of the Protocol 

The title of the protocol will be modified to read as follows: 

"Residual Effectiveness Screening Test of Liquid Products against E. coli under 
Occluded and Unoccluded Conditions 

The word "antibacterial" has been removed since aU of the test products do not contain the antibacterial active 
ingredient. 

CHANGE#2 Clarification of the Objective of the Protocol 

The objective of the protocol will be modified to read as follows: 

"The objective of this study is to evaluate the residual effectiveness of four (4) liquid soap products against 
potentially pathogenic bacteria (Escherichia coli, ATCC 11229) under simulated skin conditions which are 
considered optimal for bacterial growth, proliferation, and possible infection." 

r The words "containing an antibacterial active" have removed since all of the test products do not contain the 
antibacterial active ingredient. 

For The Procter and Gamble Company: 

Date: II /zLf jq7 

For Hill Top Research, Inc.: 

Date: 10-r/'77 

• 
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Chn ~ea l Pharmacokinetics 10: 164- 177 ( 1985) 
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Clinical Pharmacokinetics of the Salicylates · 

Christopher J. Needs and Peter M. Brooks 
Department of Rheumatology, Royal North Shore Hospital. St Lec•nard(~ 

The use of salicy/ates in rheumatic diseases has been established 
The more recent recognition of their modification of platelet and em10lJ~ 
has lead to thrir use in ocher areas of medicine. 

Aspirin (acetylsalicylic acid) is still the most commonly used 
administration as an aqueous soluJion aspirin is rapidly absorbed 
stomach millim Less rapid absorption is observed with 01116 ton>nad~umi 
limiting step of tablet disintegration - this latter factor being maxinllllj 
The rate of aspirin absorption u dependent not only on the tnrimatlnlitti 
rate of gastric emptying. 

Aspirin absorption follows first-order kinetics with an absorption 
:5 to 16 minutes. Hydrolysis of aspirin to salicylic acid by nonspecif~e 
the liver and. to a lesser extent, the stomach so that only 68% of the 
s_vstemic circulation as aspirin. Both aspirin and salicylic acid are bound 
(asplfln Mtng capable of irreversibly acetylating many proteins), and 
tn the synov1al cavity, ~ntral nervous system, and saliva. 

The sm~m halfli/e of aspirin u approximately 20 minlltes. T'lw 
cen1rat1on is associated with a rapid ~ in salicylic acid co~rcelatrtJrtibi~: 
renally excreted in part unchanged and the rate ofeu·r nmamm 
pH. the presence of organic acids. and the urinary flow rate. Mt1aboiU* 
occurs through tlut:vronide formation (to produce sa/icy/ acyl giJArcw'Oftlitk~ 
nolic glucuronide). conjugation with glycine (to produce sa/icy/uric 
to gentisic acid. The rate of formQJion of sa/icy/ phenolic glucvronitk 
are easily saturated at low salicylic acid concentrations and their 
b.r Jfichaelis-Menten kinetics. The other metabolic products follow 
sm~m ha/fllfe of salicylic acid is dosHiependent; thus. the larger the 
longer it will talcl to reach steady-state. There is also evidence that 
sa/icy/uric acid formation occurs. 

No significanJ differences exist bttW«n the pharmacokinetia oftlw 
elderly or tn children when compared with young adults. Apart from 
versus albumin-bound salicylate in various disease states and 
associated with low snvm albumin, pharmacokinetic parameters in 
matoid arthritis. osteoarthmis. chronic renal failure or liver 
same. Pharmacolunetic 1nuract1ons with various non-steroidal allli-illrtlDJ 
do occur. but the clinical relevance of these is uncertain. Clinically 
ma_1· OCCllr wrth hepar111 or oral anticoagulants. but these are due 
platelet functiOfl rather than on pharmacoktnetlc parameters. 
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salicvlates are found in many plants and fhe . 
been used for over 2000 years in the treat-

Ill''! of a variety of conditions. Hippocrates, Galen 
~1 

anv medieval herbalists recorded their use ,_d lt1 • 
~ and Greenberg, 1948), and in 1763, the 

(,. rend Edward Stone reported to the Royal So-
-~t f ') on the use of a powdered preparation o w1 -
;J<'I ~ bark as an antipyretic. In 1826, salicylin was 

::,ted from the willo~ bark and ~i~lic acid (S~) 
first synthesised m 1852. Aspmn (acetylsah-· 

; ~c acid: ASA) was synthesised in 1853, but it was 

I ~11 until !893 that Felix Hoffman, a chemist with 
" Baver Pharmaceutical Company, developed a 

I 
:.:nm~rcial. meth~ for synthesising aspirin thus 
l'Onging 1t mto Widespread use. 

. TodaY the salicylates are available in hundreds 
.£different forms (Buchanan et al., 1979) and the 
~oual consumption of tablets can be measured in 
ll&llions. Although over the last 25 years their place 

15 drugs of first choice for the t.reatment of rheu-
112uc diseases has been challenged by a variety of 
It"'' non-steroidal anti-inflammatory agents, they 
still play a major role in the treatment of rheumatic 
.i!sease5· Since the demonstration by Smith and 
~·1nis ( 1971) and Vane (1971) that aspirin pre­
.cnted prostaglandin formation by inhibition of 
·"·do-oxygenase, it has been widely used as a 
pbatlllacological tool, not only in modifying in­
:Wnmation (Moncada and Vane, 1979; Patrono et 
JL. 1979) but also in the prophylaxis of cerebro­
YJSCular disease (Canadian Co-operative Study 
Group. 1978), coronary artery disease (Mustard, 
1982), and arterial thrombosis (Genton, 1982). In 
many of these conditions the most appropriate dose 
of aspirin has not yet been determined and it is 
mazing that only in the last decade have the com­
plex pharmacokinetics of aspirin been appreciated. 
•1th some aspects stiU unresolved (Levy, 1981 ). 
In this anicle we review the current state of 
i:nowledge of the clinical pharmacokinetics of the 
salicylates. 

1. Physicodtmiclll Pro~rtin 

Salicylic acid (2-hydroxybenzoic acid) and as­
Pinn (the salicylate ester of acetic acid) are both 

16~ 

relatively insoluble in aqueous solution. A number 
of physicochemical properties including iomsation 
play a role in determining solubility. These are dis­
cusserl in section 3.1. Care must be taken in the 
preparation and use of aspirin solutions; for ex­
ample. a freshly prepared solution at pH 7.4 stored 
at 17"C can be expected to exhibit 10% hydrolysis 
to salicylic acid after I day but less than 2% hy­
drolysis if stored for only 4 hours (Thiessen. 1982). 

In view of the labile nature of aspirin, great care 
must also be taken in collecting and processing bio­
logical fluids. Blood samples should be collected 
with fluoride and the plasma taken off immedi­
ately and frozen (Rowland and Riegelman. 196 7). 
Even in dry ice, aspirin has a hydrolysis half-life 
of24 days (Walter et al., 1974) and therefore ana­
lysis should be completed as rapidly as possible. 

:2. Analytical Methods 

As can be seen from figure I, the total plasma 
salicylate includes the sum of all the metabolites 
plus the parent compound. (These compounds will 
also be seen in the urine.) A variety of methods for 
measuring plasma, serum or urinary salicylate have 
been developed. The early methods were spectro­
photometric using either Trinder's (1954) original 
method or a modification of this (Schachter and 
Manis, 1958). This employs the chelation of iron 
by salicylic acid or its analogues to yield a coloured 
complex whose absorbence is then measured pho­
tometrically. However, there are a number of er­
rors in this method as the reagent shows poor spec­
ificity for salicylate and depends on the differential 
hydrolysis of aspirin to salicylic acid. To measure 
total salicylates in biological fluids they must be 

·hydrolysed to convert all the salicylate to salicylic 
acid prior to the reaction with Trinder's reagent. 

Chromatographic methods using gas-liquid 
chromatography have also been developed (Row­
land and Riegelman, 1967; Walter et al., 1974), and 
a number of high-performance chromatographic 
(HPLC) methods have recently been described 
(Cham et al., 1980, 1982; Day et al., 1981; Peng et 
al., 1978; Rumble et al., 1981). These methods al­
low for rapid quantification of aspirin as well as 

! ' 

!! 

1: 
I 

I 

( .. 
~ i 

It ,, 
I 

~
'I 

I 

!! 

,!'! 
::; 

'
~ 
" ·, ... 

I 



PharlT' C. • '1 k.metics of Sahcylates 

salicyl · acid and the major metabolites (wnhout 
the us;; of hydrolysis or derivitisation procedures) 
and h~ ·'e greatly enhanced our understanding of 
aspiri n pharmacokinetics in body tissues . 

3 . . fu ndamental Pharmacokinetic 
Properties 
3.1 Absorption 

Aft c. oral administration, absorption of salicyl­
ate occurs rapidly by passive diffusion of unionised 
lipophi lic molecules from the stomach (Hogden et 
al.. I 957: Rowland et al. , 1972). Extensive salicyl­
ate absorption also occurs in the jejunum and small 
bowel by virtue of its surface area. A passi .. ·e pr·)­
cess again appears responsible for small bowel sali­
cylate absorption (Hogden et al. , 1959; Schanker et 
al., 1958). Although aspirin can spontaneously hy­
droly~. this is slow so that there is little or no free 
salicylate in the intestine and it is absorbed as as­
pirin rather than salicylic acid (Leonards, 1962). 

cutaneous absorption may occur 
containing rubefacients (Davison, t 

Following oral administration of an 
lullon. the absorption kinetics of 
were found to follow a first-order 
land et al.. I 972). In this study, 68% 
dose reached the systemic cirr"'""',_., 
lysed, although there was wide vln-.,.tW&'II'I!ti 

sorption half-life; (from 4.5 to 16 mllnn'l'il."'i: 

mainder of the dose was considered 
metabolised during passage from 
fluids to the systemic circulation by 
the gut wall, plasma or liver. 

Plasma concentrations of asJJlnn"'"nll 
following absorption. with peak rn•~,... ........ , 
curring approximately 25 minutes 
of soluble aspirin preparations 
1965; Rowland et al.. 1972) or 4 
ingestion of enteric-coated aspirin 
I 982). Plasma aspirin 

OC-"'0~ 
~H------+ 

OHQH 

~...,6 
.._>... ~COOH 

/ /----+~ COOH 

I ~ - -'--.)., Q""'' COOH .& ~OH------+ 
CHI # OH \u - - \ ------0------------+ 

0 SPcytic add \ " 
Asponn (ASA) ~ (SA) \_- - + oC-_N_H_-_c_H_2-_c_oo_H _____ .... 

I .0 OH~ R 

H()oCO<>< v:Mi-""'-COOH 
I -~----------~ #QH 

Fig. 1. Sahcytate metabolrsm (SAG • salocyt acyt gtucuroniOe. SPG • salicyl phenolic glucuronide; SU • salk:ylil-.r; 

gent•S•C ac•d: GU = genhsuriC aCid) 
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0 
II 
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. tter achieving peak values as plasma salicylic 
~'a . . . 
"' ncentrauons mcrease. 
·~;factors affecting absorption of salicylate are 

1 
in table I. Although gastric absorption of 

~~ is increased at low pH, the time to reach 
,.._~n salicylate concentrations is not significantly 
~rtnt between pH 5 and pH 3 (Dotevall and 
~-- ,·ed 1976) due to increased gastric emptying f•: hi~er pH. Food has been shown to signifi­
ll th· reduce the rate of absorption of effervescent 
-'-'

1 ~n (Yolans. 1974), enteric-coated aspirin (Paull 
.,..""1;1 

1 1976), and sustained-release forms (Brooks 
11 J:· 19"'8). while posture and activity may aJso 
~~· gastric emptying at the time of drug inges­
::co . . .1. number of stud1es (Castleden et al. , 1977; 
.;jll,. et al., !979; Salem and Stevenson, 1977) have 
~ 10 demonstrate significant differences in the 
~rption of salicylate between young and elderly 

·bjeetS· 
.upirin (pK. 3.5) and salicylic acid (pK. 3.0) are 

.ai acids, being 99% unionised at pH l and able 

10 
diffuse through lipid membranes. Schachter and 

wanis (1958) have shown that as the pH rises, the 
JIIIOUDt of salicylate absorbed from the stomach 
~- When salicylate is ingested in tablet form, 
~IS the dissolution rate of the tablet that influences 
:!)( rate of absorption (levy and Hollister, 1965). 
Tbe dissolution rate increases as the pH rises, and 
lj maximal at pH 8 (Gibaldi, 1977). Salicylate sa.lu 
Jtt senerally more soluble than the parent com­
,ounds (Leonards, 1963), with the exception of aJ­
IITilnium salu which are poorly absorbed (levy and 
Sahli. 1962). Buffered aspirin preparations form 
talts as the tablets disintegrate givin& enhanced dis­
tolution and absorption (levy and Hayes. 1960). 
Tbus. the major factor affecting the absorption rate 
of aspirin or salicylic acid is the dru& formulation 
1tself (Manin, 1971 ). 

The formulation of salicylate should, however, 
or.ly influence the rate of absorption, such that the 
mas under the plasma concentration-time curves 
l.l.UCs) with each formulation will be similar. The 
most rapid absorption is obtained with efferves­
ctnt tablets (Volans, 1974); buffered preparations 
containing 16 mmol of buffer are absorbed more 
r1p1dly than those containing 32 mmol (Mason and 

Table I. Factors affecting salicylate absorption 

Rate of gastric emptying 

volume of food 

pH of stomach contents 

nervous state 

concurrent drugs 

exercise 

posture 

Formulation 

167 

Disease states associated with altered gastrointestinal transit 

time 

Winer, 1981 ). Aspirin from enteric-coated tablets 
is completely absorbed but absorption is often de­
layed due to prolonged gastric emptying (Leonards 
and Levy, 1965; Sieben et al., 1983); concurrent 
use of metoclopramide will enhance the rate of ab­
sorption from enteric-coated tableu (Paull et al., 
1976). 

Although early enteric-coated preparations 
were associated with poor bioavailability, recent 
enteric-coated and sustained-release preparations 
demonstrate salicylate bioavailability in excess of 
90% (Brooks et al., 1978; Day et al., 1976). 

When given in suppository form rectal abso~ 
tion kinetics are similar to those of oral gelatin cap­
sules containing sodium salicylate, providing the 
pharmaceutical formulation of the suppository base 
allows complete aspirin release (Parrott, 1971 ). 

3.2 Distribution 

Once absorbed, salicylates are distributed exten­
sively through body fluids. Reported values for the 
apparent volume of distribution (Vd) of salicylate 
range from 9.6 to l2.7L in adulu (Graham et al., 
1977), with similar values (0.12 to 0.14 Lfkg) in 
children (Wilson et al., 1982). 

3.2.1 Plasma Protein Binding 
Both aspirin and salicylic acid are partially 

bound to serum proteins, primarily albumin (Rey­
nolds and Ouff, 1960). It has been suggested that 
the binding of salicylic acid to albumin occurs 
mainly at 2 primary, and a number of secondary 

. ' 
, 't'\ 

;[ ' 
1: 
I 
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binding sites (BorgA et al. , 1976). At therapeutic 
concentrations ( 1.1-2.2 mmoi/L), salicylic acid is 
in molar excess compared with albumin such that 
binding is strongly dependent on both the salic!llc 
acid and the albumin concentrations. The normal 
protein binding value of salicylic acid at therapeu­
tic concentrations is 80 to 90% (Wanwimolruk et 
al.. 1982). As the plasma concentration increases. 
the non-protein bound (free) fraction increases. As­
pirin has been shown to acetylate the minor group 
of the 199 lysine residue in the human serum al­
bumin primary sequence (Pinckard et al. , 1968) and 
there is some evidence that this si te is also shared 
by salicylic acid leading to a binding interaction 
between the two compounds (Ali and Routh. 1969: 
Pinckard et al., 1968). There is some evidence that 
salicylic acid binds to erythrocytes as well as to 
serum proteins (McArthur et al. , 1971 ), but aspirin 
does not bind to pro.teins in the same reversible 
manner as it permanently acetylates the protein 
molecule (Hawkins et al. , 1968). Protein acetyla­
tion is considered to be a major mechanism of ac­
tion of aspirin leading to inactivation of enzymes 
such as prostaglandin synthetase (Hawkins et al. . 
1968: Pinckard et al.. 1968; Roth and Chester. 
1978). 

Using a fluorescent probe analysis, Wanwim­
olruk et al. ( 1982) have recently failed to demon­
strate any differences in the binding of salicylic acid 
to serum albumin in patients with rheumatoid 
arthritis or osteoarthritis. 

1.2.2 S.vno~·ial Fluid Distribution 
It has been shown that the protein binding of 

salicylic acid in synovial fluid is considerably lower 
than in plasma (Rosenthal et al., 1964; Soren. 1979: 
Tmavska and Tmavska. 1980; Wanwimolruk et al., 
1983). Although the total salicylic acid concentra­
tion in synovial fluid is lower than that in plasma. 
this is likely to be explained by the lower albumin 
concentra tions found in synovial fluid . Asptrin 
concentrations in synovial fluid are also Signifi­
cantly lower. but peak much later. than those con­
centrat ions seen in plasma. and aspinn remams 10 

the synovial flu id long arter it has disappeared from 
the plasma (Soren. 1979). 

1.2.1 Cerebrospinal Fluid Pen 
Both salicylic acid and aspirin 

to diffuse slowly into the cerebrospinal 
due to the high degree of ionisation of 
at the pH (7.4) of plasma (Brodie et al.; 
ratio of CSF to plasma salicylic acid ·· 
than would be predicted on the basis 
alone. and the possibility of an 
mechanism into the CSF of cats was 
Lorenzo and Spector ( 1973). These 
been confirmed in other in l'ivo 
and Lorenzo. 1973). but only low 
centrations were studied. A recently · 
pharmacokinetic model has been used 
to study salicylate kinetics in the CSF 
1978). Plasma pH is the major factor 
salicylic acid concentrations in the 
the plasma pH, the more sal' 
(Goldberg et al.. 1961 ). 

1.2.4 Distribution in Saliva 
In saliva. the concentration of 

been found to be proportional to the 
centration (Brooks et al. , 1978; 
land. 1972: Roberts et al.. 1978). 
concentration may vary with sali 
site of production and it has been 
this method is unsuitable for rntttill'lllfl!i 

1.2.5 Placental Transfer and .-.n·r ... m 

mto Breast Milk 
Salicylic acid readily crosses the 

plasma concentrations being higher at 
concurrent maternal concentrations 
al.. 1975; Levy and Garrettson. 1973; 
1975). Salicylate distributes readily into 
and although after a single dose 
gested by a nursing infant is small, . 
exposure to salicylate is possible if the 
ularly ingests large doses (Findlay et 

3.3 Metabolism and Excretion 

Aspirin is rapidly converted to 
a half-life of only 15 to 20 minutes ( 
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111130. 1968). This. hydrolysis is ~ue to non­
J~fic esterases found m many body tissues (Har­
~ d Riegelman, 1967). The acetyl component 
jill an rin after oral and intravenous dosing is found 
Jasl':tric mucosal cells or is excreted as carbon 
f. pde after passing through the Krebs cycle 
•1.' '1 
.. sford et al.. 1983). 
'~~ring absorption, aspirin esterase activity in 

strointesunal mucosal membranes contnb­
.,: ~8 10 35% of the hydrolysis of aspirin (Row­
(~~~ al.. 1972). This esterase activity is highest 
, .. h mucosal cells of the gastric fundus (Dawson 
f.. e 
~; pryse-Davies, 1963), though considerable age, 
"~ nd disease differences may exist in tissue es­
i' ' J 

se acti \·ities (Gupta and Gupta, 1977; Menguy 
~1.. 1972; Rainsford et al., 1980; Windorfer et 
·: l974): for example, aspirin esterase activity is 
~uced in patients with alcoholic liver disease 
f.J insford et al., 1980). Aspirin is the dominant 
~ of the drug in the plasma during the first 20 

mutes after ingestion and can be detected for sev­
~1 minutes before there is any measurable sali­
"lic acid. However, it then disappears from the 
~ rapidly and hence the aspirin concentration 
"rtmarkably dependent on the rate of absorption. 
()!umal variations in aspirin pharmacokinetics 
~ \ e also been demonstrated (Markiewicz and 
)!rnenowiczk, 1979). 

Salicylic acid is partly excreted unchanged and 
partly metabolised (see fig. 1 and section 3.4 below). 
Free salicylic acid diffuses readily across the glom-
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erulus and is also actively secreted by the proximal 
tubule. The conjugates of salicylic acid are also ren­
ally excreted, being dependent on glomerular fil­
tration and tubular secretion. The hydroxylated 
metabolite gentisic acid is excreted in the same way 
as free salicylic acid. 

3.4 Elimination Kinetics 

After intravenou'l administration of aspirin, its 
elimination kinetics are described by a biexponen­
tial equation, the half-life of the second component 
being 13 to 19 minutes (Rowland and Riegelman, 
1968). In vitro hydrolysis of aspirin to salicylic acid 
by esterase in the plasma is rapid, with a half-life 
of 15 to 20 minutes (Rowland et al., 1972). 

Salicylic acid is removed from the body by 5 
parallel and competing pathways, namely, renal 
elimination and formation of 4 metabolites (fig. 1). 
Salicylic acid is conjugated with glycine to form 
salicyluric acid (SU), conjugated with aJucuronic 
acid to form salicyl phenolic glucuronide (SPG) and 
salicyl acyl glucuronide (SAG), and oxidised to 
gentisic acid (GA) [Levy and Tuschiya, 1972). 
Gentisuric acid (GU) may be formed from SU via 
microsomal oxidation or from GA via glycine con­
jugation (Wilson et al., 1978). The elimination 
pathways of salicylic acid to SU and SPG are sat­
urable and follow Michaelis-Menten kinetics, 
whereas the other pathways exhibit linear (first-or­
der) kinetics (Levy, 1965, 1971, 1979; Levy and 

Tlole 11. First-order rate constants and Mic:hae~s constants reported In variOus studies of salicylate elimination klnetlct 

No. of SA SA-SAG SA-GA SA-SU SA-SPG 
patients k. k k 

(h "' ) (h"') (1'1 "'1 
v_. Km v,.... Km 

(mg/h) (mg/h) 

0.0075 0.0071 0.0023 60.3 338 32.3 829 
(mg) (mg) 

5 43.4 ~ 10 ' ' 14.3 !: 3.4 
(mg/l) 

8oreham and 6 0.006 
ll~ '11n ( 1969) 

AliOit.,at•ons: k z fl(st-order rate constant: k. • ellmmatiOn rate constant. K.. • Micl\aelis-Menten constant; v,.... • theOfetical 
... .~ .. mum veloctty of metaboltsm. 
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Leonards, 1966; Levy et a!., 1972; Tsuchiya and 
Levy, 1972b). The rate constants applying to these 
processes are shown in table II. 

After a small dose of aspirin (300mg or less). 

about 90% is excreted as SU or SPG (Levy and 
Leonards, 1966). Levy and co-workers have dem­
onstrated that while steady-state plasma salicylic 
acid concentrations increase with increasing doses. 
steady-state concentrations of SU do not. After a 
3g dose of aspirin, 50% of the dose was excreted 
as SU, 20% as SPG, 14% as salicylic acid, ll.O'lb 
as SAG, and 3.1% as GU (Levy eta!., 1972; Tsu­
chiya and Levy, 1972a). The saturable nature of 
the SU pathway, and the V ma• and Krn values have 
been elegantly defined by utilising the inhibitory 
effect of benzoic acid on SU formation. The con­
version of benzoate to hippurate uses the same en­
zyme system as the conversion of salicylic acid to 
SU (Levy and Amsel, 1966). Recently, it has been 
suggested that with long term use, salicylate may 
induce its own metabolism by increasing the pro­
duction ofSU (Day et al., 1983a; Furst et al., 1977; 
Rumble et a!., 1980). Steady-state salicylic acid 
concentrations in patients on day 20 of treatment 
were found to be 48% of those found in the same 
patients on day 7 (Muller et al., 1975). 

Peak concentrations of SAG occur at the same 
time as peak concentrations of free salicylic acid, 
but the SPG peak is delayed for 8 hours. After in­
vestigating the excretion rate of salicylic acid and 
the 4 salicylate metabolites, deriving their phar­
macokinetic parameters and using computer sim­
ulations, the capacity-limited formation ofSPG was 
determined (Tsuchiya and Levy, 1972b) - con­
firmed by utilising the salicylamide interaction with 
glucuronide formation (Levy and Procknall, 1968). 

GA is formed by the hydroxylation of salicylic 
acid and is produced in small quantities along with 
a number of other minor metabolites such as GU 
and other oxidation products (Wilson et al., 1978). 
The possibility that GA formation followed Mi­
chaelis-Menten kinetics was explored by Boreham 
and Martin ( 1969) but this has not been confirmed. 
Renal excretion of salicylic acid occurs by first-order 
kinetics and is extremely sensitive to urinary pH 
(Levy and Leonards, 1971 ; Smith ~t al., 1946). 

urinary organic acids (Liegler et al., . 
urinary flow rate (Milne, 1963). The 
ary pH on salicylate clearance is 
high salicylate concentrations but is 
ble at low dosage (Levy and Leonards, 1 
acid-induced changes in urinary pH 
1974: Hansten and Hayton, 1980) 
creases in steady-state plasma sar 
tion to occur. The renal excretion of 
reduced by probenecid, which competes 
tion in the proximal tubule (Schachter 
1958) [see also section 6.5]. 

4. Pharmacokinetics in Various 
Age Groups and Disease Statu . 
4.1 Children 

As well as a reduced albumin 
neonates have impaired conjugatiq . · 
and thus eliminate 
more slowly than adults (Wolff et 
ies in children who had accidently 
sive amounts of salicylates have 
varies with the dose; the higher the 
higher the Vd. This can be explained 
of saturation of protein binding sites 
in plasma pH. This highlights the 
not using the serum salicylic acid 
alone in estimating the risk of 
cylate overdose in children (Done. 
1978; Levy and Yaffe, 1974). 
parameters of salicylate are not 
brile states in children (Wilson et al., . 

4.2 Elderly 

No significant differences exist 
tion of aspirin in.the elderly rn1mn.stt"l'>tl 

adults. Although one report showed 
Vd and a slower rate of elimination of 
in the elderly (Cuny et a!., 1979), a 
single-dose study was unable to 
significant pharmacokinetic differences 
elderly and younger adults (Roberts 
Salicylate toxicity may present a · 
clinical features in the elderly, ra 

3 nd encephalopat i 
.;)1l'n . . 
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and encephalopathy through to hyperven­
•.;S100 n highlight ing the importance of careful 
;iJl 1~0ri~g in this age group (Vivian and Gold­
,onl 
~- !'18 2). 

J _; Rheu matoid Arthri tis 

. ru m albumin concentrations are often dim in­
.~ 

10 
patients with rheumatoid arthritis, and 

:·~ . .:(al terations in free salicyl~te fraction may oc-
., There is. however, no evtdence that protem 

"" ' d1ng of salicylate per se is altered in patients 
f!l.~ h rheumatoid arthritis (Wanwimolru k et al.. 
• .•• 1 

~ . .1 Renal and Liver Disease 

The free fraction of salicylic acid has been shown 
., be increased in patients with renal failure; how­
f"o"tl' other pharmacokinetic features are un­
,;t.tnged. The higher salicylic acid concentrations 
!Sl thiS group are related to displacement from pro­
IC!n binding sites (Lowenthal et al., 1974). These 
aJthors used a single dose of salicylic acid (500mg/ 
L ~3m :) and one would expect that at higher doses 
:f salicylate. toxicity may occur due to impaired 
e~ 1m 1nauon of SU and free salicylic acid. 

tn a single-dose study, aspirin and salicylic acid 
LU!(IICS in patients suffering from alcoholic liver 
d:scase were not different from aged or young con­
trols. but unbound salicylic acid concentrations 
•ere significantly higher in those with liver dis­
elst . This was due to a decrease in plasma protein 
~~ nd1ng and clearance of SA (Roberts et at.. 1983 ). 

5. Clinical Implications of 
Pharmacokinttic Properties 

The optimal dose of aspirin required to reduce 
platelet adhesiveness and still maintain vascular 
;l('Ostacycl in production is not known. A dose as 
\.1lall as 160mg results m an 82% acetylation of 
:Utelet membrane cyclo-oxygenase at 24 hours 
B.;rch et al.. 1978). Recent!) . Ross-Lee et al. ( 1982) 
:c1onstrated a s1gnificant reduction in platelet ag­
!- ~";JtJo n followmg a 650mg dose of enteric-coated 
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aspirin . Other studies have reported inhibition of 
platelet aggregation with enteric-coated and sus­
tained-release preparations despite the absence of 
measurable plasma aspinn concentrauons (Brant­
mark et al.. 1982: Siebert et al.. 1983 ). 

Evidence suggests that aspirin is a better anal­
gesic than salicylic acid (Lasagna. 1961: Lim. 1966) . 
The analgesia produced by aspirin is dose-depend­
ent. although the response does not parallel serum 
aspirin concentrations (Levy. 1981 ). The dose of 
aspirin required for its antipyretic action is less than 
that required for analgesia (Wilson et al.. 1982). 

The generally accepted therapeutic plasma con­
centration range of salicylate for the treatment of 
chronic inflammatory disease is 15 to 30mg/ I OOml 
( 150-300 mg/L or 1-2 mmoi/L). requiring daily 
doses in excess of 3g (Boardman and Hart, 1967; 
Graham et al.. 1977; Multz et al.. 1974; Vesell. 
1974). However, this therapeutic plasma concen­
tration range does not appear to have been con­
firmed with any degree of certainty (Orme, 1982; 
Smyth and Bravo, 1975). 

Side effects of salicylate. in particular tinnitus. 
are related to the total salicylic acid concentration 
(Day et al.. 1983b) but tinnitus has not been a prac­
ucal measure of salicylate toxicity in patients with 
rheumatoid arthritis (Mongan et al.. 1973). As the 
optimum plasma concentration is only slightly 
below toxic values. care must be taken in the clinical 
use of salicylates. The rate-limited kinetics of sali­
cylic acid mean that its elimination half-life in­
creases with dose so that a small increase in dose 
causes more than a proportional in·crease in the 
steady-state concentration (Tsuchiya . and Levy, 
1972a). Paulus et al. ( 1971) have shown that an 
increase m the daily salicylate dose from 65 mg/ 
kg to 100 mg/kg results in a 3-fold increase in the 
plasma salicylic acid concentration. Tsuchiya and 
Levy ( 1972a) 1\ave shown by computer simulation 
that it takes only 2 days to reach steady-state sali­
cylate concentraltons if a dose of 0.5g is given at 
a dosmg mterval of 8 hours. lncreasmg the dose to 
I g "'llh the same dosing mterYal of 8 hours in­
creases the time taken to reach steady-state con­
centrations to 7 days. and this doubling of the sali­
c~ la te dose result s 10 a more than 6-fold increase 
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in steady-state plasma concentrations. 
Calabro et al. (1976) reported that a reduction 

in the fractional daily dose of aspirin (from 5 to 3 
doses) increases the incidence of side effects such 
as tinnitus. However, Levy and Giacomini ( 1978) 
have clearly demonstrated by computer simulation 
that, providing the daily dose has been correctly 
chosen, differences in the size of the aspirin dose 
fraction or the time interval between dvses have 
little effect on steady-state plasma concentrations. 
lndividualisation of dose can be achieved by moni­
toring plasma concentrations of SA, but a number 
of other variables affecting salicylate elimination 
kinetics cannot be readily evaluated from plasma 
concentration data alone. Nomograms do not ad­
equately take into consideration the pronounced 
interindividual differences in salicylate elimina­
tion, and dose-rate adjustments must therefore be 
empirically based on information obtained from 
plasma concentration monitoring and evaluation 
of the patient's clinical status (Levy and Giacom­
ini, 1978). Therapeutic steady-state salicylic acid 
concentration during the total 24-hour period would 
seem to be required for the ideal management of 
rheumatic disease. There are theoretical reasons 
which would suggest that the use of enteric<oated 
or soluble formulations of aspirin given on a 12-
hourly schedule, while capable of achieving these 
therapeutic concentrations, may be associated with 
toxicity immediately foUowing in&estion. How· 
ever, in practice this rarely occun with enteric­
coated tablets, and these or sustained-release p~ 
arations should be prescribed for lona term anti­
rheumatic therapy to reduce gastrointestinal blood 
loss. As an aid to predicting patient response to 
salicylates in rheumatoid arthritis, Graham et al. 
( 1977) used a 1.2g test dose followed by a serum 
salicylate concentration measurement 12 boun 
later. Salicylic acid concentrations pater than 
I mg/ I 00m1 after the test dose predicted therapeu­
tic concentrations above 15mg/ I OOml during long 
term therapy. 

A safe approach is to commence therapy with 
60 mg/kg/day. Using a 8-hour dosing schedule for 
I week, a blood sample is obtained I to 3 hours 
after a dose and the daily dose is mcreased to 80 

mg/kg/day if the plasma salicylic acid 
tion is below 15mg/100ml. Upward dOl~~ 
ment must be made cautiously in smallm,..-:o ....... ·; 
and should only be carried out after a •L ' ''~ ·""·.,•• 
clinical and pharmacokinetic assoe·ss.ment 
patient (Levy and Giacomini, 1978). 
a 12-hour dosage schedule may be 
sustained-release formulations. 

To achieve rapid absorption with 
pirin concentrations, effervescent rnr-... •• 1-•<E 

appropriate. The addition of 
further enhance the rate of absorption 
been suggested for analgesia in migraine 
et al., 1983). 

6. Pharmacokinetic Drug /11t~•rtllof! 
6.1 Indomethacin 

Since publication of the study by · 
Towson (1970) suggesting that COJ:ICUID 

indomethacin and aspirin resulted 
domethacin concentrations, conflictin& 
appeared in the literature. However, a 
has suggested that no additive thera11cuti 
achieved and there is an increase in 
with this combination (Brooks et al., 

6.2 Proprionic Acid Derivatives -

Reductions in the AUC have been 
noprofen (Rubin et al., 1973), 
al., 1974), flurbiprofen (Brooks and 
and ibuprofen (Grennan et al., 1 
concurrently with aspirin. However, · 
actions are probably not of clinical · 

A more complex interaction CJUIRI:;DCI 

toprofen and aspirin. Increased 
of ketoprofen occurs as well as rPJ:h'""""' 
ination of conjugated metabolites and 
mation of these conjugates 

6.3 Diflunisal 

The interaction of diflunisal and 
dependent, as doses greater than 2.4g 
day cause significant reductions in 
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inetic 
nini , 1978). 

e may be ernDiallii 

)erivati ves 

· ns However. at doses below 1.2g aspirin 
•rauo · . 

. <-~• . 00 significant effect is seen (Schulu et al., 
<. d,a) . 

:~·b). 

~ ~ Diclofenac 

irin has been shown to reduce the peak con-
~s~ions and AUC of diclofenac after intraven­

.fllt!il d orallv administered doses. Diclofenac Yd 
,..-1 ~~earanc~ were both increased with aspirin 
l.,JJman istration (Reiss et al. , 1978; Willis et al. , 
'~ol. However, the clinical relevance of this inter-

··on is not clear. ."'!. 
o.5 Phenylbutazone, Probenecid and 

Sulphinpyrazone 

These drugs will abolish the uricosuria associ­

.-ed v.ith aspirin doses greater than ~-5 &:'day (Oyer, 

1
960; Pascale, 1955; Tu, 1963). L1kewtse, the ur­

CC)Iillric effect of probenecid is inhibited by si­
eultaneous low dose aspirin use. A similar effect 
• also seen with sulphinpyrazone which appears 
!llO(t sensitive to the effect of aspirin than pro­
~d. Salicylates should be avoided in patients 
:tetl\·ing these uricosuric drugs. 

6.6 Methotrexate 

Aspirin/methotrexate combinations may pre­
crp~tate methotrexate toxicity (Mandel, 1976). The 
c~tarance of methotrexate is reduced 30% by as­
pnn due to competition between the two drugs for 
rtna1 elimination (Leigler et al., 1969). Aspirin in 
t~~mpeutic doses also produces a 20 to 60C!b de­
cruse in methotrexate protein binding. although 
om was found to have little clinical significance 
fT aylor and Halprin, 1977). 

6.7 Antacids 

Aluminium hydroxide gel, magnesium hydrox­
.& and sodium bicarbonate cause an increase in 
11t1nary pH and hence an increased rate of salicylic 
10d elimination. An increase in urine pH from 5 
lll 8 will mcrease the rate of salicylic acid elim1n-
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ation 20-fold (S mith et al.. 1946). However. ant­
acids have no affect on the bioavailability of as­
pirin (Gibaldi et al.. 1974). 

6.8 Other Drugs 

Many theoretical interactions may occur through 
displacement of drugs from protein binding sites 
by aspirin and salicylic acid. Reports indicate that 
phenytoin (Leonard et al., 1981) and oral hypogly­
caemics (Anderson, 1977) fall into this category. 
but the clinical relevance of these interactions is 
uncertain. Clinically important interactions may 
occur with heparin and oral anticoagulants (Han­
sten. 1975; Prescott. 1969), but these appear to be 
due mainly to an effect on platelet function rather 
than on pharrrtacokinetic parameters. 

Drugs that acidify urine, such as ascorbic acid 
(which may be self-administered in large amounts) • 
will reduce urinary salicylic acid excretion and raise 
the plasma concentration (Hansten and Hayton, 
1980). 
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After almost 90 years of clinical use. aspirin remains one of the world's most extensively 
used 'over-the-counter' drugs. and it is still recognised as the standard analgesic/antipy­
retic/anti-inflammatory agent by which newer drugs are assessed. However, its pre-emi­
nent position as the analgesic of choice for mild to moderate pain has been seriously 
challenged with the introduction of many 'new' non-steroidal non-narcotic analgesic drugs. 
Indeed. there is convincing scientific evidence that many of the 'newer' non-steroidal drugs 
such as dijlunisal, ibuprofen. flurbiprofen etc. are significantly superior analgesics and, in 

f 

! 

f .. 

f 

many cases. have a longer duration of action. l 
In recent years the salicylates. aspirin in particular. have been the focus of much at· 

tent ion regarding their side effect profiles. At usual dosages for relief of pain and during 
occasional use. aspirin is well tolerated by the vast majority of patients. Adverse reactions. , , 
of which there is a wide spectrum. most frequently accompany anti-inflammatory doses 
of aspirin. or may be the result of accidental overdosing (particularly in children and the 
elderly) - probably a reflection of the lay population's acceptability of aspirin's presumed 
safety. As with other non·steroida/ analgesic drugs, gastrointestinal complaints are the 
most commonly reported side effects. 

The existence of many shared clinical, adverse and toxic effects of aspirin and other 
non-steroidal anti-inflammatory drugs (NSAIDs) is thought to be accounted for by a com­
mon mechanism- inhibition of the ubiquitous eye/a-oxygenase enzyme. Thus, suppression [' · 
of prostaglandin biosynthesis is widely considered to explain the common properties of 
NSAJDS. although further research is still necessary to clarify some inconsistencies and 
to complete our understanding of the processes involved. 

Aspirin and sa/icylates havt' b«n rt'ported to have a wide range of drug interactions 
but only relatively few St>t'm to be clinically important. Many of the interactions are phar· 
macokinetic in nature. Drugs consid"ed to produce tht' most significant interactions with 
salicylates includt' anticoagulants and thrombolytic agents, uricosuric agents. corticos­
teroids. methotrexate and sulphonylurea hypoglycaemic agents. 

I 
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Numerous historical accounts of the use of plant 
materials containing salicin, extraction of the ac­
tive material salicylic acid, and the synthesis of ac­
tive derivatives, especially acetylsalicylic acid (as­
pirin). have been published (e.g. Hanks. I 982; 

MiJJer, I 982; Starmer, 1983). Aspirin was first ad- ~ 
ministered clinically at the tum of the century and l 

't' now, almost 90 years later, it still remains the 
world's most extensively used 'over-the-counter' 
drug. In the United States alone, it has been esti- t 
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mated that approximately 20,000 million aspirin 
tablets are consumed per annum and this repre­
sents about l 00 tablets/year for every man, woman 
and child (Taylor, 1980-81 ). The fact that aspirin 
has remained so popular for so long highlights its 
acceptability to the general public and, presum­
ably, is a good indication of its therapeutic use­
fulness for treating minor aches and pains. 

Although aspirin is generally considered safe by 
most people, it is certainly not innocuous; side ef­
fects, especially gastrointestinal disturbances, do 
occur (see lvey, this issue). Additionally, aspirin is 
a common cause of analgesic poisoning in both 
adults and children. Accidental overdosing, partic­
ularly in the elderly and in children, is probably a 
reflection of the drug's popularity and wide avail­
ability, and the lay population's acceptability of its 
efficacy and presumed safety. 

It is against this background that the search for 
safer and more effective salicylates has been car­
ried out. This review will focus on the pharma­
codynamic properties (analgesic and anti-inflam­
matory activity), pharmacokinetic characteristics 
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and therapeutic efficacy (including adverse effects 
and drug interactions) of aspirin, the standard non­
narcotic analgesic by which newer salicylates are 
assessed. Where appropriate, some perspective of 
how other derivatives of salicylic acid (such as di­
flunisal, fendosal, fosfosal and salsalate) compare 
with aspirin will be presented. (For structural for­
mulae of these compounds, see fig. l.) 

1. Pharmacodynamic Properties 
1.1 Mechanism of Action 

Although aspirin is the most widely used non­
narcotic analgesic, it was not until the early 1970s 
that a major discovery was made regarding its 
mechanism of action. The demonstration in 1971 
that aspirin inhibited the enzymatic production of 
prostaglandins initiated intense investigation of the 
physiological role of these autacoids (Ferreira et al., 
1971; Smith and Willis, 1971; Vane, 1971 ). It is 
now widely accepted that many of the therapeutic 
and unwanted effects of aspirin (and other salicyl­
ates) can be attributed to a reduction in the bio-

COOH 6 ~0 
COOH 

60H oc,CH3 OH 

Salicylic acid AcetyiHiicylic acid 
(8spirin) 

Oiflunisal 

COOH COOH COOH 

Croc&OH 60PO(OH), DOH 
~' 

N 

Fostosal 

Salsalate 

Fendosal 

been esti- I Fig. 1. Structural formulae of salicylic actd, aspmn and other denvatives of salicylic acid with analgesic properties. 
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Membrane phospholipids 

A111chidonic acid 
lnhlbnors 
NSA/Ds such 
as aspirin and ....... r:-'~>~0 
related salicylates ~ .:.,~ 

r:i:~ 
(3\Cj 

Cyclic endoperoxides 

I\ 
Proetaglandlns 
e.g. PGE2 

PGF:z.. 
PGD2 
PGI2 

Thrornboxanea 
e.g. TXA2 

TX~ 

Hydroperoxyeicosatetraenoic 
acids 

1 
Leukotrlenea 
e.g. LTC,} 

LTD, SRS-A 
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Fig. 2. Simplified schematic representation of cyclo-oxygenase and lipoxygenase pathways leading to the production of prostaglan­
dins, thromboxanes and leukotnenes from arachidonic aCid (adapted from Brune and Lanz, 1984: Farah and Rosenberg, 1980: Kay, 
1983: Moncada· et al., 1980). 

synthesis of prostaglandins and related autacoids 
from arachidonic acid. In the multiplicity of steps 
leading to the production of prostaglandins, 
NSAIDs such as aspirin prevent the synthesis of 
cyclic endoperoxides by the prostaglandin synthe­
tase enzyme cyclo-oxygenase (fig. 2). 

Certain intermediates and end products of the 
arachidonic acid cascade, in combination with other 
local mediators such as bradykinin, histamine and 
5-hydroxytryptamine, may cause erythema, oed­
ema, pain, etc. associated with the inflammatory 
response. Because the prostaglandins are among the 
most prevalent of autacoids, inhibition of cyclo­
oxygenase probably explains, at least in part, the 
anti-inflammatory activity of aspirin as well as its 

actions on gastric mucosa, platelets, kidney, uterus, 
etc. (Vane, 1975). 

In vivo aspirin is rapidly hydrolysed to salicylic 
acid and acetate and many of its pharmacodyn­
amic actions are attributable to the salicylate 
moiety. However, hydrolysis is not a prerequisite 
for pharmacological activity and aspirin itself has 
some unique properties (for a detailed review see 
Flower et al., 1980). Interestingly, aspirin inhibits 
cyclo-oxygenase by acetylation, whereas salicylic 
acid, which has no acetylating capacity, has little 
effect on the enzyme in vitro. Nevertheless, the 2 
drugs produce comparable inhibition of prosta­
glandin biosynthesis in vivo. These findings not only 
suggest a different mechanism of action for aspirin 
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compared with the salicylate moiety; they also in­
dicate that aspirin probably possesses a dual means 
of inl;libiting cycle-oxygenase. Early studies found 
aspirin to be a superior analgesic to sodium sali­
cylate (Lasagna, 1961; Lim, 1966) and presumably 
this implies that acetylation of cycle-oxygenase is 
an important mechanism for its analgesic proper­
ties. Recent evidence from Seymour et al. (1984) 
appears to support this contention, although fur-

, ther study is obviously needed to clarify how other 

r 
. non-acetyl-containing non-steroidal drugs produce 
their analgesic effects . . . 
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Inhibition of prostaglandin production does not 
seem to explain all of the pharmacodynamic ac­
tions of aspirin and additional mechanisms ba ve 
been postulated (for reviews see Brune and Lauz, 
1984; Hanks, 1982). It has been speculated that high 
doses of aspirin may inhibit hydroperoxy fatty acid 

. peroxidase in the lipoxygenase pathway of arachi­
donic acid metabolism and this may contribute to 
some of the effects of aspirin in man (McDonald­
Gibson et al., 1984). Of course, unknown peri­
pheral and/or central mechanisms of action may 
also be involved. Further research is clearly needed 
to explain some of the inconsistencies in the lit­
erature, to clarify the exact mechanism of action 
of aspirin and other derivatives of salicylic acid, 
and to fully elucidate our understanding of the in­
volvement of the end products of the arachidonic 
acid cascade in various physiological systems. 

1.2 Analgesic Effects 

Aspirin and related drugs can alleviate pain of 
mild to moderate severity. These effects appear to 
be mediated through peripheral and central mech­
anisms, although the work of Lim et al. ( 1964) sug­
gests that aspirin acts mainly peripherally (see also 
Bowman and Rand, 1980: Aower et al., 1980). 

Prostaglandins seem to sensitise peripheral pain 
receptors to mechanical or chemical (bradykinin. 
histamine, etc.) stimulation at a local level. Most 
data are consistent with the theory that aspirin and 
other cycle-oxygenase inhibitors avert the sensitis­
ation of peripheral nociceptors to such stimulation 
by preventing production and consequently release 
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of the intermediates and/or end products of the 
arachidonic acid cascade. These drugs do not affect 
the sensitisation or pain caused by the direct action 
of prostaglandins, which is in agreement with this 
hypothesis. Additionally, cyclo-oxygenase inhibi­
tors are most effective against dull, throbbing pain 
associated with inflammation (w~ere prostaglan­
dins apparently sensitise the nerve endings) and are 
less effective against sharp, stabbing pain caused 
by direct stimulation of sensory nerves. 

In addition to these peripheral actions, direct 
effects of salicylates within the central nervous sys­
tem (CNS) have also been described (Dubas and 
Parker, 1971 ). The mechanisms. involved in such 
central activity have not been clearly defined, al­
though inhibition of prostaglandin production 
within the CNS remains a possibility. Since anal­
gesic doses of aspirin do not cause mental disturb­
ances, hypnosis, or striking changes of mood, re­
lieve pain without affecting other sensory 
modalities, and do not modify arousal mechan­
isms involving the brain stem reticular formation, 
it seems likely that any central mechanism is prob­
ably subcortical, perhaps at the level of the hypo­
thalamus. The paucity of such CNS effects also 
suggests that the analgesic activity of salicylates is 
mediated largely through their peripheral actions. 

1.3 Anti-Inflammatory Effects 

This review was intended to cover the analgesic 
characteristics of the salicylates, but in some ways 
it is not possible to divorce these actions from the 
anti-inflammatory effects and, consequently, a brief 
overvi~w of the anti-inflammatory properties of as­
pirin is needed. (For reviews see Bowman and 
Rand, 1980; Aower et al., 1980.) 

Aspirin has been used since about 1900 for the 
treatment of inflammatory diseases such as rheu­
matoid arthritis, and it was not until very recently 
that other NSAIDs challenged its pre-eminence as 
an antirheumatic drug. At present it does not seem 
that any of the newer non-steroidal drugs are more 
effective anti-inflammatory agents, but at thera­
peutic dosages many of them are generally better 
tolerated (see p. 27). 
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Inflammation is an extremely complex defen­
sive reaction to injury, which is characterised by 
erythema, oedema, tenderness and pain. As a re­
sult of cell damage, chemical mediators such as 
histamine, bradykinin, 5-hydroxytryptamine, slow­
reacting substance of anaphylaxis (SRS-A), chemo­
tactic factors, prostaglandins, etc. are liberated lo­
cally. As the inflammatory response progresses, the 
vascular endothelium becomes swollen and event­
ually blood elements leak into the interstitial spaces. 
Phagocytic cells (including leucocytes) migrate to 
the damaged area and probably contribute to the 
defensive reaction by releasing lytic enzymes. Any 
pain associated with inflammation is probably due 
to stimulation of nerve endings by one or more of 
the chemical mediators released during the host's 
response to injury. This somewhat simplistic out­
line of the acute inflammatory response to tissue 
damage serves to highlight the difficulties involved 
in evaluating the mechanism of action of aspirin 
during such a complex series of events. Aspirin and 
other NSAIDs are effective in modifying the in­
flammatory response in a variety of rheumatic dis­
eases, but they are not curative, in that they do not 
stop the degenerative process. 

Prostaglandins are released during the inflam­
matory response and they seem to be important 
mediators of the defensive reaction. Hence, the 
ability of salicylates to inhibit prostaglandin syn­
thesis could account for their anti-inflammatory 
properties. However, as noted by Sause et al. ( 1982), 
various other mechanisms have been proposed such 
as interference with cellular metabolism, interfer­
ence with the release of inflammatory mediators 
from plasma proteins, interference of sodium and 
potassium ion transfer across cell membranes, in­
hibition of the actions of chemical mediators other 
than prostaglandins, and stabilisation of lyso­
somes. Furthermore, the discovery of the 
lipoxygenase pathway and the production of leu­
kotrienes adds another avenue which may contrib­
ute to the underlying process of inflammation. It 
is generally agreed, however, that the anti­
inflammatory effects ofNSAIDs are positively cor­
related with their anticyclo-oxygenase activity 
(Vane, 1973). Further studies are clearly necessary 

12 

to elucidate the exact mechanisms by which sali­
cylates produce their anti-inflammatory effects. 

2. Pharmacokinetic Properties 
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Aspirin and some other derivatives of salicylic 
acid (e.g. choline salicylate, choline magnesium 
trisalicylate, magnesium salicylate, salsalate) are 
hydrolysed in the body to salicylic acid. Irrespec­
tive of the parent source of salicylate, once it is 
absorbed and hydrolysed the pharmacokinetic 
characteristics are essentially those of salicylic acid. 
It follows that blood and urinary data for salicylate 
are more meaningful than blood or urine concen­
trations of the parent drug (Dromgoole et al., 1981 ). 
Only in the last two decades have the complex 
pharmacokinetic properties of the salicylates been 
fully appreciated, and some aspects are still unre­
solved (Levy, 1981). Other derivatives of salicylic 
acid (notably diflunisal) are not hydrolysed to sali­
cylate and will be discussed briefly where appro-
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on their therapeutic efficacy and tolerability (for J 
recent reviews see Brune and Lanz, 1984, 1985). .. ' 
Indeed, it has been shown that these drugs achieve 
particularly high concentrations in those compart­
ments in which they have beneficial and/or ad­
verse effects. Consequently, an understanding of 
the pharmacokinetic properties of aspirin and re- ( 
lated salicylic acid derivatives is of prime import- -~· 

ance to our interpretation of the clinical attributes 
of this class of drugs. 

2.1 Absorption 

' r Orally administered aspirin is rapidly and usu- ., .. 
ally completely absorbed from the gastrointestinal 
tract (both as unchanged drug and hydrolysed sali­
cylate) [Dromgoole et al, 1981 ]. Absorption occurs 
by passive diffusion of un-ionised lipophilic mo- .... 
lecules, partly from the stomach but mainly from l 
the upper small intestine. Many factors are known 'l~ 
to affect the rate of absorption (table I) and, of these, 
drug formulation has the major influence since it I 
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controls the dissolution of aspirin and this has been 
shoWn to be the rate-limiting step for the absorp­
tion ofsolid tablets (Levy and Hollister, 1965). Over 
all, effervescent and soluble tablet preparations are 
most rapidly absorbed ( 15 to 40 minutes), followed 
by uncoated or film-coated tablets (25 to 60 min­
utes), and finally by enteric-coated (240 to 360 
·minutes) and extended-release formulations (60 to 
120 minutes). The times in parentheses represent 
the approximate times to achieve mean peak as­
pirin concentrations; however, plasma aspirin con-

. .. centrations decline rapidly as plasma salicylic acid 
concentrations increase. Thus, the corresponding 
times to achieve peak salicylic acid concentrations 
are 30 to 60 minutes for soluble or effervescent 
tablets, 45 to 120 minutes for uncoated or film­
coated tablets, 4 to 12 hours for extended-release 
tablets, and 8 to 14 hours for enteric-coated tablets. 

After oral administration of an aqueous solu­
tion, the absorption of aspirin was found to follow 
first-order kinetics (Rowland et al., 1972). In this 
study there was a wide variation in absorption half­
life (4.5 to 16 minutes) and approximately 70% of 
the administered dose reached the systemic circu-

' 1984, 1985). .,. 
drugs achieve 
nose compart-

lation unchanged. The remaining 30% was thought 
to be hydrolysed during absorption by esterases 
within the gut wall, plasma or liver. 

Gastrointestinal pH has a major influence on 
the rate of absorption of aspirin by two different al and/or ad­
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Table 1. Some important factors affecting the rate of salicylate 

absorption (after Needs and Brooks, 1985) 

Drug formulation 

pH of stomach contents 

Rate of gastric emptying 

Volume of food 

Concurrent administration of other drugs 

Nervous state 

Posture 

Exerc1se 

Disease states associated with altered gastrOintestinal transrt 

time 
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mechanisms. Firstly, low pH in the stomach pro­
vides optimum conditions for the absorption of 
undissociated aspirin molecules, although this is 
probably not important for drug preparations which 
are given in solution (effervescent and soluble tab­
lets). Secondly, as pH rises (in the small intestine) 
the dissolution rate for aspirin tablets increases, and 
is maximal at pH 8 (for a recent review see Needs 
and Brooks, 1985). Some formulations of aspirin 
contain various buffers, but the effects of these on 
drug absorption are both variable and conflicting. 
Certainly, it now seems unlikely that buffered as- · 
pirin tablets cause less gastric irritation than un­
coated plain aspirin tablets, as was previously 
thought (see Ivey, this issue). 

Salsalate is completely absorbed from the gas­
trointestinal tract, although the relative amount 
reaching the circulation as unchanged drug has not · 
been reported. Mean peak salsalate concentrations 
have been noted after approximately 1.5 hours; 
mean peak salicylic acid concentrations occurred 
within 2 to 4 hours. As for most derivatives of sal­
icylic acid, food delays the absorption of salsalate 
and also reduces the mean peak plasma concen­
tration. 

Diflunisal is rapidly and completely absorbed 
after oral administration, generally achieving peak 
plasma concentrations within 2 to 3 hours. In fasted 
subjects the bioavailability of diflunisal is signifi­
cantly decreased by concomitant administration of 
antacids containing aluminium hydroxide (Brog­
den et al., 1980). Because diflunisal has a long half­
life, steady-state plasma concentrations are not at­
tained for 3 to 4 days with low doses ( 125mg) and 
for 7 to 9 days with higher doses (500mg) admin­
istered twice daily. 

2.2 Distribution 

Once absorbed, aspirin is rapidly hydrolysed to 
salicylic acid with a half-life of only 15 to 20 min­
utes (Rowland and Riegelman, 1968). Thus, from 
this stage onwards the pharmacokinetics of aspirin, 
and other salicylates hydrolysed to salicylic acid, 
are predominantly dependent upon the salicylate 
moiety (Needs and Brooks, 1985) [see fig. 3]. 
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Salicylic acid is normally highly protein bound 
(80 to 90%) at therapeutic plasma concentrations 
and this probably accounts for the low reported 
values for the apparent volume of distribution, 
which range between 9.6 and 12.7L in adults and 
between 0.12 and 0.14 L/kg in children (Graham 
et al., 1977; Wilson et al., 1982). Despite such low 
values for the apparent volume of distribution, sal­
icylic acid rapidly distributes throughout extracel­
lular fluid and into most tissues. Distribution ap­
pears to increase with increasing doses and this may 
be due, at least in part, to decreased protein bind­
ing at higher plasma salicylate concentrations. Sal­
icylic acid protein binding is closely dependent 
upon serum albumin concentrations; if these de­
crease (e.g. during pregnancy and in patients with 
renal disease), the bound salicylate fraction de­
creases and the amount of free drug increases pro-

portionally. It has been suggested that the binding 
of salicylic acid to the albumin molecule occurs at 
2 primary and a number of secondary binding sites 
(Borg! et al., 1976). 

Whereas salicylic acid is largely bound to plasma 
albumin, aspirin itself binds only poorly to plasma 
proteins, although it has been shown to acetylate 
plasma albumin as well as some enzymes such as 
cycle-oxygenase. This latter effect is probably a 
major mechanism by which aspirin produces its 
analgesic and anti-inflammatory actions (see sec­
tions 1.1, 1.2 and 1.3). 

After absorption, salicylate penetrates into syn­
ovial fluid, peritoneal fluid, saliva and milk, but 
not into gastric juice and only slightly into bile, 
sweat and inflammatory exudates. It readily crosses 
the placental barrier. Distribution of salicylate oc­
curs by pH-dependent passive diffusion, which 

Absorption Disposition Elimination 
70% ASA absorbed unchanged 
T max of sol. ASA "' 25 min 
T ma• of enteric-coated ASA "" 4 to 6 hours 

Highly protein bound 
.. 80-90% 
Vol. .. 9 to 13L 

biexponential t.lz4 "" 13-19 min 
SA removed by 5 parallel competing 
pathways: 1 renal and 4 metabolic 

K • 0.0075 h ·• salicylic acid 

Q COOH hydrolysis OCOOH 

I ------! .. ~ O-C-CH3 OH 

~,.------------+!11 in urine 

~
-~~·: ~~3 -~~ ~m _'"' ~2.:_~ __ .,. salicyl phenolic 8 

Aspirin 

Hydrolysis of ASA 
by esterases in many 
body tissues t..., ... 
15 to 20 min 

Salicylic acid 
glucuronide 

V .,., • 60.3 mgfh: km = 338mg 
--------------- -+ salicyluric acid 

>--• gentisuric acid 

k. 0.0023 h"' 
~------......L----+ gentisic acid 

~-k_•_o_.oo_71_h_-_' ______ + salicyt acyl 
glucuronide 

Excretion 
varies depending on dose and urinary pH -
at low doses approximately 90% is excreted 
as salieyluric acid and salicyl phenolic glucuronide. 

Fig. 3. Some important pharmacokinetic charactenstJCs of aspmn (ASA) and salicylic acid (SA) in man. Solid lines represent first· 
order processes and Michaelis·Menten pathways (after Levy and Tsueh•ya. 1972; Needs and Brooks, 1985). 
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" f 
e binding limits its ability to cross the blood-brain barrier ministered and urinary pH. Notably, at high dos-
occurs at (Flower et al., 1980). ages the excretion of unchanged salicylic acid, sal-

tding sites Diflunisal is 98 to 99% plasma protein bound icyl acyl glucuronide and gentisic acid generally 
and has a relatively low apparent volume of dis- increases as a result of the saturable nature of the 

to plasma tribution of about SL in patients with normal renal pathways forming salicyluric acid and salicyl phe-
to plasma function (Brogden et al., 1980). The volume of dis- nolic glucuronide (at small doses of aspirin, 300mg 
• acetylate r tribution is significantly increased to almost 17L or less, about 90% is excreted via these saturable 
es such as I in patients with terminal renal insufficiency. In lac- routes). As urinary pH is increased from acidic to 
robably a taring women, the milk diflunisal concentration is alkaline, the urinary excretion rate for free salicylic 
oduces its 2 to 7% of that in plasma. acid is markedly elevated, and the fraction of a sin-
; (see sec-

r 
gle dose eliminated in the urine as unchanged drug 

... 2.3 Elimination may increase from as low as 5% to as high as 85%. 
; into syn-

I 
Reported values for the plasma half-life of sal-

milk, but As emphasised earlier, aspirin is rapidly metab- icylic acid are also dose dependent. It has been 
into bile, olised to salicylic acid; the acetyl component is shown that at low doses (e.g. 325mg aspirin) sali-

lily crosses generally found in the gastric mucosa or is excreted cylate elimination is first order with a half-life of 
icylate oc-

J 
as carbon dioxide after passing through the Krebs about 2 to 3 hours. At higher doses, elimination of 

:>n, which cycle (Rainsford et al., 1983). Following intra- salicylate is limited by the ability of the liver to 
venous administration, the elimination kinetics of form salicyluric acid and salicyl phenolic glucu-
aspirin are best described by a biexponential equa- ronide, and plasma half-life may increase up to 30 

~~ 
tion with a terminal half-life of 13 to 19 minutes hours or more. 
(Rowland and Riegelman, 1968). Salsalate is rapidly and extensively hydrolysed 

npeting 

j The elimination of salicylic acid is far more to 2 molecules of salicylate in the body (about 7 
tbolic 

complex and it is removed from the body by 5 par- to 13% of a single oral dose is conjugated with glu-
allel and competing pathways; 1 renal and 4 meta- curonide before hydrolysis). The drug is primarily , ' 

:acid bolic (fig. 3). The 3 main metabolites are salicyluric excreted as salicylate metabolites by the kidneys: 
acid (glycine conjugate), salicyl phenolic glucuron- small amounts are eliminated as unchanged sal-
ide and salicyl acyl glucuronide. Small amounts of salate, some as a glucuronide metabolite, and most 
salicylate undergo oxidation to gentisic acid; gen- via the salicylic acid pathway. The plasma elimi-

I tisuric acid may be formed from it by glycine con- nation half-life of salsalate is about 1 hour. 
phenolic 

jugation or from salicyluric acid by microsomal ox- Unlike the drugs mentioned so far, diflunisal is mide 

I idation (Wilson et al., 1978). Because the 2 major not metabolised to salicylic acid and its elimina-

Jric acid metabolites of salicylic acid (salicyluric acid and tion is almost entirely dependent on glucuronida-
salicyl phenolic glucuronide) are produced via sat- tion. About 80 to 95% of an oral dose of diflunisal 

1ric acid j urable Michaelis-Menten pathways, the elimina- is excreted in the urine in 72 to 96 hours with a 

l 
tion kinetics are highly dose dependent. The other terminal elimination half-life of about 10 hours. The 

c acid routes of elimination exhibit linear first-order ki- half-life is considerably increased in patients with ') 

acyl l netics (Levy, 1965, 1971, 1979) (fig. 3]. renal insufficiency (up to 115 hours when creatin-
:mide 

Biotransformation of salicylate occurs in many ine clearance is less than 0. 12 Lfhour) [Brogden et 
I tissues but particularly in the endoplasmic reticu- al.. 1980]. I 

I lum and mitochondria of the liver (Aower et al.. 
·oni"',-., 

, 1980). Some salicylic acid is excreted unchanged 3. Analgesic Efficacy 
I .. via the kidney and the various metabolites are also 

1 eliminated renally. The relative amounts of sali- Aspirin and other salicylates are weaker anal-
3present first· cylic acid and its conjugates excreted in the urine gesics than most narcotic drugs and they are most 

vary widely. being dependent upon the dose ad- effective in relieving mild to moderate pain such 
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as toothache, headache, arthralgia, dysmenor­
rhoea, discomfort {and fever) associated with com­
mon colds, and a wide range of muscular aches and 
pains. Salicylates are also useful in suppressing other 
forms of mild to moderate pain, such as postsurg­
ical pain (dental, orthopaedic, general), postpar­
tum/episiotomy pain and chronic pain of visceral 
origin in cancer patients. When used to treat pain 
associated with inflammatory disorders (e.g. rheu-

1 

matoid arthritis, osteoarthritis and other rheu-

1 

matic conditions) appropriately employed dosages 
of salicylates, particularly aspirin, compare fa-

j vourably with other NSAIDs. This action of sali-
! cylates is dependent on their anti-inflammatory 

properties and will not be considered in any detail 
j in this review. The aim is to evaluate the analgesic 
1 efficacy of this class of drugs and this has been most 

l
J extensively studied in acute pain conditions, gen-

""-. erally of a self-limiting nature (postsurgical pain, 
· '- episiotomy pain, dental pain, etc.), in single-dose 
..,. comparative clinical trials. 

3.1 Acute Pain 

Aspirin has been compared with placebo, many 
other non-narcotic analgesics (including other sali­
cylates) and some centrally acting analgesics in a 
variety of acute pain conditions (for detailed re­
views see Cooper, 1981, 1983; Seymour, 1983). 

3././ Comparisons with Placebo 
In a recent review, Seymour (1983) reported that 

in almost all clinical trials in patients with dental 
pain following third molar surgery, aspirin, as might 
be expected, was significantly superior to placebo. 
In an extensive study, von Graffenried et al. (1980) 
found that in 5 separate placebo-controlled clinical 
trials aspirin lg produced significantly (p < 0.01) 
better pain relief than placebo in 326 subjects after 
removal of impacted lower molars. Using 2 differ-
ent doses of aspirin, Seymour and Rawlins ( 1982) 
demonstrated that a 600mg dose was only signifi­
cantly superior to placebo in relieving postsurgical 
dental pain 45 minutes after administration. As-
pirin 1200mg, on the other hand, produced sig­
nificantly better pain relief at all time points be-

tween 45 and 240 minutes. Only isolated trials have 
failed to identify a significant advantage for aspirin 
compared with placebo, and these may not have 
employed methods sufficiently sensitive to record 
pain differences. In many other clinical studies in 
which a placebo period has been included, aspirin 
nearly always produced significantly greater pain 
relief than placebo (Cooper, 1983). 

The analgesic efficacy of salsalate in acute pain 
conditions has not been extensively evaluated, al­
though it is generally considered to be as effective 
as aspirin in chronic pain conditions associated with 
rheumatic diseases. In a placebo-controlled dose­
comparative study, Forbes et al. (1982b) demon­
strated that diflunisal at doses between 250 and 
I OOOmg produced pain relief significantly superior 
to that provided by placebo and aspirin 650mg in 
201 patients with postoperative pain after oral sur­
gery (see fig. 4). The same group found that fen­
dosal, a recently developed salicylic acid deriva­
tive, was also significantly better than placebo in 
providing pain relief after dental surgery (Forbes 
et al., 1984). 

3.1.2 Comparative Efficacy of Some 
Derivatives of Salicylic Acid 
Aspirin appears to be a better analgesic than 

sodium salicylate (Mehlisch, 1983; see section 1.1). 
A double-blind crossover trial in patients with pain 
resulting from dental surgery reported no differ­
ence in analgesic efficacy between sodium salicyl­
ate 537 and 1074mg and placebo (Seymour et al., 
1984). However, the number of trials comparing 
aspirin and sodium salicylate are very few, and ad­
ditional supporting data for this statement are still 
needed. Indeed, there is limited information re­
garding the comparative analgesic efficacy of most 
salicylates, although 'newer' derivatives have usu­
ally been compared with aspirin. 

Diflunisal has been evaluated in a number of 
pain states and has been compared with a number 
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of non-narcotic analgesics, particularly aspirin (for 1~ detailed reviews see Brogden et al., 1980; Cooper, . ,.. 
1983 ). In postoperative dental pain patients, di- I 
flunisal 250 to I OOOmg was found to have a higher . 
peak effect and a substantially longer duration of I 
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action than aspirin 650mg (Forbes et al., 1982b) 
[fig. 4}. Comparisons between diflunisal and aspi­
rin in patients with other forms of postoperative 
pain (orthopaedic, episiotomy, meniscectomy, gen­
eral) have generally shown that the 2 drugs have 
similar peak effects but that diflunisal 500 to 
1000mg has an 8 to 12 hour duration of action. 
This reflects the relatively long plasma half-life for 
diflunisal (about 10 hours; see section 2.3), which 
permits twice daily administration. 

A similar analgesic profile has recently been re­
ported for fendosal. Compared with aspirin 650mg, 
fendosal 200mg produced a slower onset of actio.1 
(3 hours vs 1 hour), had a comparable peak anal­
gesic effect, and had a significantly longer duration 
of analgesia (8 hours vs 2 hours) in 109 patients 
with pain after dental surgery (Forbes et al., 1984). 

3.1.3 Comparisons with Paracetamol 
(Acetaminophen) 
Aspirin and paracetamol have been compared 

in a variety of painful conditions such as postop­
erative pain resulting from oral surgery and dental 
extractions, episiotomy pain and pain associated 
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with malignancy. In reviewing clinical trials up to 
1981, Cooper ( 1981) concluded that aspirin and 
paracetamol are equianalgesic and, on a weight for 
weight basis, equipotent in most types of pain. A 
similar conclusion was reached by Mehlisch ( 1983). 
The 2 drugs have similar dose-resp<)nse and time­
effect curves (Cooper, 1983) [fig. 5]. 

Peak analgesic effects of diflunisal 500 and 
l OOOmg were found to be significantly greater than 
that of paracetamol 600mg and comparable with 
that of a combination of paracetamol 600mg and 
codeine 60mg (Forbes et al., 1982a). Similarly, 
Melzack et al. ( 1983) demonstrated that diflunisal 
1000mg produced a significantly greater reduction 
in pain than paracetamol 650mg from hours 5 to 
12. Other studies have found that diflunisal 500mg 
is a superior analgesic to paracetamol 500 or 
lOOOmg (Quiding et al., 1985); diflunisa1250mg and 
a combination of paracetamol 500mg, codeine 
phosphate 8mg and caffeine 30mg were equally ef­
ficacious (White and Strunin, 1982); and diflunisal 
SOOmg twice daily produced better relief from night 
pain and pain associated with passive movement 
and tenderness than a combination of paracetamol 
and dextropropoxyphene (Rao and Sharma, 1982) . 
In these studies diflunisal had a significantly more 
prolonged duration of action, although its onset 
may be slightly slower. 

3.1.4 Comparisons with Other NSA/Ds 
Cooper ( 1983) has recently reviewed the avail­

able data concerning the analgesic efficacy of 
NSAIDs including the salicylates and paracetamol. 
This extensive review focused on the use of these 
drugs in acute pain conditions, but mainly pain as­
sociated with oral surgery. In general terms there­
sults clearly demonstrated the greater analgesic 
effects of newer NSAIDs such as ibuprofen, in­
doprofen, suprofen, ketoprofen, flurbiprofen, zo­
mepirac, etc. Advantages such as quicker onset of 
action or a more sustained duration of action have 
also been reported for some of these drugs. The 
author suggests that the newer non-steroidal drugs 
appear to fill a void between mild non-narcotic 
analgesics and potent injectable narcotic analges­
ics. An additional advantage of the newer NSAIDs 
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Fig. 5. Composite time-effect curve from 2 separate clinical 
studies comparing aspirin 650mg with placebo, and paraceta­
mol 650mg with placebo in patients with pain following oral sur· 
gery (from Cooper, 1981, with permission). 

is that they almost all have more favourable side 
effect profiles than aspirin. However, when aspirin 
has been contraindicated these newer drugs are also 
contraindicated, or they should be used with ex­
treme caution (see Szczeklik, this issue). The anal­
gesic properties of NSAIDs are discussed more fully 
by Brogden (this issue, p. 27). 

Ibuprofen was the first propionic acid deriva­
tive with analgesic properties to be marketed and 
it has only recently received approval for over-the­
counter supply. It will be of great interest to see 
the extent to which it makes in-roads into the tight 
hold that paracetamol and aspirin have had on the 
mild to moderate analgesic market. 

3.1.5 Comparisons with Centrally Acting Mild 
to Moderate Analgesics 
Aspirin has been compared with a small num­

ber of narcotic analgesics such as codeine, penta­
zocine and dextropropoxyphene, which are gener­
ally used to treat mild to moderate pain (for a recent 
review see Seymour, 1983). Single dose studies in 
patients with postoperative dental pain demon­
strated that aspirin is a superior analgesic to these 
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3 drugs. Cooper and Beaver (1976) showed that 
aspirin 650mg gave considerably better pain relief 
than codeine 60mg and the combination of these 
2 drugs was even more effective. 

Diflunisal 500mg was found to be superior to i' 
low doses of codeine in patients with pain resulting .t, 
from the removal of impacted mandibular wisdom 
teeth and as effective as pentazocine 50mg in 
patients with mild to moderate pain resulting from 
cancer. 

3.2 Visceral Pain Associated with Cancer f 
Malignant diseases may cause pain in a variety ·~-"' 

of ways. Usually direct local pressure from a tum-
our on a nerve. sensitive tissues, viscera or bone ) 
is the main mechanism; indirect effects may also r 
be responsible (Woods, 1983). Salicylates provide •

1

. 
relief from mild forms of pain, but usually the pain 
is severe and stronger analgesics are required. In a 
double-blind crossover study, various analgesics 
were compared in 57 patients with mild to mod­
erate pain resulting from an unresectable malig- ,. 
nancy (Moertel et al., 1972). Aspirin 650mg pro­
duced better pain relief in a greater number of 
patients than most of the other mild to moderate • J ... 
analgesics tested. 

1 
4. Side Effects 1 

r r 
Occasional use of usual dosages of aspirin for 

analgesic or antipyretic purposes generally causes 
few adverse eff~cts. However, when large doses are 
administered or when it is given for sustained pe­
riods. the incidence of side effects increases; these 
reactions are probably related to the limited ca- .J. 
pacity of the metabolic pathways responsible for 
the elimination of aspirin (see section 2.3). J 

In recent years, salicylates (particularly aspirin) 
have been the subject of a great deal of attention 
with regard to their side effect profiles. Considering 
aspirin's wide usage, it is perhaps not surprising 
that it has been reported to cause a multiplicity of 
adverse reactions and to affect many of the organs 
of the body. However, as noted by Jick (1981), even 
without collecting formal data, it does seem as 
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though serious side effects with aspirin are rue; if 
this were not the case, the extensive use of the drug 
would result in a continuous epidemic of severe 
adverse toxic reactions. 

Some of the more recently developed salicylates 
such as diflunisal and salsalate seem to have im­
proved side effect profiles compared with aspirin; 
these drugs may be more reasonable choices for the 
longer term treatment of chronic diseases such as 
rheumatoid arthritis. However, if aspirin is con-
traindicated these drugs are probably also contra­
indicated or, at best, they should be introduced with 
caution. 

4.1 Gastrointestinal Effects 

Gastrointestinal complaints are the most fre. 
quently reported side effects associated with the 
administration of NSAIDs, especially aspirin (see 
Ivey, this issue). Symptoms include dyspepsia, 
heartburn, epigastric pain, nausea and vomiting; 
objective signs of gastrointestinal irritation re­
ported most often are gastric erythema, pinpoint 
haemorrhages, mucosal erosions, occult blood loss, 
exacerbation of gastric ulceration and, more seri­
ously, severe gastric ulceration and frank haem­
orrhage (for reviews see Ivey, 1983; Piper, 1983). 

The relative incidence of gastrointestinal side 
effects caused by aspirin is low; it has been esti­
mated that between 2 and 6% of patients will de­
velop dyspepsia, nausea and vomiting (Editorial, 
British Medical Journal, 1981). Additionally, epi­
demiological surveys have demonstrated an in­
creased risk of severe haemorrhage or gastric ul­
ceration only in persons taking aspirin in large doses 
(more than 15 tablets per week) or regularly (4 or 
more days per week). Such adverse consequences 
are rare: their respective incidences have been cal­
culated as 10 and 15 per 100,000 habitual aspirin 
users (see Editorial, British Medical Journal, 1981; 
Levy, 1974; Rees and Turnberg, 1980). For a dis­
cussion of the gastrointestinal toxicity of aspirin 
and salicylates see I vey, this issue. 

The mechanisms by which NSAIDs cause gas­
trointestinal disturbances are complex and are dis­
cussed by lvey in this issue. At the present time, 
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inhibition of prostaglandin synthesis seems fun­
damental to the changes that occur, and such a 
mechanism would explain why all the acidic 
NSAIDs share gastrointestinal irritancy as their 
most frequent adverse effect. 

In various animal species, including man, pros­
taglandins (particularly of the E series) have been 
demonstrated to inhibit gastric acid secretion, in­
crease mucosal blood flow, and have a cytoprotec­
tive role (Hanks, 1982; Vane, 197 5). It follows that 
peripheral cyclo-oxygenase inhibitors, which re­
duce the biosynthesis of prostaglandins (see section 
1.1 ), probably increase the risk of gastric mucosal 
damage. Other mechanisms which may contribute 
to the adverse effects of aspirin in the stomach in­
clude a direct irritant action and its ability to in­
terfere with platelet function (see section 4.4). The 
relative importance of the local and systemic ef­
fects of aspirin in the pathogenesis of gastrointes­
tinal injury remains debatable, and further re­
search is needed to clarify the exact mechanisms 
involved. 

Numerous formulations of aspirin and many 
new derivatives of salicylic acid have been evalu­
ated to try and reduce gastrointestinal complaints 
while maintaining analgesic efficacy. From studies 
published to date, a number of conclusions can be 
reached: 

l. Plain unbuffered formulations of aspirin 
cause the greatest amount of gastrointestinal dam­
age. 

2. Other formulations of aspirin, such as solu­
ble, adequately buffered, enteric-coated and ex­
tende~:-release, reduce the incidence of gastrointes­
tinal effects but not to an extent that they can be 
recommended without reservation for use in 
patients with upper gastrointestinal problems such 
as dyspepsia. 

3. Newer non-narcotic analgesics related to sal­
icylic acid, like choline magnesium trisalicylate, 
salsalate, fendosal, fosfosal and diflunisal, also ap­
pear to have significantly less effect on the gas­
trointestinal tract. However, although such drugs 
produce a lower overall incidence of adverse gas­
tric reactions, gastrointestinal toxicity seems in­
evitable owing to their actions on cyclo-oxygenase, 
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and they should be used with extreme caution in 
patients with suspected gastrointestinal disease. 

4.2 Renal Effects 

Generally, renal function is not adversely af­
fected by intermittent administration of usual dos­
ages of aspirin and related salicylates. However, 
there is extensive clinical evidence linking anal­
gesic abuse with chronic renal disease (see Kincaid­
Smith, this issue). The characteristic lesion is renal 
papillary necrosis with secondary cortical damage 
leading to progressive renal failure (for an exten­
sive review see Prescott, 1982). Analgesic nephro­
pathy is, in the majority of instances, associ~ted 

j with chronic analgesic abuse, especially with com-
t binations of various non-prescription drugs. 

1 
From the outset, phenacetin was considered the 

J . main instigator of analgesic-induced changes in 
1 ~idney function, althou~ the evidence impl~cating 
l as the sole nephrotoXIc agent appears ctrcum­
l -...tantial. Indeed, removal of phenacetin from sev­
j eral of the world's markets has not been followed 

by the expected reductions in mortality from renal 
disease. As emphasised by Prescott ( 1982), serious 
doubt must be cast on the supposed role of phen­
acetin as the major aetiological agent associated 
with analgesic nephropathy. The part played by 
non-narcotic analgesics such as aspirin and other 
acidic anti-inflammatory drugs should also be con­
sidered fundamental to the development of renal 
injury. Animal studies have confirmed that chronic 
administration of aspirin produces renal damage 
and, in man, salicylates can produce a transient 
increase in the urinary excretion of renal tubular 
epithelial cells, increases in blood urea nitrogen, and 
proteinuria. Furthermore, more than 150 examples 
of analgesic nephropathy have been reported in 
patients taking aspirin without phenacetin. Putting 
the renal effects of aspirin and related salicylates 
into some perspective, their overall actions seem 

~latively minor; usual analgesic doses, even when 
· .ministered for years, have rarely produced any 
Wnous effects on the kidney. However. chronic use 

of anti-inflammatory doses, or abuse, have pro­
duced a high incidence of renal papillary necrosis 
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Table II. Summary of reported incidence of salicylate-induced 

hepatic injury calculated by Zimmerman (1981) in healthy sub­

jects and patients with various rheumatic and collagen diseases 

Clinical diagnosis Incidence of salicylate­

induced hepatic injury 
(%) 

Normal su~jects and patients with 0 to 30 
non-rheumatic disease 

Adult rheumatoid arthritis 

Systemic lupus erythematosus• 

Rheumatic fever 

Juvenile rheumatoid arthritis• 

20 

47 

50 to 70 

25 to 70 

a Active disease has higher incidence and greater severity of 
inJury than "inactive' disease. 

in patients with rheumatoid arthritis and in anal­
gesic abusers. The precise mechanisms causing renal 
damage are not known, although inhibition of renal 
prostaglandin synthesis has been postulated and 
would explain why the acidic anti-inflammatory 
analgesics share the potential for nephrotoxicity. 
Since aspirin inhibits cyclo-oxygenase, it should be 
used with caution in patients with impaired renal 
function and those likely to have increased de­
pendence upon renal prostaglandins for mainten­
ance of renal blood flow (e.g. those with congestive 
heart failure, ascites, systemic lupus erythemato­
sus). 

4.3 Hepatic Effects 

It was not until fairly recently that the hepato­
toxic effects of aspirin were first suspected - after 
more than 50 years of clinical use. Generally, as­
pirin-induced liver injury develops after 1 to 4 
weeks' treatment with relatively large doses of as­
pirin, and in most cases it is mild and reversible. 
Hepatotoxicity appears to be related to serum sali­
cylate concentrations, usually occurring at levels in 
excess of 200 to 250 mg/L (Zimmerman, 1981; 
Prescott. this issue). 

Plasma concentrations of aspartate and alanine 
aminotransferase are elevated and increases in al-
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kaline phosphatase are occasionally found. Plasma 
bilirubin concentrations may be elevated - with 
jaundice in approximately 3% of patients. Blood 
prothrombin concentrations have infrequently been 
decreased to an extent that caused an increase in 
prothrombin time. Many patients are asympto­
matic, although some develop nausea, vomiting, 
anorexia, abdominal pain, liver tenderness and/or 
hepatomegaly. 

Although aspirin-induced hepatotoxicity has 
been reported in healthy subjects, it most fre­
quently develops in patients with inflammatory 
diseases (table II). These patients usually receive 
high doses of aspirin and are more likely to have 
high salicylate plasma concentrations. 

Diflunisal has been reported to cause occasional 
reversible elevations in liver function tests and very 
rarely cholestasis and/or jaundice. 

4.4 Haematological Effects 

Single oral doses of aspirin 300mg and greater 
have been demonstrated to inhibit platelet aggre­
gation and prolong bleeding time in healthy indi­
viduals (Farah and Rosenberg, 1980~ Aower et al., 
1980; Mielke, 1981 ). ;rbese effects appear to be me­
diated through inhibition of cyclo-oxygenase and 
hence thromboxane A2 production (Hanks, 1982). 
Aspirin irreversibly acetylates cyclo-oxygenase, but 
other salicylates (including diflunisal) act as com­
petitive inhibitors and do not seem to produce such 
a marked and prolonged inhibition of platelet ag­
gregation (Nitelius et al., 1984). 

The above actions of aspirin on platelet func­
tion do not normally result in any morbidity in 
healthy subjects. However, they may be a problem 
in patients at risk of bleeding, such as those with 
haemophilia, vitamin K deficiency, hypopro­
thrombinaemia or hepatic damage and those tak­
ing anticoagulants or about to undergo surgery. In 
addition to these effects, salicylates may cause iron 
deficiency anaemia as a result of chronic gastroin­
testinal blood loss. 

Serious blood dyscrasias induced by salicylates 
are extremely rare. Isolated reports have impli­
cated aspirin as a cause of aplastic anaemia and 
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thrombocytopenia. The first case of aspirin-in­
duced haemolytic anaemia with thrombocytopenia 
was reported in 1984 (Hubert et al., 1984). Sali­
cylates do not ordinarily alter leucocyte counts. 

4.5 Hypersensitivity 

Aspirin is one of the most common causes of 
'allergic' drug reactions such as asthma, rhinitis, 
urticaria and angioedema. Systemic anaphylaxis 
occurs occasionally in patients with pseudo-allergic 
reactions to aspirin (see Szczeklik, this issue). Es­
timates of the incidence of aspirin hypersensitivity 
have been extremely varied, depending on the type 
of analysis and the type of patient. It is clear that 
the incidence in historical surveys is much lower 
than after provocative testing of patients at risk. 
Furthermore, certain patient groups appear to be 
much more susceptible (Settipane, 1983) [table III]. 
Recent studies have revealed that aspirin sensitiv­
ity may have different clinical manifestations with 
different underlying pathogeneses. Two major sub­
types of patient have been identified: those who 
develop a respiratory reaction such as rhinitis and/ 
or asthma, and those who react with the devel­
opment of urticarial weals and angioneurotic oed­
ema (Hanks, 1982; Settipane, 1983; Szczeklik, 
1983). 

The allergic response to aspirin usually occurs 
within minutes of ingestion and almost always 

Table Ill. Approximate frequency of aspirin hypersensitivity in 

various groups of patients (adapted from Settipane, 1983) 

Study group 

General population 

Rh•nitis 

Asthma 

Nasal polyps 

Chronic urticaria 

Frequency of aspirin 

hypersensitivity (%)" 

... 0.3 

.. 1.4 

4-19 

14-23 

23-28 

a Low frequencies are associated with studies based on his­
toriC81 data: higher frequencies are associated with aspirin chal­

lenge studies . 
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within an hour, although occasionally a delayed re­
action may take place. The term allergic implies 
an immunological mechanism for aspirin hyper-
sensitivity and drug-dependent platelet antibodies 
have been reported in patients with aspirine 
duced haemolytic anaemia or thrombocytopenia 
(Conti et al., 1984; Hubert et al. 1984). At present 
the pathogenesis of aspirin intolerance is poorly 
understood. The ubiquitous inhibition of eye/a­
oxygenase has been speculated to result in an in­
creased production of leukotrienes and slow react­
ing substance of anaphylaxis (SRS-A; fig. 2) but 
further research is clearly necessary to fully under­
stand the precise mechanisms involved in this 
idiosyncratic reaction. 

Hypersensitivity occurs more frequently with 
aspirin than with other salicylates. However, 
patients sensitive to aspirin may also develop cross­

·~ sensitivity to non-narcotic analgesics, NSAIDs and 
· ~ azo dyes such as tartrazine. Drugs which may pre­

cipitate life-threatening bronchoconstriction, and 
; which are absolutely contraindicated in patients 

who develop aspirin-induced asthma, include in­
domethacin, ibuprofen, mefenamic acid, flufen­
amic and meclofenamic acids, fenoprofen, keto­
profen, naproxen, diclofenac and phenylbutazone. 
In patients known to be hypersensitive to aspirin 
it seems clinically prudent to avoid all inhibitors 
of prostaglandin synthesis (especially NSAIDs) if 
at all possible, and vice versa. There is some evi­
dence that drugs such as paracetamol, dextropro­
poxyphene, salicylamide, and various salts of sal­
icylic acid (sodium salicylate, salsalate) do not 
produce such extensive cross-sensitivity and may 
be used (with caution) in patients with aspirin-
induced asthma. 

4.6 Auditory and Vestibular Effects 

Anti-inflammatory doses of aspirin (> 2.4 g/day) 
have been reported to cause tinnitus, deafness. 

,.-...headache or dizziness (Miller, 1982). Symptoms 
a.... rapidly disappear once the dosage is reduced. Tin­
., nitus and hearing loss are dose related and are con­

sidered to be the first signs of chronic salicylate 
intoxication (salicylism); most patients notice their 
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onset at salicylate concentrations above about 250 
mg/L (see section 4.9). 

4. 7 Reye's Syndrome 

Reye's syndrome is a life-threatening childhood 
disease which results in acute encephalopathy and 
fatty degeneration of the liver, and typically fol­
lows an acute viral infection; influenza A, influ­
enza B or varicella (Reye et al., 1963). Although 
20 to 40% of cases are fatal and there is no known 
cure for the disease, earlier diagnosis, greater 
understanding of the disease by medical staff, and 
intensive supportive care may help to improve the 
prognosis (Orlowski, 1984). 

Current evidence suggests an association be­
tween the use of salicylates (particularly aspirin) 
and the development of Reye's syndrome, but a 
causal relationship has not been established (see 
Prescott, this issue). 

4.8 Pregnancy and Lactation 

Salicylates have been found to be teratogenic in 
animals, although no evidence for such effects has 
been reported in prospective mothers in a number 
of large scale epidemiological surveys (Crombie et 
al., 1970; Slone et al., 1976; Turner and Collins, 
1975). Turner and Collins did, however, find a sig­
nificantly increased incidence of anaemia, ante­
partum and postpartum haemorrhage, prolonged 
gestation and complicated deliveries in mothers 
who had taken sa_licylates. Furthermore, in the sali­
cylate group there was an increased stillbirth rate 
and a significantly reduced birthweight (for re­
views see Hanks, 1982; Thomas, l983a). An in­
crease in peripartal haemorrhage can occur through 
the effect of salicylates on platelet function (see 
Heymann. this issue). 

Since prostaglandins are known to be involved 
in the initiation and regulation of labour, it seems 
likely that salicylates prolong gestation by inhib­
iting prostaglandin biosynthesis. As with any drug, 
the benefit to risk ratio should be carefully ana­
lysed before administering aspirin to pregnant 
women. If deemed necessary, low doses may be 
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given for analgesic/anti-inflammatory purposes 
during the first 6 months of pregnancy. In the last 
trimester aspirin must be avoided because it may 
prolong labour and/or lead to greater blood loss 
during delivery. 

Salicylates are excreted to a minor extent in 
breast milk and should be administered with cau­
tion to nursing mothers. However, occasional single 
doses seem to present little risk. 

The use of diflunisal in pregnant women and 
nursing mothers reflects the caution necessary for 
salicylates in general. Safety in pregnancy has not 
been established. Diflunisal is excreted in bre-ast 
milk at about 2 to 7% of the plasma concentratiJn. 

4.9 Other Adverse Effects -Toxicity 

Usual doses of salicylates have minimal effects 
on the cardiovascular, central nervous or respira­
tory systems. However, acute overdosage can lead 
to gastrointestinal disturbances, tinnitus, deafness, 
hyperventilation and disturbed acid/base balance 
- respiratory alkalosis and eventually metabolic 
acidosis due to uncoupling of oxidative phosphor­
ylation and accumulation of organic acids. More 
severe toxic effects such as severe hyperventilation, 
convulsions, cyanosis, coma, oliguria, uraemia, 
pulmonary oedema and respiratory or cardiovas­
cular failure may occur as the plasma salicylate 
concentration increases . 

Salicylism may also develop with high dose 
chronic salicylate therapy. Such intoxication is 
manifested initially as headache, tinnitus, deafness, 
vertigo, lassitude, sweating, thirst, hyperventila­
tion, nausea, and vomiting. More severe CNS dis­
turbances, marked alterations in acidfbase balance . 
and fever may develop if salicylate is allowed to 
accumulate in the blood. Children and the elderly 
are particularly at risk of chronic salicylate intox­
ication, but rarely from intentional overdosage: it 
usually occurs accidentally from overuse of a drug 
which many people still consider to be completely 
safe. Mortality from chronic salicylate intoxication 
(about 25%) is considerably higher than that re­
ported after acute overdose ( l to ::!%) [Proudfoot. 
1983]. 
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5. Drug Interactions 

A large number of drug interactions involving 
salicylates have been documented but relatively few 
seem to be clinically important. Drugs which are 
considered to produce the most significant inter­
actions with salicylates include anticoagulants and 
thrombolytic agents, sulphonylurea hypoglycaemic 
agents, uricosuric agents, methotrexate, corticoste­
roids and some diuretics (Hull Hayes, 1981; 
Thomas, 1983b). 

5.1 Anticoagulants and Thrombolytic Agents 

Salicylates have the potential to affect the ac­
tivity of oral anticoagulants by several mechan­
isms. Large doses (~ 3 g/day) occasionally result 
in a reduction of plasma prothrombin concentra­
tion (see section 4.3) and may enhance the hypo­
prothrombinaemic effects of oral anticoagulants. 
Salicylates can displace coumarin anticoagulants 
such as warfarin from their plasma protein binding 
sites. consequently producing a transient rise in free 
active anticoagulant. 

Probably of greater clinical importance is that 
salicylates cause gastric erosions and increase gas­
trointestinal blood loss (see section 4.1 ). Aspirin, 
in particular, inhibits platelet aggregation and may 
cause prolongation of bleeding time (see section 
4.4). These findings militate against the concomi­
tant administration of salicylates with drugs such 
as anticoagulants, streptokinase, urokinase and 
heparin. Obviously, administration of salicylates 
in patients treated with anticoagulants or throm­
bolytic·agents is contraindicated. 

5.2 Oral Hypoglycaemic Agents 

Salicylates may potentiate sulphonylurea-in­
duced hypoglycaemia (e.g. with chlorpropamide, 
tolbutamide) and the combination is best avoided. 
The precise mechanisms involved are not known. 

5.3 Uricosuric Agents 

Aspirin and related salicylates antagonise the 
uricosuric effects of probenecid, sulphinpyrazone 
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and phenylbutazone. The most likely explanations 
for these interactions appear to involve changes in 
plasma protein binding and/or competition for 
renal routes of elimination. It seems clinically pru­
dent to avoid the concomitant use of salicylates 
with these drugs. 

5.4 Methotrexate 

Salicylates increase the toxic effects of metho­
trexate when the 2 drugs are co-administered and, 
again, the mechanism appears to be related to di­
rect competition of the drugs in question for plasma 
binding sites and/or active renal transport sites. 
Because methotrexate has a low therapeutic index, 
and consequently a narrow margin of safety, this 
combination of drugs must be avoided. 

5.5 Corticosteroids 

There is limited clinical evidence that admin­
istration of corticosteroids may decrease serum 
salicylate concentrations when given concomi­
tantly. However, these drugs are frequently used 
together without deleterious consequences. Special 
care may be needed when corticosteroids are dis­
continued, since a rebound increase in plasma sali-
cylate concentration may occur. An isolated case 
of salicylate toxicity following hydrocortisone 
withdrawal has been recorded (Klinenberg and 
Miller, 1965). 

5.6 Diuretics 

Aspirin has been shown to slightly reduce the 
natriuretic effects of spironolactone and to atten­
uate the diuretic effects of frusemide (furosemide) 
[American Hospital Formulary, 1985; Webster, 
1985}. The principal adverse clinical effect of the 
attenuated natriuretic response to diuretics by 
NSAIDs is worsening of cardiac failure. Addition-

,.--, ally, diflunisal causes a 25 to 30% increase in the 
plasma concentration of hydrochlorothiazide and 

• a decrease in its urinary excretion. However, the 
clinical importance ofthese interactions is not cer­
tain (Brogden et al., 1980). 
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5. 7 Other Interactions 

Many of the interactions described above are 
pharmacokinetic interactions that relate to direct 
competition of salicylates and concomitantly ad­
ministered drugs for the same plasma protein bind­
ing sites and/or for active transport mechanisms 
within the proximal tubule of the nephron. Other 
drugs which may interact with salicylates in this 
way include penicillins, phenytoin, valproic acid, 
other NSAIDs and some sulphonamides. Salicyl­
ates may also displace bilirubin from its albumin 
binding sites in neonates, with the risk of causing 
hyperbilirubinaemia. 

Food delays the onset and reduces the extent of 
salicylate (including diflunisal) absorption; how­
ever, most aspirin formulations should be taken 
after food to minimise gastrointestinal toxicity. 
Concomitant administration of salicylates and 
ethanol should be avoided since salicylate-induced 
gastric disturbances may be accentuated by alcohol 
(see lvey, this issue). 

Because salicylate excretion is pH dependent (see 
section 2.3), any drug which affects urinary pH may 
substantially alter salicylate reabsorption/excre­
tion. Thus, antacids, which increase urinary pH and 
decrease salicylate reabsorption, will lower plasma 
salicylate concentrations. Drugs which acidify the 
urine (e.g. ammonium chloride) have the converse 
effect. 

Acetazolamide should be avoided in patients re­
ceiving salicylates, since· it not only has the poten­
tial to increase urinary pH (thus decreasing sali­
cylate reabsorption) but it also induces metabolic 
acidosis, which would enhance salicylate penetra­
tion into the central nervous system and other 
tissues. 
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The potential hazards of repeated topi­
cal application of salicylic acid under oc­
clusion to large areas of the body was 
evaluated by measuring the percutaneous 
absorption and serum salicylate concen­
trations In four patients with active pso­
riasis. 

Serum salicylate concentrations never 
exceeded 5 mg/100 ml In any of the pa­
tients, and although greater than 60% of 
the salicylic acid applied was absorbed, 
no evidence of accumulation or toxicity 
was observed. This form of treatment ap­
pears to present little potential hazard 
even In patients with extensive skin dis­
ease. Therapy could be hazardous for pa­
tients with Impaired hepatic or renal func­
tion or for smaller children. 

The urinary excretory products of sa­
licylate metabolism were compared fol­
lowing topical and Intravenous salicylate 
administration to determine if the skin 
plays any part in the biotransformation of 
salicylate during percutaneous absorp­
tion. Our data are too limited and in­
conclusive to answer this question. 

T opical preparations containing 
salicylic acid have been u,;ed in 

dermatology for many years. and ,;a­
licylate toxicity resulting from their 
use has been reported. ' · l' n fort u­
nately there is little information 
available concerning the potential 
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hazards of using large quantities of 
salicylic acid on large areas of the 
body surface in situations whe!'e skin 
disease exists and occlusive therapy 
may be desirable. A preparation con­
taining 6% salicylic acid in a gel com­
prised of 60% propylene glycol and 
19.4% alcohol (Keralyt) has recently 
become available for the treatment of 
patients with generalized skin dis­
ease under occlusion. This study is an 
attempt to evaluate the potential haz­
ard of using this product. This was 
accomplished by determining the per­
cutaneous absorption and serum sa­
licylate levels produced when this 
preparation is used in a well-con­
trolled clinical setting designed to 
pro\·ide maximal exposure. To deter­
mine if the degradation of salicylic 
acid is altered when salicylate is ab­
sorbed percutaneously, the products 
of salicylate metabolism excreted in 
the urine were compared after topical 
and intra\·enous administration. 

PATIENTS AND METHODS 
Patients 

Four patients \\;th active psoriasi~ were 
studied as inpatients at the Miami Veter­
ans Administration Hospital. None of the 
patients had renal disease, had ingested 
,;alicylate-containing medications for one 
week prior to the study, or was permitted 
to use other topical or systemic medica­
tions for the duration of the study. All of 
the patients had more than 25% of their 
body surface involved with psoriasis (pa­
tient 2 had severe generalized psoriasis, 
with more than 90% involvement). In-
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Serum salicylate concentrations and the number of grams of 6% salicylic acid gel applied for days 1 through 5 for each of the four 
patients are shown. Dotted line connects point representing last salicylate level which was measured (tenth hour of day 5) to base line 
for illustrative purposes. 

formed consent was obtained from each 
patient after the procedures and hazards 
of the study had been fully explained. 

Patients applied the contents of a 28-gm 
tube of medication to their entire body sur­
face below the neck immediately after tak-

1 ing a shower. The treated areas were co,·­
ered with plastic wrap and kept occluded 
for ten hours. After ten hours . the dress­
ings were removed and the patient allowed 
to shower. This treatment was repeated 
daily for a total of five days. All tubes of 

I medication were preweighed and then re­
' weighed after use to determine the grams 

of gel applied by each patient each day. 
One week after completing the above 

study patient .::3 was given lliter of phys­
iological saline solution containing 1.0 gm 
of sodium salicylate intravenously during 
an eight-hour period. 

Collection of Samples 

Venous blood was obtained prior to ap­
plication of the topical medication and five 
and ten hours after application each day 
for five days. The serum was separated 
and stored refrigerated until analyzed. 

All of each patient's urine was collected 
for each 24-hour period starting from the 
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beginning of the study for a total of seven 
days. At the end of each day, the urine vol­
ume excreted was measured; an aliquot 
was sent to the hospital clinical laboratory 
for creatinine determination. and an ali­
quot was refrigerated for analysis of sa­
licylates. 

Serum was obtained in a similar manner 
from the patient receiving intravenous so­
dium salicylate, but it was collected at 0, 4, 
8, and 24 hours after injection. Urine was 
collected prior to and for three days follow­
ing the intravenous administration. 

Salicylate Determinations 

The serum salicylate level was deter­
mined fluorometrically by the method de­
scribed by Saltzman.' 

Salicylic acid and its metabolites in urine 
were determined by the method of Levy 
and Procknal. ' This procedure determines 
the total grams of salicylate excreted and 
the percent of this total present as free 
salicylic acid, salicyluric acid, and the acyl 
and phenolic glucuronides of salicylate . 

RESULTS 

The Figure illustrates the serum sa­
licylate concentrations and grams of 

gel applied for each of the four pa­
tients for the five days that serum 
samples were collected. In no instance 
did the serum salicylate concentra­
tion exceed 5 mg/ 100 ml, and the 
average peak serum concentration for 
all of the patients was less than 3 
mg/ 100 ml (2.7). The patient with the 
most severe psoriasis (patient 2) de­
veloped the highest serum salicylate 
concentrations (Figure). The serum 
salicylate levels had returned to low 
or undetectable values by 24 hours af­
ter administration of the drug, and in 
no instance did there appear to be an 
accumulation of salicylate during the 
five days of treatment. A gradual ac­
cumulation of salicylate might be sus­
pected in patient 4 (Figure) because 
of the progressive increase in his se­
rum salicylate levels, but this was no 
doubt the result of applying greater 
quantities of topical medication since 
his serum levels returned to normal 
prior to each subsequent day's treat­
ment. 

The results of the urine salicylate 
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analyse~ are ~ummarized in Table 1. 
W c we:-L· able to reco\·er more than 
60';( of the salirylic acid applied topi­
cally in the urine of all four patients. 
Patient ~ had the greatest percu­
taneous absorption: but a;; indicated 
pre\·iously, he also had the most wide­
spread psoriasis. -'Fhese results indi­
cate that salicylic acid is efficiently 
released from the \'Chicle we used, 
and it encounters very little resist­
ance to penetration th rough diseased 
skin under occlusion. 

Table 1 also shows t he percent of 
the total salicylate excreted, which is 
rep resented by each of the three ma­
jor metabolites. In table 2. the per­
cent of the total salicylate excreted as 
each metabolite after topical appli­
cation of salicylic acid gel is compared 
to the metabolites fou nd followi ng in­
travenous sodium salicylate adminis­
tration for patient 3. These pe rcent­
ages were calculated from the total 
quantities of each metabolite ex­
creted during the period of the study 
and not by averaging the percentages 
of each excreted per day. We have 
also included in Table 2 the expected 
percent of each of the salicylate me­
tabolites after oral administration, as 
reported in the literature; for pu r­
poses of comparison. All of our pa­
tients excreted less salicyla te as sal­
icyluric acid and more as salicylate 
glucuronides than expected. Patient 3 
exhibited these changes not only fol­
lowing topical application of salicylic 
acid but also when gi \·en sodium sa­
licylate intravenously. 

COMMENT 

The findings of ou r study indicate 
that salicylic acid is rapid ly absorbed 
when applied in a propylene glycol-al­
cohol gel vehicle under occl usion to 
diseased skin. When applied under oc­
clusion for ten hours. more than 600(­
of the salicylic acid applied was ab­
sorbed. In three of the four patients, 
peak serum levels occurred within 
five hours, despite the fact that occlu­
sion was carried out for ten hours. 
The serum salicylate concent ration 
never exceeded 5 mg/100 ml, how­
ever, which is well below levels of 30 
to 40 mg/100 ml associated with sys­
temic toxic reactions:· Since 28 gm of 
t his preparation will easily cover the 
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Pat1ent 1 

Total 

Absorption: 

Patient 2 

Total 

Absorption : 

Patient 3 

Total 

Absorption : 

Patient 4 

Total 

Absorption : 

Table 1.-Results o f U ri nary Salicy late An alyses· 

Gel Ap· SA Ap· Salicylate Urinary Metabolites 
plied, plied, Excreted . ------· - ----. 

Day gm mg mg 0 o SA 0 o su 0 o SG 

1 12.4 744 634 4 58 38 
2 11.6 696 369 3 'i3 44 

-
~ 18.3 1098 534 3 57 40 -
4 9.4 564 400 2 62 36 
5 10.1 606 309 3 65 32 
6 0 0 69 J 69 28 
7 0 0 5 18 47 35 

61 .8 3708 23 '10 
so~• ., 

1 18.5 1110 690 14 52 34 
2 16.0 960 848 11 53 36 
3 14.7 882 750 13 54 33 
4 15.3 918 690 4 55 41 
5 18.8 1128 874 4 48 48 
6 0 0 7 - - -
7 0 0 213 1 62 37 

83.3 4998 4072 
82°o 

1 22.3 1338 615 8 58 34 
2 22 .6 1356 684 6 56 38 
3 21.8 1303 764 7 52 41 
4 14.4 864 1123 2 41 57 
5 17.2 1032 553 6 54 40 
6 0 0 1 - - -
7 0 0 0 - - -

98.3 5898 3740 
63 °o 

1 12.1 726 210 5 57 38 
2 13.5 810 349 0 GO 40 
3 12 .1 726 326 3 57 40 
4 15 9 954 605 6 56 38 
5 14.8 888 927 4 51 45 

6 0 0 ~10 3 53 4--l 

7 0 0 0 - - -
68.4 4104 2827 
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• SA ind1cates salicylic acid: SU . sal1cyluric acid: SG. Jcyl Jnd phenolic glucuronides of t 
salicylic acid:- indi cates concent ration Insufficient for relioble detennination ( 

I 
T able 2.-Salicy late Metabolites Excreted After 

' Diffe re nt Ro utes o f Adm inist ration 

' 0 o of Total Urinary Salicylate 

I Route of Free Sali- Salicyluric Sal icylate 
Administration cylic Acid Acid Glucuronides 

Topically applied gel 

~ containing salicylic acid 6 52 42 
Intravenously administered 

' sodium sa l icylate 3 63 34 
Orally administered salicyla te' 10 70 20 

• Data obtained from Goodman and Gilman.8 
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entire body surface of a large man 
and occlusive therapy would rarely be 
used for more than ten hours each 
day, this form of treatment appears 
to present little potential hazard even 
in patients with extensive skin dis­
ease. 

Absorbed salicylic acid· distributes 
into the extracellular fluid volume 
(150 ml!kg); which is about 10 liters 
in a 72-kg man. A 28-gm tube of 6% 
salicylic acid contains 1.8 gm of sal­
icylic acid; if 60% of it is absorbed, 
the maximal serum level that could 
result would be about 1 gm/10 liters 
or 10 mg/100 ml. which is well below 
toxic concentrations. Toxic reactions 
would not have occurred in this study 
even if 100% of the applied salicylic 
acid had been absorbed since the ex­
pected serum level (18 mg/100 ml) 
would still be below a toxic level. We 
did not believe it was necessary to 
produce a toxic reaction to salicylate 
to adequately determine the percu­
taneous penetration of salicylic acid, 
and the study was designed to min­
imize this possibility. 

Topical salicylic acid therapy can be 
hazardous, however, and salicylate 
toxicity as well as death from acute 
salicylate poisoning can occur from 
its injudicious use. To prevent a toxic 
reaction, three factors should be kept 
in mind. The quantity of salicylic acid 
used should not be excessive, the 
available extracellular fluid volume 
should not be limited, and the ability 
to metabolize and excrete the ab­
sorbed medication should not be im-

1. Young CJ: Salicylate intoxication from cu­
taneous absorption of salicylic acid: Review of 
literature and report of a case. South Med J 
45:1075-1077 . 1952. 

2. Cawley EP, Peterson NT, Wheeler CE: Sal­
icylic acid poisoning in dermatologic therapy. 
JAMA 151:372-374, 1952. 

3. von Weiss JF. Lever W F: Percutaneous sal­
icylic acid intoxication in psoriasis. Arch Derma­
tot 90:614-619, 1964. 

4. Lindsey CP: Two cases of fatal salicylate 
poisoning after topical application of an anti-
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paired. Excessive quantities of sali­
cylic acid can result from either a 
high concentration in the medica­
ment or from frequently repeated ap­
plications to large areas of the body. 
The two fatal cases reported by Lind­
sey• occurred after only two appli­
cations of an antifungal solution con­
taining 20.7% salicylic acid to 50% of 
the body surface area. von Weiss and 
Lever·' reported a toxic reaction to sa­
licylate in three patients treated with 
3% and 6% salicylic acid ointment ap­
plied six times daily for 4 to 11 days. 

Toxic reactions to salicylate occur 
more frequently in smaller children 
because their extracellular fluid vol­
ume is much smaller in comparison to 
the potential surface area available 
for treatment. A contracted extracel­
lular volume is also a potential hazard 
in dehydrated debilitated patients. 
Such patients can also develop a toxic 
reaction to salicylate as a result of 
impaired excretion if hepatic or renal 
disease exists. These factors may 
have contributed to the toxic reaction 
to salicylate reported in some cases,' ·' 
although they were not specifically 
discussed. The cases reviewed by 
Young, ' however, demon:>trate the in­
creased risk of treating children. 

Most of the salicylic acid absorbed 
is metabolized to more water soluble 
products to facilitate its excretion. 
Salicylic acid is conjugated with gly­
cine, forming salicyluric acid. which 
normally accounts for iQ(; of the sa­
licylate excreted. It is also conjugated 
with glucuronic acid forming :;en:ral 
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maceuticals Inc .. Buffalo. NY. 

8. Goodman LS, Gilman A (eds): The Pharmll­
cological Bru;is of Therapeutics. ed 4. New York, 
The Macmillan Co, 1970. pp 324-325. 

9 . Hoffman WS: The Biochemistry of Clinical 
:Vedid ne. ed 4. Chicago. Year Book Medical Pub­
lishers. 1970, p 288. 

10. Barr WH , Riegelman S: Intestinal drug 
absorption and metabolism: II. Kinetic aspects 
of intestinal glucuronide conjugation. J Pharm 
Sci 59:164-168. 1970. 
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more debilitating disease may not res When dealing with a child, the choice of 
drugs is considerably restricted, and only 
drugs that have been extensively tested in 
children should be used. This commonly 
means that only aspirin, naproxen, or tol­
metin should be prescribed. However, the 
association of Reye' s syndrome in children 
with the administration of aspirin for the 
treatment of febrile viral illnesses precludes 
its use in this setting. The use of any of the 
aspirin-like drugs in pregnant women is 
generally not recommended. If such a drug 
must be given to a pregnant woman, low 
doses of aspirin are probably the safest. 
Although toxic doses of salicylates cause 
teratogenic effects in animals, there is no 
evidence to suggest that salicylates in mod­
erate doses have teratogenic effects on the 
human fetus. In any case, aspirin should be 
discontinued prior to the anticipated time of 
parturition in order to avoid complications 
such as prolongation of labor. increased 
risk of postpartum hemorrhage, and intra­
uterine closure of the ductus arteriosus. 

Many aspirin-like drugs bind firmly to 
plasma proteins and thus may displace cer­
tain other drugs from the binding sites. 
Such interactions can occur in patients 
given salicylates or phenylbutazone to­
gether with warfarin, a sulfonylurea hypo­
glycemic agent. or methotrexate: the dos­
age of such agents may require adjustment. 
or concurrent administration should be 
avoided. The problem with warfarin is ac­
centuated because almost all of the aspirin­
like drugs disturb normal platelet function. 

Initially. fairly low doses of the aaent chosen 
should be prescribed to determine the patient· s re­
action. When the patient has problems with sleep­
ing because of pain or morning stiffness, a IQer 
single dose of the drua may be aiven at niaht: as an 
altemati ve. single doses of another drua (t .g •• SO to 
100 mg of indomethacin) may be aiven to supple­
ment existing medication without much danaer of 
serious side effects. A week is aenerally lona 
enough to determine the effect of a aiven drua. If 
the drua is effective. treatment should be contin­
ued, reducina the dose if possible and stoppina it 
altogether if it is no lonaer necessary. Side effects 
usually appear in the first weeks of therapy. If the 
patient does not respond. another compound 
should be tried. since there is a marked variation in 
the response of individuals to different but closely 
related drugs. 

For mild arthropathies. the scheme outlined 
above. together with rest and physical therapy, will 
probably be effective. However. patients with a 

I I h POnd;,.:,. 
quate y. ~ .s~c ca~es, m~re aggressi\e lilt·_ 
~hould be m1t1~ted Wit~ asp1rin or a~other ~;~ 
IS. best to av01d contm~~us. combmation the· . 
w•!h more than one aspmn-hke drug: there 1, ,:~ •• 
ey1dence of ~xtra benefit to the patient. and the _ 
c1dence of s1de effects is generally additi\e · 

For the seriously debilitated patient who .•. 
tolerate these drugs or in whom they are n1': : 

quat~ly effective, other forms of therapy ~h 1,~:\ 
c~ns1~ered. G?ld. hydr~xychloroquine. and rt· 
clllamme are d1scussed m a separate section,.::~ 
chapter. Other relevant drugs include immun,,, . 
pressive agents (Chapter 53) and g)ucocon 1~ •. ·: 
(Chapter 60). 

A final important consideration is the C(l•: ," 

therapy, particularly since these agents are h 
quently used on a long-term basis. Gcncr.: 
speaking, aspirin is very inexpensive. ibupr.~c· 
has become less costly than phenylbutazone ~.: 
indomethacin, and the cost of the newer dTUJ' 'J: 

be very high. 
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Despite the introduction of man)· nc• 
drugs, aspirin (acetylsalicylic acid) is ~t~ 
the most widely preS\;ribed analge,,,. 
antipyretic and antiinflammatory a~~n: 
and it is the standard for the compan"-,... 
and evaluation of the others. Prodigil•u· 
amounts of the drug are consumed in IlK 
United States: some estimates place t~K 
quantity as high as 10 to 20 thous~nd ll'~ 
annuaUy. The layman relies upon 1t as 1 

b au..: common household analgesic; yet: ec fu . 
the drug is so generally availabl~.1ts useeo·· 
ness is often underrated. Desp1te thew , 
cacy and safety of aspirin as an ana e·l:. 
and antirheumatic agent. it is necessan ~ 
be aware of its role in Reye · s syndro~e nini 
as a common cause of lethal d~g P0150 nu~ 
in young children. as well as 1ts pOl~ 
for serious toxicity if used im~roperh ·Ill' 

The older literature on sallcylate~tl•rt 
been summarized by Hanzlik 0927).linid 
recent reviews of some of the c ml"" 
pharmacology appear in several sY rart. 
sia (1983a, 1983c) and in a monog 
(Rainsford. 1985a). 

btnl'"' 
Chemistry. Salicylic acid (orthohydrox~ c,tt 

acid) is so irritatina that it can onlY be us is a•• 
nally: therefore, various derivative~ of th 'fllt.l 
have been synthesized for systemiC use. of sJ!' 
comprise two larae classes, namely. esters art"''! 
cylic acid obtained by substitution in t~e c cid> ar 
aroup and salicylate esters of ~~n1c ~d is ~ 
which the carboxyl aroup of sahcyhc acJ 

• 
,I and substit.u~io!" is mad 

wn< mnle aspmn IS an est I ll C\J ,. • f al' 
:, n there are salts o s 1c ....,,,.,,, . 

' rchtionshJPS can be seen 
~ J• Ia', shown in Table 26-1 ••rmu. · I . 
· wurture-Activ!tY Re atl<?' 
rcncr.tll)' act by VIrtUe of the!' 
... ,J all hough some ?f the um< 
·c Juc to its capacitY to ace 

:._.,,,,.a. Sut'tstitutions on the c 
r•"'"' change the potency or 
r-•unJ. The ortho position of 
"'~''rt;ant feature for the actio 
,.,.,, a.:id. c~H 5COOH. shares 
·" .._,h.;ylic acid but is much W< 

"mrlc 'ut'tstitutions on the 'ber 
r\tcn,l\ely studied. and nev ! 
~rc ,1111 being synthesized. I ( 
&!1\c. dinunisal, is also ava1h 
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·ned and substitution is made in the OH group. ror example. aspirin is an ester of acetic acid. In 
ddition. there are salts of salicylic acid. The chem­

~cal relationships can be seen from the structural 
formulas shown in Table 26- t. 

Structure-Activity Relationship. Salicylates 
nerallY act by virtue of their content of salicylic 

:id. although some of the unique effects of aspirin 
are due to its. ca~city to acetylate proteins (see 
below). Substitutions on the carboxyl or hydroxyl 
,roups change the potency or toxicity of the com-

und. The ortho position of the OH group is an 
!:p0rtant feature for the action of salicylate. Ben­
zoic acid. CJI,COOH. shares many of the actions 
of salicylic acid but is much weaker. The effects of 
siJ1\Ple substitutions on the benzene ring have been 
extensively studied, and new salicylate derivatives 
are still being synthesized. A difluorophenyl deriv­
ative. diflunisal. is also available for clinical use. 

J>HARMACOLOGICAL PROPERTIES 

Analgesia. As noted above, the types of 
pain usually relieved by salicylates are 
those of low intensity that arise from integ­
umental structures rather than from vis­
cera. especially headache. myalgia, and ar-
1ttraJgia. The salicylates are more widely 
used for pain relief than is any other class of 
drugs. Long-term use does not lead to toler­
ance or addiction. and toxicity is lower than 
that of opioid analgesics. The salicylates 
alleviate pain by virtue of a peripheral 
action (see above); direct effects on the 
eNS may also be involved. 

Antipyresis, As discussed above. sali­
cylates usually lower elevated body tem­
peratures rapidly and effectively. How-

Table 16-1. STRUCTURAL FORMULAS 
OF THE SALICYLA TF.S 

Salicylic Acid Aspirin Methyl Salicylate 

·* F 

Oiflunisal 

COOH <j> OH ©roc'© 
Sol sa late 

ever, moderate doses that produce this 
effect also increase oxygen consumption 
and metabolic rate. In toxic doses. these 
compounds have a pyretic effect that re­
sults in sweating; this enhances the dehy­
dration that occurs in salicylate intoxica­
tion (see below). 

Miscellaneous Neurological FJJects. In high 
doses. salicylates have toxic effects on the CNS. 
consisting of stimulation (including convulsions) 
followed by depression. Confusion. dizziness. tin­
nitus. high-tone deafness, delirium. psychosis. stu­
por, and coma may occur. The tinnitus and bearing 
loss caused by salicylate poisoning are due to in­
creased labyrinthine pressure or an effect on the 
hair cells of the cochlea. Tinnitus is typically ob­
served at salicylate concentrations of 200 to 
450 l'&fml. and there is a close relation between the 
extent of hearina loss and the concentration of sa­
licylate in plasma. The symptoms are completely 
reversible within 2 or 3 days after withdrawal of the 
drug. 

Salicylates induce nausea and vomiting, which 
result from stimulation of sites that are accessible 
from the cerebrospinal fluid (CSF). probably in the 
medullary chemoreceptor triager zone (CfZ). In 
man, centrally induced nausea and vomititil gener­
ally appear at plasma salicylate concentrations of 
about 270 l'&fml, but these same effects may occur 
at much lower plasma values as a result of local 
aastric irritation. 

Respiration. The effects of salicylate on 
respiration are important because they con­
tribute to the serious acid-base balance dis­
turbances that characterize poisoning by 
this class of compounds. Salicylates stimu­
late respiration directly and indirectly. Full 
therapeutic doses of salicylates increase 
oxygen consumption and C02 production 
(especially in skeletal muscle); these effects 
are a result of salicylate-induced uncoup­
ling of oxidative phosphorylation (see 
below). The increased production of C02 
stimulates respiration. The increased alveo­
lar ventilation balances the increased C02 
production, and thus plasma C02 tension 
<PcoJ does not change. The initial increase 
in alveolar ventilation is characterized 
mainly by an increase in depth of respira­
tion and only a slight increase in rate. If the 
respiratory response to C02 has been de­
pressed by the administration of a barbitu­
rate or an opioid, salicylates will cause a 
marked increase in plasma Pc<>z and respi­
ratory acidosis. 

Salicylate directly stimulates the respira-
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tory center in the medulla. This results in 
marked hyperventilation, characterized by 
an increase in depth and a pronounced in­
crease in rate. Patients with salicylate poi-

. soning may have prominent increases in 
respiratory minute volume, and respiratory 
alkalosis ensues. Plasma salicylate concen­
trations of 350 JLg/ml are nearly always as­
sociated with hyperventilation in man. and 
marked hyperpnea occurs when the level 
approaches 500 Jl.g/ml. 

A depressant effect of salicylate on the 
medulla appears after high doses or after 
prolonged exposure. Toxic doses of salicyl­
ates cause central respiratory paralysis as 
well as circulatory collapse secondary to 
vasomotor depression. Since enhanced 
C02 production continues. respiratory aci­
dosis ensues (see below). 

Acid-Base Balance and Electrolyte Pat· 
tern. Therapeutic doses of salicylate pro­
duce definite changes in the acid-base bal­
ance and electrolyte pattern. The initial 
event. as discussed above. is respiratory 
alkalosis. Compensation for the respiratory 
alkalosis is achieved by increased renal 
excretion of bicarbonate. which is accom­
panied by Na + and K +: plasma bicarbonate 
is thus lowered. and blood pH returns to­
ward normal. This is the stage of compen­
sated respiratory alkalosis. This stage is 
most often seen in adults given intensive 
salicylate therapy and seldom proceeds 
further. 

Subsequent changes in acid-base status 
generally occur only when toxic doses of 
salicylates are ingested by infants and chil­
dren and occasionaUy after large doses in 
adults. In infants and children. the phase of 
respiratory alkalosis may not be observed. 
since the child with salicylate intoxication 
is rarely seen early enough. The stage gen­
erally present is characterized by a de­
crease in blood pH. a low plasma bicarbon­
ate concentration. and a normal or nearly 
normal plasma Pc~: except for the Pc~· 
these changes resemble those of metabolic 
acidosis. However. in reality there is a 
combination of respiratory acidosis and 
metabolic acidosis produced as follows. 
The enhanced production of C~ outstrips 
its alveolar excretion because of direct sa­
licylate-induced depression of respiration: 

consequently. plasma Pco. increases and 
blood pH decreases. Since- the concentra­
tion of bicarbonate in plasma is already low 
because of increased renal bicarbonate ex­
cretion. the acid-base status at this stage is 
essentially an uncompensated respiratory 
acidosis. Superimposed, however. is a true 
metabolic acidosis caused by accumulation 
of acids as a result of three processes. First. 
toxic concentrations of salicylates displace 
about 2 to 3 mEq per liter of plasma bicar­
bonate. Second, vasomotor depression 
caused by toxic doses of salicylate impairs 
renal function with consequent accumula­
tion of strong acids of metabolic origin. 
namely, sulfuric and phosphoric acids. 
Third. organic acids accumulate secondan· 
to salicylate-induced derangement of car­
bohydrate metabolism, especially pyruvic. 
lactic. and acetoacetic acids. 

The series of events that produce acid-base dis· 
turbances in salicylate intoxication also cause alter· 
ations of water and electrolyte balance. The lo; 
plasma Pco. leads to decreased renal tubular rea 
sorption of ·bicarbonate and increased renal ex ere· 
tion of Na.,.. K•. and water (see introduction to 
Section VI). In addition. water is lost by salicyl~te· 
induced sweating and by insensible watendr ~s~ 
through the lungs during hyperventilation. a en 
hydration rapidly occurs. Since more water tha eat· electrolyte is lost through the lungs and bY sw re· 
iq. the dehydration is associated with hype':"a: te 
mia. Prolollled exPOsure to high doses of saltcY and 
also causes depletion of K .. due to both renal a 
extrarenal factors. 

uti' 
CanlioQSCUJar Effects. Ordinary th~rape car· 

doses of salicylates have no impartant dtreCI d 111 
diovascular actions. The peripheral ves~els tentfect 
dilate after large doses because of a dtrect e res~ 
on their smooth muscle. Toxic amounts de,!:otor 
the circulation directly and by central vaso 
paralysis. · yJal~ 

In patients given-large doses of sodium salle rheu· 
or aspirin. such as the doses used in acute e irt 
matic fever. the circulatilll plasma volutnd car· 
creases (about 20%). the hematocrit falls. an endY· 
diac output and work are increased. Cons~~u 50clt 
in patients with clear evidence of card1115d p~l· 
alterations can cause coqestive fail~re1 a,~s ca~ monary edema. High doses of sahcY a edefllll· 
also produce noncardiogenic pulm~narY .nJ ~·· 
particularly in older patients who are maesll 
cylates reiUiarly over a loq term. 

. fl of 
Gastrointestinal Effects. The j~ge~t~sS· 

salicylate may result in epigastnc dt~sfll ,,( 
nausea. and vomiting. The mechant satic· 
the emetic effect is discussed abOve. 
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\late maY. also cause gastric ulceration; 
nacerbation of peptic ulcer symptoms 
1 heartburn. dyspepsia), gastrointestinal 
hemorrhage, and erosive gastritis have all 
hccn reported in patients on high-dose ther­
·•PY. but may occur rarely with low doses 
,,, a hypersensitivity response. Salicylate­
lllduced gastric bleeding is painless and 
111ay lead to an iron~deficiency anemia. 

lhe daily ingestion of 4 or 5 g of aspirin. a dose 
1h,,, rroduces plasma salicylate concentrations in 
'"'' usual range for antiinflammatory therapy (120 
'" I'll J.Lg/m)), results in an average fecal blood loss 
"' ahout 3 to 8 ml per day as compared with ap­
"' "'imately 0.6 ml per day in untreated subjects 
d wnards and Levy. 1973). Gastroscopic or direct 
. •.nnination in salicylate-treated subjects reveals 
.h,acte ulcerative and hemorrhagic lesions of the 
••"!ric mucosa; in many cases. multiple hemor­
'"·•IIK lesions with sharply demarcated areas of 
'"' .11 necrosis are observed. The incidence of 
hln·ding is highest with salicylates that dissolve 
""" ly and deposit as particles in the gastric muco­
•·tl folds. 
'' discussed above. the mechanisms by which 

,,,, • lates injure gastric mucosal cells are complex 
, , lvcy. in Symposium. 1988a). Deleterious ef­

'•," result from local actions (e.g .. "back diffu­
""". · uf acid). which cause injury to mucosal cells 
m.l the submucosal capillaries with subsequent 
,,..,""is and bleeding. and from effects secondary 
'" mhibition of prostaglandin synthesis (e.g., in­
. ••··"cd acid secretion and decreased mucus pro­
.... '"'nl. There may also be an increased tendency 
.,, hkcd because of impaired platelet aggregation. 

llepatic and Renal Effects. Salicylates 
. ·'" produce at least two forms of hepatic 
•IIIII' y. In one form. hepatotoxicity is dose 
. l,·p~o·ndent and is usually associated with 
'''•"ma concentrations that are maintained 
•'>\'' c I 50 ~tg/ml. The vast majority of 
. ·"~-'' lH.:cur in patients with connective tis­
.. ,,. d•,orders. There are usually no symp­
'"'"'· and elevated enzyme (transaminase) 
.. '" 111cs in plasma are the principal indica­
~'"' uf hepatic damage. About 5% of the 

.-..11c1th also have hepatomegaly. anorexia. 
••"I ll.lllsea. and jaundice may be present: 
•• th~.·w instances. salicylates should be dis­
untmw.:d because of the potential hazard 
4 l.11.d hepatic necrosis. For these and 
"h•·• 'casons. restriction of salicylates has 
., " .• dvised in patients with chronic liver 

• ••n,•Jaable evidence implicates the use 
• ,,,It,' lates as an important factor in the 

·•, n L" hepatic injury and encephalopathy 

observed in Reye · s syndrome {see Heubi 
et al., 1987; Hurwitz et ul .. 1987; Pinsky 
et al., 1988). This syndrome is a rare but 
often fatal consequence of infection with 
varicella and various other viruses. espe­
cially the influenza virus. Although a causal 
relationship between salicylates and Reye · s 
syndrome has not been established, there is 
a strong epidemiological association. It has 
been proposed that aspirin and the viral 
illness may act to damage mitochondria. 
perhaps preferentially in genetically pre­
disposed individuals (Heubi et al.. 1987; 
Pinsky et al .. 1988). The use of salicylates 
in children or adolescents with chickenpox 
or influenza is contraindicated . 

As discussed above, salicylates can 
cause retention of salt and water as well as 
acute reduction of renal function in patients 
with congestive heart failure or hypovole­
mia. Although long-term use of salicylates 
alone is rarely associated with nephrotoxic­
ity. the prolonged and excessive ingestion 
of analgesic mixtures containing salicylates 
in combination with acetaminophen or sali­
cylamide can produce papillary necrosis 
and interstitial nephritis (Clive and Stoff. 
1984). 

Uricosuric Effects. The effects of salicylates on 
uric acid excretion are markedly dependent on 
dose. Low doses (J or .::! g per day) may decrease 
urate excretion and elevate plasma urate concen­
trations: intermediate doses (2 or 3 g per day) usu­
ally do not alter urate excretion; large doses (over 
5 g per day) induce uricosuria and lower plasma 
urate levels. Such large doses are poorly tolerated . 
Even small doses of salicylate can block the effects 
of probenecid and other uricosuric agents that de­
crease tubular reabsorption of uric acid (see Chap­
ter 30l. 

Effects on the Blood. Ingestion of aspirin 
by normal individuals causes a definite pro­
longation of the bleeding time. For exam­
ple. a single dose of 0.65 g of aspirin ap­
proximately doubles the mean bleeding 
time of normal persons for a period of 4 to 7 
days. This effect is probably due to acetyla­
tion of platelet cyclooxygenase and the 
consequent reduced formation of TXA2• 

Patients with severe hepatic damage, 
hypoprothrombinemia. vitamin K defi­
ciency. or hemophilia should avoid aspirin 
because the inhibition of platelet hemosta­
sis can result in hemorrhage. If conditions 
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permit, aspirin therapy should be stopped 
at least 1 week prior to surgery; care should 
also be exercised in the use of aspirin dur­
ing long-term treatment with oral anticoag­
ulant agents because of the possible danger 
of blood loss from the gastric mucosa. 
However. the intentional use of aspirin is 
being investigated for the prophylaxis of 
thromboembolic disease. especially in the 
coronary and cerebral circulation (see 
Reilly and Fitzgerald, 1988; see also Chap­
ter 55). 

Salicylates do not ordinarily alter the leukocyte. 
platelet. or erythrocyte count. the hematocrit. or 
the hemoglobin content. In acute rheumatic fever. 
salicylate therapy can reduce leukocytosis and 
the elevated erythrocyte sedimentation rate. The 
plasma iron concentration is markedly decreased 
and erythrocyte survival time is shortened by doses 
of 3 to 4 g per day. Aspirin is included among the 
drugs that can cause a mild degree of hemolysis in 
individuals with a deficiency of glucose-6-phos­
phate dehydrogenase. 

Effects on Rheumatic, Inflammatory, and 
Immunological Processes. and on Connective 
Tissue Metabolism. For almost 100 years 
the salicylates have retained their preemi­
nent position in the treatment of the rheu­
matic diseases. Although they suppress the 
clinical signs and even improve the histo­
logical picture in acute rheumatic fever. 
subsequent tissue damage such as cardiac 
lesions and other visceral involvement is 
unaffected. In addition to their action on 
prostaglandin biosynthesis, the mechanism 
of action of the salicylates in rheumatic dis­
ease may also involve effects on other cel­
lular and immunological processes in mes­
enchymal and connective tissues. 

Because of the known relationship between 
rheumatic fever and immunological processes. at­
tention has been directed to the capacity of salicyl­
ates to suppress a variety of antigen-antibody reac­
tions. These include the inhibition of antibody 
production. of antiaen-antibody aaareaation. and 
of antigen-induced release of histamine. Salicylates 
also induce a nonspecific stabilization of capillary 
permeability during immunological insults. The 
concentrations of salicylates needed to produce 
these effects are high. and the relationship of these 
effects to the antirheumatic efficacy of salicylatcs 
is yet to be determined. 

Salicylates can also influence the metabolism of 
connective tissue. and these effects may be in­
volved in their antiinflammatory action. For ex­
ample. salicylates can affect the composition. bio-

synthesis, or metabolism of connective tissue 
mucopolysaccharides in the ground substance that 
provides barriers to spread of infection and inflam­
mation. 

Metabolic Effects. The salicylates have multiple 
effects on metabolic processes, some of which 
have already been discussed. Only a few pertinent 
aspects will be presented here. 

Oxidative Phosphorylation. The uncoupling of 
oxidative phosphorylation by salicylate is similar to 
that induced by 2.4-dinitrophenol. The effect maY 
occur with doses of salicylate used in the treatment 
of rheumatoid arthritis and can result in the inhibi­
tion of a number of adenosine triphosphate (ATP)­
dependent reactions. Other consequences include 
the salicylate-induced increase in oxygen uptake 
and cart:on dioxide production described above. 
the depletion of hepatic glycogen, and the pyretic 
effect of toxic doses of salicylate. Salicylate in 
toxic doses may decrease aerobic metabolism as a 
result of inhibition of various dehydrogenases. bY 
competing with the pyridine nucleotide coen· 
zymes. and inhibition of some oxidases that require 
nucleotides as coenzymes, such as xanthine 
oxidase. 

Carbohydrau Metabolism. Large doses of ~i­
cylates may cause hyperglycemia and glycosuna 
and deplete liver and muscle glycogen; these ef· 
fects are partly explained by the release of epinephf 
rine. Such doses also reduce aerobic metabolism o 
alucose. increase atucose-6-phosphatase activitY· 
and promote the secretion of alucocorticoids. 

Nitrog~n M~tabolism. Salicylate in toxic doses 
causes a significant negative nitrogen balance. 
characterized by an aminoaciduria. Altboush 
adrenocorticaJ activation may contribute to the 
neaative nitroaen balance by enhancing prote~n 
catabolism. the mechanism of the aminoaciduna 
produced by salicylates is poorly understood· .

5 
FDI M~tabolism. Salicylates reduce lipogen~s:o 

by partially blocking incorporation of acetate 111 ed 
fatty acids; they also inhibit epinephrine·s~ulat 

1 lipolysis in fat ceUs and displace Jong-cha~n f~t: 
acids from bindina sites on human plasma protei~ 
The combination of these effects leads to in~reas 

5
• 

entry and enhanced oxidation of fatty acids 10 rnued 
cle. liver. and other tissues. and to decreas o­
plasma concentrations offree fatty acids. phos~. 
lipid. and cholesterol: the oxidation of ketone 
ics is also increased. 

EadocriDe En'ects. Adrenal Cortex. VeO: I~ 
doses of salicylate stimulate steroid secreuo;yPO" 
the adrenal cortex throuah an effect on tbe cell· 
thalamus and tl"'lDsiently increase plasma ~~~ e­
trations of free adrenocorticosteroids by d~sP1fe,r 
ment from pluma proteins. However. it IS care 
that the antiinflammatory effects of salicYI~t~51e­
indepeodent of these effects on adrenocortiC 
roids. . II of 

Thyro;d Gltuui. Long-term administta~ 
salicylate decreases thyroidal uptake and cl. ;,.4 
of iodjne, but increases oxygen consumPll0~odO:' 
rate of disappearuce of thyroxine and ~ are 
thyronine from the circulation. These effec 1 bY 
probably due to the competitive displacemeP 

salicylate of thyroxine anu 
transthyretin and the thyro 
plasma. 
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,,dicylate of thyroxine and triiodothyronine from 
llansthyretin and the thyroxine-binding globulin in 
pl;tsma. 

Salicylates and Pregnancy. There is no evidence 
!h;tt moderate therapeutic doses of salicylates 
"'use fetal damage in human beings; however. ba­
htes born to women who ingest salicylates for long 
rcriods may have significantly reduced weights at 
htrth. In addition. there is an increase in perinatal 
mnrtality. anemia, antepartum and postpartum 
h•·morrhage, prolonged gestation. and complicated 
·ll'liveries (see above). 

Local Irritant Effects. Salicylic acid is quite irri­
l.tllng to skin and mucosa and destroys epithelial 
, elk The keratolytic action of the free acid is em­
plnyed for the local treatment of warts. corns. 
tun~,:al infections. and certain types of eczematous 
·krmatitis. The tissue cells swell. soften. and 
.bquamate. The salts of salicylic acid are innocu­
"'" to the unbroken skin; however. if the free acid 
'' rdeased in the stomach. the gastric mucosa may 
, .... •rritated. Methyl salicylate (oil of wintergreen) is 
tllttating to both skin and gastric mucosa and is 
.. nty used externally. 

Pharmacokinetics and Metabolism. 
lln:se important aspects of the salicylates 
havl! been reviewed by Davison (1971). 

Absorption. Orally ingested salicylates 
.uc absorbed rapidly. partly from the stom­
•ll.'h but mostly from the upper small intes­
tmc. Appreciable concentrations are found 
111 rlasma in less than 30 minutes; after a 
\lll~:le dose. a peak value is reached in 
.ahout 2 hours and then gradually declines. 
w. •• tc of absorption is determined by many 
f,•ctors. particularly the disintegration and 
,h,o;olution rates if tablets are given, the pH 
.11 the mucosal surfaces. and gastric empty­
u•w time. 

'Mhcylate absorption occurs by passive diffusion 
rotunarily of nondissociated salicylic acid or acetyl­
•.ah.-vlic acid across gastrointestinal membranes 
'""hence is influenced by gastric pH. Even though 
·•hc~·late is more ionized as the pH is increased. a 
... ,.mpH also increases the solubility of salicylate. 
.n.t the overall effect is to enhance absorption. As 
• "''ult. there is little meaningful difference be­
'"~"" the rates of absorption of sodium salicylate. 
.. pum. and the numerous buffered preparations of 
·•ltnlates. The presence of food delays absorption 
" ,,,hcylates. 

l<n:tal absorption of salicylate is usually slower. 
... "mrlete. and unreliable: rectal administration is 
. ...-rdore not advisable when high plasma concen­
"•!u•rh of the drug are required. Salicylic acad is 
'"'"'"v absorbed from the intact skin. espectally 
•h~n applied in oily liniments or ointments. and 
. , •~<·nHc poisoning has occurred from its apphca· 

tion to large areas of skin. Methyl salicylate is like­
wise speedily absorbed when applied cutaneously: 
its gastrointestinal absorption may be delayed 
many hours. and, therefore. gastric lavage should 
be performed even in cases of poisoning that are 
seen late. 

When nonionized salicylic acid in the gastric 
lumen enters mucosal cells, large amounts of salic· 
ylate can accumulate because of dissociation to the 
ionized species at the intracellular pH. As a result. 
gastric mucosal damage may occur. 

Distribution. After absorption, salicy­
late is distributed throughout most body tis­
sues and most transcellular fluids, primarily 
by pH-dependent passive processes. Sali­
cylate is actively transported by a low­
capacity, saturable system out of the CSF 
across the choroid plexus. The drug readily 
crosses the placental barrier. 

The volumes of distribution of usual doses of 
aspirin and sodium salicylate in normal subjects 
average about 170 ml/kg of body weight; at high 
therapeutic doses. this volume increases to about 
500 ml/kg because of saturation of binding sites on 
plasma proteins. Ingested aspirin is mainly ab· 
sorbed as such. but some enters the systemic circu­
lation as salicylic acid, because of hydrolysis by 
esterases in the gastrointestinal mucosa and the 
liver. Aspirin can be detected in the plasma only for 
a short time as a result of hydrolysis in plasma, 
liver. and erythrocytes: for example. 30 minutes 
after a dose of 0.65 a. only 27% of the total plasma 
salicylate is in the acetylated form. As a result, 
plasma concentrations of aspirin are always low 
and rarely exceed 20 ~alml at ordinary therapeutic 
doses. Methyl salicylate is also rapidly hydrolyzed 
to salicylic acid. mainly in the liver. 

At concentrations encountered clinically, from 
80 to 90% of the salicylate is bound to plasma pro­
teins. especially albumin; this fraction declines as 
plasma concentrations are increased. In addition, 
hypoalbuminemia. as may occur in rheumatoid ar­
thritis. is associated with a proportionately higher 
level of free salicylate in the plasma. Salicylate 
competes with a variety of compounds for plasma 
protein binding sites: these include thyroxine, triio­
dothyronine. penicillin. phenytoin. sulfinpyrazone. 
bilirubin. uric acid. and naproxen. Aspirin is bound 
to a more limited extent: however, it acetylates 
human plasma albumin in vivo by reaction with the 
f·amino group of lysine; this acetylation may 
change the bmdma of drugs to albumin. Hormones . 
DNA. platelets. and hemoglobin and other proteins 
are also acetylated. 

Biotransformation and Excretion. The 
biotransformation of salicylate takes place 
in many tissues. but particularly in the he­
patic endoplasmic reticulum and mitochon­
dna. The three chief metabolic products are 



ANALGESIC-ANTIPYRETICS AND ANTIINFLAMMATORY AGENTS [Chap. 261 

salicyluric acid (the glycine conjugate), the 
ether or phenolic glucuronide, and the ester 
or acyl glucuronide. In addition, a small 
fraction is oxidized to gentisic acid (2.5-
dihydroxybenzoic acid) and to 2,3-dihy­
droxybenzoic and 2.3.5-trihydroxybenzoic 
acids; gentisuric acid, the glycine conjugate 
of gentisic acid, is also formed. 

Salicylates are excreted in the urine as 
free salicylic acid (10%). salicyluric acid 
(75%), salicylic phenolic (10%) and acyl 
(5%) glucuronides, and gentisic acid 
(<1%). However. excretion of free salicy­
late is extremely variable and depends upon 
both the dose and the urinary pH. In alka­
line urine. more than 30% of the ingested 
drug may be eliminated as free salicylate. 
whereas in acidic urine this may be as low 
as 2%. 

The plasma half-life for aspirin is approx­
imately 15 minutes: that for salicylate is 2 to 
3 hours in low doses and about 12 hours at 
usual antiinflammatory doses. The half-life 
of salicylate may be as long as 15 to 30 
hours at high therapeutic doses or when 
there is intoxication. This dose-dependent 
elimination is the result of the limited abil­
ity of the liver to form salicyluric acid and 
the phenolic glucuronide. and a larger pro­
portion of unchanged drug is excreted in 
the urine at higher doses. 

The plasma concentration of salicylate is in­
creased by conditions that decrease alomerular fiJ. 
tration rate or reduce its secretion by the proximal 
tubule. such as renal disease or the presence of in­
hibitors that compete for the transport system 
(e.g .• probenecid). Changes in urinary pH also 
have sianificant effects on salicylate excretion: for 
example. the clearance of salicylate is about four 
times as ereat at pH 8.0 as at pH 6.0. and it is weU 
above the alomerular filtration rate at pH 8.0. Hiah 
rates of urine flow decrease tubular reabsorption. 
whereas the opposite is true in oliauria. The coruu· 
sates of salicylic acid with Jlycine and alucurooic: 
acid do not readily back diffuse across the renal 
tubular ceUs. Their excretion. therefore. is both by 
alomerular filtration and proxima) tubular secretion 
and is not pH dependent. 

Preparations, Routes or Admlaistntioa, aad 
Dosa&e. The two most commonly used prepara­
tions of salicylate for systemic effects are sodium 
salicylate and aspirin (acetylsalicylic acid). 

Sodium sa/iey/ate is available in n:auJar or en­
teric-coated tablets that contain 32.5 or 6SO ~of 
drua and in an injectable solution for parenteral 
use. Aspirin is available in reaular or enteric-coated 

tablets ranging from 65 to 975 mg and in supposito­
ries; timed-release tablets are also marketed. 

The dose of salicylate depends on the condition 
being treated. The usual single dose of aspirin in 
adults is 300 mg to 1.0 g. This may be repeated 
every 4 hours. More intensive dosage regimens are 
employed in acute rheumatic fever and rheumatoid 
arthritis (see below). 

The route of administration is nearly always oral. 
Parenteral administration is rarely necessary. The 
rectal administration of aspirin suppositories may 
be necessary in infants or when oral medication is 
not retained. Salicylates are conveniently taken in 
tablets or capsules with a full glass of water to mini· 
mize gastric irritation. Aspirin is poorly soluble. 
has many chemical incompatibilities. and should be 
dispensed only in solid dry form. Timed-release 
preparations are of limited value. since the half· 
time for elimination of salicylate is so long, particu· 
Jarly during high-dose therapy. Absorption from 
enteric-coated tablets is sometimes incomplete. but 
these formulations may produce less gastrointesti· 
nal irritation. Preparations of aspirin containini 
alkali or buffer are sometimes better tolerated. but 
alkalinization of the urine. which may occur. can 
shorten the plasma half-life of salicylates consider· 
ably (see above). 

Other salicylates that are available for systemic 
use include salsa/ate (salicylsalicylic acid: 
DJCALCtD); it is hydrolyzed to salicylic acid dunni 
and after absorption. The drug is available in soo­
and 750-ma tablets and 500-mg capsules; the maxi· 
mal daily dose is 3 a given in 2 to 4 divided doses. 
Sa/iey/amide. which is not metabolized to salicY· 
late in vivo. has antipyretic. analgesic. and antiin· 
Oammatory effects similar to those of salicylate. II 
remains available only in certain combination preP' 
arations. Sodium thiosalicylate (injection). choline 
salicylate (oral liquid), and magnesium salicylate 
<tablets) are also available. A combination of cho­
line and maanesium salicylates (TIULJSA TE) is for· 
mulated to contain 500 mg of salicylate per 5 ml 
(oral liquid) or 500 to 1000 ~ per tablet: 1 to 3 
doses per day may be given. The nonacetylated ~ 
icylates appear to produce a lower incidence o 
aastrointestinal ulceration and have less effect on 
platelet aaresation than does aspirin. Diflunisal is 
discussed below. 

Mesalomine (S:aminosalicylic acid) is a saJicY' 
late that is used for its local effects in the treatment 
eX inflammatory bowel disease. The drug is not 
effective orally because it is poorly absorbed and 
is inactivated before reachina the lower intestint· 
It is currently available as a rectal suspension 
enema (aow ASA) for treatment of mild-to-moderate 
proctosi.lmoiditis; formulations that deliver tile 
intact drua to the lower intestine are under inves· 
tilation <Schroeder et al.. 1981). Sulfasalazint 
(salic;ylazosulfapyridine; AZULFJDINE, AZALII'i~) 
contains mesalamine linked covalently to sulfapyn· 
dine (see Chapter 45); it is poorly absorbed ~er 
oral administration. but it is cleaved to its ~uvf 
compooents by bacteria in the colon. The drua as .0 

beoefit in the treatment of inflammatory bowel dis· 
ease. principally because of the local actions ~f 
mesaJamine. Sulfasalazine has also been used all 
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the treatment of rheumatoid arthritis and anky­
losing spondylitis (see Symposium, 1986a. 1988bl: 
,u(fapyridine, which is absorbed systemically, 
••ppears to be the most important therapeutic 
,·omponent in these conditions. 

Methyl salicylate (sweet birch oil. wintergreen 
oil. gaultheria oil, betula oi[) is employed only for 
cutaneous counterirritation and is distributed in the 
ronn of salves, liniments, and other preparations. 
Salicylic acid is primarily used for local application 
'" a keratolytic agent in plasters, liquids, creams, 
nintments, and other topical preparations. How­
ever. a transdermal patch containing 15% salicylic 
.acid has recently been marketed for systemic 
therapy. 

TOXIC EFFECTS 

As a result of their wide use and ready 
.tVailability, salicylates are frequently the 
~:ause of intoxication. Poisoning or serious 
intoxication often occurs in children and is 
'ometimes fatal. The drug should not be 
viewed as a harmless household remedy. 

Hypersensitivity is also a cause of unto­
ward responses to salicylate. Furthermore. 
renal or hepatic insufficiency or hypopro­
thrombinemia or other bleeding disorders 
enhance the possibility of salicylate toxic­
ttY. Children with fever and dehydration 
are particularly prone to intoxication from 
relatively small doses of salicylate. In addi­
tion. the use of aspirin is contraindicated in 
children and adolescents with febrile viral 
1llnesses because of the risk of Reye·s syn­
drome. Many of the unwanted effects that 
;1re common to the aspirin-like drugs are 
discussed above. 

Salicylate Intoxication. The fatal dose varies 
-..11h the preparation of salicylate. From 10 to 30 11 
uf sodium salicylate or aspirin has caused death in 
.....tults. but much larger amounts (130 11 of aspirin. 
an one case) have been ingested without fatal out­
wme. The lethal dose of methyl salicylate is con­
••derably less than that of sodium salicylate. As lit­
tle as 4 ml (4.7 g) of methyl salicylate may be fatal 
111 children. 

Symptoms and Signs. Mild chronic salicylate 
tnto1tication is termed salicylism. When fully devel­
••fl<!d. the syndrome includes headache. dizziness. 
11nging in the ears. difficulty in hearing. dimness of 
Vl\ion. mental confusion, lassitude. drowsiness. 
•weating, thirst. hyperventilation. nausea. vomit­
mg. and occasionally diarrhea. A more severe de­
•rce of salicylate intoxication is characterized by 
more pronounced CNS disturbances (including 
•cneralized convulsions and coma). skin eruptions. 
and marked alterations in acid-base balance. Fever 
" usually prominent. especially in children. Dehy­
•lration often occurs as a result of hyperpyrexia. 

sweating, vomttmg, and the loss of water vapor 
during hyperventilation. Gastrointestinal symp­
toms are often present: about 50% of individuals 
with plasma salicylate concentrations of more than 
300 ~g/ml experience nausea. 

A prominent feature of salicylate intoxication is 
the disturbance in acid-base balance and electro­
lyte composition of the plasma described above. 
The most severe metabolic disturbances occur in 
infants and very young children who become intox­
icated as the result of therapeutic overdosage: most 
of the acidotic patients seen with salicylate intoxi­
cation are in this group. 

Hemorrhagic phenomena are occasionally seen 
during salicylate poisoning, the mechanism and sig­
nificance of which have been discussed. Petechial 
hemorrhages are a prominent postmortem feature. 
Thrombocytopenic purpura is a rare complication. 
While hyperglycemia may occur during salicylate 
intoxication. hypoglycemia may be a serious con­
sequence of toxicity in young children. It should be 
seriously considered in any young child with coma, 
convulsions, or cardiovascular collapse. 

Severe toxic encephalopathy may be a promi­
nent feature of salicylate poisoning and may be dif­
ficult to differentiate from rheumatic encephalopac 
thy. As poisoning progresses, central stimulation is 
replaced by increasing depression. stupor, and 
coma. Cardiovascular collapse and respiratory in­
sufficiency ensue. and terminal asphyxial convul­
sions and pulmonary edema sometimes appear. 
Death usually results from respiratory failure after 
a period of unconsciousness. 

Salicylate toxicity in adults may not be readily 
diaanosed because such patients usually become 
intoxicated from their therapeutic regimen; there is 
no history of acute overdosage. Prominent features 
of toxicity in this group are noncardiogenic pulmo­
nary edema. nonfocal neurological abnormalities, 
and laboratory findings that include acid-base ab­
normalities. unexplained ketosis. and a prolonged 
prothrombin time (Anderson et al .. 1976). 

Symptoms of poisoning by methyl salicylate dif­
fer little from those described for aspirin. Central 
e1tcitation. intense hyperpnea. and hyperpyrexia 
are prominent features. The odor of the drug can 
easily be detected on the breath and in the urine 
and vomitus. Poisoning by salicylic acid differs 
only in the increased prominence of gastrointesti­
nal symptoms due to the marked local irritation. 

Treatment. Salicylate poisoning represents an 
acute medical emergency. and death may result 
despite all recommended procedures. The treat­
ment is larJely symptomatic. Salicylate medication 
is withdrawn as soon as intoxication is suspected. 
The patient should be hospitalized. particularly in 
cases of poisoning with methyl salicylate. Blood 
should be obtained for plasma salicylate determina­
tions and acid-base and electrolyte studies. The 
salicylate concentration is reasonably well corre­
lated with clinical severity. when corrected for the 
duration of the intoxication. and is of value in as­
sessing the type of therapy to be instituted. Since 
absorption of salicylate from the gastrointestinal 
tract may be delayed for many hours after an over­
dose. measures to reduce such absorption should 
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always be employed. These include induction of 
emesis, gastric lavage, administration of activated 
charcoal. or a combination of these. 

. Hyperthermia and dehydration are the immedi· 
ate threats to life, and the initial therapy must be 
directed to their correction and to the maintenance 
of adequate renal function. External sponging with 
tepid water or alcohol should be provided quickly 
to any child with very high fever. Adequate 
amounts of intravenous fluids must be given 
promptly. The type and amount of solutions to be 
employed depend upon the interpretation of the 
laboratory data on acid-base balance. If the patient 
presents with an acidosis, correction of the low 
blood pH is essential, especially since acidosis re­
sults in a shift of salicylate from plasma into brain 
and other tissues. Bicarbonate solution should be 
infused intravenously, if possible. in sufficient 
quantity to maintain alkaline diuresis. Correction 
of ketosis and hypoglycemia by administration of 
glucose is also essential for complete control of the 
metabolic acidosis: however. the ketosis clears 
only slowly. If K + deficiency occurs during salicy­
late intoxication, it should be treated by adding the 
cation to the intravenous fluids once it has been 
determined that urine formation is adequate. 
Plasma transfusion may be beneficial. especially if 
the shock syndrome intervenes. Hemorrhaaic phe· 
nomena may necessitate whole-blood transfusion 
and vitamin K (phytonadione). 

Measures to rid the body of salicylate rapidly 
should be undertaken immediately. Forced diuresis 
with alkalinizing solution appears to be better than 
alkali alone: however. this may be danaerous in 
adults who are prone to develop pulmonary edema. 
In severe intoxication. hemodialysis is the most ef· 
fective measure available for the removal of salicy­
late and for the correction of the electrolyte and 
acid-base disturbances. Hemodialysis should be 
considered in patients with salicylate concentra­
tions above 1000 l'lfml, in those with severe acid­
base disturbances whose clinical condition is dete· 
riorating despite otherwise-appropriate therapy. 
and in those who have associated serious disease. 
particularly cardiac. pulmonary. or renal disease. 
<See Brenner and Simon. 1982: Meredith and Vale. 
1986.) 

Aspirin Hyperseasitivity. Aspirin hypersensitiv­
ity or intolerance is discussed above. It is impor­
tant to recoanize this syndrome even thoulh it is 
rather uncommon. since the administration of aspi­
rin and many other aspirin-like druas may result in 
severe and possibly fatal reactions. The oon­
acetylated salicylates appear to be consideDbly 
less apt to produce these reactions as compared 
with aspirin and other agents. Treatment of such 
responses does not differ from that ordinarily em­
ployed in acute anaphylactic reactions. Epineph­
rine is the drua of choice and usually controls 
angioedema and urticaria without difficulty. 

THERAPEUTIC USES 

There are many systemic and a few local 
uses of the salicylates. Several are based on 

tradition and empirical results rather than 
on a clear understanding of the mechanism 
of therapeutic benefit. 

Systemic Uses. Antipyresis. Antipyretic ther· 
apy is reserved for patients in whom fever in itself 
may be deleterious. and for those who experience 
considerable relief when a fever is lowered. Little 
is known about the relationship between fever and 
the acceleration of inflammatory or immune pro­
cesses: it may at times be a protective physiological 
mechanism. The course of the patient's illness may 
be obscured by the relief of symptoms and the re· 
duction of fever from the use of antipyretic drugs. 
The antipyretic dose of salicylate for adults is 3~5 
to 650 mg orally every 4 hours: for children. 50 to 
75 mg/kg per day is given in four to six divided 
doses. not to exceed a total daily dose of 3.6 g. 

Analgesia. Salicylate is valuable for the nonspe· 
cific relief of certain types of pain. for example. 
headache, arthritis. dysmenorrhea. neuralgia. and 
myalgia. For this purpose. it is prescribed in the 
same doses and manner as for antipyresis. 

Acute Rheumatic Fever. In this disease. the 
salicylates suppress the acute exudative inflam· 
matory process but do not affect the duration or 
proaression of the disease or the later phases of 
IJ'llllUiomatous inflammation or scar formation. 
Nevertheless. if a patient has severe carditis and 
bean failure. the nonspecific antiinflammatorY 
effect of salicylates and particularly of adreno­
conicosteroids may be invaluable in reducing the 
burden upon the heart. 

For maximal suppression of rheumatic inflanlfll8' 
tion. doses that provide a plasma salicylate co~c~· 
tration of 150 to 300 #'8/rnl should be maintain · 
but polyarthritis and fever usually respond 1'( 
smaller amounts. For adults. a total daily dosa8e 0 

S to 8 a. &iven at intervals in I·& amounts. usual!~ 
suffices. Children are given 100 mg/kg per daY·\ 
divided portions every 4 to 6 hours. for up t~ 

11 week: the dose is then reduced in stepwise fash~ 
at weekly intervals to 60 to 75 mg/kg per daY. ni· 
maintained as lona as necessary. Anorexia_. u~ht 
tus. nausea. and vomiting are common dunll!l ·de 
first 3 or 4 days of therapy. but tend to ~ubs~U 
despite continuation of medication. OrdinarilY· ti!C 
doses are contin~ed until at least 2 weeks anc:rti'~' 
patient is asymptomatic and all evidence o~ ac tbC" 
inOammation has disappeared. The dru& ts 10 
aradually discontinued over a period of 1 ~ 
days. If symptoms and signs of the dise~raP~ 
pear, salicylate therapy is reinstituted. I aaw suJIS 
with alucocorticoids does not yield overall rc: . S'" 
superior to those obtained with the saJicylathtc:s~ ef· 
lic:ylatc and &lucoconicoids are additive in ~ pOl 
fects. If carditis is not evident. salicylates severf 
steroids should be used. However. if ac~te adtf' 
carditis is present. most investigators believe: { sa~J• 
nocorticosteroids should be &iven instead 0 

c:ylatcs. at least initially. ..,enl 
Rheumatoid Arthritis. Despite the devsalc:l~~lateS 

m the newer antiinflammatory aaents. . 1' ~ 
are still reaarded as the standard with whtcll 11, J 
druas should be compared for the treattnC 
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atoid arthritis. In addition to the analgesia 
r11eu':nows more effective therapeutic exercises. 

,-t .. is improvement in appetite and a feeling of 
.!)eilli· S~cylates also reduce. the inflamma­

. · in joint t1ssues and surrounding structures. 
uon age to joints is· the most difficult aspect of 
l)al1l matoid arthritis to manage, and any agent that 
rheu ces the inflammation is important in lessening 
red~elaYilli the development of crippling. Salicy­
or can be shown to produce objectively measur­
tates antiinflammatory changes when given in large 
able s for long periods to patients with active rheu­
dO~~id disease. Large doses of salicylates, such as 
rna e used for rheumatic fever (4 to 6 g daily), are 
~~~sed. bu~ some p~tients ~espond we~ to les~. 
a The maionty of pat1ents w1th rheumatOid arthn­
. can De controlled with salicylates alone or with 

115 er asPirin-like antiinflammatory agents. Some 
oth uire theraPY with more toxic drugs, such as gold 
re~s hydroxychloroquine, penicillamine. adreno­
~ rti~osteroids, or immunosuppressive agents. 
.. o Other Uses. Because of the potent and long-

tilli effect of low doses of aspirin on platelet 
la~ction. this drug is used in the treatment or pro­
f~ylaxis of diseases associated with platelet hyper­
P regabilitY. such as coronary artery disease and 
~10perative deep-vein thrombosis (see Chapter 
~l. The effectiveness of such therapy _appears to 
d~pend upon blockade ofTXA2 synthesiS by plate­
lets without preventing production of PGI2 by en­
dothelial cells (see Chapters 24 and 55> .. Although 
the optimal dosage has not been established. the 
frequencY of beneficial effects appear to be greater 
when the dose of aspirin is 325 mg per day or 
tower. In the largest study to date. the ingestion of 
12.5 mg of aspirin every other day reduced the inci­

,--.. ~ of myocardial infarction in male physicians 
,ore than 409C: no effect was detected on the 

1
nc1dence of stroke (Steering Committee of the 
Physicians· Health Study Research Group. 19891. 

A relative excess of TXA~ over PGI2 has been 
implicated in the genesis of preeclampsia and hy­
pertension induced by pregnancy !see Lubbe. 
19871. The administration of60 or 100 mg of aspirin 
per day to pregnant women who have a high risk of 
developing hypertension reduces the fortnation of 
thromboxane A~ without changing the production 
of PGI~ and may lower the incidence of preeclamp­
sia IBenigni et al.. 1989: Schiff et al .. 19891. 

Relationship of Plasma Salicylate Concentration 
co Therapeutic E.ffect and Toxicity. For optimal 
antiinflammatory effect for patients with rheumatic 
dtseases. plasma salicylate concentrations of 150 to 
300 ~ml are required. In this range, the clearance 
of the drug is nearly constant (despite the fact that 
saturation of metabolic capacity is approached) 
because the fraction of drug that is free and thus 
available for metabolism or excretion increases as 
bmdmg sites on plasma proteins are saturated. The 
total concentration of salicylate in plasma is thus a 
relattvely linear function of dose. It is important to 
mdntdualize the total dose of aspirin. especially 
he~;!u-;e the range of plasma salicylate concentra­
uun> needed for optimal antiinflammatory effects 
may overlap that at which tinnitus is noted. Tinni­
tus may be a reliable index of therapeutic plasma 

concentration in patients with nortnal hearing, but 
obviously not in those with a preexisting hearing 
loss. Hyperventilation generally occurs at concen­
trations greater than 350 ~rnl. and other signs 
of intoxication. such as acidosis, at concentra­
tions greater than 460 JLg/rnl. Single analgesic­
antipyretic doses of salicylate usually yield plasma 
concentrations below 60 JLg/rnl. 

The plasma concentration of salicylate is gener­
ally little affected by other drugs, but concurrent 
administration of aspirin lowers the concentrations 
of indomethacin. naproxen. and fenoprofen, at 
least in part by displacement from plasma proteins. 
Important adverse interactions of aspirin with war­
farin and methotrexate are mentioned above. Other 
interactions of aspirin include the antagonism of 
spironolactone-induced natriuresis and the block­
ade of the active transport of penicillin from CSF to 
blood. 

Local Uses. Salicylic acid is applied topically as 
a keratolytic agent. In combination with benzoic 
acid, it is often prescribed for epidertnophytosis. 
Salicylic acid is also employed as a wart and com 
remover (10 to 20% in collodion). 

Methyl salicylate is reserved for external use as a 
counterirritant. It is employed for painful muscles 
or joints and distributed in an ointment, liniment, 
or other preparation. Absorption of methyl salicy­
late can occur through the skin. and death has re­
sulted from systemic poisoning from the local mis­
application of the drug. It is a common pediatric 
poison. and its use should be strongly discouraged. 
It is also used as a flavoring agent. 

DIFLUNISAL 

DiOunisal is a diOuorophenyl derivative of sali­
cylic acid \see Table 26-ll: it is not converted to 
salicylic acid in vivo. DiOunisal is more potent than 
aspirin in antiinflammatory tests in animals and 
appears to be a competitive inhibitor of cyclooxy­
genase. However. it is larae1Y devoid of antipyretic 
effects. perhaps because of poor penetration into 
the CNS. The drug has been used primarily as an 
analgesic in the treatment of osteoarthritis and 
musculoskeletal strains or sprains: in these circum­
stances it is about three to four times more potent 
than aspirin. DiOunisal does not produce auditory 
side effects and appears to cause fewer and less 
intense gastrointestinal and antiplatelet effects than 
does aspirin. 

Diflunisal is almost completely absorbed after 
oral administration. and peak concentrations occur 
in plasma within 2 to 3 hours. It is extensively 
bound to plasma albumin <99%). Dillunisal appears 
in the milk of lactatina women: its penetration into 
the CNS is uncertain. About 90% of the drug is 
excreted as alucuronides. and its rate of elimination 
is dependent upon dosaae. At the usual analgesic 
dose (500 to 750 mg per dayl the plasma half-life 
ranaes between 8 and 12 hours. (For reviews, see 
Broaden et al .. 1980: Davies. 1983: van Winzum 
et al .. in Symposium. 1983a.l 

Di!lunisal (DOLOBJDI is marketed in 250- and 
500-mg tablets. For mild·t~moderate pain. the 



I 
• ! 

........ ·--:::-~--~----

654 ANALGESIC-ANTIPYRETICS AND ANTIINFLAMMATORY AGENTS [Chap. 2~] 

usual initial dose is 500 to 1000 mg, followed by 250 
to 500 mg every 8 to 12 hours. For rheumatoid ar­
thritis or osteoarthritis. 250 to 500 mg is adminis­
tered twice daily: maintenance dosaae should not 
exceed 1.5 a per day. 

PYRAZOLON DERIVATIVES 

This group· of drugs includes phenylbuta- ~ .. 
zone, oxyphenbutazone. antipyrine. ami­
nopyrine, dipyrone. and a more recent ad­
dition. apazone (azapropazone). With the 
exception of apazone. these drugs have 
been in clinical use for many years: 
although not a first-line drug, phenyl­
butazone is the most important from ·the 
therapeutic viewpoint. while antipyrine. 
dipyrone. and aminopyrine are seldom used 
today. Apazone is not yet available in the 
United States. 

PHENYLBUTAZONE 

Antipyretic and Analgesic Effects. The antipy. 
retic effect of phenylbutazone has been little stud­
ied in man. For pain of nonrbeumatic origin, its 
analgesic efficacy is inferior to that of salicylates. 
Because of its toxicity. phenylbutazone should not 
be used routinely as an analgesic or antipyretic. 

Uricosuric E./feet. In doses of about 600 mg per 
day. phenylbutazone has a mild uricosuric effect. 
probably attributable to one of its metabolites that 
Jecreases tubular reabsorption of uric acid. Low 
concentrations of the drua inhibit tubular secretion 
of uric acid and cause retention of urate. A conae­
ner. sulfinpyrazone. is a much more effective uri­
cosuric agent and is useful for the treatment of 
chronic aout <see below and Chapter 30). 

£/Jeers on Water and Electrolytes. Phenylbuta." 
zJne causes sianificant retention of Na + and chlo­
ri1e. accompanied by a reduction in urine volume: 
edema may result. The excretion of K • is not 
changed. Plasma volume frequently increases by as 
much as 50%. and. as a result. cardiac decompen· 
sation and acute pulmonary edema have occurred 
in patients aiven the drua. 

Other E./Jeers. Phenylbutazone reduces the up­
take of iodine by the thyroid aland. apparently sec· 
ondary to inhibition of biosynthesis of oraanic io­
dine compounds. Goiter and myxedema maY 
occasionally result from this effect. Phenylbutazone was introduced in 1949 

for the treatment of rheumatoid arthritis 
and allied disorders. Although it is an effec- Pbarmac:oldaetics and MetaboUsm. Phenylbuta· 
tive antt't'nflammatory agent. sen·ous toxl·c- zone is rapid1y and completely absorbed from the 

aastrointestinal tract or the rectum. and the peak 
ity limits its use in long-term therapy. Its concentration in plasma is reached in 2 hours. After 
structural formula is as follows: 

0 
therapeutic doses, more than 98% of phenylbuta· 

<~ zone is bound to plasma proteins. The half-life of 

Q 0~ 
CH3CH2CH2CH2 0 

Phenylbutazone 

phenylbutazone in plasma is very long-50 to 65 
hours. The drua penetrates into the synovial spaces 
and reaches a concentration about one half of that 
in the plasma: sienificant concentrations maY pe~­
SISt in the joints for up to 3 weeks after treatment IS 
disconunued. 

Phenylbutazone underaoes extensive metabOli.c 
transformation in man. The most significant pn· 
mary reactions involve atucuronidation and ~y­
droxylattoO of the phenyl rings or the butYl sldd 
chain. The corouaates are excreted in the urine an 
represent the bulk of the excreted drua. Qxyphen· 

Pharmacological Properties. The antiin- butazone. a metabolite of phenylbutazone. h~ ~~ 
tlammatory effects of phenylbutazone are tirbeumatic and Na ... -retainina activities si.miJar 
similar to those of the salicylates. but its those of the parent drua. O:xyphenbutazone is aJs~ 

· · d'fti · nifi tl Lik · extensively bound to plasma proteins and haS 5 toxtctty 1 ers SIB tcan Y. e ammopy- half-life m plasma of several days. It acc~ulat~f 
rine. phenylbutazone can cause agranuJo- sianificantJy during long-term administrauon 
cytosis. The pharmacology and toxicoloay phenylbutazone and contributes to the ph~ 
of phenylbutazone and its metabolites and 1o1Pca1 and toxic effects of the paren~ dnJ8. 0 ed in 
congeners have been reviewed in a symnn.. trace of unchanaed phenylbu!Uone IS excf1?nlt tiS 

. . ""· the unne. Oxyphenbutazone ts excreted maJ Y 
smm (Sympostum. 1983a) and by Schuster ~· the 0-&lucuronide. 
and associates <Rainsford. 1985a>. - orY 

Antiinflammatory E./Jects. Phenylbutazone hu 
prominent antiinflammatory effects. and its frc:. 
quent use to enhance the performance or race 
horses is well known. Somewhat Stmdar effects are 
demonstrable in patients with rheumatoid arthritis 
and related disorders. 

Dnla blt.endioos. Other antiinflammat ce­
aaenu. oR1 anticoaaulant druas. oral hypoaiYdis· 
mics. sulfonamides. and other druas maY be 11yl· 
placed from binding to plasma proteins by phdf111 
butaz.one. The net result depends upon the weU· 
and ill disposition after beina displaced. ne ·ate&! 
documented increased risk of bleeding ass0C1 
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seborrha:ic dermatitis in addition ro the po,·idone-iodine 
shampoo. On this regimen, her scalp and nails have 
remained free of St.:zph . .:zurcus. 

Discussion 

E\·er)'body carries bacteria in varying amounts in 
their hair, and in many instances large numbers of 
organisms are of a virulent type. Nevertheless, epi­
demics of wound infections do not often occur 
although carriers are present in the operating­
theatre. This indicates rhar hosr factors may also 
be important. In rhe first epidemic several patients 
had reduced host resistance because of a poor blood­
supply to the area im·o[\·ed. Also the surgical tech­
nique of the doctor who was a carrier often produced 
wounds with excessive amounts of necrotic material 
and dead space left behind. Therefore, local host 
factors which ia,·oured the development of wound 
infection were involved in the first outbreak. In the 
second outbreak all the infections occurred in patients 
who were either on dialysis or had recently had trans­
plants, all were people with extremely poor host 
resistance . ~any were on immunosuppressi,·e drugs. 
Thus It seems that simple carriage of Scaph . aurcus 
in the hair is not sufficient to establish clinical sepsis, 
there must also be poor host resistance ,on a local 
or systemic basis~ . 

In our experience routine sampling of people in 
critical areas of the hospital is of no significant value, 
and broad-scale sampling should be reserved for out­
breaks when they occur. From our experience of the 
present two outbreaks we believe that during epi­
demics of wound infection cultures should be taken 
oi the hair and subungual spaces as well as the nose 
and throat. 

Since these outbreaks the Rodac contact-plate tech­
nique has been used to determine the frequency of 
hair carriage in ten people. The a\·erage pre-shampoo 
counts were 323 organisms. \'i;'ashmg the ha1r wuh 
any of the antibacterial shampoos considerably 
reduced the count. However, the general expenence 
both here and in other hospitals has been that 
povidone-iodine shampoo gi,·es the best reductton. 

It is also important to reduce the amount of shed­
ding from the hair and scalp in the operating-theatre, 
and this is best achieved by cownng the hair ,prefer­
ably with a hood' so that the hair and scalp are not 
exposed during the operation. 

The infections which resulted from hair carnage 
are probably unusual and requtre poor host condi­
tions and deli,·ery of virulent organisms mto the 
wound. Since the present study, several people who 
carried virulent staphylococci in their hair have been 
identified and yet there were no associated ep1demJcs 
of wound infections in patients under their care. 

R<'lU<sts i<>r r<prints sh.:>u!J be JJJr<»<..! t.> P D .• 
D<partm<nt of Surge!')·, The Xc" York H.>,ptu.I -C.-rnell 
.\1cdical Center , 525 East 68th Street, :-=e" Y.>rk. :-.= Y. IOV11, 
L'. S .:\. 
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INFLUENCE OF ACETYLSALICYLIC ACID, 
AN INHIBITOR OF PROSTAGLANDIN 

SYNTHESIS, ON THE DURATION OF HUMAN 
GESTATION AND LABOUR 

RICH:\RD B. LEWIS * JOSEPH D. ScHt:LMAN t 

D.:p .. mmmt vi Obstetrics .mJ G\'11eco/ogy, Z..'ew York 
H ospit.Jl-Come/1 McJic.Jl Cemer, Xeu: Ym·k, 

.\'.Y. 1002 1, U.S.A. 

A retrospective survey of 103 patients 
Summary 

taking high-dose acetylsalicylic acid 
for ar least rhe lasr 6 months of pregnancy has been 
carried our and comparisons made with control 
populations. Aspirin administration was associated 
wirh a highly significant increase in the average 
length of gestation, in the frequency of posrrnaruriry, 
and in rhe mean duration of spontaneous labour. 
These observations are compatible wirh the known 
capacity of aspirin ro inhibit the synthesis of prosta­
glandins, and suggest rhar endogenous prostaglandins 
are important regulators of rhe duration of human 
gestation and labour. The possibility is raised that 
aberrations in prostaglandin metabolism could be 
responsible for certain instances of postmaturity or 
prolonged labour. 

Introduction 

\'AR!Ot:s prostaglandins, notably r.G.F~ , and P.G.E., 
are of clinical interest in obstetrics because of their 
ability ro cause contractions of the gravid urerus.1 

These prostaglandins can stimulate mid-trimester 
abortions or induce labour near rerm.H Although 
prostaglandins appear in increased levels in maternal 
blood and in amniotic fluid during spontaneous 
labour or abortion,; rhe physiological significance 
of these endogenous substances in the regulation 
of gestation and labour is nor clear. 

\'ane's group and others have demonstrated thar 
acerylsalicylic acid and aspirin-like compounds are 
potent inhibitors of prostaglandin synthesis,6-1° and 
\'\'airman er al. have found that aspirin and indo­
methacin prolong rhe rime course of abortions induced 
with hypertonic saline. 11 :~ We felt it would be of 
interest to study gestation in women who had taken 
asp1rin in high doses for a long time. A prospective 
in\'estigation seemed ro be precluded for ethical 
re.1sons, in view of rhe potential dangers of aspirin 
administration during pregnancy, especially bleed­
ing; so a rerrosp.:ctive technique was used. T~e 

in\'estigation x:e\'ealed a significant prolongation of 
the: duration of gestation and of labour in patients 
receJ\·ing aspirin, and a striking increase in the 
frequency of postmaturity. 

Patients and Methods 

Obstetri.:.1l records of patients delivered at the ::\'ew 
York Lying-In Hospital between 1951 and 1971 were 
re\'1~\Hd. Patients delivered by ca:sarean section or who 
haJ had induction or augmentation of labour were ex-

• PrtKnt address : Beth Israel Hospital, Brookline .-\venue, Boston, 
.\uuachusetts, t:.S.:\. 

• Prnmt addr~s : Physiologit.:al Laboratory, t:ni\·crsity oi Cambridge, 
Ulnbndae CB2 3EG. 
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eluded. Therapeutic dosage of aspmn was arbitrarily 
defined as a daily consumption greater than 3250 mg. 
(50 grains) for at least the last 6 months of gestation. 
We found 103 patients who met these criteria (group I): 
most of them had rheumatoid arthritis, non-specific col­
lagen disease, or degenerative musculoskeletal disease and 
were found by review of charts coded for these diagnoses 
during pregnancy. Two control groups were chosen in an 
unselected manner from the same 20-year period. The first 
control group (group n) consisted of 52 patients with 
rheumatoid arthritis, non-specific collagen disease, or de­
generative musculoskeletal disease during gestation who 
were not taking aspirin or other compounds known to 
affect prostaglandin metabolism; some of these patients 
were taking corticosteroids. The second control group 
(group m) contained 50 pregnant women without known 
disease who also were not taking therapeutic doses of 
aspirin or related drugs. All data were drawn directly 
from antenatal and delivery records, and were analysed 
for statistical significance using the t or Chi-square tests 
with the aid of an Olivetti Underwood 101 computer. 
A P value of <0·05 was considered significant. 

Results 

The data of major interest are summarised in the 
table. There was no statistically significant difference 
in the mean age, parity, or gravidity of the three 
groups. 

Length of gestation was calculated from the best 
estimate or actual date of the patient's last menstrual 

COMPARISONS IN THE THREE STUDY GROUPS (MEAS _; S.D.) 

Variable 
Group 1 Group 11 GrClup lll 

(1 03) (52) (50) 

Age (yr.) .. .. 26·0 ::!: 5·68 26·7 = 5·05 26·3 -:: 518 
Gravidity .. 2·55 = 1·69 2·69 = 1·34 2·52 . 1 6Q 

Parity .. .. 1·37 ::!:1 ·52 1 · 50 ~ 1 43 1·62 -:: I .W 
Len~~:th of ~~:estation 

(day•) .. .. 286·1· ::!: 13·3 275 ·2 ~ 10 6 2786 = 691 
Lenith of labour 

(hr.) .. .. 12·1· ::!: 10·6 7·30 = 4·11 696 = 496 
Birth-weiiht (i.) .. 3077 = 597 2972 =538 3379• ± 460 
Blood-loa• eotimated 

(ml.) . . .. 340• ::!: 155 244=1 14 235 = 97 

• Mean different (P < 0 ·05) from other two ~~:roupo . Otherwaoe, 
di.fferencn between irQUPI were not oiif\lficant at thio level. 

period to the date of delivery. Patients taking aspirin 
(group 1) had an average period of gestation over 
1 week longer than either control group, and these 
differences are highly s,ignificant (P<0·025). The con­
trol groups did not differ significantly from each other 
in this respect. 

The change in the mean length of gestation con­
comitant with aspirin administration is associated 
with a striking increase in gestations lasting more 
than 42 weeks (at least 15 days post-mature). 42 ~ 
of the aspirin group had gestations of more than 
42 weeks, while only 3% of the combined control 
groups demonstrated this. This difference is very 
significant (1'<0·001). We could detect no trend 
toward diminishing rates of preterm deliveries in 
the aspirin group compared with the controls . 

As shown in the table, patients taking aspirin 
(group I) had a much longer average length of labour 
than either of the other two groups. For these 
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calculations, patients with premature rupture of 
membranes were excluded, and labour was considered 
to have started when contractions occurred regularly 
every 5 minutes if noted in the record; alternatively, 
the time of onset of labour indicated by the 
obstetrician was used. The average duration of 
labour in group-1 patients was 12 hours and 7 
minutes, approximately 5 hours greater than either 
control group. This difference is highly significant 
(P<0·005), while groups II and III did not differ 
significantly from each other. In groups II and III 
no labour lasted longer than 24 hours. In group I, 

18 patients had labours lasting longer than 24 hours 
(P=0·001). 

The birth-weights of infants born to group-I 
mothers averaged 3077 g., and this was not signifi­
cantly different from the average 2972 g. birth-weight 
of infants born to group-u mothers, who had 
similar diseases but took no aspirin. However, the 
normal mothers in group III had infants whose 
average birth-weight was 3379 g., and this was sig­
nificantly heavier (P<0·05) than the average weight 
in either groups I or II. This result, in which a 
group of healthy women had rather larger newborns 
than women many of whom had serious systemic 
diseases, is perhaps not surprising on intuitive 
grounds; the absence of an aspirin effect on this 
variable is noteworthy. 

The table also indicates the average estimated 
blood-loss during delivery for each group. Patients 
taking aspirin had an average blood-loss of 340 mi., 
which was about 100 ml. more than either control 
group. This difference was significant (P<0·025). 
Massive blood-loss of 1000 ml. or more occurred 
only once in group I, and not at all in the other 
groups. Uterine atony requiring transfusion, uterine 
packing, and/or hysterectomy was not observed in 
any patient in this study. 

Discussion 

Since aspirin is a potent inhibitor of prostaglandin 
synthesis ._10 and since the prostaglandins are endo­
genous compounds capable of causing uterine con­
traction, we anticipated that if the prostaglandins 
were important factors contributing to determining 
the duration of gestation and labour, an effect of 
aspirin administration might be evident in a retro­
spective study of the kind presented here. 

A substantial group of patients taking high-dose 
acetylsalicylic aci.d during pregnancy (group 1) were 
compared with control groups (II and m) which 
were similar to each other and to the aspirin group 
patients in gravidity, parity, and age. One of the 
control groups (II ) had diseases similar to those in 
the aspirin-taking population. Our results support 
the v1ew that prostaglandin metabolism may be an 
important determinant of the timing of the onset 
of spontaneous labour and of its duration. 

Patients in group I had gestations lasting over 1 
week longer, on the average, than the controls. 
Interestingly, there was a striking increase in the 
frequency of postmaturity (defined here as gestations 
over 42 weeks) in patients taking high-dose aspirin. 
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These observations not only immediately suggest 
that prostaglandins are involved in the timing of 
onset of labour, but also the possibility that certain 
cases of postmaturity may be related to abnormalities 
of prostaglandin metabolism. Postmaturity is of 
substantial concern to the obstetrician, particularly 
in view of its association with a variety of increased 
fetal rislc;s,13 yet in most cases its a:tiology is unknown. 
We found no tendency towards reduced rates of 
prematurity in the patients taking aspirin. However, 
we do not suggest that such an effect might not 
become apparent in a larger series, nor that the 
possible future development of safe " anti-prosta­
glandins " could not prove to be important in redu­
cing the incidence of prematurity. 

Patients taking aspirin had labours which averaged 
close to 70 % longer than those in the control popu- -
lations. In the aspirin group, 18 patients had labours 
lasting longer than 24 hours; there were none this 
long in the controls. This is compatible with the 
hypothesis that endogenous prostaglandins are sig­
nificant determinants of the duration of labour, 
presumably mediated through some effect on the 
contractility of uterine muscle. The intriguing 
possibility that abnormalities of prostaglandin meta­
bolism may be responsible for certain cases of 
desultory or prolonged labour can therefore be sug­
gested. 

Patients taking high-dose aspirin lost significantly 
more blood at delivery than control individuals . 
This result is not surprising, since various effects 
of aspirin on platelets and clotting activity are well 
documented.8 Post-partum ha:mostasis is achieved 
by intense myometrial contractility as well as the 
blood-coagulation mechanism. One cannot say 
whether some diminution in the uterine tonus post 
partum of group-I patients compared to controls, 
mediated through alterations of prostaglandin meta­
bolism by aspirin, could have been present and con­
tributed to the greater blood-loss in group I. In 
this study, major degrees of post-partum uterine 
atony were not noted in the patients taking aspirin. 

Studies we· have in progress will continue to 
investigate the influence of aspirin in human gesta­
tion, and in particular to further characterise the 
effects of this drug on the progeny. 

We th.ank Prof. Fritz Fuchs and Miss J. McDonald for 1heir 
assisunce. 

Reques1s for reprints should be addressed to R. B. L. 
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DARK-ADAPTATION TESTING FOR 
DIAGNOSIS OF SUBCLINICAL 
VITAMIN-A DEFICIENCY AND 
EVALUATION OF THERAPY* 

1161 

ROBERT M. RwSSELL VIVIANNE C. SMITH 
RICHARD MULTACK ALEX E. KRILL t 

IRWIN H . ROSENBERG 

Departmems of Medicine and Ophthalmology, Division 
of Biological Sciences, Pritzker School of Medicine, 

Universit y of Chicago, Chicago, Illinois, U.S.A. 

Thirteen patients with chronic small-
Summary intestinal disease without overt 

evidence of nutritional deficit were found to have 
abnormal dark-adaptation tests. Ten patients were 
receiving 3500 to 10,000 units of vitamin A daily in 
oral multivitamin preparations. Dark adaptation 
did not change in five patients after a week of oral 
vitamin-A therapy (25 ,000 units per day). Normal 
dark adaptation was restored in two of four patients 
after a single dose of parenteral vitamin A (50,000 
units) and in five of seven patients after 30 days of 
oral therapy (50,000 units per day). The high fre­
quency of subclinical vitamin-A deficiency found in 
this group suggests that occult nutritional deficiency 
may be more prevalent in patients with intestinal 
disease than is commonly appreciated. Routine vita­
min supplementation cannot be relied upon to 
prevent the functional deficit demonstrated in this 
study. 

Introduction 

Nt:TRITIONAL status, in terms of function, is 
difficult to assess and even more difficult to measure. 
Clinical signs and symptoms of hypovitaminosis 
cannot be used for early detection of deficiency. 
Moreover, biochemical assays of serum or urine 
vitamin levels are uncertain indicators of deficiency 
in individual cases. In patients with chronic disease, 
surveillance for vitamin deficiency is especially 
important, because restricted diets, impaired absorp­
tion, and overutilisation can lead to a slow depletion 
of vitamin stores. Even when routine vitamin 
supplementation is given, the adequacy of this 
therapy is uncertain. 

We have evaluated the adequacy of vitamin status 
in patients with treated chronic small-intestinal 
disease. Vitamin A was studied because vitamin-A­
dependent visual function is a very sensitive index 
of the adequacy of vitamin-A status and can be 
measured by dark-adaptation tcsts.1 

Patients and Methods 

Six pJtlems with regional enteritis, six patients with 
treated ccrlt:~c sprue, and one patient with jejunal diverti­
culosis wuhoul demonstrable bacterial overgrowth were 
sdcc1ed for ~tudy from the patients of the University of 
Chtogo Hospnals and Clinics. Nine were females and 
four were m:~les, with ages ranging from 21 to 15. All 

• Prc.cnleJ 1n pan by R~ R. al the annual meeting of the 
Amcncan Society for Clinical Nutntion held in Atlantic 
c,ry, ~ew Jersey, in May, I973. 

t Dr Knll died on Aug. 12, 1972. 
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FETAL EFFECTS OF REGULAR SALICYLATE 

INGESTION IN PREGNANCY 

GILLIAN TURNER ~' EDITH CoLUNS 

Women's Hospital (Crown Street) and 
Children's Medical Research Foundation, 

Royal Alexandra Hospital for Children, Sydney, Australia 

The babies of 144 mothers who took 
Summary 

salicylates regularly in pregnancy are 
described. These babies had a significantly reduced 
birth-weight compared with controls; many of them 
had a raised cord-blood salicylate level but had no 
clinical evidence of bleeding or hypoglycremia. Their 
perinatal mortality was increased, but the incidence 
of congenital anomalies was not significantly raised. 

Introduction 

IT has been suggested that salicylates may be tera­
togenic. Proof of this would be very important because 
salicylate-containing preparations are freely available 
and widely used. The suspicion of teratogenicity 
was raised in two large surveys l.~ of the drugs taken 
during pregnancy by women who gave birth to babies 
with congenital anomalies. The proportion of mothers 
who had taken salicylates in the early months of preg­
nancy was higher for babies with anomalies than for 
the controls. Salicylates are teratogenic in laboratory 
animals, usually producing vascular or skeletal 
anomalies. They have also been associated with 
reduced fetal weight, fetal resorptions, and hremor­
rhage." In smaller dosage, salicylates given to pregnant 
rats produce progeny with impaired learning ability.' 

Salicylates cross freely into the fetal circulation, so. 
if these drugs are taken by the mother during labour, 
raised salicylate levels would be expected in the baby. 
Salicylates have many pharmacological actions: they 
affect glucose metabolism and platelet aggregation, and 
it might be anticipated therefore that their presence in 
the newborn would be associated with some clinical 
effect. 

This study was initiated to attempt to answer the 
question of whether salicylates were teratogenic and 
whether a raised level of blood salicylate was of any 
clinical significance in the neonatal period. 

Methods 

The method of identifying the 144 mothers is desaibed 
in the preceding paper.; Maternal blood taken at the time 
of delivery and maternal and cord blood salicylate levels 
were measured using a colorimetric method.' ' Dextrostix • 

• Present address : Department of Pzdtatrics, Pr~nct of ~ale> 
Hospital . Randwiclt, !'cw South '-'ales . 
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tests were done by the nursery staff on the babies six 
hours after delivery or before the first feed whichever was 
earlier. The babies were examined by one of us and were 
divided into group 1 (64) if their mothers took salicylate 
daily and group 2 (82) if their mothers took it at least once 
per week. Mothers in group 1 were matched with controls 
for age, parity, gravity, ethnic group, and social class. 

Results 

Table I shows the major congenital anomalies in the 
two groups and the controls. The frequency of major 
congenital anomalies over the two-year period of the 
study in all women attending the antenatal clinics at 
this hospital was 2·4%. 

Table II shows the blood-salicylate levels of the 
mothers at the time of delivery and the cord-blood 
levels in the babies. This was not done in all the 
mothers, and maternal blood was not always collected 
immediately after delivery but always while the mother 
was still in the labour ward. It was not possible, 
therefore, to compare maternal-blood and cord-blood 
levels directly, but, as expected, where the maternal­
blood level was high so was the cord-blood level. 

The babies tended to be of low birth-weight (table 
III). The birth-weights in the two groups and the 
controls were corrected for gestation and being first­
born using Tanner charts and for smoking by adding 

TABLE I-MAJOR CONGENITAL ANOMALIES 

Group !'o. Anomalies !'o. of 
anomalies 

------1-----------------
64 Ventricular septal defect ( \'.S.D.) 

Holt-Ortm srndromc 2 
1--1------------1---

2 82 Hn>oplastic left-heart srndromc 
Dtaphngmatic hernia 
Pcrlo111tion of Iars• bowel - 3 v .s.o.s 
Atrial ocptal defect 

Controls J 64 \" .S.D. 

TABU ll-SERUM·SALICYLATE LEVELS 

Scrum-salicrlatc (ms. "100 mi.) 
!'o. 

4 

1>-1 1·1-3 3·1-5 5·1-7 7·1-9 
- ----1----1---------------
~lothcn 81 
Babtts 76 

13 
21 

60 
45 

7 
5 

I 
2 

0 
3 

TAIILE Ill-MEAN CORRECTED BIRTH-WEIGHTS (g.) 

Group 1 Group 2 Controls 

3283" 3372 3502 

.Mean fot c:ontrols -mean for sroups 1 - 2- 170 II· 
• Stl"ifiantlr lower than mtan control birth-wcisht (P < 0·005~ . 

TABLE rv-BlllTH·WEIGHTS OF LIVEBORN GROUP 1 BABIES ltELATED 
TO DUUT10N OF SAL1CYLAT"£ TAXING 

Males Females 
Dunuon of 

ubcylatt talunc ~ )·r .) Mean birth- No. 
Mean birth- !'o. weisht (&.) weisht (II.) 

l>-4 3377 8 3124 12 
5- 'I 3286 8 2900 5 

11>-14 3151 9 2891 9 
15- 2901 5 2910 2 

\. , 

.. ..t·· 
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TABLE VI-STILLBIRTHS IN PRESEI'1T PREGNANCIES 

No. Sex 
Gestation Birth-weight 

(wk.) (g .) 

-..~ roup 1: 
I F 37 2305 
2 M 39 3050 

(macerated) 
3 F 36 2570 
4 F 36 2490 

(macerated) 
Group 2: . 

I M 29 1920 

A.P.H. = Ante-partum ha:morrhage. 

180 g.7 Multiple births were excluded. Table rv 
shows that the birth-weight decreased with increasing 
duration of salicylate taking. Oinical examination of 
these babies showed that many of them had features of 
dysmaturity such as cracked skin and lack of sub­
cutaneous fat. In spite of this, the dextrostix value 
was below 20 mg. in only 1 baby. This baby weighed 
1580 g. at term and developed clinical hypoglycrernia 
in the first twenty-four hours and then clinical hypo­
calcrernia at ten days of age. 

None of the 146 babies developed any serious 
hremorrhagic features although 1 had a few scattered 
petechia: and 1 had a cephalhrematoma. Some of the 
babies became jaundiced but none so badly that photo­
therapy or exchange transfusion was required. Some 
of the babies appeared lethargic with feeding, but all 
were discharged home on the same day as their mother, 
except the 1 with hypoglycrernia and 3 with congenital 
anomalies. 

Table v shows the fetal wastage in the observed 
snancies and in the mother's previous pregnancies 

TABLE V-FETAL WASTAGE : PRESENT "- PAST PREGNANCIES 

- Group 1 Group2 ContrOls 

Stillbirth-rate• .. .. 58 ! 24 12 
S eonatal ·mortality rate+ .. 31 39 16 
P"!n natal-mortality rate! . . 871 62 27 

• Fetal deaths at 20 wk. gestation or later (or b1rth-weieht ~TUter 
than 400 g.) per 1000 total births . 

+ Deaths within fint 28 days of life per 1000 live births. 
: Stillb1rths - neonat.ol deaths per 1000 total births. 
I Significantly increased over controls (P < 0·01 and < 0·005 , rnpec­

ti,·ely). 

during which she had taken salicylate. The clinical 
feat ures of the pregnancies of the 5 women who had a 
stillbirth are shown in table VI. The 3 neonatal deaths 
were due to congenital abnormalities. 

Discussion 

The results of the survey were tmexpected. We 
had thought that we might detect teratogenicity, neo­
natal hypoglycrernia, and bleeding-but what we fotmd 
was an increased stillbirth-rate and a significantly 
reduced birth-weight in babies who were otherwise 
clinically unremarkable. 

The frequency of major anomalies in the salicylate 
group was not significantly raised. There were IDOf'e 

anomalies in the group of women who took salicylates 
intermittently rather than constantly, suggesting that 
if there is any teratogenic effect it may be more related 

~uctuating levels of salicylate than a constantly 

Maternal age I Salicylate 
Pre~ancy complications (yr .) I consumption (yr. ) 

30 14 Kil 
35 I 17 Ana:mia (Hb 8·9 g. /100 ml.) 

I 38 20 A.P .H ., P . P .H . (blood -loss 3 1.) 
35 

! 
10 Nil 

38 I 12 A.P .H . (b lood-loss 3·5 1.) 
! 

P .P.H . =Post-partum ha:morrhage. 

elevated level. The teratogenicity suggested in the 
retrospective studies was significant in respect to 
abnormalities of the central nervous system, but no such 
lesions were found in our study. It may well be, as 
was suggested by Richards 1 and by Nelson and 
Forfar/ that the teratogenicity related to the illness for 
which salicylates were taken than a direct effect of the 
salicylates themselves. 

Some babies were born with a raised cord-blood 
level of salicylate; this was not associated with hypo­
glycrernia, bleeding, or any other obvious clinical dis­
turbance. Others have found that platelet aggregation 
is inhibited and have reported babies with serious 
bleeding manifestations associated with maternal sali­
cylate ingestion.• This may happen, but the evidence 
of our series suggests that it must be uncommon. 

The birth-weights of babies born to mothers taking 
salicylates were lower than those of matched controls 
even after correction for maternal smoking. The birth­
weight also decreased with increasing length of time 
of taking salicylates. This suggests that it may not be 
solely an effect of salicylates on fetal growth but rather 
a cumulative secondary effect from some maternal 
factor. This factor might be renal in origin, although 
no mother was in renal failure and the incidence of 
renal -tract infection and toxa:rnia was not significantly 
raised. 

The increased stillbirth-rate was very significant in 
comparison with the control group and with the rate 
for the hospital population. This was not solely 
related to ante-panum h:i!morrhage and did not cor­
relate with pregnancies going beyond term or the fetus 
being excessively small, but it did happen in the older 
mothers who had been taking salicylates for a number 
of xears. 

Our findings do not support the suggestion that sali­
cylates are teratogenic, but they do suggest that chronic 
salicylate ingestion is associated with an increase in 
perinatal mortality and with decreased intrauterine 
growth. . 

Thi• work was supported by a &rant from the National 
Health and M~ Research Council 

Requnn for ttprinn should be addressed to G. T., Women's 
Ho\p!tal. Crown S~t, Sydney, New South Wales, 2000, 
Austnlia. 
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Current Development 

Low-dose aspirin in the prevention of preeclampsia and 

fetal growth retardation: Rationale, mechanisms, and 
clinical trials 

G.A. Dekker, MD, PhD," and Baha M. Sibai, MD• 

Amstndmn, The Netlterlmul1 , and Memphis, Ten11e.uee 

Preeclampsia is characterized by a functional imbalance between vascular prostacyclin and thromboxane 

A2 production. On the basis of the hypothesis that preeclampsia is at least partially caused by an 

increase in thromboxane A2 , some studies attempted to correct this pathologic condition by 
pharmacologic manipulation with low-dose aspirin . The current literature suggests that the use of 
low-dose aspirin during pregnancy is safe with regard to congenital anomalies and fetal, neonatal, and 

maternal cardiovascular physiologic state and hemostasis. Aspirin at least partially corrects the pathologic 
increase in angiotensin II sensitivity that precedes the clinical development of preeclampsia. In addition, 
some clinical trials have demonstrated that low-dose aspirin is effective in reducing the incidence of 

preeclampsia and/or fetal growth retardation in selected high-risk women. Currently, large clinical trials 

are in progress to evaluate the effectiveness and side effects of the use of low-dose aspirin in preventing 
preeclampsia and/or fetal growth retardat ion. Until these studies have been completed, it will remain 
unclear whether antiplatelet therapy. such as low-dose aspirin. should be adopted for the prevention of 

either preeclampsia or fetal growth retardat•on . (AM J OssTFT GvNecoL 1993;168:214-27.) 

Key words: Low-dose aspirin . prn·dampsia, intr;mterine growth retardation 

In most countries lwpertemive disease durin!-( preg­
nancy appears to be the largest ~ingk Clll~t: of m;tternal 
de.-.th .' ·' The impart of maternal ll\-pertcnsion on the 
fetus remains disputed because of dificrcnres 111 rntcria 
of selecrion and diagnosis helwtTil variou' ~tndies . 

:\ccording to the World Health Organization. ll\·pntt·n­
sive disease during pregnancY i~ a major came of 
pninatalmortality and morbidil\ .'' ' Indeed. thert· i~ no 
doubt that the presence of hypertension plus protein­
uria is accompanied by a perinatal mortalitv that is 
substantially higher than that in normotensive pregnan­
cies. Howcver, hypertension without proteinuria has 
been shown to carry a perinatal mortalitv that is similar 
to or pt:rhaps t'\Tn lower th;m that in normott"nsive 
pregnanric~." Thus prt•,·ention of preed;mlp,i;• would 
have great implications rcg;~rding both maternal and 
pninat;~l outcomes. Tht· lerrninolob"' uscd to <k'l ribt­
the prcgnanry-imhKt:d f(,rm of lwpertension ha' been 

f 111111 ll.r lJt·JHnlrllnll oj Ob.1lrlnr .1 tmd ( ,y,rw lof:'. f rrr { 'ltl'f'Hit). 

. ~JIII /rllillfll, " 11 1111 ll. r Dt•fJIJIIfll r fll of ()/J ,I~/Jin oud (,,.,~,,[,JCI. 

L'ru vn-.<1/l of Trrwrssu , Mrmph11 ' 
ll~pnul rrqu~'L' : IJaiUl ,\I . Stl"''· MD. 1'5; Jr!frnot~ , Hoom ... ·o. 
E-102. Mrrnplw , TN 38103 . 
6! 1/3685i 
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confusing and inconsistent. For the sake of clarity, this 
rcview will adhere to the definitions used in the majority 
of reviewed articles. The diagnosis of pregnancy-in­
duced hypertension requires the presence of increased 
blood pressure criteria on two occasions at least 6 hours 
apan. The incre;~se in blood pressure could be either an 
absolute value of 2: 140/90 mm Hg or a relative value, 
whereby blood pressure must increase > 30 mm Hg 
S\'Stolic or 2: 15 mm Hg diastolic from a previous 
recording before 20 weeks' gestation. Severe pregnan­
q ·-induced hypertension requires a diastolic blood pres­
sure 2: 110 mm Hg. Preeclampsia requires the presence 
of pregnancy-induced hypertension with significant 
prott·inuria . 

Scrondary prevention of a disease requires knowl­
edge of pathophysiologic mechanisms, availability of 
methods of early detection, and means of intervention 
and correction of pathophysiologic changes. Methods 
for early detection of preeclampsia were recently re­
viewed in some detaiL' The current review concerns 
means of pharmacologic inte1vention and correction of 
the pathophysiologic changes that occur in preeclamp­
sia . The first section of this review presents a brief 
survev of some developments in our understanding of 

0002-9378/93 $1.00 + 0.20 
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the pathogenesis of this enigmatic disease. The second 
part reviews the effects of low-dose aspirin in pregnant 
women and its potential value in preventing preeclamp­
sia and fetal growth re tardation. In addition, the basic 
pharmacologic aspects of aspirin with regard to its 
eflects on platelet-vessel wall interaction and its possi­
ble adverse effects on the mother, fetus , and neonate 
will be summarized. 

Preeclampsia is associated with vasospasm, patho­
logic vascular lesions within multiple organ systems 
including the uteroplacental vascular bed, and in­
creased platelet activation with platelet consumption 
and subsequent activation of the coagulation svstem in 
the microvasculature." Endothelial cell injury and al­
tered endothelial cell function play an important role in 
the pathogenesis of preeclampsia.'·" Indeed, evidence 
of endothelial injury is provided by the characteristic 
morphologic lesions of preecl<~mpsia: glomerular en­
dotheliosis ' 2 and ultrastructural changes in placental 
bed and uterine boundary vessels." 

The etiologv of preeclampsia remains unknown, but 
in recent vears evidence has been adduced to supp•m 
the hypothesis that the eicosanoid system plays an 
important part in the pathophysiologic mechanisms 
involved in the development of its various signs and 
symptoms. " ·'b Results of biochemical studies suggest 
that a pathophysiologic functional imbalance bef\\'cen 
vasodilator and vasoconstrictor eicosanoid products 
could be of major importance in this respect." With 
regard to preeclampsia, prostacyclin (PGLz) and throm­
boxane A'.! (lXA2 ) are the most relevant eicosanoids. 
TXA:.> . the principal cvclooxygenase produn of arachi­
donic acid in platelets, is a potent vasoconstrictor and a 
stimulant to platelet aggregation. On the other hand. 
PGI'.!. the principal cyclooxygenase product of the vas­
cular endothelium. has opposite effects on platelet 
function and vascular tone. Fitzgerald eta!.'" reported 
that a reduction in the urinary excretion ol prostacyclin 
metabolites precedes the development of clinical di~­
ease. This reduction in the urina11· excretion of prosta­
cyclin metabolites was already detectable in the hrst 
trimester. They also reported that TXA'.! biosynthesis 
was increased in preeclampsia, as demonstrated by 
significantly higher urinary excretion ofTXB:z metabo­
lites . In addition, they demonstrated that urina11· ex­

cretion of TXB'.! metabolites correlated with mean ar­
tei·ial blood pressure, plasma lactate dehydrogenase, 
and platelet count, which were used as indicators of the 
severity of preeclampsia . '" 

The imhalann· between vasodila10r prostag'landim 
and vasocomtrictors such as TXA2 and angiotensin II. 
especially in the uteroplacental circulation and the 
kidney, may be pivotal in the development of prc:­
eclampsia. The absence of the normal stimulation of 
the renin-angiotensin svstem. despite si~nif1cant h~·po-

Prevention of preeclampsia with low-dose aspirin 215 

volemia, and the increased vascular sensitivity to angio­
tensin II and norepinephrine can be explained by a 
single mechanism: endothelial cell injury causing a 
deficiency in production and/or activity of vasodilator 
prostaglandins, in particular, PGLz. In addition, the 
increased TXA2-to-PGI 2 ratio, observed by various in­

vestigators in many maternal and fetal tissues, may be 
the cause of the selective platelet destruction , some­
times accompanied by microangiopathic hemolysis, and 
the reduced uteroplacental blood flow, arterial throm­
bosis, and placental infarction.'" 

Why is PGI 2 synthesis decreased in preeclampsia? 
Plasma concentrations of free-radical oxidation prod­
ucts were found to be significantly elevated in pre­
eclampsia!" Wickens et al. 2

" found a correlation be­
tween rising blood pressure and increased free radical 
activity. Because of the well-known effects of free radical 
oxidation products on vascular PGI 2 synthesis, platelet 
aggregation, and clotting!' it is possible that in the 
pathogenesis of preeclampsia free radical activity con­
tributes to the PGI:z deficiency. In a recent study, Dek­
ker and Kraayenbrink"" investigated lipid peroxides, as 
a measure of overall oxidative stress, in pregnant 
women with and without preeclampsia. Lipid peroxide 
levels increased slightly during normotensive preg­
nancy; however, in preeclampsia, lipid peroxide levels 
were nearly twice the level found in normotensive preg­
nant women . Longitudinal studies are cuiTently under 
way to assess whether oxygen free radicals are involved 
in the early pathogenesis of preeclampsia. 

It should be noted that, although the concept of a 
PGI~~ imbalance allows an explanation for many 
of the clinical features of preeclampsia, it remains 
unproved if the discurbed PGI)TXA:z balance is the 
only pathogenetic mechanism involved. In addition, it 
is unknown if PGI2 is the major physiologic vasodilator 
in normocensive pregnancy. Recent reports suggest 
that most of the eicosanoids, especially PGI 2 and pros­
taglandin E:z. are operative in situations where tissue 
perfusion is endangered (shock, sepsis, hypoxia, etc.); 
in other words symhesis of these vasodilator eicosanoids 
can be considered-a rescue mechanism!'· •·• It might be 
that the physiologic vasodilation of pregnancy is mainly 
or at least partially mediated by other autocoids. En­
dothelium-derived relaxing factor (EDRF) has recently 
been shown to be a major vasodilator in man. In 
contrast to the eflccts of prostaglandin synthesis inhib­
itors, suppression of the endothelial release of EDRF in 
man increases systemic blood pressure." In hyperten­
sive (nonpregnant) blood vessels, the ability to release 
EDRF but not endothelium-derived contracting factors 
(superoxide anions, endothelin) is blumed!• In addi­
tion, the physiologic decrease in blood pressure in 
pregnant, spontaneously hypertensive rats has recently 
bern shown to depend completely on endothelial EDRF 
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release .2 5 Moreover, Myatt et al!6 demonstrated that 
the human fetal-placental circulation has the capacity to 
generate nitric oxide intracellularly and that nitric ox­
ide acts as a vasodilator in this circulation. Further­
more, Pinto et al. 2

' reported that the endothelial release 
of EDRF by human umbilical vessels was impaired in 
preeclampsia as compared with normotensive preg­
nancy. 

Whether the endothelial cell injury in preeclampsia 
primarily causes a decrease in PGI 2 synthesis or a 
decrease in EDRF (for example), platelet dysfunction 
seems to play a central role in the disease process. In a 
recent review, Redman•• stated that "preeclampsia is a 
trophoblast-dependent process mediated by platelet 
dysfunction ." In the absence of an adequate production 
of antiaggregatOI)' PGI 2 and/or EDRF by the uteropla­
cental vasculature and/or endovascular trophoblast, 
surface-mediated platelet activation may be expected to 

occur 2 9 Platelets will adhere and release a-phase and 
dense granule consti tuents. As a resu lt, TX.I\2 and 
serotonin will be generated and more circulating plate­
lets will be recruited. Coagulation will be triggered and 
thrombin wi ll be locally generated, contributing to 
platelet aggregation and inducing the formation of 
fibrin to stabilize the platelet thrombus that may oc­
clude maternal blood flow to the placental cotyledon, 
thus leading to placental infarction . 

In summa!)', preeclampsia is characterized by a gen­
eralized disturbance in endothelial phys iologic charac­
teristics . It is currently uncertain if a decrease in either 
PGI 2 or EDRF biosynthesis or both is involved in its 
pathogenesis . However, increased platelet aggregation 
plays a central role in the disease process. TXA2 bio­
synthesis is increased in preeclampsia; this increase 
largely derives from platelets and correlates with the 
severity of the disease process. 

Acetylsalicylic acid (aspirin) as antiplatelet agent 

Synthetic salicylates are a group of nonnarcotic anal­
gesics that were introduced into clinical practice at the 
end of the nineteenth centUI)'. Since then they have 
been used extensively as prescription drugs and in the 
form of "over-the-counter" preparations to treat head­
aches, fever, and various aches and pains. Acetylsalicylic 
acid (aspirin) is by far the most commonly used drug in 
this group, either alone or in combination with other 
drugs such as acetaminophen, caffeine, or phenacetin. 
Headaches and minor aches and pains are common 
complaints during pregnancy. Hence it is not surprising 
that salicylates have been widely used during preg­
nancy. Aspirin is the most commonly used medicinal 
agent in the western world, and more than 20 to 30 
billion tablets are consumed annually in the United 
States alone.'0 The therapeutic efficiency of aspirin as 
an analgesic, antipyretic, and antiinfl ammatOI)' drug 
has been universally established for many decades be-
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fore Vane" discovered that aspirin acts by prevention 
or reduction of prostaglandin biosynthesis through in­
hibition of a key enzyme, cyclooxygenase. 

Several epidemiologic studies of prenatal drug inges­
tion indicate that aspirin is the most common drug 
taken during pregnancy. The drug is often self-admin­
istered because of its availability as "over-the-counter" 
medication. In a survey of 31 1 randomly selected 
women in Scotland, 54% admitted using salicylates 
during pregnancy." In a cohort study of 50,282 preg­
nant women in the Collaborative Perinatal Project, 30% 
of the women reported using salicylates in the first 
trimester, and 64% reported using them at some time 
during pregnancy." In a recent longitudinal prospec­
tive study of 1523 pregnant women receiving prenatal 
care in Seattle, 46% reported taking aspirin during the 
first half of pregnancy.•• 

Aspirin inhibits platelet adhesion to collagen under 
conditions of stasis or low flow. It also inhibits "irrevers­
ible" or second-wave aggregation and the associated 
release reaction induced by agents such as collagen, 
adenosine diphosphate, and epinephrine." Platelets 
obtained from subjects taking single doses of aspirin 
demonstrate impaired aggregation response to epi­
nephrine, adenosine diphosphate, and collagen. The 
platelet aggregation response to adenosine diphos­
phate and epinephrine after aspirin intake is limited to 
a single wave of "reversible" aggregation, and both the 
"oxygen burst" and the release of serotonin, adenosine 
diphosphate, adenosine triphosphate, platelet factor 4, 
and TXA2 is abolished. •o. ''· ' 6 The effects of aspirin on 
thrombin-induced aggregation and secretion are dose­
related; inhibition occurs at low but not at high throm­
bin concentration. 57 

Aspirin prolongs the bleeding time through its inhi­
bition of platelet cyclooxygenase activity and the result­
ant platelet secretory reaction.'" It acetylates the ala­
nine residue at the active site of platelet cydooxygen­
ase . " · 56 Consequently, the inhibition of the enzyme 
caused by aspirin is irreversible since platelets lack 
nuclei and are unable to resynthesize cydooxygenase. 
Therefore, after aspirin administration, 'IXA:z synthesis 
in platelets remains impaired .for the duration of their 
life span. 

Because the acetyl moiety is absent, salicylic acid does 
not inhibit the cyclooxygenase pathway in vitro and has 
no measurable effect on platelet aggregation at concen­
trations achieved in vivo.'0 • •v However, salicylate has a 
potent antiinflammatory effect and is as active as aspi­
rin in vitro in decreasing prostaglandin synthesis. 
Hence, salicylates may inhibit prostaglandin synthesis 
by other pathways. Salicylate also partially prevents the 
inhibitory action of aspirin, especially on vascular cyclo­
oxygenase activity. After pretreatment with salicylate, 
platelet cyclooxygenase is significantly more sensitive to 
the inhibitory action of aspirin than vessel wall cycloox-
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ygenase:" Thus salicvlate seems to preferenti ally pro­
tect the vessel wall from the assault of aspirin. As a 
result , progressive accumulation of salicylate during 
chronic treatment with aspi rin might result in a condi­
tion in which the synthesis of TXA2 is prevented much 
more than that of PGI 2 . 

Since the precise role of PGI 2 and TXA2 in the 
pathogenesis of thromboembolic diseases is sti ll un­
known, it is important to reconsider ,,·hether the clinical 
benefits of aspirin may be due in part to its other, 
previously recognized an tithrombotic properties. Aden­
osine diphosphate is a proaggregatory substance and 
platelets release adenosine diphosphate b,· both pros­
taglandin-dependent and prostaglandin-independent 
pathways. Human vascu lar tissue contains an endothe­
lial cell adenosine phosphatase, which catabolizes aden­
osine diphosphate to adenosine, an inhibitor of platelet 
aggregation . Aspirin has been shown in w me, but not 
all , in vitro experimental models to enhance the me­
tabolism of adenosine d iphosphate to adenosine ." · ' " It 
may therefore act as an ant ithrombotir agent first b,· 
inh ibiti ng platelet prostaglandin-dependent adenosine 
diphosphate release and second bv increasing conver­
sion of platelet proaggregaton· adenosine diphosphate, 
released by platelets of prostaglandin-independent 
pathways, to antiaggregatOT)" adenosine. 

Recenth·, Buchanan et al." showed that salic:·la te 
inhibits 12-hydroxyeicosatetraenoic acid production in 
the pla telet , bv inhibiting the c:•tosol-associated perox­
idase that normally converts I2-hydroxypentaeicosatet­
racnoic acid to 12-hvdroxveicosatetracnoic acid . Prob­
ably impairment of 12-hydroxveicosatetraenoic acid 
production decreases platelet adhesion . Aspirin may 
also indirectly suppress the synthesis of lipoxygenasc 
products by enhancing the eflects of endogenous li­

poxygenasc inhibitors such as 15-hvdroxveicosatet ­
raenoic acid:' 

High doses of aspirin (I to 2 gm/day) prolong the 
prothrombin time after 2 to 3 days." IJaily adminis tra­
tion of I 00 and 300 mg of aspirin has no eflect, but 
doses of I to 2 gm decreases the level of coagula tion 
factors II , Ill, IX, and X. The mechanism is unclear, but 
vitamin K corrects this defect.•h In addition, salicYlate 
(900 to 2400 mg) increases the fibrinolvtic activity of 
whole blood in a dose-dependent manner through 
increased leukocvtc fibrinolvtic activitv'" ., Althou~h 
we do not know the exact importance of these actions of 
aspirin , at present it is the inhibition of platelet cwlo­
oxygenase that is thought to convey the major part of 
its anti thrombotic and antiplatdet eflt-ct~ . 

Importance of dosage of aspirin 

The inhibitof)· effects of aspirin on platelet activitv 
and hemostasis have led to its use as an antithromboti( 
agent. "' It has been shown to be effective in the pn·­
vcntion of thrombosis of prosthetic valve~ and coronan 
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bypasses and in the prevention of myocardial infarction 
and other arterial or venous thrombotic lesions:"· "' 
The op timal antithrombotic dose of aspirin remains 
unknown . Doses as high as 3.5 gm/day and as low as 20 
to 40 mg/day have been reported to be effective in 
preventing thrombotic events.'0 · '

8
· '

0 Obviously, the low­
est effective dose of any drug is to be preferred, but in 
the case of aspirin this may be a particularly important 
issue because of its concomitant effect on vessel wall 
cyclooxygenase .''' Aspirin inhibits endothelial cyclooxy­
genase, but the vessel wall is probably less sensitive than 
the platelet and it has the capacity to generate new 
c:•clooxygenase activity when aspirin is removed from 
the system. The endothelial recovery process is also 
dependent on protein synthesis and reflects the pro­
duction of new cyclooxygenase. 

Technically difficult studies in which PGI 2 and TXA2 

were measured both in vivo and in vitro have suggested 
that doses of aspirin in excess of 80 mg daily substan­
tially inhibit both PGI 2 and TXA2 synthesis and that 
only low doses of aspirin , in the region of 30 to 40 mg 
dailv or on alternate davs, would achieve an optimum 
balance.'0 • '"· ''' In fact, TXA2 formation by the platelet 
can be inhibited by a small dose of aspirin. A daily dose 
of aspirin of 0.45 mg/kg give n for 7 days produces a 
cumulative and virtually complete inhibition of platelet 
TXA2 production without significantly reducing the 
urinary excretion of PGI 2 metabolites in healthy men 
and women ... On the contrary, Fitzgerald and Sherry"' 
found that even a vel)' low dose of aspirin (20 mglday 
for I week) caused not only a mean reduction of 70% in 
urinal)· TXB2 excretion but also a minor but significant 
reduction in urinary excretion of PGI 2 metabolites. 
These investigators concluded that no dose of aspirin 
was entirely selective of TXA2 synthesis inhibition and 
that selectivity ofTXA:! versus PGL.! synthesis inhibition 
was most evident in the range of 20 to 160 mglday. 
Although most investigators found platelet cyclooxy­
genasc: to be more sensitive than endothelial cyclooxy­
genase to aspirin, this has not been confirmed in other 
studies . ••· " Variations in these findings may reflect 
differences between test conditions and their influence 
on the capability of the endothelium to produce PGI2 .~0 

In the current dispute on the effects of "low" versus 
"hiRh" doses of aspirin, the pharmacokinetics of the 
dmg should be taken into consideration . Aspirin is a 
weak acid (pKa 3.5) and therefore exists primarily in the 
ionizt>d form in blood or body tissues. It spontaneously 
hydrolyzes to sodium salicylate and the rate of hydrol­
ysis is proportional to the pH .'0 The pharmacokinetics 
of both aspirin and salicylate are best described by a 
two-phase model. The half-lives of the a-phase of aspi­
rin and salicylate are 2. 7 and 3.8 minutes, respectively, 
and the half-lives of the ~-phase are 15 and 238 
minutes, respectively.,.; The slow elimination of the 
~-phase of salicylate reflects the high degree of plasma 
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protein binding. The excretion and metabolism of sa­
licylate are rate limited by the unbound pla~ma concen­
tration . 

Aspirin is rapidly absorbed from the stomach and 
upper intestine. The rate of absorption is generally 
rilost rapid with aqueous solutions, less rapid with 
uncoated plain tablets, and slowest for enteric-coated 
and extended-release tablets."' Aspirin is then hvdro­
lvzed to salicYlic acid by intestinal, hepatic, and plasma 
esterases. ''• Recen tly, Pedersen and Fitzgerald,. investi­
gated the dose-related kinetics of aspirin in nonpreg­
nant subject s using a deuterated aspirin analogue. TheY 
found that the fractional systemic bioavailabilitv of as­
pirin was cons tant after single oral doses of 20, 40, 325, 
and 1300 mg of aspirin. Systemic bioa\·ai lability was 
also similar after single dose and long-term administra­
tion of 325 mg doses of aspirin . In addition, the authors 
reported that platelets passing through the gut capil­
laries were exposed to concentrations of aspirin that 
were significanth· higher than those of the platelets in 
the peripheral circulation. Thus it has been suggested 
that the use of low doses of aspirin causes relatively high 
concentrations in the presystemic (portal) circulation 
leading to inhibit ion of cyclooxygenase in platelets 
passing through the gut capillaries, whereas the con­
centrat ion of aspirin in the peripheral circulation re­
mains too low to aflect the enzvme in the \·ascular 
endothelium.''"·"" Once platelets have been inactivated 
in the portal circulation, thev remain so lor se\·eral davs 
after the last oral dose of aspirin ; restoration of total 
body platelet e>-clooxygenase will then depend on the 
inflow of new platelets. 

Safety aspects of use of aspirin in pregnancy 

.-\spirin is the most freyucntlv ingested drug 111 preg­
nancy. either as a single agent or in combination with 
other drugs ."' In eight surveys totalling > 54.000 pa­
tients, aspirin was consumed at some time during ges­
tation b\· slightly more than 33.000 (fil9<).'" "'""' ll1e 
true incidence is probably much higher than this be­
< aust· many patients do not remember having taken 
aspirin or consume drug products without realizing that 
thev contain large amounts of salicylates.6 ' · 

6
' Evaluation 

ol the maternal and leta! effects of aspirin is thus 
clilhcult because of this common and often hidden 
exposure. However, some toxic dfects on the mother 
and ktm from large doses ul salicylates have been 
1-nown since I H93."" 

Thne are 1111111eruus reports describing an associa­
tion bctwtTn pn·natal aspirin ingestion and several 
advene eflen s in the mother, fetus. and newborn . The 
majorit\· of the~e studies were epitkmiulugir in nature. 
most were retrospective, and all of them included the 
intake of regular or high doses of aspirin ."' •• ... >o-77 

The reported m;:"~ternal side ellen~ have included ane­
•nia. antepartum and postp;~rtum hemurrha~e. pro-
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longed bleeding time, and prolonged gestation and 
labor. Aspirin is readily transferred from mother to 
fetus across the placental barrier, and significant salic­
vlate concentrations can be found in the cord blood and 
neonate. 6

" Reported fetal effects from the use of aspirin 
in pregnancy have included congenital defects (mainly 
cardiac), oligohvdramnios, fetal growth retardation, 
and increased stillbirths. To date, only one case of in 
utero closure of the ductus arteriosus has been reported 
in association with the usc of high doses of aspirin in 
pregnancy.' ' Neonatal complications have included 
various neonatal bleeding disorders, intraventricular 
hemorrhage in preterm infants, and persistent pulmo­
nal)' hypertension.73

· 
78

· 
79 In contrast, the Collaborative 

Perinatal Project prospectively monitored 50,282 moth­
er-child pairs. 649c of whom used aspirin at some time 
during pregnancy.'" The findings of this study revealed 
no differences in number of stillbirths, number of neo­
natal deaths, or neonatal birth weights between those 
exposed and those not exposed to aspirin. 

Several studies have examined the possible associa­
tion between maternal use of aspirin and congenital 
defects with findings either supporting or refuting such 
<.1 relationship ."" In a retrospective su~>'ey of 599 chil­
dren with oral clefts, the use of salicylates in the first 
trimester was found to be three times more frequent in 
mothers of children having this defect."' In another 
su~>'ey of 298 mothers of children with congenital heart 
disease and 738 mothers of normal children, Zierler 
and Rothman"" suggested that first-trimester use of 
aspirin may increase the risk of various congenital 
cardiac anomalies, particularly aortic stenosis, coarcta­
tion of the aorta, and hypoplastic left heart syndrome. 
In addition, Agapitos et al."' reported an association 
bt:tween fetal cyclopia and daily maternal ingestion of 
up to 4 gm of aspirin in the first trimester. In contrast, 
the data from the Collaborative Perinatal Project did 
not demonstrate an increased incidence of congenital 
fetal defects among 14,864 women exposed to aspirin 
in the first trimester.M Moreover, Werler et al.,84 using 
data from a large program of case-control su!>'eillance 
of congenital malformations, concluded that aspirin use 
during the first trimester of pregnancy does not in­
crease the risk of congenital heart defects. 

Two studies investigated the IQ of children exposed 
to aspirin in utero during the first half of preg­
nancy.""'· "' In one study'• a significant and negative 
association was found between aspirin exposure and 
child's IQ and the children's attentional decrements 
when they were examined at 4 years of age. However, a 
larger study with data collected in the Collaborative 
Perinatal Project found higher mean IQs at age 4 years 
in children exposed to aspirin than in those not ex­
posed to aspirin ."' Thus any potential adverse effect 
of in utero aspirin exposure on subsequent children's. 
IQs appears unlikely. In addition, those studies con-
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cerned exposure to regular doses of aspirin during 
pregnancy. 

Low-dose aspirin 

\1ikorkala et al. 86 determined PGI 2 and TXA2 gen­
eration by umbilical arteries, neonatal urinar;- excretion 
of 6-keto-prostaglandin F10, and fetal platelet TXA2 

synthesis after administration of a single dose of I 00 or 
500 mg of aspirin to healthy parturients. They found 
significantly higher levels of salicylates in cord blood 

after 500 mg dose than after the I 00 mg dose. F eta! 
and neonatal PGI 2 levels were significantly reduced 
after 500 mg of aspirin, but they were unchanged in 
infants of mothers receiving I 00 mg of aspirin . In 
contrast, fetal TXA2 synthesis was reduced after both 
I 00 and 500 mg of aspirin; the latter dose was accom­
panied by reduced urinary excretion of PGI 2 metabo­
lites in the neonates during the first 3 days of life. 
Maternal ingestion of I 00 mg of aspirin had no effect 
on neonatal urinal')' excretion of PGI 2 metabolites. The 
authors concluded that a small dose of maternal aspirin 
(I 00 mg) inhibits only fetoplacental TXA2 but leaves 
PGI 2 production unaffected. In a randomized double­
blind placebo-controlled study, Sibai et al." e,·a luated 
the effects of low-dose aspirin on maternal and neonatal 
plasma 6-keto-prostaglandin F to • platelet aggregation, 
platelet TXA2 production, and neonatal transitional 
circulation. Forty women, at a mean of 3i weeks' ge~­
tation, were randomized (n = I 0 each) to receive pla­
cebo or 20, 60, or 80 mg of aspirin per day until 
deliver)' . Maternal serum 6-keto-prostaglandin F to Je,­
els were not affected by these doses of aspirin , " ·hereas 
TXB2 generated during clotting of matt>rnal blood was 
decreased significantly by 60 and 80 mg of aspirin at I 
week of therapy. Maternal platelet TXB2 production in 
response to adenosine diphosphate or collagen was also 
reduced 98'7C by the 80 mg dose after I w<>ek of aspirin 
therapy. The 60 mg dose reduced maternal platelet 
TXB2 production in response to adenosine dipho~­
phate (50'7C decrease) or collagen (60Ck decrease) after I 
week of treatment, with a 97% decrease after 2 weeks of 
therapy. Neonatal serum levels of 6-keto-prostaglandin 
F to and TXB2 were not affected by any dose of aspirin . 
Further, neonatal platelet aggregation and TXB2 gen­
eration in response to platelet stimulation by collagen 
and ADP were not impaired. There were no maternal or 
neonatal hemorrhagic complications reported . All neo­
nates had echocardiographic evidence of a patent duc­
tus arteriosm, and noninvasive estimates of pulmona11 
arterial pressure were similar among the groups of 
infants . In addition. ~0 to HO mg of aspirin per dav dtd 
not affect duration of pregnancy or labor. The absence 
of any maternal ;a nd IH'onatal hemorrhagic comphca­
tions, as well a' t I" ' ah"'IH t ' of neonatal cardiovascular 
problems, agrn·' wit h tltt" l'adin finding~ of the Rot ­
terdam low-do,t· ;")>III II '"")""" and was recently sup-
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ported by studies reported by Schiff et al.,"" McParland 
et al.,90 and Viinikka et al. 91 

Walsh " and Nelson and Walsh9
" studied the effects of 

asp irin on placental eicosanoid metabolism. Production 
rates of PGI2 and TXA2 in whole villi, villous core 
tissues, and trophoblast from human term placentas 
were measured in the presence or absence of aspirin. 
Aspirin was shown to inhibit TXB2 production in whole 
villi and Yillous core tissue denuded of its tropl:ioblast 
cells. 9

" The same concentration of aspirin also inhibited 
PGI 2 production in the isolated villous core but not in 
whole villi or isolated trophoblast. The authors con­
cluded that low-dose aspirin can selectively inhibit 
TXB2 production in whole placental villi and differen­
tially affects TXB2 production by the trophoblast and 
\'i llous core compartments. In addition, they suggested 
that the trophoblast modulates villous core TXB2 pro­
<'uction by a paracrine interaction, and they speculated 
tnat aspirin mimics this trophoblast-inhibiting effect on 
TXB2 b\' the placenta. Aspirin selectively inhibits TXB2 

not only in whole placental tissue but also in placental 
arteries .v' Low-dose aspirin was shown to cause a sig­
nificant decrese in TXB2 in whole placental tissue and 
also in placental arteries. In addition, low-dose aspirin 
caused a significant decrease in TXB2 production in 
placental arteries both with and without vasoconstrict­
ing doses of angiotensin II whereas PGI2 production in 
placental arteries was unaffected by the same dose of 
aspirin .~' 

In summary, low-dose aspirin effectively inhibits 
platelet TXA2 biosynthesis; vascular PGI 2 production 
remains relatively unaltered. The (relative) refractori­
ness of systemic vascular PGI 2 biosynthesis to the effects 
of low-dose aspirin is based on the cell biologic differ­
ence between endothelial cells and platelets and on 
deacetvlation of aspirin in the portal circulation. The 
chronic or intermittent consumption of high doses of 
aspirin by pregnant women may affect maternal and 
m·wborn hemostatic mechanisms, and may be associ­
ated with increased perinatal morbidity; teratogenic 
effects are unlikely . It appears prudent not to encour­
age the use of analgesic doses of aspirin in pregnancy 
for trivial reasons. However, the reported adverse ef­
fects are relatively rare and dose related; there is no 
t"\'idence that low-dose aspirin carries any significant 
maternal or fetal risks . Nevertheless, if treatment of 
pregant women with low-dose aspirin is considered, it 
should lx started after I 2 weeks' gestation, when the 
r-isks of mducing congenital heart disease are minimal. 

Low-dose aspirin: Effect on angiotensin II 
sensitivity and prostaglandins 

It ts well established that normal pregnancy is char­
acterized by increased refractoriness to infused vasoac­
tive substances such as angiotensin II, whereas pre­
eclampMa is characterized by increased sensitivity to 
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Table I. Low-dose aspirin and vascular angiotensin II sensitivity in pregnancy 

GestatiOnal age EPD before EPD after 
No. of at mitialmfusion aspirin aspirin Duration of 

Series women (u•k) ( ng!kg!min ) (ng!kg!min) aspirin treatment 

Angiotemin II nonsemitive women 
Sanchez-Ramos et al."'' 13* 28-34 I 7.2 :!: 2.2 35. 1 :!: 4.2 2 hr 
Brown et al. 9

" 18 28-32 25.5 :!: 10.6 25.5:!: 10.6 I wk 
Angiotensin 11-semitive women 

Spitz et al 9
; 17* 32.7 :!: 2.3 5.9 :!: 2.4 10.2:!: 5.5 I wk 

Brown et al."' 22 28-32 
SN II * 31.3:!: 2.6 6.3:!: 2.5 18. 1 :!: 7.9 I wk 
ss II 32.5:!: 1.6 5.0:!: 2.5 4 .7 :!: 1.9 I wk 

Wallenburg et ai."'J 32 28 7.5 
Aspirin I i 28 i.5 lit 6wk 
Placebo 15 28 7.5 7.5t 6 wk 

EPD, Effective pressor dose of angi01ensin II. Re~u lt s are mean :!: SD except for Wallenburg et al. (median). SN, Women sensitive 
before and nonsensitive after low-dose aspirin. SS. \\"omen sensitive before and after low-dose aspirin. 

•p < 0.0 I for effective pressor dose before and after aspirin . 

tp < 0.02. 

angiotensin II infusions.'' In addition . Can t et aJ."• 
demonstrated that women destined 10 ha,·e preeclamp­
sia Jose their refractoriness to infused angiotensin II 
several weeks before the onset of the clinical m;:mifes­
tations of the disease. Moreover, Everett et a!."·· found 
that the vascular response to angiotensin II infusions in 
normotensive women is altered after the use of regular 
doses of aspirin . 

There are several studies describing the dTens of 
low-dose aspirin (60 to 81 mglday) on angiotensin II 
sensit ivitv during pregnancY. Three of these ~tudies 

investigated the effects of aspirin in pregnant women 
who were either sensitive or nonsensitive (rc!ractol)·) to 

angiotensin II infusions,"''"' and one study investigated 
the effects of aspirin and placebo in ~emitin· pregnant 
women'"' n·able 1). 

Spitz et al."; evaluated the effects of low-dose aspirin 
(8 1 mg/day for I week) on angiotensin II pn·ssor 
responses and blood prostaglandin conct'ntrations in 
I i women sensitive to angiotensin II. Low-dose aspirin 
resulted in a substantial increase in the etlective pressor 
dose of angiotensin II ; however, the observed values 
remained lower than those recorded in a nonsensitive 
group of women. In addition, the authors noted that in 
spite of the increase in the effector dose of angiotensin 
II after aspirin therapy 8 of I i women (4 7'l) remained 
sensitive (<I 0 ng/kg per minute) 10 angiott·min II. 
Moreover, they found that the me of low-dmr aspirin 
resulted in significant reductions in the levels of !>erum 
and plasma TXB2 • plasma 6-kt·to-prostaglandm F1n. 

and plasma prostaglandin E2 . However, the decrra!>e~ 
in plasma T XB2 were significantlY greater than the 
decreases in plasma 6-keto-prostaglandin FIn· resulting 
in an increased 6-keto-prostaglandin F 1 .,/r."B~ ratio . 
They concluded that low-do5e a5pirin affects platelet, 
vascular, and uteroplacental productton. 

Brown et a!. '" studied pregnann outcomes Ill 40 
pregnant women (28 to 32 weeks' ~rstation) " ·ho were 
given low-dose aspirin (81 mglday ) !rom the tune of 

cnrollmem umil delivery. Circulating eicosanoid levels 
and angiotensin II pressor responses in these women 
were measured before and after 1 week of aspirin 
therapy. Eighteen women were classified initially as 
nonsensitive 10 angiotensin II whereas 22 women were 
sensitive to angiotensin II infusion at the time of en­
rollment. All studied women had significant reductions 
in serum and plasma TXB2 levels after therapy. Eleven 
of the 22 women initially sensitive to angiotensin II 
remained sensitive after 1 week of aspirin therapy; 
these women had significant reductions in both plasma 
6-keto-prostaglandin F ta and prostaglandin £ 2 levels. 
In contrast, such reductions in these prostaglandin 
metabolites were not demonstrated in the women who 
were initially nonsensitive to angiotensin II or in the 11 
women who became nonsensitive to angiotensin II in­
fusions after aspirin therapy. In all II women who 
remained sensitive to angiotensin II pregnancy-induced 
hypertension developed: Four had mild disease, five 
had severe disease, and two ( 18%) had preeclampsia. In 
addition, these II women required delivery at a mean 
gestational age of 35.6 weeks. On the other hand, in 4 
of the II women who became nonsensitive after aspirin 
therapy p-regnancy-induced hypertension developed: 
One had mild disease, one had severe disease, and two 
(18'k) had preeclampsia. Interestingly, the incidence of 
pregnancy-induced hypertension (39%) was signifi­
cantly high in the 18 women who were nonsensitive to 
angiotensin II at onset of the study: Four had mild 
disease, one had severe disease, and two (11%) had 
preeclampsia. In addition, five women within this group 
became more sensitive to angiotensin II after aspirin 
therapy; pregnancy-induced hypertension developed in 
four of the five . The authors suggested that pregnant 
women may have different biochemical responses to the 
eHects of low-dose aspirin therapy; some women may 
have nonselective inhibition of cicosanoids resulting in 
adverse pregnancy . outcome. 

Wallenburg et al."" conducted a double-blind place-
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bo-controlled study using low-dose aspirin (60 mg/da' 
for 6 weeks; 11 = I7 ) or a palcebo (17 == I5 ) in normo­
tensive primigravid women who were ~emitive to angio­
tensin ll infusions at 28 weeks ' gestation. All women 
had measurements of thrombin-induced platelet mal­
ondialdehyde production and repeat angiotensin ll 
infusions at 34 weeks' gestation. In the aspirin-treated 
group the values of platelet malondialdehvde produc­
tion were significantly lower than in the placebo group. 
In addition, the effective pressor dose of angiotensin ll 
at 34 weeks' gestation was signiflCantlv higher than at 
28 weeks in the aspirin group but not in the pi<Jcebo 
group. Moreover, seven women in the placebo group 
and none in the aspirin group had a decrease in the 
effective pressor dose between 28 and 34 weeks' gesta­
tion . Further, vascular refractoriness to angiotensin lJ 

(effective pressor dose of > lO ng/kg/minute) was re­
stored in I 4 of I 7 aspirin -trea ted women but in onh· 5 

of I5 placebo-treated women . 
In summa1;-, the data regarding the eflect~ of low­

dose aspirin on angiotensin II vascular semiti,·itv dur­
ing pregnancy are highlv \'<lriable . However. the :lata 
suggest that enhanced vascular responsiveness to an­
giotensin ll infusions may be mediated by an imbalance 
in thromboxane/PGI 2 production that m;n· be corrected 
by the use of low-dose aspirin. 

Prevention of preeclampsia and 
growth retardation 

\-\'ith the developmem of the pathophysiologir con­
cept of selective, non-thrombin-mediated platelet acti­
vation in women with preeclampsia. antiplatelet drugs 
have been considered for both prevention and treat­
ment. Preeclampsia is just one expression of the rircu­
latory maladaptation disease of pregnan0·· Fetal 
growth retardation <Jnd abruptio placentae mav be the 
other manifestations, occurring alone or in combination 
with preeclampsia . Normotensive pregnant women with 
fetal growth retardation shov.· signs of inadequte plasma 
volume expansion . In addition. vascular sensitivity to 
angiotensin ll is increased in normotensive pregnancies 
complicated by fetal growth retardation. 16 Moreover, 
uteroplacental vascular changes are known to be the 
same in preeclampsia and fetal growth retardation if 
caused by uteroplacental insufficiency.""' 1l1erefore the 
use of low-dose aspirin has also been considered for 
f.'revention and/or treatment of fetal growth rc:-tar­
dation . 

Prevention of preeclampsia 

Crandon and J,Jwnvood'"' obtained a historv of as­
pirin imakl' durrug prl'gnancv from primigravid women 
and shown! tlr:rt "' ''""'t·n who had taken aspirin more 
than uncl' ncn ~ '"·,·k, rlrrnugh pregnancy, pregnan­
C\·-induced lrqwrt• ·"''"" wa' 'ignifrc<tntlv less common 

(4o/c) than "' """"'" ''''" lrad '"' lusto~· of aspann 
ingestion (IIi'.; 1. II"'" '" ·' · rlu"' ' ;uulrors did not subda-
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vide the aspirin -taking group by dosage or gestational 
age at which they began to take aspirin, nor did they 
present data showing that the control group was com­
parable to the experimental group in terms of gravidity, 
blood pressure at initial visit, or incidence of coexisting 
medical conditions. 

Several prospective studies have recently been pub­
lished which suggest that aspirin administration might 
reduce the incidence of preeclampsia. The first pro­
spective randomized trial was an open study in which 
patients who had a history of a complicated pregnancy 
and/or blood pressure :2: I60/95 mm Hg were random­
ized to receive either aspirin (I 50 mg) and dipyridam­
ole (300 mg) daily, starting at 3 months' gestation, or no 
treatment. 102 Results of this trial are summarized in 
Table II. No fetal loss occurred in the women treated 
with aspirin and dipyridamole, whereas five fetal deaths 
occurred in the control group. Placental weights 
showed no significant difference between the treated 
and the untreated groups. The authors concluded that 
antiplatelet therapy begun early in pregnancy in high­
risk patients significantly improves maternal and fetal 
outcome. However, this study had several methodologic 
problems: ( 1) 1 ts applicability to "true preeclampsia" 
was questionable because the vast majority of the sub­
jects were multiparous; (2) the rate of pregnancy com­
plications, including preeclampsia, seen in the control 
group was unexpectedly high; (3) the number of pa­
tients with preexisting hypertension was higher in the 
control group than in the study group (38 vs 29%); (4) 
the authors did not report on the levels of proteinuria 
during the first trimester in those patients subsequently 
labeled as having preeclampsia; (5) the study was not 
done in a double-blind placebo-controlled format; (6) 
this trial tested the combination of aspirin and dipyri­
damole rather than aspirin alone. 

The first randomized placebo-controlled double­
blind study on the possible prevention of preeclampsia 
in primigravid women with low-dose aspirin was re­
ported in 1986."" Sensitivity to intravenously infused 
angiotensin II was determined at 28 weeks' gestation in 
207 normotensive primigravid pregnant women. All 
46 women with an effective pressor dose of s 10 
ng!kg!minute were enrolled in the study. At 33 to 35 
weeks a venous blood sample was drawn for determi­
nation of thrombin-induced production of malondial­
dehyde by platelets. In the aspirin group determination 
of thrombin-induced production of malondialdehyde 
by platelets indicated that they had complied with the 
prescribed regimen, at least at the time that the deter­
mination was done (33 to 35 weeks' gestation), except 
for rwo women who were subsequently excluded from 
the analysis. The course and outcome of pregnancy in 
44 of 46 women in the study group are summarized in 
Table II. There were more premature deliveries and 
small-for-gestational-age babies in the placebo group 
than in the aspirin group, but these differences did not 
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Table II. Randomized trials of low-dose aspirin to prevent preeclampsia 

Pregnancy-induced 
h_vpertension Preeclampsia 

Gestatzonal 
RisA Dose of a{!t at No. of patients Placebo Aspirin Placebo Aspiri11 

factor.< aspirin enrollment 
Plaa bo I Aspiri11 No. j No. I No. j No. 1 o/c Serie.1 used (mg) (wk) o/c o/c o/c 

Beaufils et al.' "" Obstetric historY 150* 12 45t 48 22 49 19 40 6 13 0 
Wallenburg et al."" Sensitive to angio- 60 28 23 21 4 17 2 9.5 8 35 0 

tensin II 
Schiff et al"" Positive roll-over 100 28-29 3 1 34 4 13 3 9 7 23 3 

test resuh 
Benigni et a!.' "' Obstetric historY 60 12 16 17 3 19 0 0 0 
McParland et al ''" Abnonnal uterine 75 24 52 48 13 25 6 13 10 19 I 2 

Doppler results 
Uzan et a l. 104 Obstetric historY 150* 15-1 8 73 156 25 34 35 22 8 II 5 3 
Azar and Turpin '"' Obstetric histo~· 100• 16 45*• 46 7 16 4 9 4 9 I 2 

All studies 285 370 78 27 .4 65 17.6 43 15.1 8 2.2 

NA, Not available. 
*Patient s received aspirin plus dipYridamole. 
tControl pa tients receiYed no treatment instead of placebo treatment. 

reach statistical signifi cance. Blood loss during deliveTJ' 
was similar in both groups, and excessive bleeding did 
not occur in either group . Also. hemorrhagic complica­
tions and premature closure of the ductus arteriosus 
were not noted in the newborns. 

Benigni et al. '"' conducted a r<Jndomized studv in 33 
women who were considered to be at risk tor pre­
eclampsia because of their obstetric histories . Tht" aspi­
rin-treated women had a lower incidt"nce of prt"gnan0'­
induced hypertension , longer gestations, and higher 
neonatal birth weights (fable II). In addition, the study 
showed a partial (63%) reduction ot neonatal serum 
TXB:.> in the infants of patients treated with aspirin . 
However, such an inhibition of platelet TXA2 symhesis 
is gcnerallv not considered to cause a significant im­
pairment of platelet function . To verifv that the favor­
able efrect of low-dose aspirin was associated with a 
selective reduction of platdet-dnived TXA2 , the au­
thors measured th~ urinary excretion of TXB2 and its 
major urina~· metabolite, 2,3-dinor-TXB2 , by mass 
spectrometric analysis. The urinary excrc:tion of 2,3-
rlinor-TXB2 was reduced in the patients treated with 
aspirin by 8 I o/c: :!: 12% as compared with the pretrc:at­
ment values. whereas the urinarv c·xcrc·tion ofTXB2 was 
reduced bv 599( :!: 23% as comparc.-d with pretrt"atmt'nt 
values. Aspi1·in d id not modi!)· the urinary c:xcrc:uon of 
2.3-rlinor-6-keto-prostaglandin F ao and 6-keto-prosta­
glandin F ao (an index of endogc.-nous PGI 2 syntht"sas). 
T he authors suggested that tht· favorable efl("(t s of 
low-dose aspirin were caused bv a sdt"ctivt' supprr~~•on 
of platelet TXA2 synthesis whilt: vaM'ular PGI 2 svntht'sJs 
remained intact. 

Schiff et aJ."Y studied 791 prt·~nant women wnh 
various risk factors for developm(·nt of hvperaC'n~JVt" 

disease during pregnancy; 65 women were selected 
because of an abnormal pressor response during the 
roll-over test at 28 to 29 weeks' gestation. The number 
of women in whom pregnancy-induced hypertension 
de,·eloped was significantly lower among the aspirin­
treated than among the placebo-treated women (fable 
II) . :"\o serious maternal and/or neonatal side effects of 
aspirin treatment were observed. The mean ratio of 
~erum levels of TXA2 to serum levels of PGI 2 metabo­
lites after 3 weeks of treatment decreased by 34.7% in 
tht· aspirin-treated group but increased by 51.2% in the 
pl~•ccbo-treated group. In a recent study by McParland 
et al."" women at a high-risk for development of pre­
edarnpsia were selected by means of Doppler ultra­
sonuwaphy. Patients with abnormal results of Doppler 
studat·s were enrolled in the study at 24 weeks' gestation 
(J'ahlt· II) . Hypertension occurring before 37 weeks' 
)!nt;niun developed in 17% of the placebo group but in 
none of the aspirin group. There were no differences 
between the two groups regarding gestational age at 
ddivel)·. neonatal birth weights, or incidences of low­
birth-weight babies ( < 2500 gm). There were three 
perinatal deaths in the placebo group that were related 
to ~t"Vere hypertension and one perinatal death in the 
a~pirin group, which was due to a cord accident during 
labor. In addition, there were no differences in mean 
blood loss recorded at time of delivery, and one of the 
mfants had hemorrhagic complications. 

l' zan et al. "'• reported on a multicenter, randomized, 
placebo-controlled, double-blind trial in 229 women 
~l«tc:d on the basis of fetal growth retardation and/or 
ft'tal death or abruptio placentae in at least one previ­
ous pregnancy. The women were enrolled at 15 to 18 
wreks' gestation and were allocated to receive either a 
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Placebo 

No. I 
13 
9 

6 

6 
i 

19 
I\ A 

60 

intrauterine growth 
retardation 

Aspmu 

9( No. 'ii 

29 4 I< 
39 4 19 

19 2 6 

38 2 12 
14 i 14 

26 20 I :{ 
I\ A 

25 39 12 

placebo (11 = i3 ), asp1rin 150 mg/day (11 = 8 1 ). or as­
pmn 150 mg/day plus dipvridamole 225 mg/day 
(11 = i5) . Pregnancy outcome was comp<~red between 
the placebo and the two treatment g-roup~ rombint:d 
(Table II). The mean birth weight was ~ignihcantlv 

higher in the treated group (diflercnce of :?:?5 ~m). The 
dillt:renre in birth weight in the treated group wa~ more 
pronounced in the subg1·oup with two or more previom 
outcomes (dilfen:nce of 346 gm). In addition, the 
treated group had a lower incidence of pennata! death~ 
(8.2l7c vs 4.59c) . One maternal death was <Jitributed to 
amniotic Auid embolism in the aspirin-treated group . 
Epi~taxis and other minor blet:ding occurred in ~ 

women receiving aspirin but not in the group that 
r<·ceived placebo. Nt·onatal bleeding episodes were in­
frequent in both groups. 

Azar and Turpin"''· studied pregnanC\· outcome in 91 

pregnant women considered at risk lor pn·eclampsi;1 
because of previous poor pregnancy outcomes. Fort,·­
six received aspirin I 00 mg/day plus dipyrid;tmole 300 
mglday starting at 16 weeks' gestation until dt:livery; 
the other 45 received no treatment (Table II) . The 
mean duration of pregnancy and mean birth weights 
were significan tly higher in the treatm<·nt group. 

In summary, the data in Table II indicate that low­
dose aspirin is highly effective in the prevention of 
preedampsia and fetal growth retardation 111 women 
considered at risk for these complicatiom. 

Aspirin in established preeclampsia 

Although low-dose aspirin was eflective in pn·ventin~ 
preeclampsia, the dkns of aspirin in women with 
established pregnanrv-indun·d hypertension or prt·­
ec.:lampsia <~ppear to he le~~ favorable. The first report' 
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of aspirin use to treat preeclampsia relate to the use of 
relativeh- high doses of aspirin in two women with 
preeclampsia. 10

" · 
10

' In one case a preeclamptic patient 
l'."ith thrombocytopenia at 22 weeks' gestation was 
treated with heparin and aspirin 1800 mg daily. Platelet 
counts showed improvement , but the pregnancy was 
complicated by oligohydramnios and the delivery of a 
growth-retarded infant at 34 weeks' gestation. '06 In the 
other case, a patient had eclampsia with disseminated 
intravascular coagulation at 21 weeks and was treated 
with aspirin 500 mg three times a day. Platelet counts 
improved ; however, the pregnancy ended in fetal death 
I week later.'"' In a later study, 11 women with throm­
bocytopenia and preeclampsia (type B edema-protein­
uria-hypertension gestosis) received 85 mg of aspirin 
per dav in divided doses; platelet counts improved in 
every case, although no improvement of fetal condition 
wa~ noted and there were two perinatal deaths .10

" 

Schiff et ai. '0
'' conducted a randomized, double-blind 

trial in 4i \\'omen with mild pregnancy-induced hyper­
tension at 30 to 36 weeks' gestation who were treated by 
a daily dose of either 100 mg of aspirin (n = 23) or 
placebo (n = 24 ). The mean blood pressure values, 
rates of development of severe preeclampsia, gesta­
tional age at delivery, and newborn weights were similar 
in the aspirin-treated and placebo-treated groups . The 
authors concluded that "low-dose aspirin was not cur­
ative but was essentially a preventive treatment which, 
in order to be effective, should be started weeks before 
clinical signs of preeclampsia develop." Heyborne et 
ai."" described three patients with HELLP syndrome 
(hemolvsis. elevated liver enzymes, and low platelets) in 
w·hom pregnancy could be prolonged successfully with 
low-dose aspirin. In these patients platelet count in­
creased and liver enzyme levels decreased after initia­
tion of low-dose aspirin treatment. However, it is un­
certain whether these beneficial effects were caused by 
aspirin treatment because the patients received be­
tameth<Jsone as additional treatment. In addition, aspi­
rin causes a long-lasting platelet dysfunction. Thus the 
rombination of thrombocytopenia and iatrogenic 
thrombt>0·topathy in a patient with HELLP syndrome 
may cause severe hemorrhagic diathesis. In fact, we 
have encountered several cases of fatal and near-fatal 
bleeding e<IUsed by attempts to treat women with 
H ELU• s~·ndrome with low-dose aspirin . 

Prevention of growth retardation 

In a lOiltrolled, nonrandomized trial reported by 
Wallen burg and Rot mans,''' a treatment group of 24 
multigravid women with a history of at least two previ­
ous pregnancies, all complicated by fetal growth retar­
dation and placental infarction, received aspirin I to 

1.6 mglkg and 225 mg of dipyridamole daily from 16 to 

:\4 weeks' gestation in a total of 30 pregnancies. Results 
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obtained in the treatment group were compared with 
those in 27 pregnancies among a control group of 24 
mtiltigravid women with a similar histon·. The control 
group received comparable antenatal care without am 
medication. Fetal growth retardation occurred in 61 '1< 
of the control pregnancies and in onlv 13<;( of the 
treated pregnancies; severe fetal growth retardation was 
not obsened in treated pregnancies, but it occurred in 
27'/c of the control group. Treatment did not produce 
any adverse maternal, fetal, andtor neonatal eOects. In 

this study aspirin I to 1.6 mg/kg per day combined v.·ith 
dipvridamole 225 mg/dav markedly suppressed platelet 
TXA!! synthesis, as indicated by a fall in thrombin­
induced malondialdehyde production to 5'1< to I 09c of 
the pretreatment value. The results of a similar but 
unromrolled studv were reported b\· Elder et al''" In 
this studv the eflens of low-dose (7 5 mg) aspirin were 
assessed in 4 2 patients with ver:· poor obstetric histories 
(I o<.« live births) . In these women low-dose aspirin was 
associated v.·ith a striking impron·ment in pregnancv 
outcome (889( live births), especialh· in patients with 
svstemic lupus en•thematosus. 

A randomized, placebo-controlled, double-blind trial 
was carried out by Trudinger et al."' to e\·alua te the 
eflects of low-dose aspirin on neonatal outcome in 
pregnancies with a compromised fetoplacental circula­
tion . Fortv-six women referred because of concern 
about fetal welfare were selected because of an ele­
vated umbilical artef!' Doppler flow \·elocity waveform 
S\'Stoliddiastolic ratio. Mothers with severe lwperten­
sion were excluded. A distinction was made berween 
women with a high syswlic/diastolic ratio (n = 34, 
>95th but < 99.95th percentile) and women with an 
t'Xtremely elevated sytolic/diastolic ratio (11 = 12. 
> 99.95th percemile). Aspirin therapy ( 150 mg daily) 
was associated with a significant (p < 0.02) increase in 
birth weight (mean difference 526 gm) and in head 
circumference (mean difference I .7 em) in those pa­
tients with a higher initial systoliddiastolic ratio. The 
placental weight was significantly (p < 0.02) greater in 
the aspirin group (mean 535.4 gm) than in the placebo 
group (399.4 gm). The significant difference in birth 
weight between the treated and untreated groups in 
this study was remarkable because aspirin therapy was 
started ver:· late in the course of uteroplacental disease ; 
patients entered the study at about 32 wc.-eks' gesta­
tion. For the 12 women with an extreme initial sys­
toliddiastolic ratio (absent diastolic flow) aspirin ther­
apy did not result in a significantly different pregnancy 
outcome. This absence of benefit was considered to 
indicate that irreversible vascular sclerosis had already 
occurred in the placentas of these.- women. In a subse­
quent report Trudinger et al. '" studied a group of 27 
women with twin pregnancies, in which there was no 
evidence of placental insuffKiem~· at 28 10 30 weeks' 
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gestation. These women were randomlY allocated to 

receive either asp irin I 00 mg/day (11 = 15) or placebo 
(n = 12) until deliveiJ'· There were no differences be­
tween the two groups regarding gestational age at 
delivery, neonatal birth weights, or placental weights. 
The authors concluded that low-dose aspirin does not 
affect fetal growth or placental size in uncomplicated 
twin gestations. 

In summary. the available clinical data suggest that 
low-dose aspirin is effective in reducing the incidences 
of pregnancy-induced hypertension (40%), preeclamp­
sia (85C}{), and fetal growth retardation (50%) in women 
at high risk for these complications. This benefit ap­
pears to be particularly true in patients with poor 
obstetric histOIJ' in previous pregnancies. However, the 
data are limited, considering onlv a few hundred pa­
tients have been studied in each group. 

Comment 

Preeclampsia remains a major cause of perinatal and 
maternal morbiditY and mortality. Preeclampsia is char­
acterized by generalized endothelial cell injury. TXA2 

biosynthesis is increased in preeclampsia. This reduced 
p!atelet-derived TXA2 biosynthesis without a major im­
pact on svstemic PGI 2 production. The (partially) selec­
tive effect of low-dose aspirin on TXA2 biosynthesis is 
based on cell biologic and pharmacokinetic principles. 
Low-dose aspirin does influence vascular sensitivity to 
angiotensin II in angiotensin 11-sensitive women. The 
decreased vascular sensitivity to angiotensin II after 
low-dose aspirin in angiotensin II-sensitive women sup­
ports the importance of a functional PGI~2 imbal­
ance in the pathophysiologic characteristics of pre­
eclampsia. Low-dose aspirin is not curative but is essen­
tially a preventative treatment, which, to be effective, 
should be started weeks before clinical signs of pre­
eclampsia are present. Administration of low-dose aspi­
rin has only a minor effect on the incidence of preg­
nancy-induced hypertension but a major impact on the 
incidence of the real disease, preeclampsia, in women 
with poor obstetric histories. 

Currently, several large-scale clinical trials are in 
progress to determine more reliably any beneficial or 
adverse effects of low-dose aspirin in the prevention 
(and treatment) of preeclampsia. The National Institute 
of Child Health and Human Development multicenter 
study has just finished recruitment of > 3000 nullipa­
rous women in whom low-dose aspirin (60 mg!day) or a 
placebo has been used, starting between 13 and 26 
weeks' gestation and continuing until delivery. The 
Collaborative Low Dose Aspirin Study in Pregnancy 
(ClASP) is another multicenter study being conducted 
from Oxford, England. This multinational study is re­
cruiting both nulliparous women and women with poor 
obstetric histories in a randomized fashion to receive 
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either placebo or aspirin 60 mg/dav. At completion of 
recruitment for this study > 10,000 pregnan t women 
will have been .randomized. Recently, the National In­
stitute of Child Health and Human De\'elopment 
star:ted another trial in which pregnant women with 

high-risk characteristics (previous preeclampsia-e<­
lampsia, chronic hypertension, class B to F diabetes, or 
multiple gestation) are being randomized to either 
aspirin 60 mg/day or a matching placebo. This trial will 
recruit > 2000 pregnant women and the results will be 
available in early 1994 . Until these studies have been 
completed, it will remain unclear whether antiplatclet 
therapy, such as low-dose aspirin, should be adopted for 
the prnention of either preeclampsia or fetal growth 
retardation . Othem·ise, women recei\'ing such therap\· 
should have close monitoring of pregnanC\' for poten­
tial side effects. Monitoring of these women should 
include warning signs and symptoms of bleeding. serial 
ultrasonographv for fe tal growth and amniotic Huid 
e\'aluation. and neonatal evaluation for bleeding com­
plications. 
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Salicylic acid is the most commonly pre­
scribed used topical salicylate. Methyl salicyl­
ate, the active ingredient in oil of winter­
green, is present in many over-the-counter lin­
iments used for the treatment of muscle 
aches and bursitis, but is usually not formu­
lated into prescription drugs. 

Pliny (first century A.D .) used willow bark 
(Salix alba ) which contains s<~licylates to treat 
corns and calluses. Galen (second century) 
used it to treat ulcers. fistulae and erysi pelas. 
In the early nineteenth century salicylates 
were not important dermatologically and dtd 
not appear in the materia medica oi Willan 
or Hebra . In 1860, salicylates were chemi­
cally synthesized. During the decade 1880-
JBgo sal icylates hecame firmly established m 
th e clermatologic therapeuti c armanwn­
tar ium. and were used to ~oiten epidNmt~ . to 
.Kt .1s an antipruritic. to remove freckle, ,1nd 
t•ven !() treat lupus \'ulgaris. Since th.1t erJ . 
~alirylic acid has been used predominant ! ~ a-, 
an agent to remove hyperkeratotic delHi'>. 

Pharmacodynamics 

The eiiects oi salicylic acid un the epidt•r­
mis \\ill be emphasized . These eiiects h,l\l' 

• Kt•ctptent oi Researc h Cart•er .1nd Developm!'nt 
A" .mf A.\1-00008 irum thl' l';afton.JIIn>fltutt~ ot Ht•.Jith 
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Labor,\lt,ne, oi Duke Medtc,ll Ct'nh•r 

A<kln•" ior rt•pn nh : Lo"ell A Gold,m tth. II.I .D Dul..t• 
Unt~<'r'''' .\1edtcJI Center . Dt'p.Jrtmt•ntol Mt-dtclnt· D• · 
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been recently reviewed .' Standard phar­
macology texts discuss the efiect of salicylates 
on prostaglandin synthesis, metabolism and 
on body tissues in general. 

Histological studies2 of the skin during top­
ical salicylic acid application demonstrated 
that desquamation is associated with intra­
cellular and intercellular edema , intra­
epidermal vesicle formation and slight d~r~al 
inflammation. Intercellular gaps were vtstble 
on scanning electron micrographs of treated 
areas . ~ and the contour of stratum corneum 
cells become irregular with salicylate treat­
ment. 

Salicy lates denature proteins and are used 
to solubilize many proteins including glyco­
protein s;~ this suggests a possible mecha~i~m 
for desquamation. Salicylates may solubdtze 
cell surface proteins which keep the stratum 
corneum intact. The exact mechanism for des­
quamation is still not completely clarified._ 

Salicylic acid is used predominantly for 1ts 
"keratolytic" effect, i .e. its ability to des­
quamate stratum corneum. Epidermal prolif­
l'r,lliun i., ,1lso decreased.:; Until the mecha­
nism oi salicylic acid is more definitively 
defined, it is useful to retain the term keratolytic. 
One tu three percent concentrations of 
saltcyltc acid are reported to stimulate mit~s~s 
and un this basis the drug was used as an a1d Ill 
wound and ulcer healing. This was consid­
ered J " l..eratuplastic" efiect uf the drug. The 
drug is rarely used in this manner today. 

Pharmacokinetics 

S.:~lrcylic acid and methylsalicylate are both 
ab orbed percutaneously with maximum 
plasma levels occurring 6-12 hours after ap-
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plication . Salicylates are distributed in the ex­
tracellular space (150 ml / kg body weight). 
Patients with a contracted extracellular space 
due to e.g. dehydration, diuretics, have higher 
salicylate levels than those with a normal 
extracellular space. The extracellular space is 
smaller on a weight basis in infants and chil­
dren which suggests a basis for the relative 

. increase in salicylate levels in this group for a 
given (mg/kg) dose. 

Plasma levels of salicylates absorbed percu­
taneously are additive with salicylates 
absorbed orally or rectally. Fifty to eighty per­
cent of salicylate is protein bound to albu­
min.6 Salicylates compete with the binding of 
several drugs (Table 1) and can modify the 
action of these drugs; by sim ilar competitive 
mechanisms other drugs can influence the 
serum level of salicylates. Hypoalbuminemia, 
such as may occur in many diseases, includ­
ing exfoliative erythroderma, is associated 
with increased levels of free salicylates. Lo­
cally high concentrations of salicylates are re­
ported in muscles under the site of topical 
administration in guineJ pigs. 7 

Salicylate is metabolized by liver micro­
somal enzyme systems: these enzymes cun-

Drug (ommt•nl' 
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jugate salicylic acid to glycine, form glu­
curonides or oxidize salicylic acid to 
hydroxybenzoic acids.6 About 65-85% of a 
topically administered salicylate dose is re­
coverable from the urine. Salicyluric acid is 
52% of total recovered metabolites; the acyl 
and phenolic glucuronides of salicylic acid 
are 42% of total, and salicylic acid is the 
remainder.8 The urinary metabolites after per­
cutaneous absorption differ from those after 
oral salicylate administration; those derived 
from percutaneous absorption contain more 
salicylate glucuronides and less salicyluric 
and salicylic acid.8 Almost 95% of a single 
dose of salicylate is excreted within 24 hours 
of its entrance into the extracellular space. 

Clinical Pharmacology 

Usage 

The drug is used to remove excessively 
thick stratum corneum (its traditional usage) , 
as a primary therapy or before the application 
of other therapeutic agents . One to two per­
cent salicylic acid lotion is used as an anti­
pruritic agent and there is renewed interest in 
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topical salicylates as anti-inflammatory 
agents.9 

It is used for wart removal as a 2-20% solu­
tion in collodion; or as a 10-40% plaster for 
plantar warts and plantar hyperkeratosis; in a 
salicylic acid soap for tinea versicolor; and as 
a 6% salicylic acid preparation in a 60% 
propylene glycol gel for hyperkeratotic dis­
eases. Low concentrations of salicylic acid are 
in shampoo and other medications where 
they would be used to cause desquamation . 

Lassar' s Paste (zinc oxide paste, U.S.P. XIX) 
contains 25% zinc oxide, 25% starch and 
50% petrolatum. 

Lassar's paste as originally formulated is a 
paste with 2% salicylic acid, 24% zinc oxide, 
24% starch; and 50% white soft paraffin is in 
common use as a skin protective; it has been 
suggested that the salicylic acid is not 
pharmacologically active in this medication 
because of its chemical reaction with zinc 
oxide. 10 In the British Pharmacopoeia ( 1973) 
Lassar's paste is the original salicylic acid con­
taining formula. 

Whitfield's ointment with 61k salicylic acid 
and 121k benzoic acid in wool fat and pet­
rulatum is occasionally used for desquama­
tion . and as a nonspecific antifungal agent. 

Gels with 8.71k choline salicylate have 
been used for symptomatic relief of painful 
aphthous u lcers_l 1 

Topical salicylates are bacteriostatic and 
phutoprotective. 1 

Clinica l Application 

Stripping experiments demonstrate the 
upper layers of the stratum corneum to be the 
main epidermal barrier to the passage oi 
salicylates . 1 ~ The rate of salicylate penetration 
lan diiier up to nine fold depending on the 
hydration of the skin.ij 

Vehicle composition profoundly influences 
thL' absorption oi salicylic acid. The addition 
1 1i polyethylene glycol 400 or polyethylene 
glycol 6.000 to aqueous solutions decreases 
the in vivo absorption of salicylic acid; a 25t;t­
lv tv) concentration of these glycols decreased 
.1b~orption by 50t;t- .13 The effect is probably 

due to changing the stratum corneum/vehicle · 
partition coefficient. Ethanol (50-75%) en­
hances penetration into guinea pig epider­
mis.7 

Methyl salicylate is absorbed better from 
70% alcohol/30% water solutions than from 
pure water solutions. Its absorption is de­
creased by polyethylene glycol 400 and 
propylene glycol. 7 

In experiments with excised human skin, 
salicylate penetration was best from lanolin, 
plastibase, and hydrophic base, less from car­
bowax, and poorest from petrolatum . •~ 

The effect of pH on absorption is also im­
portant, and the absorption of salicylic acid 
from hydrophilic ointment U.S.P. has been 
studied and extensively commented upon.13 

Absorption was increased SOCk at pH 2.98 
and pH 10.7 compared with absorption at pH 
4.48 and 6.8. The changes at the extremes of 
pH may not specifically be related to the drug, 
but rather to the direct effect of pH extremes 
on normal function of the stratum corneum, 
and the effec;t of pH on the detergent in hy­
drophilic ointment U.S.P. 

ParJmf't('rS !o Monitor 

Local irritation, stinging or burning may 
limit local usage. Since most cases oi systemic 
toxicity have occurred with multiple applica­
tions of drug. once a day application is pre­
ferred. 

As a ruiP of thumb. fur an adult 1 g of a 617c 
s.1licylic acid preparation will raise the serum 
salicylate level not more than 0.3 mg/ 100 ml 
plasma. In children higher levels are possible. 
Calculatiun of the blood level by assuming 
1 0017c absorption and assuming distribution 
in extracellular space (150 cc/kg body 
weight) is an easily performed task. 
Instructions to p<Jfients and nurses as to the 
total amount of drug to be used are critical to 
prevent toxicity . Serum salicylate determina­
tion 6-8 hours after beginning treatment is 
appropriate in some patients receiving treat­
ment to detect increased blood levels even 
before early signs of salicylism . 
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No. 1 SALICYLIC ACID 

Special Pharmacological Effects 

Unwanted Effects 

Salicylic intoxication 15·16 and death has 
· occurred after percutaneous usage of salicylic 

acid and methylsalicylate. Clinically, the pa­
tients have thirst, tinnitus, headache, lethargy, 
confusion, nausea, vomiting, diaphoresis, 
depression and disorientation. In the affected 
children, crying, emotional lability and irrita­
bility are early symptoms of salicylism and 
clues to diagnosis. The risk factors in these 
cases have been the age of the patient, thf.' 
degree of skin involvement. the amount of 
salicylate applied, the frequency of salicylate 
application, and the presence of occlusion . At 
least 11 persons have died from topical salicyl­
ates.17-19 Risk factors include applications of 
materials up to six times a day and especially 
not limiting the total amount of applied salicyl­
ates. Therefore, once a 'day application is 
safest especially ii blood levels are not being 
monitored. In some cases. the use of a base 
which was associated with a high absorption 
ratP of salicylate was a definite risk iactor.1" It 
should also be remembered that diseased 
epidermis is a poorer barrier to the passage oi 
salicylates than normal epidermis. 

Symptomatic treatment and stopping salicyl­
ates is usually sufficient therapy . In severe 
cases. blood gas and electrolyte determina-

Goldsmith 35 

tion and fluid and electrolyte correction may 
be necessary for complete patient care. 

Low serum levels of salicylates such as 
occur after topical administration can in­
crease serum uric acid levels. This efiect 
would be additive with thiazide diuretics and 
other drugs which increase serum uric acid 
levels. Gout may result. Significant salicylate 
levels can affect platelet function and alter 
blood coagulation. Patients allergic to sali<':yl­
ates have had urticarial,20 anaphylactic, and 
erythema multiforme reactions. Pustular and 
acneiform eruptions have been described. 
Salicylates can cause morphological and 
chemical evidence of hepatitis in selected pa­
tients: this is reported in juvenile rheumatoid 
arthritis 21 and lupus erythematosus.22 • 23 

Salicylates cross the placental barrier and in 
rodents are teratogenic. All possible drugs 
during pregnancies should be avoided. 

Drug Interactions 

The drug interaction of salicylates are de­
tailed in Table 1. Psoriatics receiving topical 
salicylates and methotrexates are at a poten­
tial risk of methotrexate toxicity. 

/n((•rierence with Laboratory Tests 

Salicylates may interfere with some labora­
tory tests as detailed in Table 2. 

Table 2. Alrer.Jilom or L.Jbor.Jior\ Rt•>ull> Durrng Salicylate Therapy 

Tt•st 

Thyroid Function"" 

Urinary Sugar11 

5·hydroxyindole oll:e!IC acid" 

Acetone, ketone bodot•s 

17-0H Corticosteroids,. 

V,milm.tndeloc Acid>< 

Uroc Acid 33 • 

Prothrombin•• 

• Physeological eirect of drug. 
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Fal.e nt"gatow v.oth glu((J't' o'\odase. False positive with clinitest caused by 
gentostoc .1cod mt•tabolott>\ en patoents with 2-5 g salicylate q.d. 

False negatl\'t' "'hen iluorumt'tric test used 

False posotovt' Ft>CI, on Gerho1rdt reaction. Reddish color persists with boiling. 

Fo1lse low woth > 4 .8 g q .d . 
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PERCUTANEOUS ABSORPTION OF SALICYLIC ACID 

IN RABBITS 

B. K. Birmingham, Douglas S . Greene , and C. T. Rhodes 

University of Rhode Island 
Department of Pharmacy 

Kingston, RI 02881 

The pharmacokinetic parameters defining the 

percutaneous absorption of salicylic acid in rabbits 

have been investigated . A one compartment open mode l 

with apparent first order absorption was found to 

describe adP~·~ ~~ ~ly the blood level data. 

INTRODUCTION 

Topical application of salicylic acid preparations 
is a well established practice in dermatology, par­

ticularly for the Long term treatment of psoriasis . 

Although the in-vitro release rate and the extent of 

percutaneous salicylic acid absorption in-vivo from 
1-3 various ointment bases has been thoroughly studied, 

there i.s, as Taylor and Halprin4 and Cooper et al. 5 

have pointed out, a paucity of pharmacokinetic data 

characterizing the absorption of percutaneously applied 

salicylic acid. This paper reports estimates of the 

pharmacokinetic fu'nctions which define the topical 

absorption of salicylic acid in rabbits. 

29 
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EXPERIMENTAL 

Materials - llydrophylic ointment U. S . P . (Ruger 

Chemical Co . , Irvington, NJ), obtained commercially, 

was milled (Hammonia Ointment Mill, Josef Deckelmann , 

Aschaffenburg, W. Germany) to improve consistency and 

the ease of application . To provide a uniform particle 

size, salicylic acid (Fisher Scientific Co., Fairlawn, 

NJ), and urea (Fisher Scientific Co., Fairlawn, N,J), 

were passed through an 80 mesh sieve prior to use. All 

other chemicals were analytical reagent grade, and were 

used as received . 

Salicylic acid in hydrophilic ointment (10% w/w) 

(I) and salicylic acid (10% w/w) and urea (10% w/w) in 

hydrophilic oint-ment (II) were prepared the day of 

application . 

Tungstic acid reagent was prepared by mixing 10 ml . 

of 10% aqueous sodium tungstate solution and 80 ml. 

of l/12 N sulfuric acid . The reagent was prepared 

fresh the day samples were analyzed . 

Methods - Female New Zealand rabbits, age 

approximately five mon~hs and weighing between two and 

three kilograms, were housed in humidity and tempera­

ture controlled quarters and maintained on a diet of 

rabbit chow and water ad lib . Rabbits were placed in 

restraining cages for successively longer periods of 

time over a span of several days for conditioning 

before being used for an experiment . 

The hair on the ventral side of the animal from 

the forelegs to the hindlegs was carefully removed 

with animal clippers two to three hours prior to 

application of a test vehicle, taking care not to cut 

or otherwise visibly damage the skin surface . 

ABSORPTION OF SALICYCLIC ACID )1 

An intermittent infusion set, 21 gauge, with a 

15.9 mm (5/8") needle (Butterfly-21, Intermittent 

Infusion Set, Abbott Laboratories, Chicago, IL) was 

inserted into the central ear artery, immedia t ely prior 

to application of the test vehicle . The infusion line 

was filled with a dilute, 100 units per ml., heparin 

solution whenever samples were not being collected . 

This technique allows for repetitive sample collection 

without the need for numerous venipunctures. A blood 

sample was collected before application of the ointmen t 

to serve as ·a pretreatment control. 

Ten grams of ointment was spread over a standard , 

rectangular, 7 em . x 13 em . (1 . 75 x 5 . 11") template 

following the technique of Stollar et al. 1 The 

template was applied to the shaved area of the animal s 

abdomen and held in place with adhesive tap e. The 

rabbit was then pl a ced in a restraining cage for the 

duration of the experiment. Water was provided 

ad lib . , food was given or withheld as reported in 

each study . Two ml. blood samples were taken, the 

serum separated and refrigerated at 4°C until assayed . 

Blood samples were taken immediately prior to applica­

tion of a test ~hicle, during the eight hour applica­

tion period, and for eight hours following the removal 

of the vehicle template . 

Total salicylic acid was assayed by the spectro­

fluorometric method of Saltzman. 6 Nine and one-half ml. 

of . tungstic acid reagent was added to 0.5 ml . of 

plasma, this solution was shaken and the reaction 

allowed to develop for at least ten minutes . The 

mixture was then filtered and 5 ml . of filtrate was 

added to 7 ml. of 10 N NaOH. The fluorescence of the 

resulting solutions was determined within thirty 

: I 
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minutes using a fluorometer (Turner Model 111, G. K. 

Turner Associates, Palo Alto,CA) fitted with a 405 nm 

primary filter and a secondary, sharp cut filter passing 

all ligh t greater than 455 nm . Salicylic acid concen­

trations were determined by comparison to a standard 

curve. Plots of fluorescence as a function of 

standard salicylic acid concentrations were linear over 

the range 0.5 to 20 mg.% (correlation coefficient 0.99, 

n = 8) . 

RESULTS AND DISCUSSION 

Salicylic acid plasma levels as a function of 

time for a fasted animal treated with (I) for eight 

hours is shown in Figure 1. Peak plasma salicylic 

acid concentrations observed were between 10 mg.% and 

18 m~.t. and were attained within four to six hours of 

ointment application. It appeared that in most cases 

the absorption process was essentially completed 

prior to ointment removal. Plasma salicylic acid 

concentrations were detectable (greater than 0.5 mg.%) 

for at least twelve hours after the removal of the 

ointment. 

The plasma saltcylic acid concentrations in the 

post-absorptive phase appears to decline monoexponen­

tially (Figure 1). The elimination rate constant, ke, 

was calculated from a log-linear regression of the 

plasma salicylic acid concentration as a function of 

time. The elimination rate constant for eight rabbits 

treated with (I) for eight hours was determined to be 
-1 -1 0.41 hr ±0.27 hr (s.d.) (Table I). 

The Wagner-Nelson method is commonly used to 

characterize the absorption process. 7 This technique 

is based on the one-compartment open model, and can 

be used to obtain data from which the order of 

ABSORPTION OF SALICYCLIC ACID 
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absorption and the appropriate rate constant can be 

calculated. The Wagner-Nelson equation is 

t 
At/V = Ct + k I Cpdt (Eq. 1.) 

e 0 

Where At/V is the amount of drug in the body at time 

t, divided by the volume of distribution V, Ct 
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TABLE I Pharmacokinetic parameters derived from 

the topical absorption of Salicylic Acid in the Rabbit 

TREATMENT 

Ka (hr- 1 ± s . d . ) 

Wagner-Nelson 0.34 ± 0.28 

NONLIN 0 . 25 ± 0.07 

Ke (hr- 1± s.d.) 

Elimination Plot 0 . 41 ! 0 . 27 

NONLIN 0 . 29 ± 0 . 07 

Lag Time (hr t s.d . ) 

Hours 1.09 ± 0.16 

represents the concentration of drug in the blood at 

time t, and the integral k ,t Cpdt represents the 
e 0 

cumulative amount of drug eliminated. 

If the plot of the logarithm of the change in At/V 

versus time is linear, the absorption process can be 

characterized as first order and an absorption rate 

constant determined. A representative plot is shown 

in Figure 2. Such plots were linear in all cases 

ABSORPTION OF SALICYCLIC ACID 
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Absorption rate of salicylic acid calculated 
by the Wagner-Nelson method . 

characterizing the absorption of topically applied 

salicylic acid as a first order process . An average 

35 

-1 -1 
absorption rate constant of 0.34 hr ±0.28 hr (s .d.) 

was obtained (Table I) . 

Since the absorption rate was characterized as 

first order, fitting the one compartment open model, 

the data was treated by a nonlinear least squares 

regression analysis program (NONLIN) 8 to refine 

further the estimates of ka and ke . An appropriate 

set of equations for the one compartment open model 

with first order absorption was written for the 

IBM 370/155 digital computer. The parameters obtained 

graphically were used as initial estimates . Conver-
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gence of parameters to a best fit occurred with in 

20 iterations for all data sets, and the regres si on 

coefficients were greate r than 0.9 . The values of k 

and ke calculated directly by graphic methods 
a 

previously described and by NONLIN (Table I) were no t 

found to be statistically different (Student's t test, 

p ~ 0.05), most likely due to the large standard 

deviations in absorption and elimination rates . 

A lag time, defined as the time required for the 

absorption process to become pseudo first order, was 

needed to describe the percutaneous absorption of 

salicylic acid. By expressing the amount of drug 

absorbed at t ime t as a percentage of the total amount 

absorbed (A/V) and subtracting from 100 the percent 

remaining to be absorbed can be calculated. A plot of 

the percen t remaining to be ab sorbed as a function 

of time was linear with a slope equal to ka (Figure 3). 

Performing linear regression analysis and solving for 

the time at which 1007. of drug remains to be absorbed 

yields the lag time . A value of 1 . 09 hr 1 0.16 hr 

(s.d.) was obtained (Table I) . 

In contrast to previous studies in which animals 

were fasted throughout an experiment, two animals were 

fed approximately 30 grams of rabbit chow fifteen 

hours following the application of ointment (I) . A 

plot of plasma salicylic acid concentration as a 

function of time for an animal fed is shown in Figure 4. 

Absorption and elimination rate constants calculated 

from the plasma salicylic acid concentrations through 

the first sixteen hours are not significantly 

different from those calculated using fasted animals. 

However, whereas in fasted animals plasma salicylic 

acid levels remained low, less than 2 mg%, for the 

remainder of the collection period (Figure 1), a 
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Percent salicylic acid remaining to be absorbed. 
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second peak was observed in both the an~mals fed 

during the collection period. In both cases the 

plasma concentrations prior to feeding were consistent 

with those observed in fasted animals. Secondary 

peak concentrations above 6.5 mg% were detected 3 to 

5 hours following the feeding . These peaks correspond 

to times approximately nine and twelve hours after the 

removal of the ointment. As a result, it is unlikely 

that the second peak can be attributed to additional 

absorption of salicylic acid through the skin. This 

peak seen only in animals fed during an experiment 

may perhaps be attributable to biliary recycling. 



1fl 

lA 

-
~ 
~ 

E 14 

0 

v 
<t 

v 
:::; 10 
>-
v 
_J 

<t 

"' 
6 

;> 

llTRMTNGilAM, GREENE, AND RlltJuc.S 

• 

4 e 12 16 20 

HOURS 

Figure 4 

The effect of feeding.on the plasma salicylic acid 
concentration time profile following the topical 

administrption of salicylic acid . 

Recycling of drugs excreted into the bile in unchanged 

form and for metabolites is possible, if they are 

either absorbed or modified by the gut flora, 

particularly after splitting of conjugates.
9 

The 

form of drug which is excreted into the bile also 

affects recycling, drug which form glucuronides have 

been shown to undergo recycling, since the glucuronide 

can be readily cleaved to form the free drug in the 

bile. Salicylic acid in man is metabolized by the 

liver, and its metabolites, salicylacylglucuronide, 

ABSORPTION OF SALICYCLIC ACID 

salicylphenolicglucuronide, salicyluric acid, and 

gentisic acid are found in the bile. 10 If the 

unchanged drug and the glucuronide account for the 

greater portion of the drug in the bile of rabbits 

as in man, it is quite likely that biliary recycling 
occurs . 

The results of biliary recycling of drugs is 

commonly seen as either a series of irregularly 

spaced peaks in the declining portion of a blood 

concentration as a function of time plot or simply 

as a prolonged elimination phase. 9 Since the rabbit, 

unlike some species, is known to store bile and 
1 . . 1 . h f d 11 . . re ease 1t upon st1mu at1on sue as oo , 1t 1s 

possible that the stimulus provided by the small 

amount of food caused the release of bile which in 

turn led to the reabsorption of salicylic acid. 

Studies designed to investigate the possible 

utility of urea to enhance percutaneous absorption 

did not reveal any effect on the rate of absorption 

of topically applied salicylic acid. 
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MOISTURE, HARDNESS, DISINTEGRATION AND DISSOLUTION 
INTERRELATIONSHIPS IN COMPRESSED TABLETS PREPARED 

BY THE WET GRANULATION PROCESS 

Z.T. Chowhan, Ph.D. 
Institute of Pharmaceutical Sciences 

Syntex Research, Palo Alto, Calif. 94304 

ABSTRACT 

Interrelationships among moisture, hardness , di s integ ra tion 

and dissolution in compressed tablets were studied by compre ssing 
tablets from granulations prepared by the wet granulation 

process containing low moisture levels. Hardness, di s integ ration 
and dissolution of these tablets did not change on ex posure to 

ambient room conditions. After equilibration under high 

humidities, a decrease in tablet hardness oc~urred which 

depended linearly on tablet hardnesses at the time of 

compression. After overnight exposure to ambient room 

conditions, the softened tablets increased in hardness and 

this increase greatly exceeded the initial hardnesses. The 

magnitude of hardness increase was independent of the hard-

41 
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Percutaneous Absorption of Salicylic Acid · 

J. Richard Taylor, MD, 
Kenneth M. Halprin, MD 
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The potential hazards of repeated topi­
cal application of .allcyllc acid under oc­
clusion to large area:s of the body was 
evaluated by measuring the percutaneous 
absorption and serul1' salicylate concen­
tration• In tour patients with active pso­
rlaala. 

Serum aallcylate concentration• never 
exceeded 5 mg/100 mlln any of the pa­
tients, and although greater than 60% of 
the aallcyllc acid applied waa absorbed, 
no evidence of accumulation or toxicity 
waa observed. Thla form of treatment ap­
pears to pntMnt little potential hazard 
even In patients wtth extensive akin dls­
eaH. Therapy could be hazardous tor pa­
tients wtth Impaired hepatic or renal func­
tion or tor amaller children. 

The urtnary excretory producta of sa­
licylate metabolism were compared fol­
lowing topical and lntrrtenoua aallcylate 
edmlnlatratlon to determine H the akin 
plays any part In the blotranatorrnatlon of 
aallcytate durtng percutaneoua absorp­
tion. Our data ars too limited and In­
conclusive to anawer thla ~tlon. 

Topical preparations containing 
salicylic acid have been used in 

dermatology for many years, and sa­
licylate toxicity resulting from th~ir 
use has been reported.•·• Unfortu­
nately there is little information 
available concerning the potential 

Accepted for publ ication Nov I I. 1974. 
From th• O.nnatolocJ S.m ee. Miami Vet­

erau Admi ni8U-alloo Hoepit.al and u,. Depart­
ment of O.nnat.oloc"J, Uniftl"'ity of Miami 
Sdlool of MediaM, Miami. P'1a. 

Reprint req~ to VA Ha.pit.al. Division of 
O.rmatoloey. 1201 NW 16th St, Miami, FL 33125 
(Dr. Taylor). 

hazards of using large quantities of 
salicylic acid on large areas of the 
body surface in situations where skin 
disease exists and occlusive therapy ~­
may be desirable. A preparation con­
taining 6% salicylic acid in a gel com­
prised of 60% propylene glycol and I 
19.4% alcohol (Keralyt) has recently 
become available for the treatment of 
patients with generalized skin dis­
ease under occlusion. This study is an 
attempt to evaluate the potential haz. 
ard of using this product. This was 
accomplished by determining the per­
cutaneous absorption and serum sa­
licylate levels produced when this 
preparation is used in a well-con­
trolled clinical setting designed to , 
provide maximal exposure. To deter­
mine if the degradation of salicylic 
acid is altered when salicylate is ab­
sorbed percutaneously, the products 
of salicylate metabolism excreted in 
the urine were compared after topical 
and intravenous administration. 

PATIENTS AND METHODS 
Patients 

Four patients with active psoriasis were 
studied as inpatients at the Miami Veter­
ans Administration Hospital. None of the 
patients had renal disease, had ingested 
salicylate-containing medications for one 
week prior to the study, or was permitted 
to use other topical or systemic medica­
tions for the duration of the study. All of 
the patients had more than 25% of their 
body surface involved with psoriasis (pa­
tient 2 had severe generalized psoriasis, 
with more than 90% involv~ent). In-
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formed consent was obtained from each 

I patient after the procedures and hazards 
of the study had been fully explained. 

I Patients applied ·the contents of a 28-gm 
tube of medication to their entire body sur­
(ar.e below the neck immediately after tak­

.1 ing a shower. The treated areas were cov-
ered with plastic wrap and kept occluded 
for ten hours. After ten hours, the dress­
ings were removed and the patient allowed 

I to shower. This treatment was repeated 
daily for a total of five days. All tubes of 
medication were preweighed and then re-

1 
weighed after use to determine the grams 
of gel applied by each patient each day. 

One week after completing the above 
t study patient #3 was given lliter of phys-

1 
iological saline solution containing 1.0 gm 
of sodium salicylate intravenously during 
an eight-hour period. 

I Collection of Samples 

Venous blood was obtained prior to ap-

1 
plication of the topical medication and five 
and ten hours after application each day 
for five days. The serum was separated 
&nd stored refrigerated until analyzed. 

I All of each patient's urine was collected 
Cor each 24-hour period starting from the 
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beginning of the study for a total of seven 
days. At the end of each day, the urine vol­
ume excreted was measured; an aliquot 
was sent to the hospital clinical laboratory 
for creatinine determination, and an ali­
quot was refrigerated for analysis of sa. 
licylates. 

Serum waa obtained in a similar manner 
from the patient receiving intravenoua so­
dium salicylate, but it was collected at 0, 4, 
8, and 24 houn after injection. Urine was 
collected prior to and for three days follow­
ing the intravenoua administration. 

Salicylate Determinations 

The serum salicylate level waa deter­
mined ftuorometrically by the method de­
scribed by Saltzman.• 

Salicylic acid and ita metabolites in urine .. 
were determined by the method of Levy 
and Procknal.' Thia procedure determines 
the total grama of salicylate excreted and 
the percent of thia total present aa free 
salicylic acid, salicyluric acid, and the acyl 
and phenolic glucuronide. of salicylate. 

RESULTS 

The Figure illustrates the serum sa­
licylate concentrations and grams of 

gel applied for each of the four pa­
tients for the five days that serum 
samples were collected. In no instance 
did the serum salicylate concentra­
tion exceed 5 mg/100 ml, and the 
average peak serum concentration for 
all of the patients was less than 3 
mg/100 ml (2.7). The patient with the 
most severe psoriasis (patient 2) de­
veloped the highest serum salicylate 
concentrations (Figure). The serum 
salicylate levels had returned to low 
or undetectable values by 24 hours af­
ter administration of the drug, and in 
no instance did there appear to be an 
accumulation of salicylate during the 
five days of treatment. A gradual ac­
cumulation of salicylate might be sus­
pected in patient 4 (Figure) because 
of the progressive increase in his se­
rum salicylate levels; but this was no 
doubt the result of applying greater 
quantities of topical medication since 
his serum levels returned to normal 
prior to each subsequent day's treat­
ment. 

The results of the urine salicylate 
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to present little potential hazard even 
in patients with extensive skin dis­
ease. 

Absorbed salicylic acid distributes 
into the extracellular fluid volume 
(150 ml/kg),• which is about 10 liters 
in a 72-kg man. A 28-gm tube of 6% 
salicylic acid contains 1.8 gm of sal­
icylic acid; if 60% of it is absorbed, 
the maximal serum level that could 
result would be about 1 gm/10 liters 
or 10 mg/100 ml, which is well below 
toxic concentrations. Toxic reactions 
would not have occurred in this study 
even if 100% of the applied salicylic 
acid had been absorbed since the ex­
pected serum level (18 mg/100 ml) 
would still be below a toxic level. We 
did not believe it was necessary to 

J 
produce a toxic reaction to salicylate 
to adequately determine the percu­
taneous penetration of salicylic acid, 

I 
and the study was designed to min­
imize this possibility. 

Topical salicylic acid therapy can be 
hazardous, however, and salicylate 
toxicity as well as death from acute 
salicylate poisoning can occur from 
its injudicious use. To prevent a toxic 
reaction, three factors should be kept 
in mind. The quantity of salicylic acid 
used should not be excessive, the 
available extracellular fluid volume 
should not be limited, and the ability 
to metabolize and excrete the a~ 
sorbed medication should not be im-

1. Young CJ: Salicylate intoxication from cu­
taneous abeorption of u.licylic acid: Review of 
literature and report of a cue. SDutJ& Ned J 
.S:1075-1077. 1962. 

2. Cawley EP, Petel'IOn NT, Wheeler CE: Sal­
icylic acid poiaoning in dennatologic therapy. 
JAMA 161:372-374, 1962. 

3. vonWei111 JF, Lever WF: Pereutaneoua uJ­
icylic acid intoxication in peoriaaia. Arc.\ Dn-lruJ,. 
tol 90:61~19, 1964. 

4. Lindaey CP: Two caaea of fatal salicylate 
poiaoning after topical application of an anti-
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paired. Excessive quantities of sali­
cylic acid can result from either a 
high concentration in the medica­
ment or from frequently repeated ap­
plications to large areas of the body. 
The two fatal cases reported by Lind­
sey• occurred after only two appli­
cations of an antifungal solution con­
taining 20.7% salicylic acid to 50% of 
the body surface area. von Weiss and 
Lever' reported a toxic reaction to sa­
licylate in three patients treated with 
3% and 6% salicylic acid ointment ap­
plied six times daily for 4 to 11 days. 

Toxic reactions to salicylate occur 
more frequently in smaller children 
because their extracellular fluid vol­
ume is much smaller in comparison to 
the potential surface area available 
for treatment. A contracted extracel­
lular volume is also a potential hazard 
in dehydrated debilitated patients. 
Such patients can also develop a toxic 
reaction to salicylate as a result of 
impaired excretion if hepatic or renal 
disease exists. These factors may 
have contributed to the toxic reaction 
t<? salicylate reported in some cases,•·• 
although they were not specifically 
discussed. The cases reviewed by 
Young,' however, demonstrate the in­
creased risk of treating children. 

Most of the salicylic acid absorbed 
is metabolized to more water soluble 
products to facilitate its excretion. 
Salicylic acid is conjugated with gly­
cine, forming salicyluric acid, which 
normally accounts for 70% of the sa­
licylate excreted. It is also conjugated 
with glucuronic acid forming several 
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salicylate glucuronides, which as a 
group account for 20%; the remainder 
is excreted as free salicylic acid. Al­
though the metabolism of salicylate 
occurs primarily in the liver, the in­
testinal mucosa can also synthesize 
salicylate glucuronides. •• We won­
dered if the skin might also possess 
the glucuronyl transfe:r:ase system 
necessary for this conjugation. This 
would explain the higher than ex­
pected urinary salicylate glucuronide 
levels found in our patients. To fur­
ther study this possibility, we admin­
istered salicylate intravenously in one 
of our patients to see what percent of 
the excreted salicylate was salicylate 
glucuronide when its absorption did 
not occur through either the intesti­
nal mucosa or skin. 

We expected that intravenous ad­
ministration, which would by-pass 
possible conjugation systems in both 
the gut and the skin, would result in a 
lower level of glucuronides than after 
topical (or oral) administration. Table 
2 shows that the amount of salicylate 
excreted as glucuronides was lower 
than after topical application, but it 
was still fairly high and leaves open 
the question of the possible glucuro­
nide conjugation of drugs by the skin. 
This question should be approached 
by more direct biochemical methods 
for the demonstration of the presence 
and in vivo activity of this drug me­
tabolizing system. 
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P~utaneous Absorption of Salicylic Acid after Repeated (14-day) In VIvo 
Administration to Normal, Acnegenlc or Aged Human Skin 
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Chmltt OH, lind tlfl Top I'IJsrmstM, Inc. Clncimatl, OH. FNI mtsed ~ received Aprl29, 1997. Accepted for 
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Introduction 
Salicylic add (SA) ia widely u.eed u a topical therapeutic 

agent (or. variety or akin dbeuee, iDclu~ &CDe, peoriuia, 
and ichthyoeia. A. an O'fel'otbe-counter (QTC) topical medica­
tion, SA ia approved at concentration~ up to K (wlw) by the 
FDA Final Al.:ne Monograph.1 Numerou.t atudie. ban dem­
cmatrated that following depo.ition onto the akin, SA will 
penetrate the atntum corneum and enter the aywtemic 
c:in:ulation. H Topical application at 6~ SA ointment. to larp 
body surf'ace areu (or the treatment or peorluia and lch~ 
ail baa been auodated with hJih pluma CODCeDtratiODI or 
aalicylatea and even aporadic repotU or c:UnJcal tcmidtiee. ... 
To our knowledp there have not been &111 repoiU auoclatinr 
topical UM or ~ SA with theee adYene l)"'temic effecta; 
however, u the number oC producta containinl K SA 
increuea in the marketplace, there ia a neecl to better deftne 
cutaneou. SA abeorption trom theee preperationa. 

The prtuwy objective olthia atudy wu to determine p1uma 
aallcylate Jevela in human aubjecta Collowinc appUcatioD ot 
~ SA in two ditf'erent ftblclee u a tuDCtioD at f'adal akin 
CODdition. To thia end, the atudy deefp aDowecl aubject IJ'OUP 
designation to vary by both akin type and SA applkatioD 
vehicle. SA bioavailabWty trom a~ YebJcle wu 
evaluated after topical appUcation in aubjecta with DGI"'D&l 
racial akin and .ubjec:ta with dermatolocicalb' coaftrmecl mild 
to moderate facial &CDe. SA ~vailablllty from a cream 
ftblcle wu enluated in .ubjecta with DGI"'D&l tadal akin and 
.ubjec:ta with medically conftrmed rridence ot moderate to 
very Mftl"eey qed &Dd/or photoclamapcl f'adal akiD. A ftfth 

•, 

subject group that received 81 mg or aspirin (acetylsalicylic 
add; AI3A) daily rather than daily SA akin treatment wu 
included u a reference control. 

Materials and Methods 
Sabjecta-Thirty-ei,ht female ~lunteers, 18 to 66 ye&r~ or qe, 

were aut,ned to four ~tment fl'OUpl bued on dermatolocically 
-.-.ed fac:iallkin charw:teri.atica: two fl'OUpl or IUbjecta preMDted 
normal akin, one fl'OUP preeented mild to moderate ac:ne, a fourth 
lf'OUP wu Mlec:ted for mdence or moderate to Mftrely qed or 
pbotoclamqed akin, and a ftfth Jl"OUp, which aerYed u the reference 
conb'ol, wu required to meet no facial akin aiterla. OYerall, DO 

IUbjecta in the ftve tr.tment poup1 had active lkin diMue, 1Ca1'1in(r, 
or exeeuin hair formation. Furthermore, for normalaldD de~i~Da· 
tion, aubjecta had DO apparent ac:ne and an qed or photodamapd 
dealination of mild or 1-. For qed or pbotoclamqed dellcDation. 
aubjecta had DO apparent ac:ne, and preMDted with at leut moderate 
facial wrlnltllna. and/or unnen texture or tone (color). The decree 
ot photodamqe wu -.-.ed with a photorraphic com peNon IIC&le 
that allowed the in..tiptor to •lec:t 1 or a deatpationa trom mild 
to atnmely M\'111'1, The in..tiptor wbo performed th.e ..-.. 
menta had been prnioualy familia.rised with thia IIC&le, which ia 
lim11ar to tJ.at ued by Bhawan et a1.1 For ac:ne,roup de.i(DatioD, 
an O'lm'.n IICDe ,rade or 3 • 9 IICCIOr'liiq to the ,w.J IICIMI IIC&le, 
combbted with a tun fac:iallelion count or at leut 15 open or doeed 
DOD-inflamed comedonea and at leut 15 lnf\amed papul• and/or 
putu)• wu nquired. • The ,tobal IIC&le ued wu modifted trom 
Burke and CunlUJ'a. 1 

OD}y (emaJe IUbjecta were ineluded in the ltudy bec:aUM IOIDe or 
the more CICIDCinliDc tcmcolocical eft'ecta ot aalieylatee an in the .,.... 
or maternal reproductln and fetal tozidty. AU aubjecta were 
determined to be in ioocl health by pDera) medical and cllnk:al 
c:bemiatry naluationa, .which ineluded blood c:bemiatry, routine 
bematoloc:r and MI'OlOIJ, uriDalysia. wiDe preenaDCY te.t, and drq 
ICl'MII. 8utdecta •lec:ted were not oo aD7 OTC meclicatiool. pnecrip­
tiOD drap, or oral contnceptiYee and were either IUf'lkally .terile, 
po~tmenopeusal, or aam, an ecceptable berrier method ot CIOfttnlcep­
tioa. 

Subjecta were iMtruc:ted to a'fOid Nlicylatee in oral and topkal 
medleatiofta, aa -u aa other potential IOW"Cee ot ..uc,.tat.M <•-1·· 
wlnterJreen oll) for at leut 1 week prior to the .tart or the atudy 
and throacboat the duration or the atudy. Only DODaDObn and 
aubjecta without a hiatory or drq and alcohol abue were included 
in the ltudy. Subjecta were al8o inetrac:ted to refralD from the intake 
ot alcohol or catreiDe clurinc the ltUdy and for at leut 72 h prior to 
lludy lltart. . 
~ DMip-'l"bla atudy r.c:CYecl lnatitutional rm.w boerd 

appruYa1. ucl written lnformecl CIDDMDt wu c*aiDtd trom ..c:b 
\'Oluteer prior to ber nterinl the ltudy. The atudy wu clealped 
to nalaate MrWD ..uc,.tate concentntioa-time proftJea in female 
nbjecta after topical application orK SA. SA wu applied in either 
a a.m or ~lcohollc liquid to the eabjecta' rae. ucl DICit. Senam 
eatic,tate caoc.ntratioo-time prom. al8o .... COIIIpancl with female 
.abject~ wborec:emdoral ~ot~adcl(ASA). 
8abjecta r.n diYideclinto ftTe IJ'Oilpe ot. to 10 IDdiYidaala; fbar 
IJ'OUpe were buecl OD llkiD type (apd. IICDepalc. aM two normal 
IJ'Oilpl) U aJreedy deftDed. and ODe IJ'OUP WU buecl OD admlm.tn-
tiOD roate (oral). • 

~ wbo ncm.cl toplc:alSA were deefpet.ecl bJ bath llda tn­
ad appllcatioa YehJcle.. NlMteeD IUbjecta with normal MID (normal 
llkiD IQbjec:ta) were enrolled in the ltall7. Ta a( the. IIQbjeda were 



.. .. 

treated with the K SA crMJD. The mna1n1nc DiM DOnD&l aldn 
IUbjec:ta were treated with the K SA hydroalcoboUc llqulcl. NlM 
IUbjecta with apcl (phot.oclamapd) akin (apcl aldn tvbjecta) were 
eroUed lD the maclJ and truted with the K SA cream and n1M 
wbjecta with 8CIM (acne akin wbjecta) were treated with the 
h,ydroalcohoUc UquJd. All tadal appUcaUcma or SA were performed 
once daily at the 1tu4Jiite (or 18 daya by trained atudy ,.nonrel. 
Tb1.l tnaU!Qent lnt.ernl wu Mlec:ted on the buia or 1mcnm akin ceU 
C7de dynamlc8 to allow ror the ~on a( any potentialappUcaUon­
related efl'ec:ta on akin barrier 1\mc:tjon that could poeably tmpect SA 
pereutaneoua abeorption.. The amount or tell material applied wu 
-1.26-1.60 1 (26-30 meSA>. and the material wu applied to the 
race and neck only. Subjec:ta lD the oral uplrin merwDCI J!"'UP came 
to the clinical lite daily to recein 81 1111 at ABA with 8 ouncee or 
water once dally. On day 16 or the ltudy, alltvbjecta were c:onJ\necl 
to the teetiD1 facility tor 24 h. Blood aamplee were t.abn periodically 
(or pbarmacolriDetk analyaea. Total urine wu collected to determine 
aalieylate acretion. 

T.t Materlal.-Two dift'-t SA application nhidel ftTI 

included ln t.bia ltudy: a bydroalcohoUc liquid containina ~water, 
ss~ ethanol, and N aalicylic add; and a cream CODiiltinl or~ 
water, K aalicylic add, and 18~ COII1IMitic adplent mixture CPPQ. 
14 bttt)i ether, Jl1eerin, cetyl and atearyl alcohola, polyquaternium 
37, mineral oil, dimethlcone, Bteareth-21, cydomethicone, and tri­
ethanolamine). Baywr CblJdren'l Aaptrln Oot IKD340) wu parcb.uecl 
commm:ially <81mc at ABA per tablet>. 

Bloocl aDd UrbM S..ple ColleedoD-Blood aampl• (7 mL ln 
EDTA/Na Ouoride YIICUtaiDen) were obtaiDecl by nnipunc:ture at the 
forearm on atudy daya 0, 7, and 12. Alltvbjecta were~ at 
the ellnicallite for a 24-b period on .tuclJ cia116 and pnrrided with 
three controlled meala throqbout the day. Upon arrlnl to the 
f'adllty, eiiCb wbjec:t wu lnltrumented with an bldwaWnr forMrm 
nDODa catheter to obtain a pre-doH blood aample, u w.U u .-t­
d~ aampl• at 6, 16, 30, and 46 min, and 1, 2, 3, 4, 8, 8, 1~. 12, 18, 
and 24 h. AAtrr colleetloo. the aamplee were c:et~tritu,ed at 3000 rpm 
ror 10 min, and plaama wu trosen at -70 "Cantil ~ ror 
aalieylate content. For eeeh aubjec:t. ariDe wu collected and kept 
under refripratiOD throqbout the coUec:tioD periocl. At the compl• 
don of' the 24-b coUec:tioD period, eech urine aample wu wwllbecl and 
an aliquot wu malnt.alned trosen at -70 "C a.ntil .... yac~ ror 
..ue,.tate content. 

Aaaqat.a oiS.UC)iate ill Blood aDd Urt...-ASAlplaama), SA 
(plaama), and total aalkylate cooeentrationa (ariDe) were det.enn1ned 
by hiah·preuure liquid c:hromatoJrapiJ1 <HPLC> with a Dr'OCIIdure 
moclifted f'rom Buakin et al.11 and Sieben ancl Bodmer.11 For the 
uriDe uaay, the aample (OM part ariDe) wu ftnt cWuted lD a 1:U 
parte water .ccmcentrated hJdroc:hlorlc add mixture ancl ~ 
by autoda'rincat 120 "C tor eo miD to connrt aalkylate metabolite. 
(mainly aaUcylurie acid) to SA. The urine aample pnpared ln thia 
awmer wu then aubjeetecl to the aame anab-U roat1De .. a.Md tor 
plaama ABA and SA. which ln.m.d adcllfteatiaG, uta adiou from 
pluma with ethen'haaDa, beck atnetioD with pbo.pbat.e ba&r,acl 
determmatioll by HPLC. TaDclem UV ancl OQOI'eeceDCe c1et.eeUoa 
allowed limultaneoua cletennlnatioll at ABA and SA. ABA .... 
determined with a KontroN 432 UV cS.teetor (ahwi ptloG at 2S4 mm), 
and SA wu determiDed by f1Q01'eecence with a Hlc.cbl F 1080 
(adtatioft, aoo nm; emi.-ioft, 433 nm). Tbe ABA~ qaantifb. 
uon 11mit .... 20 ~~FL. anc1 the SA qaant.lfteatioa 11m1t wu a,..._ 
StaDdiJ"d curna were liDear onr l"aJll'M o/20 to 1000 and 5-1000 
~~~ re.peetin!J, ftlr ABA anciSA. Pwceat NC10ftr71or plum& SA. 
u determiDed with aampl• ~piked with SA at 200 JIFL, wu 17 :t: 
R (mean :t: ltandard dnlatiOD;" • 17). For arlAar)' SA. perceal 
rec:om1ee ol aampte. aplbd with 1:1111iztalw a( 8A:aa1lcytwtc lldcl 
<" • 8-10) were 88 * n uoo ,.wL), 88 * K c200 ,.;J.J, andl4:!: 
1~ (500 ,.wL>. 

Data Enhaatloa aad 8tatbdclll ~ awdmum 
plasma CODCeDtratioll <C-> ol SA and the tm. at wtdc:h the 
madmum CODCeDtntioll oceurred CT-> wwe ~ tram the 
IDdhidual SA pluma CC~DC~eDtradoD-tm. prom. Tbe tarmiDa1 
apooeDtial bali..UC. (la.u) wu eltlmated tram llDear ~ 
recreaaiaD olthe terminal pbue at the lot CC~DC~eDtradoD-tbDI praG1e 
rooowm, the lut cSoee. Area aDCier the plum& WDOillbatkiG­
timec:urTe (AUC) WM dftermiDecl by the Hna.r ~al raJe.IUI 

~ d.tarmlDe the time to reeeh ~ troaah plaama SA 
Dtntioae d cia1a 7, 12. 15, aDd 18 were anal;yM bJ .....a:f 

Aecl maMarea aubsia ol nri.aDce <AHOY A), wbJcb IDctocW 

Agt, y_.. Wlltt, kg 
Sldn Type (Pqe) (Pqe) 

Nonnlllldn ftrt«o­
alcoholc wNdt (n • 10) 
NonnlllktM:r.m 
wNdt(n•10) 
Ac:negelllc 
(n•e) 
AIJfld 
(n• 10) 
NIA' 
(n•10) 

2U:t:7.S2 
(1t-C2) 

34.3 t 10.3 
(1~) 

2U:t:5.4 
(22-3!) 

52.0t7.i 
(3H2) 

3a.U7.t 
(24---47) 

82.5 :t 10.3 
{5()-71.4) 
es.at 10.0 
{5()-7U) 

88.0±12.2 
(!0.5-MJ) 
e5.t :t t.3 

(45.8-78.4) 
eut12.3 
( 48.!.-93.0) 

180.tt7.71 
(14U-17'2.3) 
182.3± 7.48 
(1~172.7) 
188.1 ± 1o.e 
(1~1118) 
1tl2.1 U.2 
(152-170) 
1ti2.U5.t 
(152-170) 
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Agln 1-f'lllml COIICellbiiiOI r-lne prollll d SA In Ujldl ~ I'ICllnl, 

IQid. .., ~ lldll lick\, ""' loplc:ll ~ ldii···· d • hydrolloctiOic tX c:r-.n whk:tl CXIt'lllllq 2% (W\1 SA. Thl dlla ~ .. 
111 ~ :t sanor n • ~o (~ ~~ « n • t (II oiW ~ 
Whn net lhown. Ill SEM blr wa CIClnllnd .-., Ill OOITIIPOIIIi'll tyn0t 
For dirty, plama SA ...,.IIIIIMnd llllrnl pol'lll ~ 0 n 1 h n net 
lhown In "' ~ 
hilber aDd time to peak occurred earlier In ftlbjec:t JI'OUpe 
that rec:eiYed ~ SA In hyd.roelcoboUc ftbide u compared 
with ~ SA In the cream nhlde. There wu a .tati.tticaJq 
llp.lfteant eft'ec:t o( b'eatment on aalicylate term1na1 apo­
Dentlal half'-life .. cletermiDed by ooe-'ft1 anabsle aCnr~aDce 
CF'-.. • 8.67;p < 0.0003). Tbe SA term1nal apcmentlal halt· 
life &mODI IIUbjec:ta rec:el.tn, oral ABA wu liiDtfteantJ)' 
lhorter than that obeerted In each a( the topical b'eatment 
IJ'OUpe (p < 0.06). No llp.lfteant palnriM d.Uf'ereDC:ee In the 
t.rmlnal exponential halt-life wu eeen amonc aD,J ot the 
poupe tnated with topka1 SA (Le., oo tlplfkut akin or 
ftblde eff'ecta by palrwi.ee c:ompart.ona). AUC SA nluee were 
ctplftcantly higher In bydroalcoboUc SA-tneted nbjec:ta than 
In the c:ream-truted counterparta (Table 3). SkiD type dJd 
DOt mptftc:antly in1luence aD,J ol the kiMtic puameten 
«nmtned. 

Tbe SA plasma coocenb'atioD-ttme prollle lor .ubjecta wbo 
rec:eiYed 81 1D1 ot ABA Ia prorided In Fi1ure 2. For the 
wbject8 In thla tnetment JI'OUP. the • ......,. time to peek 
plasma CODCentr'ation wu 0.71 h, with the ......... peak 
plaama SA coocentntioo betnc 6282 I9L. 'l'ba cocae.poodtn1 
plasma AUC nlu.lor thla JI'OUP wu 22 010111 hiL. Pluma 

Ory12 Oly15 Oly18 

14.40 :t:2.23 23.70±1.08 2UO:tU8 
44.00±827 40.33 :t 7 .as 4U7:tU7 
38.11 :tU8 28.33±11.83 21.M:tU7 
43.5U 13.08 35.5e:tU3 34.58±8.43 
c$.0 <10.0 <10.0 

concentntione o( the parent compound, ASA. were abo 
meuured In thiJ lt'udy (data oot lfTeD). Peak ABA lent. 
were achieved -30 :min after oral aciJnint.tration aDd then 
declined rapidly with no detectable ABA In the pluma at 3 h 
pMt-adminlatration. Peak concentrationa o( ABA (30 min) 
ranpd from 80 to 300 ~~~ Peak aDd AUC concentntiona 
alBA were aplfkantly~J"Ntar (6- to 10-Cold) Cor the oral ABA 
poup than the ~ rec:elnn, SA Yia topical adminlatra-
tion. ' 

Cumulatin U.h urinary SA a.c:retion Ia abown In Table 4. 
No ltatUtically tiptAc:ant painrlae d.Uf'ereDCel In c:wnulatin 
urinary lnela oC SA were ll8eD amana any oC the JI'OUpc! 
b'eated wiih topical SA (i.e., no lli&nifi<:ant akin or ftbicle 
effect. by pairwt.e c:ompariaon.a). Urinary recowez1 wu 
a,ntAc:antly hJiber (p < 0.06) In the oral ABA IJ'OUP compared 
with each o( the topical SA b'eatment poupe. 
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flgln 2 Plllml COIICIIIb dol r-Ime prollll d SA ., ~ I'ICIIIW'Q oral 
a•• illtlm• d 81 mg d ASA. The dill preened .,.. ... ~ :t sailor , 
- t UjediiiiKhllrnl p:kt (Noel fit 1o-told c:hlnVe ., ... y lXII ~ 
.., Flgln 1.) 

1.10 :t 1.01 
l44:to.M 
Ul:t0.88 
I.OO:t0.87 

17.51 :t 4.0Z. 

'0111 preened n fie~ :t sat for II• 10 (1IOJ'IIWia-.n ~~ 0111 
• t (II Olhlr P4'1~ 'tfA. Not IPJ)Ic:ltlll. tiflcta IChlcUid lar oral ~ 
lr'lllll'ln ... nee llqUirld to 1n11t flcill *" c:rllriL "9' a a:., c1111rn 
from .. tlpiciiii'Mtli• a. 

tbe preeent data indicate that Deitber ol the aJdn typee ... 
naluated ClOMtitute a comproznl.d burier f'ar SA ahuoa pdcn 

In the preeent .tudy, bloenilabilltiel for topicallJ applie4 
SA amooc normal akin type wbjerta were 57 .e aDd «.oe~ rat 
the~ and awJr. Jeltnry nhicl.., rMpedi..JJ. 
Tbe lower abeorpticm ol toplea1lJ compand with on.Iq 
admin1sterecl ulic:Jlatee obeei wecliD thi.a lltud7 la lD qr... 
meDt with earlier nporta bJ other ID~ a.ut Mono 

onr, the a1ower balt~lif• obee"ed after topical compand with 
oral adminlatration lDdieated that abeorption la the rate­
Umitine atep for abeorption of topically applied SA. 

'Ibla ltud)' bu J)rovided DeW data OD the percutaDeou.l 
ab.orption ol SA frOm b)'d.roalc:oboUe aDd c:ream nhides mel 
on the impact o( dift'erent akin types on bloenilability ol the 
compound. 'Ibla pharmacoldnetie lDCormation allon for 
improYecl estimatee o( ~ SA contributiona from topi­
cally applied producta. Bued upon the outcome ol thla .tud;y, 
II)'Stemie ~ to SA from the UM ol topical K SA 
produc:ta are -15,. o( thoee obtained foUowinc oral admfnfe­
tntion ol 81 IDI' or A8A and ~tially below tboee 
aaodated with ~ SA-related eft'ec:ta. 
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SYDNEY, NEW SOUTH WALES 

Tms report describes the clinical and pathological 
features of a group of twenty-one children admitted to the 
Royal Alexandra Hospital for Children between March, 
1951 , and March, 1962, who appear to have had an illness 
which, we believe, represents a clinicopathological entity. 
We shall refer to this condition as fany degeneration of the 
viscera, of unknown cause. 

The outstanding clinical features were profoundly 
disturbed consciousness, fever, convulsions, vomiting, 
disturbed respiratory rhythm, altered muscle-tone, and 
altered reflexes. The onset was usuallv associated with 
cough, rhinorrhcea, sore throat, or ear~che. There was 
often hypoglycremia and a low cerebrospinal fluid (C.S.F. ) 

glucose, and the serum glutamic-oxalacetic acid trans­
aminase (S.G.O.T. ) and serum glutamic-pyruvic acid 
transaminase ( s.G. P . T.) levels were increased in each of the 
seven patients in whom they were measured. 
. Seventeen of the children died, and at necropsy remark­

ably uniform pathological changes were found. To the 
unaided eye, these were expressed as cerebral swelling, a 
slightly enlarged, firm, and uniformly bright-yellow liver, 
and pallor and slight widening of the renal cortex. 

Clinical Features 
The series consisted of fourteen girls and seven boys. 

The youngest was 5 months old, and the eldest 81: 1 years. 
Fourteen of the twenty-one were aged 2 years or less, and 
the other 7 were over 5 years. 

The frequency of the main clinical features and the 
laboratory findings is shown in the tables.: There was 
usually an initial period of malaise, often with cough, sore 
throat, earache, or rhinorrhcea, and the children did not 
seem very ill. Usually after 1 to 3 days, but varying 
occasionally to 2 or 3 weeks, there was fairly abrupt 
clinical deterioration, the most worrying changes being 
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persistent severe vomiting and the onset of stupor or 
coma, sometimes followed by convulsions. In ten of 
the fourteen children who had upper-respiratory tract 
symptoms, there was a short period of apparent recovery 
before symptoms returned and the more serious phase of 
the illness supervened. 

In nearly half the group there was wild delirium, with 
screaming, intense irritability, and violent movements, 
during the period when consciousness was deteriorating, 
and in several of the other children an unusual degree of 
restlessness was noted. 

On admission to hospital, all but two of the patients 
were already stuporose or comatose. Eight exhibited, at 
some time afterwards, the delirium described above. 
Usually one or more of the features that we have learnt to 
regard as characteristic, such as hyperpncea or a low c.s.F. 

glucose, was present at or shortly after admission, and 
others appeared over the ensuing 12 or 24 hours. 

Every patient had profoundly disturbed consciousness, 
and seventeen had seizures. The types of convulsion 
varied, and some patients had more than one sort of fit at 
differnt times. Focal twitching and tetanic spasms were 
seen rr.ost often, and in three patients, one of whom had 
opisthc.tonus, the spasms were sufficiently like tetanus for 
this diagnosis to be considered. Convulsions were often 
difficult to control; in ten of the seventeen patients who 
had fits these lasted more than 3 hours, and in four they 
were terminated only by death. 

Vomiting was another constant symptom, and in most 
patients it was severe. Eleven patients vomited black or 
dark-brown material. It was notable that vomiting invari­
ably ceased or became much less frequent shortly after 
admission, that is, a few hours after the onset of stupor or 
coma. 

The respiratory rhythm was noted to be abnormal in 
twenty cases, and most exhibited changing patterns of 
breathing. Hyperpncea and irregular respirations were the 
commonest abnormalities noted, but shallow or rapid 
breathing also occurred, and one patient, who became 
apnoeic, remained alive for 26 hours with assisted 
respiration. 

The liver was palpable in tWelve, and in seven it seemed, 
on repeated examination, to have become larger than on 
admission. In six the liver was thought to be abnormally 
firm, and this was, in our experience, a more helpful 
finding than apparent enlargement. 

Muscle-tone and tendon-reflexes tended to be change­
able. Increased or variable tone and tendon-reflexes were 
found in sixteen. The plantar responses were abnormal or 
equivocal in about half of the group, and they were often 
variable from time to time in the same patient. The 
pupils became dilated or unresponsive to light, or both, 
in ten patients. In only one patient were the pupils 
unequal. 

A characteristic posture was observed-the elbows 
fiexed, the lep extended, and the hands clenched-and 
some or all of these features were noted in seven patients. 
This finding, in common with hyperpncea, firmness or 
enlargement of the liver, and changes in the muscle-tone 
and tendon-reflexes, was more often recorded in the more 
recently admitted cases, when clinicians at the hospital had 
become familiar with the condition. 

In twelve patients ketones were found on urine analysis, 
or there was a ketonic odour on the breath. Every patient 
except one had fever while in hospital, but this was not 
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~ually present on admission. Five patients appeared to 
1ve abdominal pain at some stage of the illness. In each 

..c~.se this was brief. 

Four patients had a rash. In three this was a non­
specific erythematous eruption of short duration, but in the 
fourth patient it was an unusual and striking feature of the 
illness. The rash had started on the front of the neck and 
had become generalised. The lesions were discrete pink 
papules which became excoriated and crusted. On 
admission after the rash had appeared, a diagnosis of 
varicella with encephalitis was made. The patient died, 
and at necropsy the typical changes of fatty degeneration 
of the viscera were found. The skin lesions were histo­
logically quite unlike those of varicella, being strictly 
circumscribed foci showing necrosis of the epidermis and 
the full thickness of the dermis, with some leucocytic 
infiltration and the formation of micro-abscesses at the 
edges of the lesions. 

Seventeen of the twenty-one patients died, the average 
time of survival after admission being 27 hours, and the 
longest survival 21/ 1 days. Vomiting invariably subsided 
shortly after admission, but the disturbance of conscious­
ness did not improve, and, together with disturbed 
respiratory rhythm, convulsions, or peripheral circulatory 
failure, or a combination of these, this dominated the 
clinical picture until death. 

Four patients survived the illness. Each of them was 
given intravenous glucose by infusion and two received 
hydrocortisone intravenously as well, one was given 
insulin and glucose, and one was given both hydrocortisone 

d insulin. In each case consciousness was normal by 
1out 24 hours after improvement was first detected. 

./ithin a day or so of regaining consciousness each of the 
patients had returned to apparently normal health and 
remained well thereafter. 

Laboratory Investigations 

The following are the investigations which often gave 
abnormal results (see also table III): 

The C.S.F.-sugar ccncmrrarion was estimated either qualita­
tively or quantitatively. The qualitative test was performed by 
boiling equal quantities of C.S.P. and Benedict's solution. 
Where no reduction occurred, this is reponed as "negative", 
and the result is considered to represent a value for C.S.F. sugar 
of less than 25 mg. per 100 ml. The c.s.F.-sugar concentration 
was estimated before intravenous glucose was administered, 
in nineteen patients. In thineen of these the concentration was 
reduced, although in two this was only detected in a second 
specimen of c.s.F., the first being normal. 

The blood-sugar ltt~el was estimated before glucose was 
administered in nine patients. It was less than 50 mg. per 
100 ml. in six, 62 mg. per 100 ml. in one, 195 mg. per 100 ml. 
in another, and normal on 2 occasions in one other. In the 
patient whose blood-sugar level was 62 mg. per 100 ml., the 
c.s.F. had given a negative qualitative test for sugar. 

The blood-urea exceeded 40 mg. per 100 ml. in nine of the 
twelve patients in whom it was measured. Five of these were 
clinically dehydrated, and two were considered not to be 
dehydrated. In one patient the blood-urea was 64 mg. per 
100 ml. on admission, and it rose to 180 mg. per 100 ml. next 
day, although signs of dehydration had not worsened and they 
were never of more than mild to moderate severiry. 

The S .G.O. T. was estimated in seven patients, and it was 
used in each case. Initial levels varied between 106 and 
J 70 Karmen units per ml. per minute. 
The S.G.P.T. was estimated in four patients, and it was 

initially raised in all to between 155 and 1200 Karmen units 
per mi. per minute. 

The prothrambin-index was estimated in four, and it was low 
in each of these. 

Neutrophil leucocytosis was commonly observed . 
Electroencephalography was performed in six cases, and gross 

generalised abnormalities were found in each. Repeated 
tracings were made in two patients who survived, and a return 
to normal was observed. 

Chromatography of the urinary aminoacids was performed in 
six instances. The panem in one case was normal, and the 
other five showed a generalised increase in the concentration of 
aminoacids. 

Blood-culrures were performed twice, and there was no growth 
of organisms in either case. .t 

Clinical Diagnosis 
In a number of patients admitted with stupor or coma, 

with or v:ithout fits, and with a history of vomiting, it has 
been possible to make an antemortem diagnosis of fatty '.: 
degeneration of the viscera. The most helpful diagnostic -~ 
findings in such patients have been hypoglycremia, f. 
with no immediate response to intravenous glucose, low -;~ 
c.s.F. sugar, hyperpn<n, increased or variable muscle­
tone and reflexes, firmness of the liver, and raised serum­
transaminase levels. A history of unusually severe vomit­
ing, progressing to a stage in which black vomitus has run 
effortlessly from the mouth of the stuporose patient, has 
sometimes suggested the diagnosis. 

Pathological Features 
Irrespective of the period of survival from the time of 

onset of serious symptoms, the gross and microscopic 
pathological changes found in the seventeen cases which 
came to necropsy was, apart from some minor variations, 
identical from case to case. 

Gross Changes 
The brain was always swollen, and this swelling was 

sufficient to produce obvious flattening of the cerebral con­
volutions, but it never reached a degree sufficient to produce 
herniation of tissue, and only rarely was any ftanening of the 
pons and medulla or coning of the cerebellum apparent. The 
cut surfaces were pale and moist. The liver was slightly en­
laried, and it felt unduly firm, and the capsular and cut su:faces 
were uniformly bright yellow. The kidneys had a slightly 
widened cortex which was pale, with a faint yellow tinge. The 
upper-respiratory tract was not inflamed, and _there were ~o 
pulmonary pathological changes apan from a little a:dema m 
some cases. The heart was usually dilated, and in a few 
instances the myocardium, when viewed from the endocardial 
surface, had a faint yellow tinge. In the majoriry of cases the 
stomach contained a small quantiry of dark fluid coloured by 
altered blood, and in a few there were multiple superficial 
erosions. 

Microscopy Apt>lm'ances 
The cerebral changes, which were in no sense specific, were 

principally located in the cerebral conex, but ~ey were ?ot 
restricted to any specific area nor to any one lamina of corneal 
cells. Cortical neurones showed one of two changes: in one 
form the cell was considerably swollen; in the other the cell was 
&hrunlten and deeply staining. Cells of both fY?es w~e 
intimately n:Unaled, though in some areas several IJllcroscop!C 
fields were composed almost exclusively of one or the other 
type. The striltin& feature of the enlarged cells was the pallor 
of the cell bodv which, in the paraffin sections, appeared emptY 
or contained a ·few coarse refractive granules; in frozen sections 
a few cells of this type were found to contain a number of _ 
sudanophilic eranules. Fat droplets were also seen in a few o~ 
the capillary endothelial cells in these sections, ~u~ fat emboli • 
were not found in the vessels. In the deeply staliWlg cells the ··• 
cell body and the nucleus were contracted; the cytoplasm was 
opaque, and the nucleus was dense with a .hazy ?~e an~ no 
'risible nucleolus. In occasional cases eosmophilic necroslS of 
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the cortical neurones was found, sometimes in a laminar 
distribution-a pathological change which is often discovered 
:n patients who die in convulsive. states from ma:ny causes. 

In all regions of the brain the astrocytes a:nd oligoglia were 
greatlY swollen, though the cell bodies did not contain fatty 
droplets. There was no proliferation of the microglia a:nd no 
evidence of a:ny inflammatory reaction in the meninges or 
cerebral tissue, a:nd the myelin was well preserved in all regions. 

In the tissues other tha:n neural, the changes were those of 
fattY degeneration which affected the liver a:nd kidneys in all 
cases a:nd the myocardium and pa:ncreatic acinar cells to a 
limited extent in a few. Frozen sections were made of these 
rwo latter organs, however, only when the examination of 
paraffin sections suggested the possibility of fatty change, a:nd 
50 minor degrees of fat accumulation could have been present 
more often tha:n the record suggests. 

In the liver it is the uniformity a:nd completeness of the fatty 
change that is such a striking fearure; every cell in every lobule 
is packed with fatty droplets. In addition, ma:ny cells contain a 
few optically empty vacuoles, even where the frozen sections 
were made from material embedded in gelatin, suggesting that 
these empty spaces may represent unstainable material rather 
than vacuoles from which the fat had been dislodged during 
processing. Despite this extensive fatty cha:nge, there was no 
necrosis either of zonal distribution or of individual cells, nor 
were mitotic figures or binucleate liver cells present as indirect 
evidence of prior cellular dissolution. 

There were two cases which, though resembling the group 
in all other aspects, did show some variation in the liver. In 
both the liver felt a little softer than normal rather than unduly 
finn, and in one case it was slightly reduced in size. In addition 
to the uniform fatty change both these cases showed a narrow 
zone about the portal tracts of cellular necrosis, and in one (the 
case in which the liver size was a little reduced) there was a:n 
accumulation of inflammatory cells, which were principally 

phocytes and plasma-cells, but with occasional polymorphs 
the ponal tracts. 
In the majority of cases portions of liver were placed in a:n 

alcoholic fixative during necropsy a:nd stained .for glycogen. 
Vecy little glycogen, a:nd certainly no glycogen in excess, was 
found in any of these sections. Because of the uncenainty 
which still remains regarding the estimation of glycogen in 
necropsy material, however, this aspect will be mentioned 
again when the biopsy specimens are discussed. 

In the kidney fatty degeneration was obvious in the proximal 
convoluted tubules and in the loops of Henle; occasional 
droplets of fat were present in only a few cells of the distal 
tubules. The glomeruli, vessels, and interstitial tissues were 
entirely normal. Apart from the fatty change found in the 
myocardium and pancreas (already remarked upon), histo­
logical study of the other organs, including the endocrine 
glands, revealed no pathological changes. 

In the specimens from liver biopsies performed during the 
active stage of the illness in two patients, the changes in the 
liver cells were identical with those seen at necropsy in all cases. 
The biopsy specimens dilfered from the necropsy material only 
in that glycogen could be demonstrated in the cells in amounts 
COnsidered to be within the normal range. In one case the 
S.G.O.T. level had fallen from 1200 to 530 Karmen units at the 
time of the first biopsy. The biopsy was repeated in this patient 
3 weeks later, when the S.G.O.T. level had fallen to 37 Karmen 
units and the patient was clinically well. In this second 
biopsy specimen the liver tissue was histologically normal in 
every respect. 

Treatment 
It cannot be proved that any form of treatment has 

altered the outcome. We have gained an impression, 
however, that the continuous infusion of glucose and the 

comitant use of a corticosteroid improved the chances 
.;urvival. It was a feature of the illness that a single 

, Uose of glucose by intravenous injection did not bring 
about the expected improvement in the hypoglyc:zmic 

patients. When glucose was given by infusion the results 
bore some relation to the rate of administratiqn and to 
whether hydrocortisone was given as well. Five children 
received glucose by infusion at a rate less than 2·5 g. 
hourly, and no improvement was seen. Among six who 
were given larger doses of glucose, without corticosteroids, 
there was one survivor. Seven children were given glucose 
infusions at rates greater than 2·5 g. hourly, together with 
hydrocortisone in high dosage, and of these three survived. 
Since we had become accustomed to regarding the outlook 
as almost hopeless, this has created a fairly strong 
impression that the treatment had some bearing on the 
outcome. 

Insulin was sometimes given with the idea of enhancing 
the utilisation of the infused glucose. Two of the four 
children who survived received soluble insulin. 

Discussion 
When the first patient of the series was admitted to 

hospital in 1951, he was thought to be suffering from 
encephalitis or septicremia. When a full necropsy study 
had been completed it was eyident that neither af these 
diagnoses was likely. However, the possibility of an 
unusual degree of neuronal swelling and fatty degenera­
tion of the liver and kidneys as the result of septicremia or 
even virremia by an unidentified organism was not con­
sidered to be disproved. While accepting the non-specific 
character of the pathological changes when viewed 
separately and out of context with the history, the 
impression remained that this was an unusual case, that 
the pathological findings were unexplained, and that no 
exactly similar case had come to necropsy in this hospital 
in the preceding 10 years. 

Some 2 years elapsed before the second patient presented, 
and from this case and the next organs were submitted for 
toxicological examination. It was not possible to guide 
the toxicologist in his investigations further than to 
suggest a routine study for the more commonly en­
countered poisons, especially those likely to produce fatty 
degeneration without cellular necrosis as the only defin­
able microscopic pathological change. These studies were 
unfruitful; but no exhaustive toxicological analysis has 
ever been undertaken. 

As further patients presented with similar clinical 
features, and the pathological pattern remained constant 
regardless of the duration of the illness preceding death, 
we became increasingly convinced that we were dealing 
~ith a clinicopathological entity, and one sufficiently 
distinctive to allow a presumptive clinical diagnosis to be 
made sometimes. We are .not, of necessity, entirely 
convinced that the ~tiology is identical in every case. 

When seven patients bad been seen, a retrospective 
investigation was made of the illness in the five most 
recent cases, through the cooperation of the Institute of 
Child Health in Sydney. A medical officer of the Institute 
visited the homes of the children concerned. His investiga­
tion included a history-taking of any illness in the family 
at about the time the patient became ill, a general review 
of the patient's immediate environment, and a searching 
inquiry as to possible access to drugs and poisons. 

More recently a further study of this type was con­
ducted by the department of public health in the State of 
New South Wales. The visits and interviews were more 
closely related to the patient's illness. In addition to the 
more general inquiries made in the first survey special 
attention was paid to the possible ingestion or inhalation 
of carbon tetrachloride or trichlorethylene, and in view of 
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be hyperpyrexia in some patients, of dinitrate cresol or 
,initrate orthocresol (the pesticides used against red­

spider infestations). This survey, like the first, failed to 
provide evidence of access to any likely poison or to show 
any relation to concurrent illness in parents or siblings. 

Few conditions resemble the ' fatty-degeneration syn­
drome at all closely. There is a strong similarity to the 
case described by Curry et al. (1962) in an 8-year-old boy, 
who died after being ill for 6 days. His illness began with 
vomiting, abdominal pain, and screaming fits, and then 
passed into stupor. When admitted to hospital 6 hours 
before he died, he had a c.s.F.-glucose level of 15 mg. per 
100 ml. and a blood-sugar level of 75 mg. per 100 ml. No 
other investigations were contributory, and serum­
enzyme studies were not recorded. At necropsy his body 
was slightly jaundiced, the liver was intensely yellow, and 
severe fatty change was found in the liver microscopically. 
Fatty change was also found in the heart-muscle and 
kidneys. Thorough toxicological examination failed to 
reveal any toxic substances. This case-repon is of special 
interest because the urine contained an abnormal sub­
stance which proved to be a pteridine. Whether this 
substance was also responsible for the bright-yellow 
colour of the liver seen in our series has not been 
investigated. 

The vomiting sickness of Jamaica bears certain 
resemblances to this fatty-degeneration syndrome. This 
illness is peculiar to Jamaica, and there is a diminishing 
incidence after the age of 10. The onset is sudden, with 
violent vomiting followed by drowsiness and coma, and 

1-J.e mortality-rate is high though variable (Hill 1952). 
any change of the liver, kidneys, and other organs is a 

prominent feature, but the widespread <%dema of con­
nective tissues, swelling and hyperremia of the lymph­
nodes, and necrosis of liver, kidney, and pancreatic cells 
are all features which do not appear in the necropsy 
material in our series, and we have been unable to reveal 
a likely source for a vegetable poison such as that believed 
to cause the vomiting sickness of Jamaica. 

Cases similar to those recorded here have occurred in 
other Australian States. To our knowledge these patients 
have not been reponed as a group, although some of the 
children with acute encephalopathy described by Ander­
son (1963), seem to have had illnesses very like the one we 
have described. Anderson attributed the changes outside 
the nervous system to secondary nutritional effectS in a 
primarily neurological disorder, rather than an integral 
pan of the overall disease process. 

We have recorded the details of this series because we 
are convinced that they form a group different from those 
children in whom fatty changes, especially in the liver, 
are a secondary manifestation of a variety of diseases. We 
hope that the experience of others may help to suggest an 
answer to the problems of a:tiology, prevention, and 
treatment. 

Summary 
The clinical and pathological features have been 

described in twenty-one children with encephalopathy 
and fatty degeneration of the liver, kidneys, and some­
times other organs. 

It is suggested that the illness of these children rc:prc:­
.;nts a clinicopathological entity of unknown etiology. 
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BONE RESORPTION AND OSTEOPOROSIS ' 
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BoNE is a living tissue which is constantly being laid 
down and resorbed throughout life-more rapidly in the . 
young than in the elderly. When the resorption outstrips 
the laying down of new bone, osteoporosis develops. This ~ 
word " osteoporosis " simply means that there is less bone 
than one would normally expect; it is not a description of 
a spedfic disorder. From the age of about 30 onwards the 
amount of bone normally decreases. 

The first difficulty has always been to decide where the 
difference lies between normal and abnormal bone 
resorption, and the second to decide whether there is, in 
fact, any such definite border, even though gross resorption 
is clearly abnormal. 

In an attempt to clarify the picture, this subject of _,'. 
osteoporosis will be considered within the whole context > 
of bone deposition and removal. Looked at in this way it .· 
can be shown that the various types of osteoporosis mani- ~ 
fest themselves as a consequence of a cenain type of cell . 
behaviour. When many cells display this activity there < 
is clear-cut osteoporosis; when few cells are active there . 
is borderline osteoporosis which may produce no clinical 
manifestations . Here two types of osteoporosis will be 
described : localised " disuse osteoporosis "; and the type iJ 
whose cause is as yet unknown, and which commonly leadS "' 
to fractures in the elderly-more particularly in elderly 
women. Clinically this is the most important type, because . 
of the large number of people affected. • 

Bone Deposition and Removal 
The mechanism of bone formation is quite 

from that of calcification. From many careful nn.,..-rva1r1mu 

recorded in the second half of the 19th century and 
early years of the present century it became known 
the necessary conditions for ossification were the or·esc:nc~ 
of.calcified tissue (formed normally or abnormally) and 
penetration of blood-vessels. Thomas 28 had shown 
calcareous foci were gradually eroded by 
blood-capillaries, and that as a result of an unkno~ 
stimulus (believed to be the presence of the calcium . 
salts) some of the mesothelial cells of the new. u•u""'"'­
vessels assumed the role of osteoblasts, and thus 
bone. In his description of a bone-complete 
marrow cavity-formed within an artery wall, Bunting 
stated that lamellar bone " contains numerous 
bone corpuscles, and is penetrated at its thickest 
by a capillary vessel surrounded by a layer of 
resembling osteoblasts closely applied to the wall of 
the whole appearing to represent a Harversian canal "· 

During the past ten years Trueta and his 
workers 11 " "__.' " have carefully re-examined 
mechanism, making use of additional techniques now 
available. They have provided convincing evidence thaf 
the osteoblasts which lay down bone are members of 
series of related cells derived from the cells of the • 
vessel walls (vessel-wall cell-intermediate cell-<>steoblast 
-osteocyte) and joined together as a syncytium-thus, all 
the cells in the group are 'joined to one another throu~ 
their cell procc:~ses (figs. 1-3). In developing bone, 
matrix produced by osteoblasts is laid down on aut~.;u, ..... 
cartilage; thereafter it is laid down on previously ...... ~--.... , • . 
bone. 

Normal resorption takes place along the surfaces of , 
bone, and osteoclast formation is frequently observecL 

. OCTOBER 12, 1963 

Fla. t. 
Fia. !-Syncytium, l 

riaht). lnterceUula 
plane of section. ( > 
All illustrations are J 

Fla. 2-CeU in syncyt 
and surface of calc 

Trueta and Riga! 4 

syncytium coalescf 
When osteocytes a 
preceded by the re 
between the osteoc 
osteoblasts and int 
coalescing to form 
ances consistent w 
chemical that coul 
the bone tissue. 
apparently of the 
integrate and are r 

. This, very briefl 
resorption. The l 

whether in the t1 

being considered 
process of resorpt 
There are a num 
labelling which sh 
these two types. 

Characteri: 
In observation : 

osteoporotic tissue 
of badly affected 
show differences j 

been justified, bee: 
tissues have a pat 
cases, where there. 
differences to be a] 
working on norma 

Disuse osteopor 
tory animals 11; b 

Fla. 3. 
Fie. 3-Cortical bone 

aulphate, uaed aa a 
by half.) 
Cell, on vessel wal 

Jlrocesses passing thr 
PToceases. 

Fie. 4-Normal l 
Osteoclast on left at 

ia partly demincraliae< 



13 



-----· ~ 

464 October, 1963 

A Study of Sixteen Fatal Cases of Encephalitis-like Disease 
In North Carolina Children 

GEORGE MAGNUS JOHNSON, M.D.• 
THEODORE D. ScuRLETIS, M.D.t 

NORMA B. CARROLL, M.SJ 

RALEIGH 

The etiology of diseases and deaths re­
ported as encephalitis represent..<> one of the 
most perplexing problems in the field of 
infectious disease--to the clinician, the epi­
demiologist, and the virologist. In 1960 this 
ill-defined entity, "infectious encephalitis of 
unknown etiology," accounted for 1335 or 
52 per cent of all cases of infectious enceph­
alitis reported to the Encephalitis Surveil­
lance Unit, Communicable Disease Center, 
Atlanta, Georgia1 • In 1961 encephalitis of 
unknown etiology was by far the largest 
category (56.3 per cent of a total of 2143 
cases reported by state epidemiologists). 
Mumps and measles encephalitis repre­
sented 31.5 per cent and arthropod-borne, 
varicella, influenza, post-vaccinial, and un­
specified encephalitis represented the bal­
ance. 

Early in 1962 a rapid increase in the 
reporting of fatal encephalitis-like disease 
in North Carolina children was noted. From 
January 1, 1962, until April 30, 1962, a total 
of 27 cases involving children 15 years of 
age and under was reported to the North 
Carolina 3tate Board of Health. Preliminary 
evaluation of the cases reduced the number 
of cases of true encephalitis-like disease in 
children to 16. The other 11 cases were due 
to causes rather conclusively not encephali­
tis, or causes without enough documental 
information for proper evaluation. A survey 
of all reported deaths of meningoencephali­
tic disease of unknown etiology in this age 
group in the previous five years in North 
Carolina demonstrated this increase. 

The numbers citt.'<l in table 1 represent 
the total number of cases of meningoen­
cephalitis of unknown etiology by year. It 

•F.pdemlc Intelligence ~ Offtcer, U. 8. PubUc 
Health Service. 

tChief, Maternal and Cbfld BealUI Section. North ~ 
Una State Board of HeaiUI. 

tVIrologlst. State Laboratory, Nonh CaroUna State 
Board of Health. 

appeared to us that an unprecedented 
phenomenon, as evidenced by the number of 
encephalitis-like deaths in this age group, 
was occurring in North Carolina. 

Table 1 
Cases of Fatal Meningoencephalitic Disease of 

Unknown Etiology• 
Year 

1957 
1958 
1959 
1960 
1961 

No. Cases 

9 
15 
11 
5 
9 

"International Classification of Dlseaaes. M0.2 mentng. 
IUs, ex(.-ept meningococcal and tuberculous, due t.o oUier 
specified organism; 340.3 wtth no specified cause; 343 
en<·ephaUUs, myellth;, and encephalomyelltla. 

We were further stimulated by a letter 
from the Department of Health, Common­
wealth of Pennsylvania2, which reported 
four deaths in children aged 7~. 8, and 
10 years, respectively, in January, 1962. 
These children had a relatively mild upper 
respiratory disease which was followed by 
a period of apparent recovery. Three to five 
days later, however, there was an onset of 
fever, vomiting, and hyperirritability which 
progressed to produce drowsiness and coma. 
In spite of supportive therapy, the course 
of each patient was described as rapidly 
downhill, with death occurring approxi­
mately 48 hours after the onset of vomiting. 
These cases seemed remarkably similar to 
those occurring in North Carolina. 

Investigation 

We began to investigate each case as 
rapidly as possible after it was reported. An 
attempt was made to accumulate all per­
tinent facts relating to the history, physical 
and laboratory findings, postmortem ex­
amination, and bacteriologic and virologic 
materials. Inquir~es were made of attending 
and referring physicians, pathologists, hos-
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O·O VA>--1 and the families of the children, and 
the information was carefully appraised. 

The 16 cases were broadly distributed 
·tte:ograt>hicaiU), as demonstrated in figure 1. 

figure also shows the distribution of 
by month of onset. All but three of 

children came from predominantly rural 
Figure 2 demonstrates the distribu­

of cases by month of onset and race, 
and age. It is of particular interest that 

, ,,,,,,,,,,,,,,.,, 4.""' peak of the cases reported coincides with 
that of reported influenza B in North Caro­
lina during 1962. 

Case Summaries 
Accompanying charts represent all posi­

tive information available from each of the 
16 cases. Since in many instances there was 
a delay between the actual death and our 
notification it was impossible for us to ob­
tain the necessary specimens and studies 
in every case--which would have been 
ideal. 

Signs and symptoms 
Premonitory signs and ::,-ymptom.s were 

generally similar and almost uniformly 
mild. In 4 of the cases the onset of the en-

X -JAN., 1962 

e - FEB., 1962 

A - MAR.,I962 

• - APRIL,1962 

cephalitic syndrome appeared within less 
than 24 hours after the onset of illness. In 
2 other children, premonitory signs and 
symptoms were less than three days in dura­
tion. Similar to the Pennsylvania report, 4 
of the patients manifested mild, nonspecific 
signs and symptoms for three to five days 
before the onset of severe illness. The re­
maining 5 had symptoms from five to eight 
days before the onset of apparent encephal­
itis. Only 1 of the 16, an 8 year old juvenile 
diabetic, had a significant past medical his­
tory. 

As noted on the case summaries, 2 chil­
dren complained mainly of leg pain; emesis 
was prominent in 6, sore throat in 2, leth~ 
argy in 2, and cough in 3. Six of the 13 ex~ 
perienced mild respiratory disease that oc­
casioned no particular parental concern. 
Low~grade fever was noted in only 4 chil­
dren prior to the beginning of the devastat­
ing symptomatology. 

At the onset of the encephalitis-like ill­
ness, marked elevations of temperature 
were recorded in 6 children; and tonic­
clonic movements, convulsions, or both, 
were present in 10 of the 16 children. Eleven 

Fig. L ~grapbk location aDd month of oJUJet. 
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6 

§- 4 
CASES 

3 

2 

T' 3 4 5 6 7 8 9 10 II 12 13 14 15 16 i 
April30.1962 Jon.~l962 WEEK OF ONSET 

F ig. %. Cases by week of onset. 

Years 
0- 1 
1- 3 
6-10 
6+ 

Table Z 
Age Incidence 

Table 3 
Race and 8<-x Incidence 

No. 
2 
3 
7 
3 

White 15 
Non-White 1 
~le 6 
F emale 10 

patients had respiratory depression on ad­
mission. All 16 children rapidly lapS£d into 
coma and expired. 

L aboratory findings 

Spinal fluid findings in the 16 cases show­
ed considerable variation. In most instances, 
opening and closing pressure readings were 
not available. In only 2 instances was the 
spinal fluid pressure reported as elevated, 
and in only 2 others did the spinal fluid 
reveal more than 6 blood cells. The spinal 
fluid protein was elevated in 4 cases, 2 of 
which had elevated cell counts. Spinal fluid 
sugar was reported above normal in 3 in­
stances. 

White cell counts showed much the same 
kind of variation. Seven specimens demon­
strated more than 20,000 per cubic milli­
meter, and on ly 4 had less than 10,000. In 
general, the differential counts were not re­
markable. Considering the severity of the 

cases, the blood chemistry values were not 
remarkable. The few abnormal blood chem­
istry studies reported were consistent with 
the particular cases. 

Autopsy findings 
Fortunately, postmortem examinations 

were done immediately following 13 of the 
16 deaths. Marked cerebral edema seemed 
to be the only consistent finding, being ob­
served in 7 of the 10 cases. There was mark­
ed fatty metamorphosis of the liver in 4 
cases. In 2 cases microscopic cardiac 
changes in the form of myocardial necrosis 
and fatty degeneration of the myocardium 
were reported. In one case fatty metamor­
phosis of the liver and associated fatty 
degeneration of the myocardium and kid­
neys were demonstrated. 

It is interesting to note that in 2 cases the 
fatty metamorphosis of the liver was simi­
lar to that seen in acute phosphorous in­
toxication. Toxicologic studies of tissue 
failed to confirm the latter. In one child 
(case 11) autopsy demonstrated central 
nervous system findings suggestive of in­
fectious encephalitis (hemorrhagic and 
lymphocytic perivascular infiltration in the 
brain). This patient had associated spinal 
fluid changes. Since this patient also had 
an elevated spinal fluid protein ( 61 mg. per 
100 ml.) and an increased spinal fluid cell 
count, (56 cells. with 88 per cent lympho­
cytes), it is the only case in the_ series which 
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CLIIIICAl SIGIS AIID SYMPTOM! 

TIOO daya pta felt tired and llatlen. lnter­
•lttent voeltl"t began. S~ort11 before 
-1111011 ....,_ COIIJIIeteiJ uncoordinated, 
lnetteatln 1114 ureoponalve; tOif19 Into 
- wltk urpo-pedal apa ... auocular 
tr-r, and tlthtnell of extr-tlu. 
r..,.rature 102° Oft -lu lon . hplla 
fh.,. w dilated, not reap011alwe to pain. 
c:~ll4 repl~ly bee- acre deeply coutcu 
wiU reaplratory depreaa lon an4 expired II 
IIOura after -halon. 

l«e Uroat for a-• day a pta . Yoelt int 
Ofle deJ pta. he- Hl lrlou and ••1-
-to .. .-tiJ pte. Oft ....,IIIIOft 4" 
,..t ,.,,...... to oral -•lcatlon, w lt~-
4r.., .,.. retat"' head opon phroleal 
ttiNiatiOft. '••11• dilated ht reapon4u 
te ll,.t. TM 1 1 InJect"' aad pharynx 
lnfl-. htlent ra~tldl, He-. 
Hcere•rete. Re 41.,. II ~cora efler ............ 
Six deJI pta rhlnorr~• wu notu. Two 4ayo 
pte CO'Ih 1119 and cor,za. One day pta aile 
reoplratorr dhtreaa. Thla "'' aore oevere 
011 adalnlon • • 1-late tranoferral to 
referral ~oopltal waa lade. Here he 
a,.ared aorlbond, aodarate CJ&IIOala aod 
urked r .. plratory deprualon "'"noted. 
T•peratore IOSO. leflex11 "'" hyperactive. 
Shortl7 after ed•laalon, r11plratlona caa11d • 

LAIOUTORY FINDINGS 

lt'SC • IO,tOO •lth 81~ aega 
CSF • 8 cella, (2 aega, ~ , .. 11 

110noa), Proteln- 32.5 "'II"~ 
Sugar-83 .... ~ 

... IIICJ; C02·l8. 8; Cl-112 IMq/1: 
••·~2.6 ~~gaJ ; Tranualnaae • 
1270 stOT un I ta 

Lu"t c•lhre-poaltlve Staph Albua 
Spinal flt14 culture-no grCO<th 
llood colhre • no greo<th 
liver - n•t•tf•• for phoept.oroua, 

heav7 .. tala, lead 

WIC • 1,100 • 71~ aega 
CSF •• WICa, Suger·t2 ag~ 

Prote i n-70 '"9~ 
lpll\al flvld culture-negative 

wac - 8,900 wl th &OJ •ee• 
CSF • nor•al 
Blood, tracheal and atool 

culture& were negative, both 
for bacteria and vir••••· 

~grede fiVer for thrll daya pta . Then lt'SC - 8,000 with a norNI 
01111t of tender •u•clea In the thlgha waa differential 
noted. Child rehrned hOM, however, waa 
alert an4 pl&JfUl and _,t to bed that 
... nlng. ller onl7 COIIJilalnt at bedt 1111 wu 
a heedach. Father IIO&bned b7 a nola• 
during the Right. Child had atopped breathing 
and entire bodJ wu cold. Moribund on arrival 
at hoapltal. llood pr111•re aalntalned for 
ahort tiH with Solucortef drip but ahe 
••plred ahort17. 

POST-MORTEM FIIIDIIIGS 

Ec•a of the brain . 5.'1111 focal honcrrhag11 
In the brain. Nenlngo-encephalltla and 
,..nlngo-•yellt l a (aeall aaount lnflaonatlon 
In a fe• ••II foci). lntre-pulaonary 
heaorrhago and acute bronchI tla. Fatty 
degeneratl on of the nyocord I u11 . Marked 
fatty llltUIOrphoala of the l i ver. Fatty 
degenaratlon of kidney. 

Evldenc11 of Infection wero l acklnt In the 
heart, lunga, adrenah , Mn ln;••• anterior 
horru, and aplnal cord, etc. The onl7 
aorphologlc dlagnoala frOftl thla necropay 
we a ac•te aphnl t Ia. 

llo autopay. 

Cerebral ed•a, bilateral atelectula with 
rather aarked pulaonary ede11a, and lntra­
al~eolar h~~~errhage. A aoderate lar,ngltl• 
wao noted. Reat of ntopay negative . 

VIROLOGY FIUIIIGS 
!e.!ill!M :Atiill!.. 
!lli!.ill! 

Liver, lung, 
heart, fecea, 
brain fr .. patient. 

Stool opec i11ena 
and aera fron1 
parenh . 

H11rt 
Kidney 
Liver 
BraIn 

ECHO 8 frO!II 
brain and lung, 
Coxaackle I~ 
from fecea of 
patient. 

Sera obtai ned 
from parenh 
did net neutra­
lize holatea 
fr0111 pat lent. 

Coxnckle 
I~ laclated 
frot1 brain . 

See laboratory fInd I nga. 

Mone 

~ 

z 
0 
~ 
--3 
t:I: 
C':l 

~ 
0 
l' ...... z 
> 
!s: 
1?=1 
t:i 

~ 
l' 
..... 
0 c: 
~ 
~ 

~ 
~ _..., 

..... 
! 

F 



-,____~-------------- ::: .. ; ::-::::;::~ ::. ··· · ·:·. ·:~-.-··· · ...... 

_.!2: ABE UCE ~ 

•• s.e. 

10. 
J. E. 

II. 
D.L.C. 

12. 
T.T. 

two. w N 

• w 

• w , 

w N 

CLINICAL S IONS AND SYMPTOMS 

RhInorrhea and ellght c0<1gh S day a pta -
voool t I ng and lcow-grada fever. MornIng after 
ad• iulon patient could not be aroused. 
sa-d unraoponalva, waa traooferrad to a 
Unlveralty hoepltal, Tonic-clonic 110ve•anh 
noted on arrival. Aleo breathing rapidly , 
aarkad ehaet retraction, palpab!e l iver, 
hyperactive raflaxu . Bright light "'" 
avoided . Left pupil larger than right, ht 
llot- reacted to light . !Iegan having generalized 
tonic-clonic conv•hlona on aacond hoapltal 
day ani bee- 110ra rigid, puplla dilated . 
On •th iay •• bee- apnal e and hi a pu he 
a lowed. Ma axpl red on the 5th day. 

Slltht fever, aa•eaa, v0111ltlng 2'~ houra 
duratIon ,ta. O.a weak pr lor to th Ia had had a 
aora throat troauo wl th ant I blot I ca. Iegan 
voooltlnt one day ~ta and continued daaplte 
Aft ti--t lea. Short I r after adlllaalon 
Mtan COIIVtlllng . ha,lrat l OftS begAft tO 
M labored an4 ouddanly ceaaed. E.Mrganey 
trac~aot011r and raa,lrotorr apparatue 
.. lntal~ad ,atlant vntl: ~ar death II houra 
after edalulon . 

Clllld ~ad a 'cold' for ... ak pta - treated 
•IU aaplrln. Dnoat of fever one day pta 
•lth a- ••lvarlog, ehalol~>t an4 anorula. 
On day of U.lul011 aha c0111plal,..,. o! pain 
In her chut, covth and didn't .... to 
recognize her -oUor. ·She later voooltad. 
0.. adalulon aha wu aMI-eoeatoea but 
cotld be rou••• br painful stiiiUII ... urologic 
axu and o~tlc fundi "•r• negative. T•pera­
tvra 101.6. Morning after adlllulon, v•n­
arallzad convulalon .. lth twitching of the 
.,.., and lege we• noted. Respiration• becUIO 
varr lallorad. Torlc-clonie •oveaanta began 
and eont I "uad unt II her death fIve houre 
later. 

Coughl~>g and fever lnter~~lttentlr for one 
-k pta. Anorexle for the day pta. Llat­
lnaneu and twitching ' houre pta. Adlllt· 
alon t .. paratura 101o. Reaponded onlr to 

r. lnhl ttlllull, weakneu of left ar• and 
g were avldant--haad wat hrnad to right. 

•tck flaccid, lunga filled with 110lat ralu 
In tiM lowr lobes, hJPar-reflaxla "" noted. 
Twitching and Ulll-coeatoea atate continued 
lntaralttontly for nut ~ daya. On fifth day, 
left •-plegla noted, on elxth day Inability 
to'"'''"" and tonic-clonic 110v•anta continued. 

lABORATORY F I MD I NOS 

wac - 23,000 - ~o polya. 
15 etaba and the reat 
111all I y11pha 

CSF - 1~0 -· preaaure, 
no white cella 

8UK-25o1t111~; Na-1~1; K-6; Cl-107; 
co2-e Mq/L 

Throat culture - negative 
Urine culture - negat lve 
EEG- abnor11al - eo,.latlng 

of a focal!utlon involving the 
left parietal area aa well a• 
what appeared to ba a 
,. .. aneaphall e 1t0va110nt. 

wac - 1~,900 with 6n aega 
CSF • I WBC, Suga r-89~~g•~: 

Cl-13211aqfl 
Protei n -~'ltlg•:t 

IUN-17 . 9; C02-IO...q/l 
Tracheal aapTrant cultured 

negat Iva. 
llood cult.re- negative 
Spinal fluid culture - negative 

wac - 21. •oo ••a• e5l': 
CIF- 58 white eelh par cubic 

• with 88~ polya and II~ 
lyllphocytu noted on eplnal 
tap; Protein - 61 

C02-15; Cl-loei K-51; Na-132Mq/L 
Spinal fluid blood culture-

no growth 

WIC - 22,300 wl th 89~ no• 
CSF - calla 0, Protei n-19tlgll~ 

Sugar-80.goo~; Preuure -
280 m/ 3110 """ on separate 
occaalon• 

On ninth day heart aounda Irregular, reapiratory 
dapraulon noted and child died shortlr thereafter. 

POST-MORTEM FINDINGS 

Acute encephalopathy "lth anoxic neuronal 
degeneration, acute bronchitla with 
11in i11al broncho-pneu11onia , acute 
pancreat It Ia wl th fat necroala . 

Marked brain owelllng, no evidence of 
infl...,etorr change, 110derate f&ttr <-
hepatOIIegalr, bu ll er p•lmonary hrpereiDia 
and eda~~a. renal cortical pallor. 

Largalr ll11lted to the brain. lr•phoertlc 
and h"""'rrbaglc Infiltration of the 
per I vaaeu I or ( Y I rehow space&). Pet hoi og lata 
l11prualon: influenza encephalltla. 

Autopsy not granted. 

Blood, throat 
awaba 
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CLINICAL SI9NS AND SYMPTOMS 

Patient e Juvenile diabetic, ooraolly under good 
control. One da7 pta atartad v01:1ltlng . Y010ltad 
all deJ, retaining nothing . Sh waa talkative 
and hnar-lrrltabla at adalulon. Diabetic · 
accllfoala wet traatod. ApproaiMttiJ 8 houra 
after adalulon, althoug~ accldoola •-d to 
•• ..,.r tood control, roaplratlona bocan vor7 
aiON ..,.. ••• ouddolll7 atoppod ••••thing. Favor 
to 101. lila waa aalntalnod oo a lannott 
ruplrator for 'doya, along with supportive 
therapy. lbo dlod shOftly thereafter, however. 

Child fo•lld In crl• with opan bottle of APCo. 
Tllr .. 1114 Olle-half h041ra later woa noted to 
M loUartlc alld uotablo oo liar foot . Had 
hlld o alld vppar raaplratofJ Infection 1n<1 •-.•ado fatt~r for t..o ••r• prov :o.o to th l o 
lrocl-t, .W.Ittoo to tho lloapltal whore 
••• ro.aallld lot•artlc lnfaat w i t~ 
roa,lratory rata of IIO'par •Inola. C02 waa 
"·' - and oallcJlato lo•ol reported 11 
-•· till ld oppaarlld •••• l"''rovod after 
fluid troatMftt. Alao, olectroiJtll rohrllod 
to ao,_l after fluid troataoot. H-.or. a& 
hottrt after -hal011 a g..,orallrod 
-vhloo occvrro4. tafluao llyporact Iva. 
til• llaappoarocl. no patloot oaplrod '2 
~oura after -1111011 after pr.,.roaalva 
roaplratory deproaaiOII. 

7-10 dayo pta- upper roaplrotorr ln­
fectiOII. I daJI fta • drainage frM ear . 
I do7 pta lrrltab a, vOMiting. Cn adll. 
t•perature n, cO&ato•• and unreaponaive 
to pain . taoplratlona rapid, pupllo 
rNetod alugglohly . H7peractlve deep 
taadon refloxoa. Che7no Sto~oa reap I rat ion 
~~atan. Hypertonic dehydration wu 
corrected. lonorallzad eonvulolono began. 
Dlocl I daya after adalulon, 

Ona day pta - nau~tatod with •eadachoo, 
g-rallzod Klleo and palna. Soroewhat 
eonfuood tlla following aornlng. On 
adcllulon, talkative, throat wea rod, 
otlff nee~ with olugghh rofloxea. le­
e- Incoherent. Next day ••oala of 
coff" ground Mtarlal. T .. p. 103. 
tooctod only to pin-prick. Pupllo dl· 
latod but reacted sluggiohl7. Dooplto 
trachooat .. J • bec&M CJL'IOti (, I CIJI 
after adaholon oolzuraa occurred. 
R-lnod ••1-c:oroatou until exp i red 
10 daya after adalulon. 

_LA80RATORY FINDINGS 

Blood augar - 50Clnil•% on 
adcllaalon, 3001ag•% a houra 
after ada. "elect rolytea 
noraal • on aeco!\d day of 
hoapltal irotlon 

CSF • wlt~ln nor,..l llalta 

wac - :n.aoo with Ul' 
noutrophlloa 

CSF. no altnlfleant a~norulltr 

COr ... ,: Wa·l!': CI-110 .. ~/L 
1100<1 solleyloto laval ·within 

no,...l llalto on t..o 
OCCII i C:\1 

WIC - 10,800, 51% PMII'a 

CSF • No WIC's, Sugar • 65cg•% 

IUN-211ntjjn%, C0rl6,3 ,,.q/L, 
h-156, K-•• 7 

IIIC - 25,750, &6~ aegs 

CSF- 91 colla (lynpha 68~, 
nonoa ~) protein -
52 •gro.% 

Ma-1~7 rMq/L, K-3. 7, C02-25 
1100<1 culture and CSF culture­

neg. 

POST-MOITEH FINDIMGS 

Bra i r. extra .. I r a oft and odoraatoua, 
awol ling throug~out. Focal h..,orrhage• 
were noted within the pona and •ic­
bral•. Mo purulent ntniogltla or 
abaceu waa preunt. M lid bronchI t Ia 
and per 1-bronch It lo wao noted. Other­
wloo, autopay f lnd lngo not remarkable. 

Har~ed cerebral edeaa. 
liver woo deep yellow In eoior 

although hlatologlc atudy failed 
to reveal anyth lng ro•arkable. 
Ter111inal ede11a and vascular 
conge at Jon noted. 

Hecroala, ear1J, ne~rona of hippoeupus, 
acute otltla nadia, lnteratitial 
pneuraon Ia, acute bronch it Ia . 

Flndlnga largely localized to the brain, 
Brain of 111rked red-purple color. Al11oat 
jelly-like In conalatency. Heroorrhogeo 
(petechial to few 11111. In alze) thrcaghout. 
llarkod porlvaacular h"orrhogoa through· 
out. Llt'tle, If any, evidence of 
111en lngeal react ion. 

VIROLOGY FINDS 
Spec IMna !lliJlli 
Ayelleble 

Ira In 
Spinal fluid 
Lung 
Liver 
Stool 
Spleen 
Throat wuh lnga 
and atool apocl· 
aena obtaI ned 
front the pt'a 
albllngs. 

None 

Fr011 pat lent 
No reaulta 
to dote. 

Stool apeca. 
froro 5 alba 
and paroota. 

UrI no, throat 
waahlnga, 
nasal swab 

ECHO 8 obtai ned 
fron the pt 'a 
feceo and lung. 
Also obtained 
fro01 throat 
waohlnga of 
Mother, I alb I ing 
and from otoola 
of two other 
alb I lngo. 

ECHO 8 loolated 
frOM stool 1 
of 2 olba ond 
I pareot. 

Polio I 
lsolotec from 
stool of one alb. 

ECHO 8 loolatod 
from urine. 

,;:. 

cl 

z 
0 
::0 
1-:3 
::X: 

&? 
::0 

~ ..... z 
> 
a:: 
trl 
'=' ..... 
("} 

~ 
c..., 
0 c: 

~ 
t" 

?? 

~~ 
...... 
co 
~ 

l 
l 
j ' 



)ber, 1963 

?. 

.·:. 

ENCEPHALITIS-JOHNSON AND OTHERS 471 

three features commonly associated 
infectious encephalitis. 

'fhere were no remarkable bacteriologic 
J..u•uu,,5 o. In 8 of the 16 cases materials for 

,.vJJcuJ•uE'·"' study were available from the pa­
and in 1 case specimens from the 
were available. In three cases ECHO 

was isolated from the brain, lung, feces, 
and urine respectively. In one case Cox­
sackie B4 was isolated from the brain. In one 
case ECHO 8 was demonstrated in the brain 
and the lung, and Coxsackie B4 in the feces. 
In the case in which ECHO 8 was isolated 
from the lung and feces it was also isolated 
from the throat washing of the mother and 

.. one sibling, and from the stools of two other 
•·. siblings. In one ease in which no virologic 

specimens from the patient were available, 
ECHO 8 was isolated from the stools of two 
siblings and one parent, and polio 1 was 
isolated from the stools of another sibling. 
In the 2 cases in which sera from either the 
patient or the family were available, we 
could not demonstrate neutralization of the 
virus isolated. 

Virology Technique 

Specimens collected for virologic studies 
included stools, swabs, blood, urine, cere­
brospinal fluid, and tissues taken at au­
topsy. 

Processing of specimens: Stool and tissue 
specimen.c:; were extracted to make a 20 per 
cent suspension in neutral Hank's solution. 
The suspensions were centrifuged and anti­
biotics were added to the final supernatants. 
Swabs were shaken vigorously in 2 ml. of 
the same diluent. lt'luid specimens were 
processed by addition of antibiotics. All 
specimens, extractions, and cultures were 
stored at 20"C. 

Isolation and identification: Each speci­
men (0.2 ml. ) was inoculated into three 
tubes each of Rhesus kidney (MK) and Hela 
Gey (H) tissue culture. A growth of media 
used Cor MK cell culture consisted of 5 per 
cent calf serum, 0.5 per cent lacto albumin 
hydrolysate in Hank's base, and for Hela, 
10 per cent calf serum in Media 199, both 
with antibiotics. The cell cultures were inoc­
ulated as soon as a monolayer was establish­
ed and the growth media exchanged for 

maintenance media (same as growth except 
for MK 2 per cent calf serum and for H 4 
per cent calf serum was used). 

These cultures were incubated at 36" C 
and examined each day for an eight-day 
period. Tubes showing cytopathic effect 
were harvested when 75-100 per cent of the 
tissue was disrupted. Tubes of culture were 
frozen overnight, thawed, cooled, and stor­
ed. Each of the specimens was inoculated 
into 24 hour old mice. Each specimen that 
was suitable was inoculated into egg embryo 
by the amnionic route. All viral isolations 
were identified by neutralization tests in 
monkey kidney. 

Six to nine months later, tests of identi­
fication of these viral isolates were repeat­
ed. At the same time re-isolation was at­
tempted using the original extractions of the 
specimens included in the study. The iso­
lates obtained from this reisolation proced­
ure were also identified by neutralization 
tests in monkey kidney. 

Discussion 
It is well recognized that a serious per­

plexing clinical problem is posed by the in­
fant or child who becomes acutely ill with 
fever, stupor, or coma and convulsions. Re­
cently, Lyon, Dodge, and AdamS' have 
recognized the difficulty in terminology and 
differential diagnosis in children with this 
sort of nervous syndrome. They identify 
these clinical states as being distinguished 
by generally negative laboratory results and 
refer to them as acute encephalopathies of 
obscure origin. These are the syndromes 
which are associated with febrile illness, 
generalized convulsions, and neurologic dis­
orders which occur without evidence of 
spinal fluid changes and are associated with 
swelling of the brain as a prominent find-
ing. . 

Flewett and Hoult4 divided into four 
groups a collection of cases in which in­
fluenza virus has been associated with neur­
ologic disturbances. The most dramatic 
group initially presented confusion and 
flaccidity, and showed little response to 
stimuli three days to two weeks following 
influenza. Their diagnosis · was based on 
commonly accepted laboratory data. 

Eli Gold and others5 recently studied the 
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entire problem of sudden deaths in infants. 
Among other things, they investigated a 
group of deaths which were associated with 
the isolation of Coxasackie virus, Group A4• 

Even though histologic confirmation was 
lacking in these cases, the authors felt that 
their studies raised important questions 
concerning the pathogenesis of enterovirus 
infections and pointed out the need for fur­
ther study. 

It has been interesting to see the continu­
ing evidence of a wide variety of clinical 
manifestations of Coxsackie and EMCO 
virus disease in infants and children. The 
seriou..c; nature of these illnesses is becoming 
more and more apparent. Current8 and Mc­
Allister7 have classified Coxsackie and 
ECHO virus by their association with symp­
tomatic disease. Coxsackie B4 has been as­
sociated with pleurodynia, aseptic menin­
gitis, paralysis, myocarditis, and meningo­
encephalitis of the newborn, pericarditis, 
and undifferentiated febrile disease. ECHO 
8 has been associated with diarrheal and 
respiratory disease. To our knowledge, there 
have been no series associating fatal en­
cephalitic disease with Coxsackie and ECHO 
virus other than in infants. Recently, Walk­
er and Togo& reported a case of acute diffuse 
encephalitis associated with isolation of Cox­
sackie B:. virus in a 9 year old child. They 
cite cases of encephalitis in a 16 year old 
boy, a 22 year old woman, and a 54 year old 
woman who demonstrated encephalitis-like 
disease due to Coxsackie B. and B1. They 
also make reference to a case of fatal men­
ingoencephalitis which was considered to be 
due to Coxsackie, Group A8 . Sabin• has at­
tributed encephalitis in older people to 
ECHO type 9. 

Considering the review of literature, what 
then is the true relationship of the viruses 
isolated in 5 of our 16 cases with the true 
cause of disease in each case? If there is an 
association, it might indicate that in these 
5 cases the virus was the etiologic agent. If 
this is true, then might it not also be true 
that the other 11 cases represent a similar 
type of disease in which the viruses were 
not isolated? The obvious alternative is that 
the virus isolations are coincidental and 
possibly unrelated to the· true cause of dis-

ease. If enteroviruses do play a role in the 
etiology of fatal encephalitic disease, we feel 
that this series brings the question into 
sharp focus. 

What then should be done to clarify this 
situation? We believe that it is imperative 
that every physician who faces such a prob­
lem should make every effort to identify the 
possible etiology. This effort should include 
intensive study of each case, allied with all 
available laboratory techniques, so that a 
collective study and analysis of such cases 
may reveal the true cause of this type of dis­
ease. This, of course, would mean that we 
cannot limit our investigation to the child, 
but must extend it to the family as well. 
Surely as we progress we must utilize meth­
ods of communication so that episodes such 
as we have experienced can be properly cor­
related with the experience of other in­
vestigators throughout the country. 

Summary 

We have presented the information which 
accumulated during the study of 16 deaths 
due to encephalitis-like disease in North 
Carolina. It is our hope that others will 
share our experience, that this presentation 
will add to the literature, and that it may 
contribute to the eventual clarification of 
the etiology of such cases. 
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Hernia Adiposa- A Cause of Low Bac:k Pain 
J. LF.F. SEDWITZ, M.D. 

and 
B. D. THOMAS, M.D. 

ZEBULON 

~:.. . Herniation of subfascial fat has been de- forth. One of the patients had been operat-
: scribed as a clinical entity representing dis- ed on for herniation of nucleus pulposus 
···· placement of fat from a deep stratum to a without benefit. 

•. more superficial one. This condition was Physical examination included thorough 
described by Herz1 17 years ago. In 1944, palpation of the lower part of the back to 

· however, Copeman and Ackennan2 first elicit trigger points of pain and painful 
showed that painful nodules in the lum- nodules. In many patients a non-tender 
bosacral regions were actually herniations nodule in the lumbosacral region was dem-
o£ fat through the superficial fascia. The onstrated. It is felt that this type of nodule 
chief characteristic of the nodules is a single could not be responsible for the pain asso-
or multiple mass which the patient is fre- ciated with hernia adiposa. Copeman and 
quently able to localize. The associated pain Ackerman found from an anatomic study of 

•• is usmilly severe, and the patient is unable 14 cadavers that the distribution of fat in the 
to move when first seized by it. The term lumbosacral region coincided almost exactly 
"fibrositis" is often applied to the condition, with the trigger points of pain in 50 pa-
since the nodules were originally thought 
to be caused by excessive fibrous tissue. 

In 1955 Herz3 had relieved the symptoms 
of subfascial fat hernia by operation. Their 
patients were selected from more than 300 
cases of previously undiagnosed low back 
pain. As a result of his work, we undertook 
the present study of 20 patients who were 
referred to the Wendell-Zebulon Hospital 
Department of Surgery because of low back 
pain of undetermined cause. All these pa­
tients were carefully examined to rule out 
herniation of nucleus pulposus and other 
conditions which might have caused their 
pain. 

Surgery was resorted to in those cases 
where the relief obtained from the injection 
of the nodules with anesthetic agents and 
methyl prednisolone acetate ( Depo-Medrol, 
Upjohn) was short-lasting, or when repeat­
ed injections were impractical. Many of 
these patients had been treated for years 
with various types of support, steroids for 
arthritic changes of the vertebrae, and so 

tients. 

Operative Technique 

After careful attempt to rule out the mul­
tiple causes of low back pain, operation was 
performed on 20 of our patients selected on 
the basis of either temporary or prolonged 
relief with infiltration of the above-men­
tioned agents. The area of herniated fat in 
the lower part of the back was marked with 
a dye preoperatively. A skin wheal at this 
site was produced, by injecting a 10 per cent 
solution of Zylocaine. 

1 ncision through the skin and superficial 
fat is followed by evidence of herniation of 
the underlying fat up to the level of the 
skin (fig. 1). This displaced fat is quite well 
defined. :Further infiltration with local 
anesthetic is necessary to dissect it from the 
underlying fascia. While the dissection is 
being carried out, the area in the fascia 
through which course the sensory nerves 
and blood vessels supplying this fat is usual­
ly visualized (fig. 2) ·. Small hernias tend to 
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Reye's Syndrome: Current Concepts 

JAMES E. HEUBI, JOHN C. PARTIN, JACQUELINE 8. PARTIN AND WILLIAM K. SCHUBERT 

Department of Pediatrics and the Clinical Research Center, Children's Hospital Research Foundation, University of CincinTIIJt~ 
Cincinnat~ Ohio 45229; and Department of Pediatrics, State University of New York at Stony Brook, Stony Brook, New York 

In 1963, Reye, Morgan and Baral (1) described the 
clinico-pathologic features of the disease that is now 
broadly recognized as Reye's syndrome (encephalopathy 
and fatty degeneration of the viscera). Over the ensuing 
years, widespread recognition of the disease and its clin­
ical manifestations bas occurred. Characteristically, a 
prodromal illness, most commonly influenza or varicella, 
is followed in 3 to 5 days by the onset of pernicious 
emesis. Initially, patients are well-oriented but irritable 
and lethargic. Some patients have no change in con­
sciousness and remain only lethargic to variable degrees 
(Grade land II encephalopathy, Cincinnati Coma Grade 
(2)] with no progression to unconsciousness. The AST 
and AL T levels are three to 30 times normal. Serum 
bilirubin rarely exceeds 1 mg per dl. Serum ammonia 
concentrations are variable at presentation. Noncoma­
tose patients may have mildly to moderately elevated (2 
to 5 times normal) or normal ammonia concentrations. 

. With worsening encephalopathy to a hyperexcitable 
state (agitated delirium), the patients are intermittently 
out of contact with their environment (Grade III). Fur­
ther progression to deeper comatose states characterized 
by decerebrate and decorticate posturing. hyperventila­
tion and hyperpyrexia (Grade IV) and finally flaccid 
paralysis with loss of involuntary ventilatory control 
(Grade V) may be variable and span only a few hours to 
a few days. Comatose patients uniformly have elevated 
venous ammonia concentrations ranging from 3 to 20 
times normal. The encephalopathy typically persists for 
24 to 96 hr, with gradual improvement in survivon. 
Recovery of consciousness in patients with permanent 
neurologic impairment may require weeks. 

Voluntary reporting of cases to the Centers for Disease 
Control (CDC) requires fulfillment of the criteria for the 
case definition of Reye's syndrome: (i) acute noninflam­
matory encephalopathy documented clinically by an al­
teration in consciousness, and, if available, cerebrospinal 
fluid containing less than 8 leukocytes per mm'; (ii) 
hepatopathy documented by liver biopay or autopsy or a 
3-fold or greater rise of AST, AL T or serum ammonia, 
and (iii) no more reasonable explanation for tbe cerebral 
or hepatic abnormalities (3). 

Percutaneous liver biopsy will confirm the diagnoaia 
of Reye's syndrome; however, the hepatic lesion is eva-

This work was supported in part by l:nited States Public Health 
Sen-ice Grant RR-00123 from the General Clinical ReMarch Ceoten 
Branch. Divis ton of ~arch Relloui'CI!I'I. Nationallnatitutn of H.alth. 

Address reprint ~ta to: James E. Heubi, M.D~ Clinieal RM.rdt 
<'..enter. Children's Hospital ~edical Center, Eiland aod Bet.bnda 
A\"tmues, Cincinnati, Ohio 45229. 

nescent so that biopsy must be performed during the 
acute phase (the fllSt 3 to 4 days) to fmd the character­
liltic histologic, histochemical and ultrastructural alter­
ations. Hepatocyte& are usually swollen, an inflammatory 
infiltrate is absent, abundant panlobular small droplet 
fat is identified and typical mitochondrial abnormalities 
are found (see below). 

During the last 22 years, over 3,000 cases have been 
reported to the CDC with a case fatality rate varying 
fJ'{Jm 26 to 42% (4). Therapy for the disease is largely 
empiric, since its specific pathophysiology remains in­
completely defined and its cause remains unknown. The 
purpose of this review is to acquaint the reader with 
newer findings regarding the epidemiology, pathogenesis, 
etiology and animal models of Reye's syndrome. The 
reader is referred to other reviews for more comprehen­
sive discussions of the clinical, biochemical, histopatho­
logic and therapeutic aspects of the disease (5-8). 

EPIDEMIOLOGY 

In 1968, the CDC established a voluntary surveillance 
system for Reye's syndrome. From 1967 to 1973, between 
11 and 83 cases were reported annually. Between 1974 
and 1983, an increase in reporting frequency was ob­
served with 236 cases reported in 1978-1979 to a peak of 
555 in 1979-1980. Thereafter, there bas been a steady 
decline in cases through 1985 when 91 cases were re­
ported. Over recent years, there bas been a trend toward 
diagnosis in earlier coma stages (9). Nationwide, the 
incidence of Reye's syndrome bas ranged from 0.15 to 
0.88 cases per 100,000 children under age 18 years. Re­
giooal differences in disease incidence are recognized 
Pacific atates, Nevada, most South Atlantic and East 
South Central states have consistently low rates while 
several Mountain, West North Central and East North 
Central states have consistently high rates (3). During a 
5-year retroepect.ive study in Ohio from 1973-1977, the 
incidence rate was 2.8 to 4.7 cases per year per 100,000 
population leas than age 18 years in the absence and 
preeence of influenza B epidemics, respectively (10). 
During prospective surveillance in Michigan during 
1973-1974, an incidence of2.4 cases per year per 100,000 
population was observed during a 7-montb period which 
included an influenza B epidemic (11). A recent prospec­
tive study in Cincinnati yielded similar results. In 198Q-
1981, when influenza A was prevalent, an incidence of 
3.5 liver biopsy-proven cases of Reye's syndrome per 
100,000 population less than age 17 yean was found. H 
CDC criteria had been utilized, a higher frequency of 5.6 
cases per 100,000 population under age 17 years would 
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have been observed. Noncomatose cases accounted for 
greater than three-fourths of all cases, suggesting that 
the prevalence of noncomatose cases is likely to be much 
higher than previously recognized (12). Despite high 
awareness and aggressive surveillance efforts since 1980-
1981, the total number of cases have continued to decline 
in Cincinnati (13). In 1985-1986, only one comatose and 
one noncomatose case were identified. This parallels the 
striking decline in cases noted nationwide. This observed 
decline is quite reminiscent of the experience in New 
Zealand. After an epidemic of Reye's syndrome in the 
late 1950's and early 1960's, the disease has virtually 
disappeared. The reason for this decline in incidence in 
New Zealand remains unresolved. 

PATHOGENESIS 
Despite intensive study, the pathogenesis of Reye's 

syndrome remains incompletely defmed. After an initial 
viral prodromal illness, pernicious vomiting develops 
after a latent period of 3 to 5 days. The onset of emesis 
is generally considered the first sign of encephalopathy 
in Reye's syndrome. Early in the course, sensorial 
changes may be limited to lethargy (Grade I, Cincinnati 
Coma Grade) despite protracted emesis, marked eleva­
tion in hepatic enzymes (AST, ALT), prolonged pro­
thrombin time, increased free fatty acid concentrations 
and normal or modestly increased serum ammonia con­
centrations. Intracranial pressure, as assessed by lumbar 
puncture, is generally normal in coma Grades I and II. 
With increasing neurologic alterations including deeper 
lethargy (Grade II) and agitated delirium (Grade III), 
increasing metabolic derangements are commonly noted. 
Serum free fatty acid concentrations rise and dicarbox­
ylic acids appear in urine and serum, and the serum 
ammonia is markedly increased. Co-incident with these 
changes, the intracranial pressure may becpme elevated. 
With deepening encephalopathy, increase in intracranial 
pressure commonly precludes effective cerebral perfu­
sion, leading to brain damage or death. 

A series of cascading metabolic events occurs during 
the course of Reye's syndrome. It remains unclear 
whether the pathogenesis can be explained by a primary 
injury to the mitochondria of multiple organs including 
the brain, liver and muscle with its metabolic conse­
quences or whether a primary hepatic injury leads to 
metabolic consequences which produce the biochemical 
abnormalities and encephalopathy. Based upon experi· 
ence with noncomatose cases, it appears likely that the 
encephalopathy (vomiting and lethargy) is present in 
most cases prior to the appearance of signiflC8Dt hyper­
ammonemia and markedly increased serum-free fatty 
acids. However, hyperammonemia, acid-based disturb­
ances, hypoglycemia, free fatty acidemia, dicarboxylic 
acidemia and salicylate& may have some synergistic: ef· 
fects with the primary mitochondrial injury and lead to 
the development of life-threatening cerebral edema (Yt~· 
ure 1). 

Morphologic and biochemical studies have confirmed 
the presence of a characteristic mitochondrial injury. 
Pleomorphic, enlarged mitochondria with disrupted crit­
tae, electron lucent matrices and reduced denae bodies 
are characteristic of the hepatic pathology of Reye's 

VIral A~ 
(Varioela. Influenza A and ll 
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FIG. 1. Proposed schema for tht! etiology and pathogenesis of Reye's 
~yndrome. Areas marked with questiofUI represent aspects which have 
been incompletely evaluated and require additional study. VLDL = 
\'t!I'Y low density lipoprotein; FA = fatty acid; FF A • free fatty acid. 

syndrome (7). Although variable alterations are found in 
clinically mild cases, the alterations are typically severe 
in all comatose cases (12). Concurrent reductions in 
mitochondrial enzymes involved in ureagenesis (omi· 
thine transcarbamylase and carbamylphosphate synthe­
tase), gluconeogenesis (pyruvate carboxylase) and en· 
zymes associated with the citric acid cycle enzymes (cit­
rate synthetase, glutamate dehydrogenase, succinic 
dehydrogenase, malic dehydrogenase and isocitrate de­
hydrogenase) have been observed (6, 14-16). In contrast, 
enzymes localized to the hepatic cytosol have been nor­
mal (6, 16). Further evidence of mitochondrial injury is 
suggested by the fmding of dicarboxylic acids in urine 
and serum. These organic acids are produced if mito­
chondrial P-oxidation is compromised or overwhelmed 
by massive influx of fatty acids. Long chain fatty acids 
accumulate in the cytosol, are metabolized by croxida­
tion in the endoplasmic reticulum and may appear in the 
serum. Peroxisomal p-oxidation cannot proceed beyond 
6-carbon chain length acids, producing enhanced excre­
tion of ~~ebacic (C10), suberic (Ca) and adipic (~) acids 
(17). 

Morphologic and biochemical study of the brain in 
Reye's syndrome has been limited. Astrocyte& are swollen 
and myelin blebs are present. Mitochondrial morphologic 
alterations have only been identified in neurons. Unlike 
the liver, brain mitochondrial enzyme activities·are not 
reduced (18, 19). This has been considered a significant 
inconsistency, suggesting that brain mitochondrial injury 
may play an unimportant role in the observed encepha-
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lopathy of Reye's syndrome. However, since neurons 
comprise a small proportion of all brain cells, failure to 
demonstrate reduced mitochondrial enzyme activity is 
not totally unexpected (20; Partin, J. S., Pedi4tr. Res. 
1979; 13:868, Correspondence). Two concurrent mecha­
nisms of cerebral injury may be present. A primary injury 
is suggested by the mitochondrial lesion while co-existent 
astrocyte swelling may suggest injury secondary to hy­
perammonemia. 

The biochemical derangements present in Reye's syn­
drome, alone or in combination, may be responsible for 
the pathogenesis of the disease. Hyperammonemia re­
sults from excess nitrogen load secondary to protein 
catabolism and reductions in activity of intramitochon­
drial enzymes of the urea cycle, ornithine transcarba­
mylase and carbamyl phosphate synthetase. Hyperam­
monemia correlates with severity of coma grade of Reye's 
syndrome and likelihood to progress from noncomatose 
to comatose states (21-24). The symptom complex ob­
served in children with congenital ornithine transcarba­
mylase deficiency and hepatic encephalopathy is similar 
to Reye's syndrome. Vomiting, coma, hyperventilation, 
astrocyte swelling and increased intracranial pressure 
are common to all conditions. Studies in young primates 
have demonstrated that graded infusions of ammonium 
acetate lead to progressive alteration in consciousness 
and increased intracranial pressure associated with as­
trocyte swelling but no neuronal pathology (25). Infants 
dying in hyperammonemic coma have cerebral edema 
associated with astrocyte swelling while patients dying 
after recurrent hyperammonemic episodes have cerebral 
atrophy and the appearance of Alzheimer Type II cells 
(26). In patients dying with liver failure and portoeys­
temic encephalopathy, gross cerebral edema and swollen 
astrocytes are commonly encountered (27). 

The pathogenesis of ammonia and portoeystemic en­
cephalopathy remain incompletely undeistood The 
brain detoxifies ammonia via glutamine formation: 

(1) a-ketoglutarate+ N~ + NADH 

glutamate + NAD+ 

(2) glutamate + NH, + A TP 

(
gl tamine ! ll)':tbetue) 

glutamine + ADP + Pi 

This process deprives the electron transport chain of 
NADH, leads to reduced oxidative metabolism andre­
duced stores of high energy phosphates (28). Ammonia 
increases glycolysis and leads to increased pyruvate and 
lactate concentrations, reduced glutamate concentra­
tions and increased glutamine synthesis (29, 30). The 
generated glutamine may accumulate in astrocyte& and 
thereby lead to an osmotic shift. in water resulting in 
cerebral edema (31; Brusilow, S. W. et al., N. E111L J. 
Med. 1986; 314:786-787, Correspondence). Glutamine 
concentration in the cerebrospinal fluid has been pro­
posed to be a sensitive measure of hepatic encephalopa-

thy (32). However, serum and cerebrospinal fluid gluta­
mine concentrations are generally normal in Grade I 
Reye's syndrome when serum NH3 is normal or mildly 
increased (personal observation). Hyperammonemia or 
associated disturbances do not appear to initiate the 
encephalopathy of Reye's syndrome but may be impor­
tant confounding factors after hepatic mitochondrial 
dysfunction leads to hyperammonemia. 

Excessive lipolysis from adipocytes with impaired he­
patic metabolism of the liberated fatty acids and the 
panlobular microvesicular fatty change is characteristic 
of all coma grades 1>f Reye's syndrome. Elevated serum­
free fatty acids are present even in mild cases, but 
concentrations are not directly proportional to severity 
of coma grade (33-36). Coincident with the increased 
free fatty acid concentrations, patients tend to be keto­
penic, and dicarboxylic acids appear in urine and serum. 
These fmdings suggest that mitochondrial It-oxidation 
of fatty acids is compromised, and alternative extrami­
tochondrial routes of oxidation are utilized. The serum 
pattern and the urinary excretion of dicarbo:r.ylic acids 
suggest that medium chain acyl CoA dehydrogenase en­
zyme activity may be reduced Additional studies have 
suggested that a "relative camitine deficiency" is present 
which precludes efficient shuttling of fatty acids across 
the mitochondrial membrane prior to oxidation. Theo­
retically, carnitine deficiency would lead to the accumu­
lation of toxic acyl CoA derivatives (37, 38). Concentra­
tions of hepatic short-chain CoA esters are increased 
while long-chain CoA esters were comparable to controls 
(39). These results suggest that the short- and medium­
chain acyl CoA dehydrogenase enzymes may be reduced, 
but long-chain acyl CoA dehydrognease activity is intact 
and the carnitine "shuttling" system is intact. In addi­
tion, no studies have demonstrated that serum total or 
free carnitine concentrations are reduced despite appar­
ent loss of large quantities of free and acylcarnitines in 
urine and low hepatic concentrations in children with 
Reye's syndrome (40-43; Hinshaw, W. B. J. et al., N. 
E111l. J. Med. 1980; 302:1423, Correspondence; Roe, C. 
Ret al., J. Natl. Reye's Syndrome Found. 1983; 4:58, 
Abstract; Lansky, L. L. et al., Pedi4tr. Res. 1985; 20:391, 
Abstract). The role of fatty acids in the pathogenesis of 
Reye's syndrome has been the subject of debate for over 
10 years. Concentrations of serum-free fatty acids in­
Cre&lle during starvation with no sensorial change; levels 
attained may exceed those found in Reye's syndrome 
(4-4). Infusions ofshort-chain fatty acids (octanoate) into 
animals may lead to encephalopathy and mild elevations 
of ammonia and lactate and increased intracranial pres­
sure (45, 46). Fatty acids of varying chain lengths are 
capable of uncoupling oxidative phosphorylation and 
inhibitinc/l~s:.idation in isolated liver mitochondria ( 4 7, 
48). Furthermore, addition of albumin to the incubation 
medium may lead to ablation of the effect on isolated 
mitochondria (49). Nonesterified fatty acids can induce 
mitochondrial swelling in vitro and reduce mitochondrial 
enzyme activities, including carbamyl phosphate synthe­
tase (50). Anaevin has suggested that short- and medium­
chain fatty acids may alter brain mitochondrial function. 
When rat brain mitochondria were incubated with serum 
from patients with Reye's syndrome, State 4 respiratory 
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rates were increased and the respiratory control ratio 
was decreased. The observed alterations were dose-de­
pendent and blocked by preincubation of serum with 
fatty acid-free albumin (51). Inhibition of fatty acid 
oxidation in brain capillaries by agents like pentenoic 
acid may alter active ion transport and lead to develop­
ment of cerebral edema (Goldstein, G. W., N. ET~~Jl. J. 
Med. 1977; 296:632-633, Correspondence). Fatty acids 
may inhibit brain N a, +K+ -ATPase with inhibitory ca­
pacity directly proportional to fatty acid chain length 
and concentration (52). This may interfere with ion 
pumping and lead to alterations in sensorium. 

Both fatty acids and dicarboxylic acids may have pro­
found effects on mitochondrial morphology and function 
(Picardo, M., J. Invest. Dermatol. 1982; 80:350, Abstract). 
Serum from patients with Reye's syndrome increases 
oxygen consumption, uncouples oxidative phosphoryla­
tion, impairs ATP formation and causes swelling of 
chinchilla mitochondria (53). Dicarboxylic acids of Cr 
C10 chain length have been identified in urine, and in­
creased concentrations of other short-chain dicarboxylic 
acids have been found in serum of patients with Reye's 
syndrome. Recent studies have shown that as much as 
54% of total serum-fiee fatty acids are present as dicar­
boxylic acids with 90% being C1rC1a chain length (54, 
55). Dicarboxyic acids are commonly encountered in 
urine from patients with inborn errors of metabolism 
involving the P-oxidative pathway (56-58). In addition, 
small quantities may be encountered in children with 
diabetes mellitus and protein calorie malnutrition (59). 
Dicarboxylic acids, including sebacic, suberic and adipic 
acid in quantities similar to those found in Reye's syn­
drome, may be present in the urine of infants treated 
with medium-chain triglyceride formula without appar­
ent ill effect (60). However, in no other condition have 
long-chain dicarboxylic acids been found in concentra­
tions comparable to those found in Reye'a ·syndrome (61; 
Tonsgard, J. H., Pediatr. Rt$. 1986; 20:-468, Abstract). 
Whether the appearance of dicarboxylic acids in the 
serum are secondary to mitochondrial dysfunction or are 
intimately involved in the pathogenesis of Reye's syn­
drome remains undefined at the present time. Additional 
studies will be needed to better defme their role. 

The role of salicylate& in the pathogenesis still remains 
\mclear. Salicylate usage commonly precedes the onset 
of Reye's syndrome. Serum salicylate concentrations are 
increased in patients with Reye's syndrome compared to 
community-based controls; however, no correlation baa 
been found between coma grade and serum concentration 
(62). Alterations in salicylate metabolism may accom­
pany Reye's syndrome. Aspirin eateraae activity may be 
reduced and salicylate turnover rates prolonged in pa· 
tients with Reye's syndrome (63; Tomaaova, H., lAncet 
1984; 1:43, Correspondence). Salicylate intoxication pro­
duces severe acid-base disturbances, coagu)opathy, he­
patic dysfunction and encephalopathy. Children who 
died after salicylate intoxication have been found to have 
cerebral edema and. intrahepatocyte microvesicular 
change without necrosis or inflammation (64). Theae 
fmdings were felt to indicate that the histologic findinp 
in Reye's syndrome and salicylate intoxication were sim­
ilar. Recently, microvesicular fatty change baa been ob-

served by Bunnell and Beckwith (65) in children who 
died after cranio-cerebral trauma, suggesting that the 
microvesicular fatty change observed at autopsy may be 
somewhat nonspecific. Review of the autopsy series at 
Children's Hospital in Cincinnati revealed that 5 of 6 
patients dying of single dose salicylate intoxication had 
vacuolization of hepatocytes without cell necrosis or 
inflammation (Daugherty, C. C. et al., Lancet 1983; 2:104, 
Correspondence). Careful light microscopic and ultra­
structural pathology studies have demonstrated minimal 
lipid accumulation during salicylate toxicity with normal 
mitochondrial structure. In contrast, liver pathology 
findings from patients with Reye's syndrome include 
prominent microvesicular fat and enlarged pleomorphic 
mitochondria with expanded matrices and no mitochon­
drial dense bodies (66). Salicylate& uncouple mitochon­
drial respiration, impair A TP formation and induce mi­
tochondrial swelling (67;...69). In isolated rat mitochon­
dria, salicylate& and salicyl compounds can potentiate 
Ca2+ -induced damage to the inner mitochondrial mem­
brane (69). Salicylate& may: (i) further compromise mi­
tochondrial function directly by uncoupling oxidative 
phosphorylation; (ii) increase the CoA load to the mito­
chondrion for oxidation, and (iii) displace bound fatty 
acids and dicarboxylic acids from serum albumin. Sali­
cylate& may serve as an additive factor in the pathogen­
esis of Reye's syndrome (see below); however, none of 
these potential mechanisms has been tested or proven. 

The role of endotoxin, interferon and tumor necrosis 
factor in the pathogenesis of Reye's syndrome remain 
poorly defmed, and more work is needed to defme their 
importance. Increased concentrations of endotoxin-like 
material have been found in comatose children with 
Reye'a syndrome. Levels declined with improvement in 
sensorium (70). Increased serum lactate, free fatty acids 
and ammonia with hepatic lipid accumulation and mi­
tochondrial alterations have been observed in starved 
rats injected with sublethal doses of endotoxin (71). 
Lymphocytes obtained from children with Reye's syn­
drome produce less interferon in response to New Castle 
virus compared to controls (72). Lymphocytes from 
emulsifier-treated rats given encephalomyocarditis virus 
respond poorly to agents which induce interferon pro­
duction (see below). Recently, it baa been suggested that 
enhanced released tumor necrosis factor from macro­
phages previously exposed to salicylate& may contribute 
to the development of Reye's syndrome (73). Interest­
ingly, tumor necrosis factor release is enhanced to a 
greater extent by nonsteroidal antiinflammatory agents 
other than aspirin. To date, no cases of Reye's syndrome 
have been reported in patients (juvenile rheumatoid arth­
ritis) treated chronically with nonsteroidal antiinflam­
matory agents other than aspirin. The failure to identify 
such an association suggests the tumor necrosis factor 
probably plays a minor role in the pathogenesis of Reye's 
syndrome. 

In summary, based upon available evidence, it appears 
as if a primary mitochondrial injury initiates multiple 
metabolic disturbances. Hyperammonemia, free fatty 
acidemia, lactic acidosis and dicarboxylic acidemia result. 
Synergistically, the metabolic abnormalities and the un­
derlying mitochondrial injury lead to the observed patho-
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physiology through; as yet, incompletely understood 
mechanisms (74). Fatty acids, dicarboxylic acids, salicy­
lates and other factors {some currently undefmed) may 
inhibit mitochondrial ureagenesis and potentiate their 
individual metabolic effects. Alternatively, they may in­
hibit ATP synthesis, and hyperammonemia may deplete 
cellular A TP and lead to profound reductions in high 
energy phosphate required to catalyze a myriad of enzy­
matic reactions. However, no evidence had been pre­
sented to conflrm that hepatic ATP content is reduced 
in Reye's syndrome (75). 

ETIOLOGY 

Despite multiple clues derived from clinical observa­
tions, the etiology of Rcye's syndrome remains obscure 
(Figure 1). An antecedent viral illness appears to be an 
essential ingredient in the development of the disease. 
In most large studies of Reye's syndrome, upper respi­
ratory illnesses are the prodromal illness in 60 to 70% of 
cases with varicella present in 20 to 30% and diarrheal 
illnesses in 5 to 15% (9). Of the implicated agents, 
influenza A and B and varicella have been most thor­
oughly investigated. During epidemics of influenza A and 
Bin 1973-1974, 197~1977, 1977-1978, 1979-1980, and 
1980-1981, a temporal relationship between reported 
cases of Reye's syndrome has been clearly demonstrated 
(3, 76). Similar seasonal variations in the incidence of 
varicella and in reported cases of Reye's syndrome have 
been observed. Infants and children are most commonly 
affected and until recent years, most affected children 
with a respiratory prodrome were 8 to 11 years old while 
the mean age with varicella and gastrointestinal pro­
dromes was 6 years (9). Although rare, well-documented 
cases of Reye's syndrome have been reported in adults 
(77). Studies evaluating the role of genetic factors have 
been largely unrewarding. Although C88eiJ' have been 
observed in siblings during outbreaks of influenza, no 
speciflc HLA linkage has been identifled (76). 

TOXINS 

Since the first descriptions of Reye's syndrome, inves­
tigators have been fascinated by the possible association 
with toxins. Reye et al. (1) suggested that an environ­
mental toxin might be responsible for the development 
of the disease. Subsequent investigations have been unre­
warding. Exposure to a variety of agents including sali­
cylates, valproic acid, the unripe fruit of the Akee tree, 
margosa oil, chlordane, pyrrolizidine, camphor, methyl 
bromides and multiple stings by the Oriental hornet may 
produce clinical manifestations quite similar to Reye'a 
syndrome (3, 78-85). However, none have had suffi­
ciently similar laboratory, histopathologic or ultrastruc­
tural pathologic features to make them serious candi­
dates as the cause of Reye's syndrome. 

Exposure to aflatoxin, pesticides and their emulsifiers., 
paint and aspirin all have been reported in patients with 
Reye's syndrome (3, 78, 86-91). Aflatoxin B1 was found 
in blood and urine in early studies from several children 
with Reye's syndrome; however, additional work failed 
to demonstrate any signiflcant difference in aflato:a:in 
concentrations in serum and urine from children with 

Reye's syndrome compared to controls (86-89). Based 
upon clustering of cases of Reye's syndrome in an area 
of pesticide spraying in Canada and studies from Thai­
land, a causal association has been suggested (90, 91). 
Linnemann et al. {78) noted a history of contact with 
pesticides among children with Reye's syndrome. It was 
hypothesized that pesticide emulsifiers might alter the 
pathogenesis of viral infections (potentially mediated 
through alterations in interferon production) and 
thereby produce Reye's syndrome (see "Animal 
Models"). No studies, to date, have successfully shown 
accumulation of either of these materials in tissues or in 
the serum of affected patients (92). 

SALICYLATES 

A relationship between Reye's syndrome and prior 
salicylate exposure has been proposed for many years. 
The clinical similarities between salicylate intoxication 
and Reye's syndrome fueled interest in a potential asso­
ciation. A report of cases of salicylate-treated varicella 
with encephalopathy which antedated the original de­
scription of Reye's syndrome may represent the fll'Bt 
indication of a potential link between salicylates and 
Reye's syndrome (93). Linnemann et al. (78) found that 
53 of 56 biopsy-proven cases of Reye's syndrome had 
prior salicylste exposure (78). Three of the children were 
receiving aspirin for treatment of juvenile rheumatoid 
arthritis and one for treatment of rheumatic fever. The 
first of a series of case-control studies evaluating the 
potential role of salicylates in Reye's syndrome was 
published by Starko et al. (94). A significantly greater 
proportion of children with Reye's syndrome were shown 
to have aspirin exposure compared to controls. Seven 
patients had Reye's syndrome based on the CDC criteria 
(2 of 7 had biopsy conflrmation). AU seven of the reported 
cases received aspirin during their antecedent illness 
while only 8 of 16 age- and sex-matched classmate con­
trols had received salicylates. Unfortunately, this study 
was seriously flawed by delays in interviews of cases and 
controls, failure of case verification with liver histology 
and the absence of blinding of interviewers as to whether 
patients were cases or controls. 

Two additional case-control studies investigated the 
association between salicylate exposure and Reye's syn­
drome. The results of the first study conducted in Mich­
igan suggested a statistically significant association be­
tween aspirin usage and Reye's syndrome. During 1979-
1980, 24 of 25 cases of Reye's syndrome (diagnosed using 
CDC criteria, histology conflrmation unspecifled) re­
ceived aspirin compared to 34 of 46 controls matched for 
age, race, sex, school grade and antecedent illness. During 
1~1981, 12 of 12 cases of Reye's syndrome received 
aspirin-containing products compared to 13 of 29 con­
trols (95). The second study was conducted in Ohio from 
December 1978-March 1980. Ninety-seven cases of 
Reye'a syndrome were identffied who fulfilled CDC cri­
teria ( 19% were confumed with liver histology) and 
compared to 156 control subjects matched for sex, race, 
geographic location, time and type of prodromal illness. 
Aspirin was ingested by a statistically significantly larger 
proportion of cases (97%, 94 of97) than of controls (71 %, 
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110 of 156). No relationship was found between dosage 
and coma grade (96). Subsequent analyses of both studies 
suggested that significant methodologic flaws seriously 
compromised the interpretation of the results. These 
flaws involved: (i) failure of case definition; (ii) selection 
of controls; (iii) identification of medications adminis­
tered to cases and controls, and (iv) parental recall bias 
and interviewer bias (97). 

In response to concerns regarding potential flaws in 
previous epidemiologic studies, the CDC initiated a pro­
spective study designed to correct these potential short­
comings. The design included multiple (n = 4) control 
populations and allowed inclusion of only subjects with 
Grade II or greater encephalopathy in hopes of reducing 
errors in diagnosis; however, liver pathology was not 
required for entry into the study. Instead, the CDC 
criteria for diagnosis were utilized. Caretakers of cases 
and controls were to be interviewed promptly after iden­
tification and care was taken to ensure proper identifi­
cation of medications. Between February and May 1984, 
a pilot study was conducted to examine the methods to 
be used for the larger "definitive" study. Thirty patients 
with Reye's syndrome (seven had biopsy or autopsy 
confirmation) were compared with 145 controls matched 
for age, sex, race, antecedent illness derived from hospi­
tal, emergency room, school and community populations. 
Significantly more cases (93%) had received salicylates 
than members of each control group or all groups com­
bined (46%) during matched antecedent illnesses. Cor­
rection for severity of prodromal illness did not change 
the results. The estimated odds ratio of developing Reye's 
syndrome after salicylate exposure was calculated to be 
16.1 (98). 

Two additional lines of study have suggested a circum­
stantial relationship between Reye's syndrome and as­
pirin exposure. Recent descriptions of cases of Reye's 
syndrome among patients with connective tissue disease 
have implied that this population is at increased risk 
because of chronic salicylate exposure (99, 100). Reming­
ton et al. (101) suggested that aspirin-treated children 
with juvenile rheumatoid arthritis in Michigan were at 
significantly greater risk for development of Reye's syn­
drome than the general pediatric population. Second, the 
reduced aspirin usage in Michigan has been implicated 
as the reason for the decline in incidence of Reye's 
syndrome (102). Results of telephone interviews per­
Conned in Techumseh Michigan in 1981 and 1983 indi­
cated that fewer parents gave aspirin for colds in 1983 
(25%) compared to 1981 (56%). A parallel decline in the 
incidence of varicella-associated Reye's syndrome oc­
curred during the same time (29.6 vs. 5.4 cases of varicella 
associated Reye's syndrome per 100,000 cases ofvariceUa 
in 1981 and 1983, respectively). Nationwide surveillance 
and additional surveys conducted in Ohio and Hooaton 
have suggested a nationwide parallel decline in aspirin 
usage and Reye's syndrome (4, 102, 103). Additional 
factors may have changed in Michigan and nationwide 
over recent years, but none have been examined. 

Reye's syndrome is a rare disease that defies careful, 
controlled studies. Without an animal model that reliably 
reproduces the human disease, prospective case-control 

epidemiologic studies are the only feasible means to 
investigate the relationship between medication usage or 
toxin exposure and Reye's syndrome. However, this type 
of study cannot establish a causal relationship between 
xenobiotic exposures and the development of Reye's 
syndrome. Despite serious evidence incriminating aspirin 
in the etiology of Reye's syndrome, it is mandatory that 
physicians realize that the absence of aspirin exposure 
does not exclude the diagnosis nf ~ye's syndrome. It is 
clear that, in all case series, a small proportion of cases 
do not have aspirin exposure during the prodromal ill­
ness. At this time, it appears prudent to recommend that 
children refrain from aspirin usage during periods of 
influenza activity and in the presence of varicella as 
recommended by the Surgeon General and the American 
Academy of Pediatrics. In addition, parents should be 
advised about the judicious use of medications including 
antipyretics for the control of symptoms associated with 
common childhood iUnesses. 

INBORN ERRORS OF METABOLISM 

In recent years, a number of inborn errors of metabo­
lism have been identified in infants and children who 
were initially believed to have recurrent Reye's syn­
drome. Inborn errors of ureagenesis including ornithine 
transcarbamylase ( OTC) deficiency and carbamyl phos­
phate synthetase deficiency may mimic Reye's syndrome. 
Affected males with OTC deficiency usually present in 
the newborn period. and Reye's syndrome is not com­
monly considered. Heterozygote females with OTC defi­
ciency commonly present with recurrent episodes of life­
threatening hyperammonemia, elevated urinary orotic 
acid excretion, characteristic serum amino acid patterns 
with elevated glutamine and reduced citrulline concen­
trations (104). Liver histology may reveal microvesicular 
fatty change but other mitochondrial enzymes (succinic 
acid dehydrogenase) are preserved, and mitochondrial 
morphology is normal or distinctly different from Reye's 
syndrome (26, 105-107, personal observations). Multiple 
defects of fatty acid metabolism have been recently iden­
tified which mimic Reye's syndrome. Systemic carnitine 
deficiency, camitine palmitoyl transferase deficiency, 
medium-chain acyl CoA dehydrogenase and long-chain 
acyl CoA dehydrogenase deficiencies commonly present 
with recurrent episodes of lethargy, seizures, coma and 
hepatomegaly. Biochemical derangements include hypo­
glycemia, mild elevation in AST and ALT. hyperammo­
nemia, acidosis, reduced serum camitine, ketopenia and 
dicarboxylic aciduria (46, 56, 57, 108-110). A clinical 
history of recurrent episodes and a family history of 
affected siblings arc commonly elicited. Liver histology 
may reveal microvesicular or macrovesicular fatty change 
with mitochondrial changes different from Reye's syn­
drome (111). Additional organic acidemia& including /J­
hydroxy-fj-methylglutaric acidemia and isovaleric acide­
mia are phenotypically similar to Reye's syndrome (112). 
The recurrent nature of attacks, young age, family his­
tory and disease-specific biochemical perturbations gen­
erally augest metabolic diseases rather than Reye's syn­
drome in these clinical circumstances. 
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ANIMAL MODELS 

Presently, no available animal model reliably repro­
duces the biochemical and pathologic features of Reye's 
syndrome in the human. The role of xenobiotic initiating 
factors including aflatoxin, insecticides, herbicides and 
surfacta.nts have been extensively explored in a number 
of animal species. Many of the histopathologic and bio­
chemical features of the disease have been replicated in 
these models, but none of the proposed environmental 
toxins has been identified in significant quantities in the 
biologic material obtained for patients affected with 
Reye's syndrome (89, 92). Emulsifiers have been exam­
ined for their potential role in the development of a 
Reye's-like disease in animals. Mortality rates of mice 
treated with encephalomyocarditis virus and emulsifiers 
were increased compared to controls. Alterations in he­
patic ultrastructural morphology including fatty change, 
minimal alterations in AST and equivocal changes in 
hepatic OTC activity were observed (113-115). Emulsi­
fier-treated mice infected with influenza B had increased 
mortality and serum NHa compared to influenza B in­
jected or emulsifier-alone treated mice. Mitochondria 
from animals treated with emulsifier and influenza B 
were enlarged with increased matrix lucency, altered 
cristae and absent dense bodies compared to other treat­
ment groups; however, no hepatocyte fatty change was 
noted (116). None ofthese models produced sufficiently 
similar changes to those observed in Reye's syndrome to 
be seriously considered as an appropriate model for the 

· disease. 
The role of the biochemical perturbations observed in 

Reye's syndrome in its pathogenesis have been explored 
using a number of models. Ferrets rendered arginine­
deficient and infected with intranasal influenza B have 
been evaluated as a model of Reye's syndrome. Affected 
animals had mild increases in AST, markedly increased 
serum ammonia and encephalopathy. Hepatic ultrastruc· 
turc alterations included mildly pleomorphic mitochon­
dria with equivocal reduction in matrix density and 
reduced numbers of dense bodies, increased amounts of 
lipid and no proliferation of the endoplasmic reticulum 
or increase in numbers of peroxisomes (117, 118). Tbia 
model appears more a model of extreme hyperammone­
mia rather than Reye's syndrome. Increasing free fatty 
acids in the ferret using a synthetic diet increased hepatic 
lipid but did not alter the serum ammonia (119). Aspirin 
treatment of influenza B-infected arginine-deficient fer· 
rets increased mortality, serum N~, AST and hepatic 
lipids while hepatic OTC was reduced. However, similar 
biochemical alterations also appeared in control animals 
(120). Rabbits given intracisternal, unsaturated long· 
chain fatty acids developed rostral-caudal dose-depend­
ent progression of neurologic abnormalities, but the AST 
only rose modestly after the appearance of neurologic 
dysfunction. Pretreatment of animals with aspirin re­
duced the severity of the neurologic changes (121). 

Two recently developed models offer promise u useful 
models of the disease. Davis et al. (122) have succesAfully 
infected 3- to 4-week-old Balb/c mice with a large doee 
of intravenous influenza A/Lee virus. The anii'Nlla ~-

veloped lethargy, coma and seizures. The AST rose mark­
edly while ammonia was only modestly increased. He­
patic microvesicular fatty change without inflammation 
was present with only occasional mitochondria having 
matrix expansion while mild cerebral edema without 
inflammation was found (122, 123). This model closely 
approximates the human disease but two concerns are 
raised: (i) the large innoculum of virus required to pro­
duce the disease by the intravenous rather than via the 
respiratory trad, and (ii) the failure to consistently show 
the mitochondrial changes typical of Reye's syndrome 
and reduction of succinic acid dehydrogenase activity (a 
mitochondrial enzyme) to sfiO% in only 9 of 13 micP. 
Additional studies using. this modP.I hAve failed to show 
increased mortality in aspirin-treated mice despite serum 
concentrations as high as 68 mg per dl (124). Brownstein 
et al. (125) have reported the spontaneous appearance of 
a Reye's syndrome-like illness in Balb/cByJ mice 4 to 33 
days after introduction of animals to rooms with indig­
enous murine viruses. The illness typically lasted 24 hr 
and was characterized by rapidly deteriorating conscious­
ness and ultimately death. The serum ammonia was 
markedly elevated (38 x normal) in affected mice com­
pared to controls. In 3 of 5 outbreaks, involving 66% of 
animals, an active coronaviral enteritis was present. 
Pathologic findings were strikingly similar to human 
Reye's syndrome. In the brain, astrocytes were swollen 
without inflammation. Liver pathology findings included 
microvesicular fatty change, presence of pleomorphic, 
electron lucent mitochondria with reductions in dense 
bodies and intact cristae, and increased numbers of per­
oxisomes. Unfortunately, Brownstein et al. have been 
unable to reproduce this model, which may seriously 
hamper its future use (personal communication). Al­
though the development of the models of Davis and 
Brownstein offered promise, serious drawbacks in both 
compromise their capability to improve our understand­
ing of the etiology and pathogenesis of Reye's syndrome 
( 126). 

SUMMARY 
Despite greater than 23 years of study, an incomplete 

understanding of the etiology, epidemiology and patho­
genesis of Reye's syndrome persists. Better understand­
ing of the disease has been hampered by the lack of a 
good animal model on which hypotheses of its pathogen­
esis could be tested. Human studies indicate that a 
primary mitochondrial injury may lead to complex met­
abolic disturbances that produce the observed patho­
physiology. Specific directions regarding avenues for fu­
ture research should pursue two lines: (i) a good animal 
model still needs to be developed in which the biochem­
ical and morphologic alterations identified in Reye's 
syndrome are duplicated. This model should include an 
antecedent viral illness but may not require aspirin ex­
posure as an essential ingredient. With the identification 
of a aatiafactory model, specific questions about the roles 
of environmental toxins or medications may be an­
swered. (ii) Study of noncomatose cases of Reye's syn­
drome abould continue. The specific emphasis should be 
to delineate what factors (Nils, free fatty acids and 
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,..-., dicarboxylic acids) may be implicated in the pathogenesis 
of the CNS disease with the hopes of devising strategies 
for more effective treatment of encephalopathy and its 
attendant morbidity and mortality. 
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Reye syndrome is an uncommon neurologic disorder with an 
annual incidence ranging from 0.3 to 6.0 cases per 100,000 chil­
dren.18·24·60 These statistics are influenced by the periodic coinci­
dence of influenza} epidemics. When first described in 1963, it was 
considered to be a rare and often devastating illness of childhood. 51•85 

There is little doubt that the illness antedated these two reports;8•16 

but the earlier literature is sketchy and anecdotal. Pathologists over­
looked (or dismissed as unrelated) the fatty degeneration of the liver 
and other viscera, and liver function tests were not readily available 
for clinical use. Conse~ently, these earlier cases were classified as 
acute encephalopathies or encephalitides. 1·63 

This clinical entity is now recognized throughout the 
world. 20·26·b5 It is a major cause of noninfectious neurologic death 
following a viral illness in the pediatric age group; and despite the 
fact that it is an uncommon disease, it still represents one of the 
primary causes of death for young children in the United States. The 
dramatic nature of the presentation, the possibility for complete re­
covery, and the relative frequency of the illness have ~couraged 
physicians and scientists to investigate this illness in some detail. 
This increasing level of awareness and interest has been paralleled 
by an apparent reduction in the annual morbidity and mortality. 

CLI:\'ICAL ~~A~IFESTATIONS 

Children of all a!!:es may be at risk for developing Reye syn­
drome. Occasional cases have !wen described in early infancy~9 and 
in adults. 1m m There is no sex preference. The epidemic forms of 
the syndrome usually parallel the annual incidence of influenza B or 
:\.; the sporadic cases t~·~ically follow varicella. Other viral agents also 
have been implicated. 1 .!~> and occasionally the illness may develop 
after bacterial pharyngitis. 

• Sidne\ C.trtt'r l'n>lt-'"" uf '•·urolu!('. l'roJt-,sor of Pediatrks, and Director of Pediatric 
:\t·;•rulo~. Colle~J:e ol I'J.,,.nam.anJ Sur~J:eons of Columbia University, The Pres­
hytenan Hospital 111 tlw C1t\ of :\ew 'ti•rk. :\C"urolo~J:ical Institute, New York, New 
'ti•rk. 

?\"eurolviZic Clinics-\'ol 3. :\o. I. Fehrud~ 191)5 95 
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There is no dear correlation beh,·een the intensitv of the ante­
cedent viral ilhwss and the encephalopathy that follo\\:S. Often, the 
child is recovering from the ,·ira! illness when pernicious vomiting 
begins. Occasionally, the antecedent viral illness is appreciated only 
in retrospect after the encephalopathy has passed. The encephalo­
pathic phase of the illness is heralded by irritability, lethargy, and 
vomiting; occasionally fever may be present. 

Vomiting is the cardinal clinical manifestation introducing the 
second phase of the illness. The mechanism underlying the vomiting 
remains unexplained. Campbell has suggested that elevated poly­
amines, and specifically spermine, may be the mechanism causing 
the vomiting. 1 He cites the experiments of Risetti and Mancini who 
noted pernicious vomiting in human volunteers after the intramus­
cular administration of spermine. 86 The child often will recall the 
early phase of vomiting after recovering from the encephalopathy, 
suggesting that cerebral function and specifically memory remains 
preserved at this point in the illness. Some patients experience no 
demonstrable neurologic disturbance and they are suspected of 
having Reye syndrome only because of chemical evidence of hepatic 
dysfunction. Other less fortunate children are plunged into coma 
after a few hours of pernicious vomiting. The diagnosis may be un­
clear in selected cases because of the marked variabilitv of the en­
cephalopathic phase. Typically, however, the patient ent~rs a hyper­
excitable state (toxic delirium) after the initial period of vomiting. 
Such a patient is extremely restless and vigorously resists restraints. 
The hyperexcitable state is associated with sympathetic nervous 
sytem overactivity manifested hy fever. sweating, tachycardia, pu­
pillary dilation, and tachypnea. Catecholamine (norepinephrine, epi­
nephrine, and dopamine) concentrations may be elevated in the 
blood and cerebrospinal fluid (CSF), and the degree of elevation may 
correlate \vith the patient's stage at the timt> of admission. 32 

The encephalopathy characteristically lasts for :2-t to 96 hours. 
and complete recovery of organ function is expected in patients who 
survive. The quality of survival is determined by many factors in­
cluding hypoglycemia, cerebral hypoxia. hqwrp~n·xia. hyperam­
monemia. free fatty acidemia, systemic hypotension. and intracranial 
hypertension. Other devastating complications indude gastrointes­
tinal hemorrhage. pancreatitis, fo<.·al or generalized convulsions. and 
intractable brain swelling. The intensity of these complications de­
tennines the quality of survival. A full reco\·ery can he anticipated 
in almost every case. despite severe neurologic dysfunction during 
the height of the acute encephalopathy. 

The stage of the illness upon admission correlates with the like­
lihood of recovery. t\.!l(l.9-l Several staging criteria ha\'l' heen promul­
gated over the past decade including the original staging method 
outlined In· H uttenlocher. 4' \re <:ontinue to use this four-stage 
method. Others suhscrihe to the five-\tage <:riteria outlined 
by Lm·ejoy and colleagues!i2 or the five-stage criteria resultinTI from 
the \:ational Institutes of Health Const>n~us Conft•n•nce. 6·The 



DAHHYL c. DE Yt\() 

l:'nsit\· of the ante­
ollm~s. Often, the 
'rRicious vomiting 
s ap-4:i'ciated only 
I. ' encephalo­
lity, .ethargy, and 

·n introducing the 
lying the vomiting 
1at elevated ·poly­
lechanism causing 
i and Mancini who 
Iter the lntrarnus­
en will recall the 
e encephalopathy, 

memory remains 
nts experience no 
are suspected of 

vidence of hepatic 
lunged into coma 
~nosis may be un­
:iabilitv of the en­
·nt ent~rs a hyper­
eriod of vomiting. 
· resists restraints. 
1pathetic nervous 
, tachycardia. pu­
repinephrine. epi­
e elevated in the 
~e of elevation ma\· 
1mission. 32 • 

1r z........,.~ 96 hours, 
ed . .tients who 
v manv 'factors in­
lyrexi~. hyperam­
n, and intracranial 
1clude gastroin tes­
::1 convulsions. and 
complicatiom de­

::an be anticipated 
lysfunction durin!.!; 

lates with the like­
,ave been promul­
al staging method 
se this four-stage 
criteria outlined 
·~ria resulting from 
:onference. 111 The 

Rn E Sn;DH<>\IE 97 

Glasgow com<l scale also has been used for the evaluation of level of 
consciousness in children with Reve svndrome. 30 Duncan and col­
leagues concluded that the Glasgo,~· coma scale provided better ear­
lier indication of progressive central nervous system (C~S) disease 
than the Lovejoy scale. and therefore may be of greater value to 
physicians caring fur such patients. \VheLher one chooses the Hut­
tenlocher, the Lovejoy, or the Glasgow coma scale, it appears that 
the common denominator is a well-defined set of criteria that enables 
the examining physician to assess the severity of the illness at the 
time of admission and to reassess the patient's condition serially as 
treatment is being administered. Any of these scales is satisfactory, 
particularly if the examining physician is familiar with the criteria. 

Children admitted in the milder encephalopathic stages almost 
always do not progress before making a full recovery. Conversely, 
patients admitted in a comatose state frequently deteriorate further 

. while in hospital before recovering completely or dying. The patients 
at greatest risk of dying are those admitted in deep coma with de­
cerebrate posturing. These observations suggest that early diagnosis 
and treatment of the child with Reye syndrome aborts the progressive 
aspect and facilitates recovery. This conclusion, however, remains 
unproven, particularly as an increasing number of children with mild 
disease are being diagnosed. This has also contributed to the lower 
morbidity and mortalit~ that has been noted in recent years. 

LABORATORY ABNORMALITIES 

The most significant abnormalities are elevated serum trans­
aminases, hypoprothrombinemia, and hyperammonemia. Other 
serum enzvme abnormalities include elevated activitiei of creatine 
phosphoki~ase, lactic dehydrogenase, amylase, lipase, and glutamate 
dehydrogenase. The ele\·ated glutamate dehydrogenase activity is 
masked by a dialyzable inhibitor. tn This inhibitor may be GTP. 45 Ex­
periments have shown the glutamate dehydrogenase activity in Reye 
syndromt• sera to !It' inhibited .thout 1000-fold more·potently by GTP 
than i~ the case with normal human enzvme; and that ADP, which 
normallv reverse~ the CTP inhibition. has no effect on the aberrant 
enzyme. present in the -.era of patients with Reye syndrome. 45 

Tlw serum glul·mt• .md phosphorus concentrations may be de­
neased. the uric a<:id It•\ t'l increased, and the carbon dioxide level 
decreased. The arh•nal pH. however, frequently is in the normal 
range despite tlw h~ JWrpnt·a and the or~anic acidemia. 27 These ab­
normalites are <.'t>nsi .. tt•nt with a mixed add-base disturbance, each 
component set•minJ.d' indt•twndent of the other. Elevated amino 
acids include alanint'. dutamuw. glutamate, lysine, and alpha-amino­
~-butyratt•. :\mino ac1d, th.11 .m· normal or slightly increased include 
ornithine. aspartalt' .. arginint•. tyrosine, phenylalanine, methionine, 
leucine, isoleucine. 'aline. taurine. threonine, serine, proline, gly­
cine. and histidine Citrullint· and argininosuccinic acid are not de-
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tectable. Amino acids usuallv not f(mnd in the serum also mav be 
detected including cystathicH{ine. homocystine, beta-aminoisobutyric 
acid, and saccharopine. 4:u4 .. 'H.'>'J Elevated organic acid concentrations 
include lactic, pyruvic, beta-hydroxybutyric, acetoacetic, butyric, 
isobutyric, propionic, isovalaric, and caprylic. H.lll.l 13 The fatty acid 
patterns of serum free fatty acids, triglycerides, and phospholipids 
are distinctly different in patients with Reye syndrome. The poly­
unsaturated fatty acid content of phospholipids is decreased and the 
polyunsaturated fatty acid content of the free fatty acid fraction is 
increased. iS Ogburn and coworkers have postulated that the ante­
cedent viral infection releases phospholipase A2, which releases poly­
unsaturated fatty acids from tissue phospholipids into the free fatty 
acid pool, thereby stimulating prostaglandin synthesis. This meta­
bolic cascade, in turn, leads to dysfunction of the liver and brain. 
The serum cholesterol concentration is decreased. Also, several 
serum proteins are decreased in amount or activity including lipo­
proteins {VLDL), clotting factors, 60·95 and components of the comple­
ment system. 66

·
81 

The concentrations of several circulating hormones also have 
been measured in Reve svndrome. 42

·;
3 Plasma insulin concentrations 

are appropriate for the bl~od glucose concentrations. Plasma cortisol 
concentrations are markedly elevated; plasma glucagon, growth hor­
mone, and prolactin concentrations are less strikingly elevated. Also, 
the plasma concentrations of cyclic adenosine monophosphate (AMP) 
have been found to be elevated, 53 and aberrant activity of hepatic 
cyclic nucleotide phosphodiesterase has been reported. 51 

The decrease in the serum VLDL concentration and the absence 
of lipoprotein particles in the Golgi membranes observed by electron 
microscopy in liver biopsies suggests that a transient impairment in 
the extrahepatic transport of intracellular lipid exists in this disease 
process. 77 Pollack and coworkers have speculated that the antecedent 
viral illness facilitates fatty acid mobilization from peripheral adipose 
tissues, resulting in excessive lipolysis and free fatty acidemia.l)J This 
speculation is consistent with the more recent observations by Og­
burn and coworkers. 75 

The histopathology of Reye syndrome has been ~tudied in con­
siderable detail. Changes in the liver include microvesdcular stea­
tosis. glvcogen depletion, depleted Golgi membranes, proliferation 
of perox.isomes. and distorted mitochondria. 7 77 \litochondrial abnor­
malities similar to those des<:rihed in the hepatncyte have been noted 
in neurons. together with a peculiar unraveling and bleb formation 
of myelin, reminiscent of the myelin disturbances prodU<:ed by the 
toxins hexachlorophene and triethyltin. Qualitatively similar abnor­
malities of mitochondria together with lipid droplet accumulation and 
glycogen depletion have been noted in muscle biopsies. 41 ·96 Type I 
muscle flhers are particularly vulnerable to these histologic changes. 

The biochemical studies are consistent with the histopathologic 
observations; namelv, that there is a universal decrease in the acttvitv 
of all mitochondrial.enzymes measured to date. with the sole excep-
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tion of carnitine palmitoyltransferase. llh The mitochondrial enzymes 
that are decreased in acti\·if\· include ornithine transcarbamvlase 
carbamoyl-phosphate synthet;se, the pyruvate dehydrogenase. com~ 
plex, pyruvate carboxylase, succinate dehydrogenase, cytochrome ox­
idase, glutamate dehydrogenase, isocitrate dehydrogenase, and 
monoamine oxidase: 2·5.fN \Vhether other mitochondrial enzyme sys­
tems are involved in this disease process is unclear, as a complete 
analysis of these enzymes has not been undertaken. By contrast, the 
cytosolic enzymes that have been measured have normal activi­
ties. 38

•69 Resolution of the malate dehydrogenase isoenzymes by elec­
trophoresis demonstrated that the cytosolic-to-mitochondrial isozyme 
ratio was significantly increased in patients with Reye syndrome. 69 · 

Decreased activity of the mitochondrial isozyme accounted for the 
elevated ratio. 

The histopathologic and biochemical observations have per-
•. mitted investigators to speculate that Reye syndrome represents a 

metabolic response to a universal mitochondrial insult. 25 Most, if not 
all, of the laboratory abnormalities may be explained on the basis of 
a primary mitochondrial injury. 11 

EPIDEMIOLOGY 

Certain facts are well established as they relate to the epide­
miology of this illness. There is a specific relationship between two 
viruses, varicella and influenza, and Reye syndrome. Approximately 
25 per cent of patients with Reye syndrome have varicella as the 
antecedent illness, and most of the remaining patients have influenza 
B or A as the antecedent infection. Other viral illnesses have been 
implicated, but less well documented, and occasional reports de­
scribe serologic evidence of simultaneous viral infections. The attack 
rate for Reye syndrome approximates 30 to 60 cases per 100,000 
influenza B infections. 2 .. '5 to -l.3 cases per 100,000 influenza A in­
fections, and 0.3 to 0.-l cases per 100,000 varicella infections. 2 The 
tempoml relationship behn•eu the seasonal occurrence of influenza 
Band epidemic~ of Reye syndrome has been documented on several 
occasiuns. 1 ~ 70 1117 The ~poradit· cases are distributed more evenly 
throughout the year and usually follow varicella. Various epidemio­
logic surveys have shown that Reye syndrome is predominantly a 
rural-suburban entih· rather than an urban entitv. The urban-rural 
distribution of Reye ·syndrome in Ohio reported ·by Sullivan-Bolyai 
and mworkers 107 diflt.·red from the previous reports because the de­
mographic classifit·ations wt•re redefined according to the 1970 U.S. 
Bureau of Census Definitiom. The urban-noncentral citv standard 
metropolitan statistical area demonstrated the highest rate (1.62 cases 
per year per 100.000 persons age 0 to 1i years). This study also 
suggested that rates of attack were lower in the low socioeconomic 
~roups. These collective observations suggested that Reye syndrome 
may he influen<.·t•d hy individual susceptibility or the micro environ-
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ment, rather than the global environment; that is, within and around 
the household as opposed to industrial or fanning considerations. 
Lichtenstein and coworkers, 60 using only biopsy-proven cases, de­
termined an even higher incidence of 3.5 cases per 100,000 children 
under the age of 17 years in metropolitan Cincinnati during a 1-year 
prospective study. This incidence figure was 11-fold higher than the 
incidence calculated by the Centers for Disease Control for the same 
time period. Lichtenstein and associates excluded some patients as 
examples of Reye syndrome because the histochemical stain for suc­
cinic dehydrogenase was equivocal or normal in the liver biopsy spec­
imens. Inclusion of these patients gives a higher incidence figure 
approaching 6.06 cases per 100,000 children less than 1 to 17 years 
f 24 • o age. . 

These epidemiologic surveys have suggested the possibility that 
environmental factors may be contributory in Reye syndrome acting 
synergistically with an -antecedent viral infection. A number of hy­
potheses have been advanced regarding insecticides, insecticide car­
riers, and emulsifiers as possible environmental toxins, but no con­
firmatory data have been forthcoming. 20 In addition, aflatoxins and 
salicylates have been implicated. For the moment, however, there 
is no compelling evidence linking any of these environmental toxins 
causally with Reye syndrome. 

ETIOPATHOGENESIS 

The abundance of histologic and metabolic abnormalities docu­
mented in Reye syndrome have tantalized students of this malady 
for years. Despite these clues, the etiopathogenesis remains obscure. 
The clinical phenotype has been mimicked by environmental intox­
icants and various inborn errors of metabolism. Intoxication with sa­
licylates, tetracyclines, valproic acid, disulfiram, phenformin, mar­
gosa oil, chlordane, pyrrolizidine. camphor. methylbromides, and 
lead produce a similar clinical syndrome.l.l ;o :~; ~J.\l: IOI.IOO.JOfi 

Several attempts have been made to identify a genetic predis­
position in Reye syndrome. without succes\. The syndrome rarely 
recurs in patients. lfi.\JJ.III Sibling involvement in R<.•ye syndrome has 
been documented on several oc'<.·asions. 1" 21 ·.,.

1 Siblings of either sex 
and twins have been reported to be affeded. and the antecedent 
infection often was varicella or influen1.a B. One sibling also had a 
diagnosis of ketotic hypoglycemia. Hiltytl reported three families 
with sibling involvement. \'aricella was the •tntecedent infection in 
two families and an upper respiratory tract infedion in the third. 
\Vilson 117 reported the simultaneous O<.'Curren<.·e of Reye syndrome 
in three siblings with serologic data indicating that ea<.·h had an H 1 
:'\ 1 influenza virus infection. There was no evidence of haplo-type 
segregation by liLA typing in either report. Similarly. neither Hilty 
nor \\'ilson was able to identify any environnwntal factor contrib~ting 
to the simultaneous occurren<.·e of disease in the siblings. 
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Initially, it was thought that the high mortality precluded re­
currences. However, this explanation has become less tenable in re­
cent years as the apparent mortality rate has declined. Also, more 
patients with "recurrent Reye syndrome" have been shown now to 
have inborn errors of metabolism. Ornithine transcarbamoylase de­
ficiency, systemic carnitine deficiency, medium-chain and long-chain 
acyl-CoA dehydrogenase deficiencies, beta-hydroxy-beta-methylglu­
taric acidemia, isovaleric acidemia, and the various ketotic hypergly­
cinemic syndromes may demonstrate the Reye syndrome pheno­
type.14·35·39·55·59·87·100·104 The recurrent nature of these inherited dis­
orders is an important distinction. Recurrent attacks of "Reye 
syndrome" strongly imply an inborn error of metabolism unless 
proved otherwise. The laboratory abnormalities differ among these 

· various disorders although varying degrees of hepatic dysfunction 
may be shared by all these entities. The absence of ketonuria is 
characteristic of systemic camitine deficiency, medium-chain acyl­
CoA dehydrogenase deficiency, and beta-hydroxy-beta-methylglu­
taric acidemia. Elevated ketone body concentrations occur in isoval­
eric acidemia, propionic acidemia, and methylmalonic aciduria. In­
creased urinary excretion of orotic acid, particularly between acute 
episodes, is characteristic of ornithine transcarbamoylase deficiency. 

The pathophysiology of the clinical state may be similar in Reye 
syndrome and the other conditions that present with a similar phe­
notype. Several observations suggest that a child suffering from Reye 
syndrome is subjected to intense metabolic stress. There is tissue 
glycogen depletion, excessive peripheral lipolysis, and impaired bio­
synthetic processes. Disturbed protein synthesis is suggested by de­
creased pre-beta-lipoproteins, several clotting factors, and compo­
nents of the complement system. 66 However, it remains unclear 
which of these metabolic abnormalities is primary an8 which is sec­
ondary. The relationship between the etiologic event, namely the 
viral infection and the subsequent mitochondrial injury, remains elu­
sive; but there is circumstantial evidence to suggest an intracellular 
impairment in various hiosynthetic and storage processes. Mitchell 
and coworkersfi'l extended this speculation by suggesting that Reye 
syndrome may reflect a generalized decrease in the steady state level 
of mitochondrial enzyme~ because of selective impairment of mito­
chondrial biogenesis. 

The mechanism of th<> eneephalopathy also remains controver­
sial. 2.2 Some consider it to he the consequence of hepatic failure, 
whereas others believe it is a manifestation of the primary mitochon­
drial injury suffered by many organs including liver and brain. Ele­
vated blood ammonia <:oneentrations were implicated initially as the 
possible cause of the encephalopathy.~>-~ ~fore recently, investigators 
have focused on the fret• fatty acidemia as the pathogenetic mecha­
nism.-3·10·111-113 Animal models have been developed to explore this 
mechanism further hy infusing sodium octanoate. 112 These experi­
ments also represent a mcKiel for the inherited deficiency of medium­
chain acyi-CoA dehydrogenase, which simulates Reye syndrome. 
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A pre\·ious interest in salicylates as a pathogenetic factor has 
been rekindled by epidemiologic studies that document a statistical 
association between salicylate intake and the development of Heye 
svndrome. ~0 79·so These studies have been criticized because of meth­
o'dologic flaws. Nevertheless, the current prevailing bias is that sa­
licylates represent an added metabolic insult to an organism already 
burde.ned by a primary mitochondrial injury. 

The apparent similarities between salicylate intoxication and 
Reye syndrome have intrigued investigators for the past decade. He­
patic dysfunction and encephalopathy occur in both settings, al­
though h~erammonemia is never striking in salicylate intoxica­
tion. 9·29·71· Other similarities include a mixed acid-base disturbance 
and a coagulopathy. 4 Ho~ever, important differences exist including 
the hepatic histopathology and the nature of the amino acidemia. 8•69 

The reported serum salicylate concentrations in patients with Reye 
syndrome often fall within the therapeutic range. 79 However, these 
salicylate concentrations may be inappropriately high given the in­
terval of time between the last dose of aspirin and the measurement 
of the serum concentration. One brief study documented a prolonged 
biologic half-life for aspirin during Reye syndrome;& another has re­
ported decreased aspirin esterase activity. 109 These abnormalities dis­
appeared after recovery. Salicylate also can produce gross swelling of 
isolated mitochondria suspended in isotonic salt solutions. 119 Given 
our current understanding of the problem. it seems prudent to con­
clude that a statistical association exists between salicvlate intake and 
Reye syndrome. It is likely that this observation represents a com­
pounding of the pathophysiology of Reye syndrome rather than a 
causal relationship. Other reports have indicated that Reye syndrome 
has developed in children who have taken acetaminophen rather than 
aspirin. Poisoning by acetaminophen causes centrilobular hepatic ne­
crosis. and the toxic effects of this substance can he !~otentiated in 
mice by concurrent infection with influen:t..a B virus. ' Hepatic ne­
crosis occurs infrequently in Reye syndrome; when present, it is 
usually periportal in distribution. 5 This pattern of distribution has 
suggested a toxic insult to the liver as may he seen with high con­
centrations of fatty acids or aflatoxin B. 11 The periportal distribution 
in Reye syndrome difiers from the centrilobular pattern associated 
with acetaminophen intoxication. 

Aflatoxin is a metabolite of the fungus :hperf.!.illlls flants. This 
toxin has been suggested as an etiologic agt•nt in Reyt• syndrome and 
was first identified in children with l 1dorn encephalopathy. an illness 
that resembles Reve svndrorne." Recent studies han· shown that af­
latoxin selectively. depresses the mitochondrial enz~·mes carbamyl­
phosphate synthetase and ornithine transcarharno~·lase without af­
fecting the cytosolic urea cycle enzyme arginase. 11 "' One study has 
demonstrated aflatoxin 8 1 in 11 of 14 liver samples. 4 of 6 blood 
samples. and 4 of ,'5 urine samples obtained from patients with Reye 
svndrome. to:! A second studv. however. has failed to demonstrate anv 
significant difierence in afl~toxin levels in ~t·nun and urine obtained 
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from patients with Reye syndrome when compared with control sub­
jects. ·2 Twenty-three per cent of all patients in this second study had 
measurable aflatoxin concentrations indicative of recent exposure. 
This observation suggests that people in the United States are con­
stantly exposed to low levels of aflatoxin, a finding that may have 
public health significance. 

Other xenobiotic initiating factors have been looked for in pa­
tients with Reye syndrome because of the epidemiologic data and 
the known association of enhanced viral virulence with certain chem­
icals in animals, insects, and cell cultures. 82 Environmental toxins 
such as aflatoxins, herbicides, insecticides, and surfactants have been 
studied in various animal models. 47 The ferret model also has been 
«;xploited, because this animal is susceptible to the human influenza 
virus. 23·61 Many of the histopathologic and biochemical abnormalities 
found in Reye syndrome have been replicated in these diverse animal 
models. The primary flaw, unfortunately, of these model systems is 
the lack of confirmatory evidence of a xenobiotic initiating factor in 
the tissues or biologic fluids of children with Reye syndrome. Davis 
and colleagues recently reported on their studies of experimental 
influenza B virus toxicity in mice. 21 Juvenile BALB/c mice were in­
jected intravenously with a non mouse-adapted strain of influenza B/ 
Lee/40 virus. Lethargv, seizures, coma, and death developed 1 to 3 
days later. The clinic<d, biochemical, and pathologic features of the 
mouse illness were rPmarkahlv similar to the human illness. The 
serum transaminases and plas~a ammonia were elevated, the brain 
was swollen without any inflammatory changes, and the liver dem­
onstrated microvesicular fatty metamorphosis. Viral propagation did 
not occur in brain or liver. l'ltrastructural examination of the liver 
revealed microvesicular steatosis, mild glycogen depletion, and slight 
matrix expansion of occasional mitochondria. No viral particles were 
seen. Previous studies by these investigators also documented bio­
chemical abnormalities in the livers of these animals. A particularly 
interesting observation is tlw abnormal compartmental redistribution 
of ornithine transcarhamo~·hL'it' to the cytoplasm. 11.' Th-is enzyme is 
encoded hy the nuclear genome. and the gene product then enters 
the mitochondrial matrix to assume its catalvtic function in the urea 
cycle. Brownstein and colleagues observed a-spontaneous viral illness 
occurring in BALB/l:B~-J mict' that included the cardinal clinical and 
laboratory feature~ of the human counterpart. 12 The mice developed 
histopatholo~ic and chemical evidence of liver disease and clinical 
and histopathologi<: evidence of an encephalopathy, with convincing 
ultrastructural evidence of prominent mitochondrial injury. Unlike 
the occasional finding~ in tlw Davis model, the mitochondrial findings 
were strikin~ hoth in liver and hrain and very similar to the findings 
in Reye syndrome. Ahsenl't' of very low density lipoprotein from the 
Golgi complexes was also nott•d. The prominence of cerebral astro­
cytosis was unusual and more reminiscent of a chronic hepatic en­
cephalopathy. The mouse syndrome appears to have followed a co­
ronavirus intestinal mfedion 111 66 pef cent of the cases. This report 
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by Brownstein represents the first documentation of a spontaneous 
illness resembling Reye syndrome de,·eloping in an animal. This 
model and the Davis model may prove to he important in studying 
the early phase of Reye syndrome, which currently seems unap­
proachable in the human setting. 

TREATMENT 

Early diagnosis is crucial to satisfactory outcome. Most patients 
present a stereotyped clinical and laboratory profile. The diagnosis 
is obvious in most situ~tions, particularly if the physician has had 
previous experience with the syndrome. The diagnostic criteria in­
clude the following clinical and laboratory elements . 

. 
l. The presence of an antecedent viral illness 
2. A latent interval of several days before the onset of pernicious vomiting 
3. The development of a diffuse encephalopathy 
4. No other obvious explanation for the encephalopathy 
5. A three-fold or greater elevation of the serum transaminase activities 
6. Prolongation of the prothrombin time 
7. Hyperammonernia 
8. Normal CSF examination. 

Occasionally, the opening pressure at the time of lumbar punc­
ture may be elevated and hypoglycorrhachia may he present in as­
sociation with hypoglycemia. The advisability of a lumbar puncture 
has been challenged. o.~ It has been our practice to perform a lumbar 
puncture as part of the initial evaluation, particularly if the diagnosis 
is in doubt. The presence in the CSF of white or red blood cells or 
the elevation of the protein concentration should cast doubt on the 
diagnosis ,md other possibilities should he considered. It is our belief 
that a lumbar puncture performed later in the course of treatment 
mav he hazardous, with an increased likelihood of central herniation. 
Th~refore, the lumbar puncture should not lw performed later unless 
there is a compelling reason. for example. ill(:reasing concern about 
the possibility of intracranial inft•dion. 

Over the past 1 .') yt>ars wt• han· den•lopt·d a standardized form 
of intensive medical support fi1r patient.. with Rt•yt> -.yndrome. 2fi.~~ 
The management of the indh·idual patient i-. dt>termined hy the neu­
rologic "stage" of the child at the tinw of admission to hospital. \\'e 
define stage I as a mildly affected patit•nt with subtle heha\·ioral 
disturbances such as inattention. inappropnateness. lethargy. som­
nolence. confusion. or mild irritahilitv. Stage II describes the sicker 
child who is disoriented or dt•nHmst~ates agitatt•d ddirium. stupor, 
or coma associated with decorticate posturing of thl' limhs and trunk. 
0\'eracti\·ity of the sympathetic nervous system is manifested in stage 
II by tachycardia. systemic hypertension. hyperthermia. hyperpnea, 
diaphoresis. and dilated pupils. Stage Ill dest-rihes the gravely jlJ and 
comatose child with det·erehrate posturing of limbs and trunk. The 

• 
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eyes are intermittently or continuously forced into down gaze, indic­
ative of midbrain dysfunction. Stage I\' describes the moribund state 
with loss of brain-stem function. Pupils are nonreactive, spontaneous 
breathing has ceased, pulse is rapid and weak, blood pressure is low, 
and pulmonary congestion is present. 

All patients with Reye syndrome should be hospitalized imme­
diately. It is now generally accepted that early vigorous treatment 
will limit the progression of the syndrome. 94 Children in stage I are 
managed by intravenous hydration with a 10 per cent hypertonic 
glucose-multielectrolyte solution. Intravenous fluids are adminis­
tered at a rate of 1600 to 1800 ml per m2 per day. Vitamin K (Aqua­
mephyton) is administered every 24 hours at a dose of 1 mg intra­
venously or 5 mg intramuscularly. Approximately 90 per cent of chil­
dren admitted to the hospital in stage I will remain stable and make 
an uneventful recovery. The remaining 10 per cent of patients will 
deteJ&iorate neurologically and require more intensive medical sup­
port. 

Children in stages II through IV and those children who have 
progressed to stage II after being admitted in stage I should be trans­
ferred to the intensive care unit. A servocontrolled cooling blanket 
should be placed on the bed, and a number of procedures should be 
carried out while the patient is anesthetized and paralyzed with 4 
mg per kg of sodium thiopental (Pentothal) intravenously and 1 mg 
per kg of succinylcholine (Anectine) intravenously. These medications 
should be repeated as necessary to permit completion of the proce­
dures. During this time. the patient should be hyperventilated, 
maintaining an arterial carbon dioxide tension of approximately 25 
mm Hg. The procedures include placement of a nasotracheal tube, 
.adial artery catheter, central venous catheter, nasogastric tube, and 
urinary catheter. These procedures should be carried out as- expe­
ditiously as possible by experienced personnel. We prefer to thread 
the central venous catheter through the superficial saphenous vein 
into the inferior vena cava for delivery of hypertonic solutions of 
glucose and mannitol. Occasionally, access to the subclavian vein 
necessitates placing the child in the Trendelenhurg position; this po­
sition may aggravate the coexisting intracr.mial hypertension. The 
head is turned to one ~ide to l·arry out this procedure; this position 
mav compromise venous drainagt• of the head. Also, there is a ten­
dericy to drape the patient's ht>ad and neck when access to the sub­
clavian vein is being attt•mpted. thereby precluding minute-to­
minute observation of the patient during this critical time. A femoral 
approach obviates these l'onct·rn~. The central venous catheter per­
mits continuous infusion of the hypertonk glucose solution and in­
termittent administration of hypertonic mannitol. The gastric con­
tents should be emptied through tht' nasogastric tube, and the tube 
should then be placed to intermittent low suction to prevent subse­
quent regurgitation. The lumbar puncture, if it is to be performed, 
should be carried out at this timt:'. preferably while the patient re­
mains sedated and paralyzed with thiopent-al and succinylcholine. 
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The liver biopsy is reserved for the more puzzling atypical cases, for 
"recurrent" cases, and f(w infants. The c:oagulopathy must be cor­
rected before this procedure is perf(mned. 

The Reye syndrome solution, which is administered to patients 
in stages II through IV, contains 200 grn of glucose, 40 mEq of sodium 
chloride, 15 mEq of potassium acetate, and 15 mEq of potassium 
phosphate per liter. One ampule (10 cc) of multiple vitamins (MVI) 
is added per liter of solution, and this solution is infused at a daily 
rate of 1600 to 1800 ml per m2 • This daily rate of infusion provides 
approximately 500 mg glucose per kg body weight per hour and an 
adequate fluid volume to permit gradual rehydration of the dehy­
drated patient. The blood glucose concentration usually reaches 250 
to 350 mg per dl. Lower blood glucose concentrations are seen in 
patients who are less compromised metabolically; no further effort 
need be made to achieve higher circulating glucose concentrations. 
Blood glucose concenfrations in excess of 400 mg per dl may occur 
in the more desperately ill patients who are severely compromised 
metabolically. The glucose concentration of the Reye syndrome so­
lution may be decreased to 15 per cent or 10 per cent as necessary 
under such circumstances, while still maintaining a constant fluid 
rate of 1600 to 1800 ml per m2 per day. ~faintaining glucose concen­
trations in the range of 300 mg per dl lessens the requirement for 
administration of mannitol and provides more optimal circulating 
concentrations of glucose to meet increased apparent rates of cerebral 
glycolysis. We have assumed, but it has not been proved, that the 
brain glucose requirements are relatively increased in Reye syn­
drome during the time that mitochondrial mechanisms are compro­
mised. We also believe that it is important to maintain a constant 
rate of glucose infusion once the patient has adapted metabolically 
and has stabilized after the initial diagnostic and therapeutic proce­
dures have been completed. Continual readjustments of the fluid 
rate should be discouraged. Continual fluctuations of the glucose 
concentration appear to he associated with continuing clinical and 
metabolic instability of the patient. The constant infusion of glucose 
should never be interrupted; otherwise. the blood glucose concen­
tration and the associated serum osmolality will decrease rapidly. 

Intracranial hypertension is managed primarily h~· the adminis­
tration of 20 per cent hypertonic mannitol. \\'e art• now inclined 
toward earlier placement of a Ladd epidural monitor to determine 
the need for mannitol. All patients in sta~e Ill. and more patients in 
stage II, have an epidural monitor plal·ed through a burr hole over­
lying the right frontal cortex. The procedure is carried out by a neu­
rosurgeon in the intensive care unit using local anesthesia. Thiopental 
and succinvlcholine mav he administered a.~ necessarv to facilitate 
this procedure. Intrave~ous boluses of hypertonic man~itol (0.25 gm 
per kg) often are sufficient to control the intracranial hypertension. 
The dose of mannitol is administered ("pi~·-hacked"l through the 
central venous catheter over 3 to 5 minutes. This dosage of mannitol 
may he repeated as frequently as necessary. Alternatively, larger 
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doses of mannitol ranging from 0.5 to 2.0 gm per kg mav be admin­
istered. Larger doses should be infused over longer periods of time 
(10 to 30 minutes) to minimize the transient elevations of svstemic 
blood pressure associated with expansion of the vascular compart­
ment. In our experience, daily mannitol doses of 4 to 6 gm per kg 
usually are sufficient to control cerebral edema. Smaller daily doses 
often are adequate. We believe that the induced hyperglycemia re­
sulting from the infusion of a 20 per cent glucose-containing solution 
decreases the daily requirement of mannitol in these patients. As a 
result, malignant hyperosmolality is seldom encountered with this 
regimen. Rarely do we encounter osmolalities in excess of 320 mOsm 
per L, and most patients maintain a serum osmolality of 290 to 310 j 
mOsm per L. Elevation of the head of the bed by 20 to 30 degrees 1 

and maintenance of the head and neck in a neutral midline position 
also are important considerations to facilitate cerebral venous 
draiooge. 

We prefer to allow the patient to breathe independently, if pos­
sible, maintaining a state of mild hyperoxia and hypocapnia with Pao2 
values of 100 to 150 mm Hg and Paco2 values of 20 to 27 mm Hg.27 
Most patients in stage II and early stage III maintain these arterial 
values spontaneously while breathing humidified oxygen through a 
T-tube adapted to the nasotracheal tube. Alternatively, ventilatory 
assistance in the IMV mode is necessary, particularly if a patient has 
an altered respiratory pattern, hypoventilation or periodic breathing. 
Elective nasotracheal intubation immediately upon admission to the 
intensive care unit ensures control of the patient's airway and permits 
intervention when necessary. Suctioning of the airway should be car­
ried out carefully and coordinated with administration of mannitol or 
after the administration of thiopental and succinylcholine, when these 
medications are indicated for other procedures. Excessive suctfoning 
of the patient under other circumstances often is associated with 
dramatic elevations of the intracranial pressure . 

Fever is managed by the use of a cooling blanket and acetamin­
ophen suppositories. No effort is made to lower the body te~perature 
below normal. The gastric contents commonly contain small amounts 
of blood, but no specific treatment is necessary. Less than 10 per 
cent of patients with Reye syndrome develop clinically significant 
hemorrhaging requiring the infusion of freshly frozen plasma or fresh 
whole blood. 

Pentobarbital may be administered to patients with intracranial 
hypertension that persists despite frequent doses of mannitol. 67 Pen­
tobarbital doses of 1 to 5 mg per kg intravenously may be repeated 
everv 4 to 8 hours as necessarv to achieve a serum concentration of 
appr~ximately 30 to 50 mg per. L. These doses often are adequate to 
provide control of the intracranial hypertension. Increasing use of 
mechanical ventilation be<.'Omes necessary as the patient is further 
sedated by the administration of pentobarbital. Complications de­
riving from pentobarbital include impaired cardiac output and falling 
systemic blood pressure. 34 Systemk hypoten-sion may be more de-
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vastating than intracranial hypertension. particularly as it relates to 
cerebral metabolic activity. Accordingly. we recommend the judi­
cious use of pentobarbital in the lowest dose possible to achieve 
adequate control of the intracranial hypertension. In most cases man­
nitol is adequate for control of intracranial hypertension, and pen­
tobarbital is not necessary. Seizures, when they occur in gravely ill 
patients, also may be managed with pentobarbital. Phenobarbital 
may be used instead of pentobarbital, but the longer-acting barbi­
turate has no particular therapeutic advantage. 

The therapeutic goal in the management of patients with Reye 
syndrome is to achieve a metabolic steady state as soon as possible 
after the initial diagnostic and therapeutic procedures have been car­
ried out. Relatively few adjustments are necessary once the patient 
has adapted metabolically to the intravenous fluids and to the respi­
ratory settings. It is important to minimize stimuli that arouse the 
patient, as dramatic in~reases of intracranial pressure may occur. Re­
peated neurologic examinations by multiple observers is particularly 
inappropriate under these circumstances. Careful serial observations 
of the patient's posturing, size and reactivity of the pupils, and po­
sitioning of the eyes provide sufficient information to gauge the clin­
ical course. This information, together with the serial laboratory ob­
servations, is sufficient to monitor the patient's progress. 

A batterv of blood studies are obtained routinelv at the time of 
the patient's ~dmission to the hospital. These studie~ include a total 
hematologic and chemical profile, coagulation studies, ammonia, os­
molality, and lactate concentrations. These studies are repeated every 
24 hours. In addition, the blood concentrations of glucose, lactate, 
osmolality, pH, Pao2, and Paco2 are obtained every 4 hours. These 
studies are sufficient to monitor the metabolic progress of the patient. 
Hypophosphatemia commonly is present. and the serum phosphorus 
concentration would decline further after administration of hyper­
tonic glucose. 17

·56 It is important, therefore, to maintain adequate 
amounts of phosphate in the Reye syndrome solution to buffer this 
tendency. A falling serum calcium concentration may be an indication 
of pancreatic involvement. 37 This complication may he devastating; 
fortunatelv. it is rare and usuallv associatt•d with tlw administration 
of corticosteroids. 1·; ·31 There is iittle or no indication fi1r the use of 
corticosteroids in the management of patients with Reye syndrome. 

~lost patients. treated in this manner demonstrate clinical and 
laboratory improvement within 24 to 72 hours. Once consciousness 
has been regained. the glut·ose concentration and the Re~·e syndrome 
solution is decreased by 25 per cent decrements t>\'ery b hours and 
the patient is extubated. L'sually within 2-l hours of regaining t·on­
sdousness, patients are able to take liquid\ hy mouth. and the re­
maining catheters ma~' he remo\'ed. 

Our experience with this current rt>ginwn or one of its earlier 
\'ersions in\'ol\'es 61 patients from 1971 to l9S3. Fifty-four patients 
ha\'e sur\'ived. three have had residual neurologic deficits, but in 
each case they have returned to school. Tht> patients are summarized 
in Tahle 1. 

-.::c,. 

Table 1. 



: as it relates to 
.mend the judi­
.;ible to achieve 
mor-ses man­
nsi. md pen­
·ur in gravely ill 
. Phenobarbital 
~er-acting barbi-

ients with Reye 
soon as possible 
s have been car­
mce the patient 
md to the respi-
that arouse the 

· may occur. He­
rs is particularly 
-ial observations 
pupils, and po­
, gauge the clin­
J laboratory ob­
.ress. 
1y at the time of 
s include a total 
s, ammonia, os­
. repeated every 
~lucose, lactate, 
4 hours. These 

>S of the patient. 
·urn phosphorus 
·ation of hyper­
int~ dequate 
m t, .ffer this 
be an indication 
be devastatin~; 

~ administration 
1 for the use of 
{eye syndrome. 
·ate clinical and 
e consdousness 
Reve s\·ndrorne 
~ry · 8 h~mrs and 
f re~aining con­
tth, and the n•-

ne of its earlier 
:ty-four patients 
deficits, but in 
are summarized 

Table I. Rcyc Symlru!llc Trmtmcnt Protocol: Results ( N:J71-19fi3J 

.o\D\fP.,~IO' <.,T\CF '" "' 1"'\llf- ,T..., Alit'C Dead 

I 13 13 0 
II :33 33 0 

III V> 8 7 
I\' () 0 0 

Total 61 54 (89%) 7 (11%) 

ALTERNATIVE THERAPEUTIC CONSIDERATIONS 

The medical management of patients with Reye syndrome has 
become increasingly standardized over the past decade, thereby min­
imizing alternative considerations. Generally accepted as standard 
treatment is the use of hypertonic glucose and hypertonic mannitol, 
early elective intubation placement of the patient in an intensive 
care unit setting if they deteriorate beyond grade I, parenteral ad­
ministration of vitamin K and monitoring of the intracranial pres­
sure.74·92·110 Various techniques have been used to monitor the intra­
cranial pressure including placement of the sensor either in the epi­
dural space, subarachnoid space, or the lateral ventricle. 98 Each 
technique has its advantagt'~ and disadvantages. On balance, we have 
been quite satisfied with the use of a Ladd epidural monitor and a 
similar experience has lwen reported from Cincinnati. 33 Controver­
sies still remain about the ad,·isahility of exchange transfusions, 18·i0 

deep hypothermia, barb it urate-induced coma, 3-l,·
67 and !:>ilateral crani­

ectomies for the relief of intractable cerebral edema. '8 Other alter­
natives have been discarded indudin~ peritoneal dialysis and total 
body asanguinous perfusion . ..,~ .-\\·ailable statistics, uncontrolled as 
they are, dearly suggest that intt•nsive medical support of the patient 
with Reye syndrome produ,·e~ '>atisfadory results as often as, or more 
frequently than, any otlwr appro.u:h. 1"·70·92 • · 

Current t•,·idem:t· ,ugge~h that corticosteroid therapy may be 
associated with a hi~dwr mortalit,· and may contribute to pancreatic 
complications. It eontirHH·~ to lw our impression that the frequency 
of complieations in Hen· '~ mlrorrre is determined, in part, by the 
choice of managenwnt. Hl'~t rid ron of fluid, together with adminis­
tration of hyperosmolar .tl!t•rrh dt·arl~· eontributes to prerenal azo­
temia and renal failure. Pulnronar\ complications appear to be more 
common in patients suhJt•ded to dt•ep hypothermia and perhaps also 
to harhiturate-indm·t•d l'OIII.t. B.trbiturates also increase the possi­
bility of cardiovascular mllapw '' rth attendant hypoperfusion of the 
brain. 

Fortunately, l'Oilsidl'rahlt' prol!rt•ss has been made in the care of 
patients with Reye syndrome. 1i1day. most patients make a full and 
complete recovery without an\ neurolo~ic or psychological se­
quelae. w Tlw sequelae a!'l~ot:iatt·d with Re5•e syndrome probably de­
rive in lar~e part from attt·ndant (.'(Hnplications that occur during the 
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acute encephalopath:• including h~·poglyct'mia. systemic hypotension 
with resulting cerebral ischemia. hypoxia. and uncontrolled intra­
cranial hypertension. The therapeutic approaches now available min­
imize the likelihood of these complications and maximize the quality 
of recovery. 

SUMMARY 

Reye syndrome has emerged as the quintessential example of 
an acute metabolic encephalopathy. The clinical presentation is quite 
stereotyped in most instances permitting rapid, accurate diagnosis 
and early therapeutic intervention. Intoxications and certain inborn 
metabolic errors may mimic Reye syndrome. All patients with a re­
current episode should be investigated thoroughly for evidence of a 
metabolic disorder ass_ociated with an enzyme deficiency. Notable in 
this regard are inborn errors affecting organic acid, ammonia, and 
carbohydrate metabolism. The mitochondrial disturbance in Reye 
syndrome is well documented but the pathophysiologic sequence 
linking the antecedent viral illness to the mitochondrial injury re­
mains obscure. Recent identification of a spontaneous Reye-like ill­
ness in mice that is associated with a coronavirus infection may pro­
vide an opportunity to investigate this initial phase of the patho­
physiologic sequence. 

The primary cerebral insult presumably derives from insufficient 
substrate availabilitv and results in massive c\·totoxic cerebral edema. 
Treatment revolves ·around the continuous in"rusion of hypertonic glu­
cose and intermittent infusion of hypertonic mannitol. ~lanagement 
is designed to attenuate or avoid the various compounding metabolic 
insults during this critical period when the child is metabolically 
crippled. In 1963, the disorder was considered to be rare and almost 
irreversibly f~1tal. Tod<ry. the disorder is recognized to be more 
common. and the out<:ome is \'ery satisfactory in 85 to 90 per cent 
of the cases. The role of aspirin remains very controversial. A number 
of studies suggest an association between this potential mitochondrial· 
toxin and Reye syndrome. hut a causal rt•!.ltionship has not been 
established. l' ntil hetter undt·r~tood. it '>t't'lll' a<h-i~ahle to avoid use 
of aspirin in children exhibiting symptoms suggestin• of Reye svn­
drome. 
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SELF-ASSESSMENT QUESTIONS 

1. Which of the following has not been associated with subse­
quent development of Reye's syndrome? 
a. Live virus vaccines. 
b. Epstein-Barr virus. 
c. Herpes simplex. 
d. None of the above. 

2. Which of the following pathologic features is characteristic 
of Reye's syndrome? 
a. Periportal inflammation . 
b. Microvesicular fatty accumulation . 
c. Hepatocellular necrosis . 
d. All of the above. 

3. Which of the following is true concerning the epidemiology 
of Reye's syndrome? 
a. Girls are affected more commonly than boys. 
b. Children over 1 year of age are typically white, middle­

class and suburban dwellers . 
c. Infants under one year of age are typically white, middle­

class and suburban dwellers . 
d. All of the above . 

4. Biochemical abnormalities found in Reye's syndrome in­
clude all of the following except: 
a. Hyperammonemia. 
b. Lactic acidemia. 
c. Hyperbilirubinemia. 
d. Prolonged prothrombin time. 

5. The diagnosis of Reye's syndrome is made on which of the 
following criteria? 
a. Clinical progression of prodromal viral illness to vomit­

ing, behavioral changes or coma. 
b. Laboratory evidence of hepatic dysfunction. 
c. Exclusion of CNS infection and toxin ingestion by appro­

priate tests. 
d. All of the above. 

6. Indications for liver biopsy in suspected Reye's syndrome in­
clude the following: 
a. All children with suspected Reye's syndrome should have 

a liver biopsy. 
b. All children over 1 year of age. 
c. Infants under 1 year of age. 
d. None of the above. 
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7. The differential diagnosis of Reye's syndrotne includes the 
following: 
a. Varicella hepatitis/encephalitis. 
b. Salicylate ingestion. 
c. Anoxic encephalopathy. 
d. All of the above. 

8. Whic~.Qf.the following exogenous toxins has been associated 
with Reye's-like illnesses in humans? 
a. Uric acid. 
b. Aflatoxin Bl. 
c. Methionine. 
d. None of the above. 

9. Treatment of Reye's syndrome consists of the following: 
a. Hypertonic glucose. 
b. Neomycin by nasogastric tube or enema. 
c. Controlled hyperventilation. 
d. All of the above. 

10. Which of the following is true concerning the prognosis for 
Reye's syndrome? 
a. Mortality is currently 80-100%. 
b. Most children who survive have severe neurologic dam­

age. 
c. Most children over the age of 2 years who survive return 

to grossly normal functioning. 
d. Survival rates have not changed significantly over the 

past 15 years. 

Answers are listed at the end of the article. 
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is Assistant Professor, Department of Neurosciences and 
Pediatrics, University of California, San Diego; Director, 
learning Evaluation Clinic, and Coordinator, Central 
Nervous System Comprehensive Clinic, U.C.S.D. Medical 
Center. She obtained her M.D. degree from the Medical 
College of Virginia, and completed a fellowship in pedi­
atric neurology at the University of Chicago. Dr. Trau­
ner's scientific interests range widely from neurologic 
pathways involved in cardiac conditioning, to acute sa­
croiliac osteomyelitis, and Reye's syndrome. 

HISTORICAL BACKGROUND 

THE SYNDROME of "encephalopathy and fatty degeneration of 
the viscera" was first described as a specific disease entity from 
Australia by Reye, Morgan, and Baral in 1963.1 They reported 
20 children ranging in age from five months to eight and one­
half years who developed a viral illness that progressed to delir­
ium, fever, convulsions, vomiting, disturbed respiratory pat­
terns, and coma. Many of the patients had elevated serum trans­
aminases and hypoglycemia with low cerebrospinal fluid (CSF) 
glucose. Seventeen of their patients died (81 %) and at autopsy 
the brains showed evidence of cerebral edema and there was dif­
fuse fatty accumulation in the liver and kidney. 

Although Reye has been credited with the first complete de­
scription of this disorder, a review of the literature suggests that 
it is not new. An association between influenza and subsequent 
development of "toxic" encephalopathy was made by Putnam2 in 
1895. In 1929, Brain et al.3 described a series of patients with 
encephalitis-like illness who had cerebral edema and fatty ac­
cumulation in the liver. In 1961, Lyon et al. 4 discussed "acute 
encephalopathies of obscure origin in infants and children." Vir­
tually all the cases they presented were of children with ante­
cedent viral illnesses who developed vomiting, stupor and coma, 
respiratory alterations (usually hyperpnea followed by respira­
tory arrest), and seizures. The mortality rate was high !88%). 
Serum transaminases were not reported, and pathologic changes 
were confined to the brain, where diffuse cerebral edema and 
anoxic changes were observed. These authors suggested that the 
disorder might be related to an unidentified toxin (endogenous 
or exogenous). These cases resemble the disorder now known as 
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Reye's syndrome quite closely, and at least some of them may in 
fact represent the same disease. 

Two other _reports of _the same clinicopathologic entity, one 
from the Umted States" and the other from Australia,6 were 
published in the same year as Reye's report, but the disorder 
commonly bears his name. Following these initial publications, 
numerous reports from several countries appeared, corroborat­
ing the similar clinical, laboratory, and pathologic abnormalities 
Reye had summarized. 

By 1967, the literature contained 83 cases, and a controversy 
was raised regarding the specificity of Reye's syndrome as a dis­
ease entity. This is reflected in a 1969 editorial in Lancet 7 

which suggested that the syndrome of encephalopathy with fatty 
infiltration of the viscera might not have a single cause but that 
it might "represent a common reaction to a variety of (infectious 
or toxic) stimuli." Although the literature on Reye's syndrome 
since that editorial was published has been prolific, the cause or 
causes of Reye's syndrome remain obscure, and the editor's con­
cluding statement still may be valid. 

EPIDEMIOLOGY 

Reye's syndrome affects infants and children of all age groups, 
and recently adult cases have been reported. There appear to be 
t~o age peaks at four and 11 years, although it is common any 
tlme between the ages of five and 15 years. There is no sex pre­
dilection. The disease has been reported in many racial and eth­
nic groups throughout the world. 

"Epidemics" of Reye's syndrome cases often correspond to out­
breaks of influenza infection and offer an opportunity for more 
careful epidemiologic studies. In 1974, 349 cases were reported 
to the Center for Disease Control in Atlanta between January 
and June during an influenza B epidemic.H Forty of 50 states 
reported cases of Reye's syndrome but the greatest concentration 
of cases (48%) was in the Midwest. Based on these data, Reye's 
syndrome was found to be much more common than previously 
believed, and in fact was ranked as the second most common 
cause of death in virus-related central nervous system diseases 
of children. In 1979-80, 517 cases were reported with an esti­
mated incidence of 0.82 per 100,000 population under 17 years 
of age. The highest incidences of the disease occurred in Michi­
gan, Ohio, Georgia, Colorado, Wyoming, Iowa, Nebraska, and 
South Dakota. However, reporting was voluntary and may be 
incomplete. A projected incidence based on these reports is 1.3 
to 2. 7 cases per 100,000 per year in children under the age 
of 17. 

In the 1974 study, 94%- of patients were white, 4Cft: black, and 
2% other minorities. Only 4.671- were under one year of age. Re-
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10 suggest that Reye's syndrome in infants is more 

common than these figures indicate and that infant cases might 
be misdiagnosed because the clinical presentation differs from 
that in older children. An interesting epidemiologic phenomenon 
has been observed in this respect. Whereas children with Reye's 
syndrome are typically white, middle class, and rural or subur- . 
ban dwellers, infants under one year are more often black or 
from other minority groups, inner-city dwellers, and from 
lower socioeconomic groups. This observation led Huttenlocher · 
and Trauner9 to draw a parallel between Reye's syndrome and 
epidemic poliomyelitis prior to immunization. The latter dis­
ease had a similar epidemiologic picture, which was thought to 
be related to differences in sanitation and to living conditions, 
with infants from lower socioeconomic situations being exposed 
at an earlier age to the virus. It is possible that Reye's syn­
drome results from initial exposure to a particular virus. 
This could explain the socioeconomic/ethnic differences ob­
served . 

An interesting and perhaps significant observation has been 
made about the onset of Reye's syndrome with varicella infec­
tion. 11 The interval between appearance of the rash and devel­
opment of the encephalopathy of Reye's syndrome is almost uni­
formly three to five days. The reason for this specific interval is 
not clear, but closer studies of varicella patients during this time 
period may provide insight into a possible etiology for the dis­
order. 

Although most cases of Reye's syndrome follow a natural viral 
infection, some cases appear to follow vaccination with live vi­
ruses.12 As with varicella, there is a specific interval between 
vaccination and appearance of the encephalopathy, but in this 
instance the interval is one to two weeks following vaccination. 
Whether the live virus vaccines actually precipitate Reye's syn­
drome or merely interact with other natural infectious agents or 
toxins has yet to be determined. 

Isolated cases of "recurrent" Reye's syndrome appear in the 
literature from time to time. However, in none of the reports 
have other diseases that might present a similar clinical picture 
been completely ruled out. Disorders that can masquerade as 
recurrent Reye's syndrome include inborn errors of urea cycle 
and organic acid metabolism, salicylism, and systemic carnitine 
deficiency. Any child who has recurrent episodes of encephalop­
athy with liver dysfunction deserves an extensive diagnostic 
evaluation, including salicylate levels, liver biopsy, urinary or­
ganic acids, and serum amino acid quantitations, and a protein 
challenge between acute episodes. 

A genetic predisposition to the development of Reye's syn­
drome is suggested by isolated case reports of siblings who de­
velop the disorder. However, these children may have contracted 
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Reye's syndrome as the result of common ~xpo~ure ~o an e!lyi­
ronmental toxin, although none has been Identified m familial 
cases thus far. 

CLINICAL FEATURES OF REYE'S SYNDROME 

CHILDREN OVER ONE YEAR OF AGE 

The primary clinical features of this disorder a.re remarkably 
uniform in children from one to 16 years. The disease has two 
phases, a prodromal illness and an encephalopathic stage. A 
prodromal illness can be docu.mented i~ vi~ually. all ":'ell-stud­
ied cases. This prodrome consists of a viral mfect10n, either up­
per respiratory infection or gastroenteritis. In approximately 
20% of cases the prodromal disease is varicella. In "epidemic" 
Reye's syndrome, the most common infectiou~ agent .is infiuen~a 
B. Numerous other viruses have been associated With sporadic 
cases (see below). 

The prodrome may be quite mild. There is no association be­
tween the severity of the viral illness and subsequent develop­
ment of encephalopathy. The child usually is recovering from 
this illness when he develops repetitive vomiting. There is no 
apparent gastrointestinal disturba.nc~ t~ explain ~he vomiting 
and most likely it is secondary to IrritatiOn of bram stem vo~­
iting centers. The vomiting is so constant a feature of t~e ch1~d 
with Reye's syndrome that its absence. makes the dia~~s1s 
questionable. Within 24-:-48 h~urs, th~ ~hild goes fr~m vomitmg 
to behavioral changes, mcludmg dehnum, combativeness and 
irrational behavior, disorientation, and hallucinations. Lethargy 
and stupor may alternate with periods of ~omb~tiveness. Hype~­
ventilation also may be prominent and hkely IS caused by pr~­
mary stimulation of medullary respiratory centers. At this 
point, the child may begin to recover sponta~eously or may de­
teriorate further into obtundation or coma. Seizures can occur at 
any time during the encephalopat~ic phase. Res~iratory difficul­
ties may develop and sudden respiratory arrest Is not unusual. 

The level of central nervous system dysfunction follows a ros­
tral caudal progression from stupor to coma with inta~t brain 
stem function, then to decorticate or decerebrate posturmg, and 
finally to a flaccid and arefiexic ~tate. P~pillary change~ are 
prominent; in the early stages, pupils are dilated and ~luggishly 
responsive to light; later, they m~y become asy~~etr1c or fixed 
and dilated. Papilledema rarely IS observed. Sigmficant hyp~r­
thermia is quite frequent; there usually is no evidence of.active 
infection and the fever probably is caused by hypothalamic dys­
function. Gastrointestinal bleeding often is present but not se­
vere enough to cause significant blood loss. 
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' Hepatomegaly is found in approximately 85% of patients; lab-

oratory evidence of liver dysfunction virtually always is present, 
but jaundice is conspicuously absent. The incidence of pancr~a­
titis in Reye's syndrome ranges from 0% to 22% of autops1ed 
cases. At times, the pancreatic involvement is so severe as to 
produce hemorrhagic necrosis and death. . 

Sudden changes in the clinical status are common. Patients 
may improve dramatically within a few h.ours or they ~ay ~la­
teau for many days before improvement 1s observed. Likewise, 
rapid deterioration from delirium through the stages of. coma 
and brain stem dysfunction to respiratory arrest and cardiOvas­
cular collapse may occur over a few _hours. For this reason, ~ll 
children with Reye's syndrome, even m the early stages, reqmre 
constant observation in an intensive care unit setting until 
awake. 

lNF ANTS UNDER ONE YEAR OF AGE (Table 1) 

The clinical features of Reye's syndrome in infants under one 
year of age are somewhat different from those of older children 
and thus make early recognition more difficult. Vomiting, al­
though present, u~ually is m~ld. Diarr~ea is fre~uent. The pr~­
senting problem m many mfants With Reye s syndrome 1s 
seizures, which may be the initial manifestation of the 
encephalopathic stage. Apneic episode.s are common ev~1_1 early 
in the disease course, and other respiratory abnormaht~es, es­
pecially hyperventilation, are quite prominent. Thus, mfants 
with Reye's syndrome may have a prodromal illness followed by 
minimal vomiting but marked seizure activity and respiratory 
disturbances. All of these signs are nonspecific, and a high index 
of suspicion is necessary to consider the diagnosis of Reye's syn­
drome. 

The great majority of infants with Reye's syndrome have he­
patomegaly, and all have evidence of liver dysfunction on labo­
ratory tests. In contrast to older children, virtually all of the 
infants under one year of age have hypoglycemia tha~ may be 
difficult to reverse. This is one probable reason for the mcreased 
incidence of seizures in the infant age group. Examination of the 
cerebrospinal fluid is normal with the exception of hypoglycor­
rhachia and, at times, elevated pressure. 

TABLE i.-FEATURES OF ll'\FANTS WITH REYE'S SYNDROME 

Epidemiology-poor, city dwellers, ethnic mi~orities 
Clinical presentations-vomiting may be mm1mal ~r absent. 

Respiratory disturbances 1 apnea or hyperventilatiOn l promment 
Seizures frequent and early in course 
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ADULTS WITH REYE'S SYNDROME 

Isolated cases of adult-onset Reye's syndrome have been re­
ported only recently. Except for one case report of a 51-year-old 
woman, most of the patients have been between 20 and 30 years 
of age. The clinical picture is similar to that seen in children, 
with a viral illness followed by persistent vomiting, delirium, 
lethargy, and coma. Hyperammonemia and evidence of liver 
dysfunction-with elevated transaminases are present but have 
been relatively mild in the few cases reported. Serum bilirubin 
concentrations tend to be mildly elevated (up to 7.5 mg/dl}. Liver 
biopsy confirmation of microvesicular fatty accumulation has 
been documented in some cases. It appears that Reye's syndrome 
is not limited to the pediatric population and must be considered 
in patients of any age who develop vomiting and encephalopathy 
following a viral illness. 

PATHOLOGY 

Pathologic changes have been described in numerous organs, 
including liver, brain, kidney, heart, and pancreas. Grossly, the 
liver is enlarged and often yellowish. The most prominent light 
microscopic change is diffuse microvesicular accumulation of 
lipid within the cytoplasm of hepatocytes (Fig 1). These droplets 
do not usually displace the nucleus from its central location 
within the cell. Fat stains such as oil red 0 and Sudan black 
performed on frozen sections of tissue best demonstrate this ab­
normality. Liver cell cytoplasm appears foamy when examined 
after hematoxylin and eosin stains. Glycogen stains such as pe­
riodic acid-Schiff (PAS) reveal diffuse depletion of glycogen. He­
patocellular necrosis and inflammatory infiltrates are notably 
absent in this disorder. 

Ultrastructural abnormalities are most marked in the mito­
chondria, 13 which are swollen and pleiomorphic with a flocculent 
matrix; the outer membrane is deformed by cytoplasmic invagi­
nations and the cristae may be fragmented. Intramitochondrial 
dense bodies are absent. Other changes in intracellular struc­
tures include proliferation of the smooth endoplasmic reticulum, 
depletion of glycogen, and an increased number of peroxisomes. 
In addition, lipid droplets are present in the cytoplasm. 

The brain is grossly swollen, with flattening of gyri, and the 
brain weight is increased relative to normal for age. Histologi­
cally, cerebral edema is apparent. Changes consistent with 
anoxia, namely, focal neuronal loss, eosinophilic changes in 
neurons, and glial proliferation, sometimes are present. 
Ultrastructural changes include accumulation of edema fluid in 
glial cells and focal areas of swelling in myelin sheaths (myelin 
"bleb" formation). Variable changes have been found within 
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Fig 1.-Thick section of liver from patient 
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Fig 1.-Thick section of liver from patient wi~h Reye's syndrome d~monstrating 
diffuse lipid accumulation within hepatocytes. Ttssue was embedded tn Epon and 
stained with toluidine blue: x 500. 

brain mitochondria, consisting primarily of matrix distortion 
and swelling. 

Heart, kidney, and skeletal muscle all contain evidence of 
lipid accumulation. Mitochondrial c~anges sim~lar to those 
found in the liver have been observed m myocardmm and skel­
etal muscle as well. The pancreas may show evidence of focal 
necrosis, hemorrhage, and inflammatory changes. Intranuclear 
inclusions of an unknown type have been demonstrated in pan­
creatic tissue in the absence of inflammatory changes. 

BIOCHEMICAL ABNORMALITIES 

In Reye's original description of the disease he emphasized the 
presence of elevated serum transa~i~ases ~nd hypoglycemia as 
characteristic laboratory abnormahtles. Smce then, numerous 
other metabolic derangements have been documented (Fig 2). 
Huttenlocher et al. 14 first reported the presence of hyperammo­
nemia in Reye's syndrome and suggested that the degree of 
serum ammonia elevation might correlate with the severity of 
the clinical disease. This has been corroborated by other inves­
tigators, and it appears that serum ammonia concentra~io~s 
greater than 350 f.Lg!dl are associated with a poor prognosts m 
terms of survival. 

Hyperammonemia is present in virtuall~ all patie~ts with 
Reye's syndrome early in the course of the tllness. Th1s abnor-
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Figure 2.-Diagram of metabolic derangements in Reye's Syndrome. 

mality is transient, however, and ammonia levels usually return 
to normal within 24-48 hours, regardless of the treatment in­
volved. Transient reductions in enzyme activity of the mitochon­
drial components of the urea cycle, ornithine transcarbamoylase 
and carbamyl phosphate synthetase, have been documented and 
may explain the hyperammonemia. In addition, a catabolic state 
exists secondary to the viral illness, anorexia, and vomiting, re­
sulting in an increased release of amino acids from muscle, 
which may also contribute to the hyperammonemia. 

Serum transaminases always are abnormally elevated whereas 
bilirubin concentrations are characteristically normal or mini­
mally elevated. In fact, if total bilirubin concentration is greater 
than 5 mg/dl, other diagnostic possibilities should be considered. 

Hypoglycemia was stressed in early reports, but studies of 
large series of patients have revealed that hypoglycemia occurs 
in only about 40% of patients and primarily in children under 
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four years of age.15 For this reason, it no longer is considered a 
useful or necessary criterion for diagnosis of the disease. The 
mechanism of the hypoglycemia is not clear but is thought to be 
related to a defect in hepatic gluconeogenesis. Decreased activi­
ties of pyruvate dehydrogenase and pyruvate carboxylase have 
been found in patients with Reye's syndrome. In addition, in vi­
tro studies of liver obtained from children with Reye's syndrome 
have documented a defect in glucose formation from pyruvate. 
Both of these findings support the hypothesis that there may be 
a defect in gluconeogenesis. 

Lactic acidemia is a frequent abnormality that may be related 
to impaired oxidative metabolism of glucose or to accelerated 
production by extrahepatic tissues such as muscle. Shannon et 
al. 16 have demonstrated de novo production of lactate in the 
brains of patients with Reye's syndrome. This may be related, at 
least in part, to mitochondrial injury. 

Elevations of total serum free fatty acids and nonesterified 
fatty acids are found in some patients with Reye's syndrome. In 
addition, specific elevations of serum short-chain fatty acids 
(propionate, butyrate, isobutyrate, valerate, isovalerate, octan­
oate) have been documented during the acute illness. Further­
more, clearance of these short-chain fatty acids appears to cor­
relate with clinical improvement. 17 Possible causes for the fatty 
acidemia include an increased release from adipose tissue as a 
result of anorexia, vomiting, or a lipolytic response to a virus­
or a block in mitochondrial beta oxidation. 

Brain concentrations of a putative neurotransmitter, octopa­
mine, are elevated in patients with Reye's syndrome and concen­
trations of norepinephrine and dopamine are diminished. These 
abnormalities have also been documented in patients with he­
patic encephalopathy regardless of the etiology. It has been sug­
gested that one mechanism for the encephalopathy may be that 
octopamine acts as a false neurotransmitter and blocks normal 
neurotransmission. In association with this, plasma tyramine 
concentrations are elevated in patients with Reye's syndrome, 
and tyramine concentrations appear to correlate with the dura­
tion of coma. Serum prolactin levels also are elevated. It has 
been suggested that the hyperprolactinemia might be related to 
hypothalamic dopamine depletion. 18 Also, since tyramine is a 
precursor of octopamine, the elevation of serum tyramine con­
centrations may reflect the elevation in brain octopamine levels . 
Increased ventricular fluid concentrations of dopamine are also 
found in Reye's syndrome, suggesting an increased neuronal re­
lease of dopamine into the ventricular fluid. 

A significant increase in serum concentrations of the amino 
acids lysine, glutamine, alanine, and a-amino- n-butyrate is 
found in patients. This pattern of aminoacidemia appears to be 
specific for Reye's syndrome and may serve as a diagnostic tool. 19 
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Potential causes for this abnormality include increased release 
from muscle secondary to a catabolic state and inhibition of he­
patic uptake and/or metabolism of amino acids. CSF glutamine 
concentrations also are elevated and may reflect the brain's at­
tempt to clear excess ammonia. 

Creatine phosphokinase concentrations are elevated and iso­
enzyme determinations reveal skeletal muscle or cardiac com­
ponents or both to be involved. It has been suggested in studies 
of.a small number of patients that those patients with elevations 
of both skeletal muscle and cardiac isoenzymes have a poorer 
prognosis than those with abnormalities in either one of these 
enzymes alone. 

Elevations in serum uric acid concentrations have been ob­
served many times, but are of interest now because of Aprille's 
observation that a serum factor20 from patients with Reye's syn­
drome that inhibits liver mitochondrial respiration appears to 
be uric acid. The cause of the uric acid elevation and the meta­
bolic consequences of this defect are not clear. 

Hyperosmolality is a frequent complication in Reye's syn­
drome patients and usually is caused by a combination of dehy­
dration and the use of osmotic diuretics plus hypertonic glucose. 
Hyperthermia is present in virtually all patients early in the 
disease course and is unrelated to an obvious infectious site. The 
temperature abnormality most likely is the result of hypotha­
lamic dysfunction. Likewise, respiratory alkalosis is present on 
a central basis as a result of primary stimulation of respiratory 
centers in the brain stem. Often a mixed metabolic acidosis is 
observed in addition to the respiratory alkalosis. Hypotension 
may occur early as a result of dehydration or late in the disease 
as a complication of brain stem compression. 

Renal abnormalities usually are not severe and typically con­
sist of elevations in blood urea nitrogen concentrations. This 
may be a response to dehydration or to a hyperosmolar state, or 
may reflect direct involvement of the kidneys with fatty infiltra­
tion. Occasional cases of transient acute renal failure in the face 
of positive fluid balance and adequate central venous pressure 
have been reported recently. The cause of the renal failure was 
not clear, but in most cases reversed and had no apparent effect 
on outcome. 

Elevated serum amylase concentrations suggestive of pan­
creatitis are found occasionally. Liver glycogen stores are de­
pleted and carbohydrate metabolism is impaired. Serum insulin 
concentrations may be either elevated or depressed in the acute 
stages of Reye's syndrome. Survivors of this disease appear to 
have impaired responsiveness to endogenous insulin during oral 
glucose tolerance tests.21 This observation suggests that individ­
uals with Reye's syndrome may have an alteration in endoge­
nous insulin such that it is less effective than normal. This pos-
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Prothrombin time is prolonged in all patients with Reye's syn­
drome. Platelet count usually is normal. Hypofibrinogenemia 
and decreased coagulation factor levels except for factor VIII 
also have been described. Fibrin split products usually are ab­
sent from the circulation. Although rare accounts of dissemi­
nated intravascular coagulation in Reye's syndrome have been 
recorded, this certainly is not typical of the disease. Administra­
tion of vitamin K to patients with Reye's syndrome usually is 
ineffective, and fresh-frozen plasma is required to restore de­
pleted coagulation factors. 

Serum complement abnormalities also have been observed in 
a small number of patients with Reye's syndrome. There is a 
consistent early reduction in serum Cl activity and Cl S concen­
trations prior to treatment. These abnormalities may be the re­
sult of interruption in synthesis of these proteins or may suggest 
the possibility of immune complex depletion of components of 
the complement system. However, to date there is no other evi­
dence of immune complex formation in this disease. 

DIAGNOSIS OF REYE'S SYNDROME (TABLE 2) 

The diagnosis of Reye's syndrome rests primarily on historical 
and clinical data. This disorder should be suggested by a history 
of an antecedent viral illness followed by vomiting, with pro­
gression to lethargy, hyperexcitability, and agitation, then to 
delirium, obtundation, or coma; laboratory evidence of hepatic 
dysfunction with hyperammonemia, abnormal liver function 
tests and normal bilirubin, and a normal cerebrospinal fluid ex­
amination; and absence of other diseases (e.g., salicylism) that 
might mimic Reye's syndrome. 

A controversy has existed for several years regarding the ne­
cessity for documentation of typical pathologic changes in the 
liver in order to diagnose Reye's syndrome. However, the clinical 
course and laboratory abnormalities are so typical in children 
over one year of age that a liver biopsy is not necessary in most 
cases. Indications for liver biopsy recently were outlined at the 

TABLE 2.-DIAGNOSIS OF REYE'S SYNDROME 

1. Clinical progression of prodromal viral illness to vomiting, with 
behavioral changes, delirium, or coma 

2. Laboratory evidence of hepatic dysfunction, with 
hyperammonemia, elevation of serum transaminase, depression 
of hepatogenic coagulation factors, and normal bilirubin 

3. Exclusion of CNS infection and toxin ingestion by appropriate tests 
4. Liver biopsy in doubtful or atypical cases 
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National Institutes of Health Consensus Development Confer­
ence on. the D~agnosis and Treatment of Reye's Syndrome (Table 
3) .. A hver ~10psy should be performed in the following situ­
at.wns: (1) children un?er one year of age, (2) atypical cases (e.g., 
without an.tecedent viral infection or vomiting), (3) when new 
a!ld potentially dangerou~ therapeutic regimens are being con­
sidered. A p~rcutaneous hver biopsy has been found to be a safe 
procedure with minimal morbidity in patients with Reye's syn­
drome. 

The differential diagnosis of Reye's syndrome is not extensive 
(Table 4). However, several diseases may mimic Reye's syn­
drome, at least initially. Central nervous system infections ei­
ther viral or bacterial, may follow an upper respiratory infection 
and. produce vomiting and lethargy or obtundation. This diag­
nosis can be ruled out rapidly by examination of the cerebrospi­
nal fluid. Ingestion of various toxins may produce similar symp­
tomatology. The most common agent is salicylate, which causes 
vo.miting, seizures, obtundation, hyperventilation, hypoglyce­
mia, and abnormal liver function tests. A serum salicylate level 
of 25 mg/dl or greater suggests salicylism rather than Reye's 
syndrome. The liver biopsy in salicylism may show fatty accu­
mulation, but this is not microvesicular and usually not as 
prominent as the fatty changes in Reye's syndrome. Other toxins 
include aflatoxin, isopropyl alcohol, and valproic acid. In addi­
tion, several inborn metabolic defects may simulate Reye's syn­
drome. These include systemic carnitine deficiency, the urea cy­
cle defects, and organic acid disorders such as glutaric aciduria 
and isovaleric acidemia. The last group of diseases should be 
considered especially in cases of recurrent Reye's-like illnesses 
and in familial cases. 
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TABLE 3.-INDICATJONS FOR LIVER BIOPSY IN 
SUSPECTED REYE'S SYNDROME 

1. Infants under one year of age 
2. Children with recurrent episodes 
3. Familial cases 
4. Sporadic cases without infection or vomiting 
5. If new and potentially dangerous 

therapeutic regimens are planned 

TABLE 4.-DIFFERENTIAL DIAGNOSIS OF REYE'S SYNDROME 

1. Meningitis 
2. Varicella hepatitis/encephalitis 
3. Toxins: salicylates, methyl bromide, hypoglycin. isopropyl 

alcohol, aflatoxin, lead, valproic acid 
4. Anoxic encephalopathy 
5. Inborn metabolic defects: systemic carnitine deficiency. 
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) STAGING OF REYE'S SYNDROME 
' 

Since the treatment of severe Reye's syndrome generally is 
aggressive and involves potential risks, it is important to use 
some means of staging the severity of the illness. Several stag­
ing systems have been suggested, but the most commonly used 
is that of Lovejoy et al.22 This system utilizes five stages: 

I. Vomiting and lethargy. 
-- II. Disorientation, delirium and combativeness, appropriate 

response to noxious stimuli. 
III. Obtundation, coma, decorticate posturing, preserved pu­

pillary reflexes. 
IV. Coma, decerebrate rigidity, loss of oculocephalic reflexes, 

large fixed pupils. 
V. Absent deep tendon reflexes, respiratory arrest, and flac­

cidity. 
In general, stages I and II are considered "mild" whereas 

stages III-V are "severe" cases requiring aggressive treatment. 
In an attempt to implement a uniform staging system for use by 
all centers treating patients with Reye's syndrome, the Consen­
sus Statement formulated at the National Institutes of Health 
Consensus Development Conference on the Diagnosis and Treat­
ment of Reye's Syndrome outlined a revised staging system. 
This is shown in Table 5. 

ETIOLOGY AND PATHOGENESIS 

ASSOCIATION WITH VIRUSES 

Numerous viruses have been linked with the subsequent de­
velopment of Reye's syndrome (Table 6). However, thus far, evi­
dence of active viral infection in the liver or the brain of patients 
dying of Reye's syndrome has been lacking. It is possible that 
children with Reye's syndrome have a similar response to a va­
riety of viral infections, but the large number of different viral 
agents associated with the disease makes this less likely. Most 
cases follow influenza B or varicella infections, and if sporadic 
cases involving other viruses are ignored, this hypothesis has 
slightly more plausibility. Another possibility is that Reye's syn­
drome represents a reaction to initial exposure to a particular 
virus. This could explain the differences in socioeconomic and 
geographic distributions of infant and childhood cases. 

Several investigators have suggested that a virus-toxin inter­
action leads to the development of Reye's syndrome. Experimen­
tal studies have documented a Reye's-like illness in animals 
exposed to viruses plus environmental toxins, especially 
insecticides. Viral potentiation of certain chemical toxins, in 
particular 4-pentenoic acid, results in an experimental syn-
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TABLE 6.-VIRUSES ASSOCIATED WITH 
REYE'S SYNDROME 

Influenza B (most common in "epidemic" 
Reye'sl 

V ll.ricella (20'k of cases l 
Influenza A, and A2 

Parainfluenza 
Epstein-Barr virus 
Echovirus 
Coxsackie A, AI' B,. and B4 

Reovirus 
Adenovirus 
Rubella 
Rubeola 
Polio virus Type I 
Herpes simplex 

drome of hypoglycemia, encephalopathy, and fatty degeneration 
of the viscera quite similar to Reye's syndrome. 23 In Thailand, a 
disorder clinically identical to Reye's syndrome (Udorn enceph­
alopathy) is produced by ingestion of aflatoxin Bl.24 This is a 
heat-stable metabolite of the fungus Aspergillus flauus. Afla­
toxin is found in grains and nuts and, in particular, stale peanut 
butter. Recently, several cases of Reye's syndrome in the United 
States have been associated with high liver concentrations of 
aflatoxin Bl. It is possible that the pathogenesis of Reye's syn­
drome is related to an initial insult to the liver; for example, an 
exposure to a toxin such as aflatoxin or insecticide, followed 
closely by a second hepatic insult; for example, from an infec­
tious agent such as influenza B. 

Another disorder quite similar to Reye's syndrome, Jamaican 
vomiting sickness, also is caused by an ingested toxin, hypogly­
cin A, found in unripe ackee fruit. Children who eat this fruit 
develop vomiting, coma, seizures, and hypoglycemia. The fact 
that both Jamaican vomiting sickness and Udorn encephalop­
athy have an identifiable exogenous toxin as an etiologic agent 
has stimulated a search for similar toxins in Reye's syndrome 
patients. Other than the case reports in which aflatoxin was 
found in the liver, the only other toxic agent found to have a 
possible association with Reye's syndrome in epidemiologic stud­
ies in the United States is salicylates. 25 In recent studies, Reye's 
syndrome was much more likely to develop in children given 
aspirin than in children treated with acetaminophen for the 
same infection. These results have been disputed on the basis 
that aspirin is such a commonly used medication and Reye's 
syndrome is so rare. However, until a more thorough examina­
tion of this finding is completed, it would appear prudent to 
withhold the use of salicylates to control fever and other symp-
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toms of viral illness in children, in particular those symptoms 
associated with influenza or varicella infection. 

Using this hypothesis as a basis, an attempt was made to re­
produce Reye's syndrome in ferrets by simultaneous exposure to 
virus and salicylates.~6 This experiment failed to demonstrate 
the typical pathologic lesions of Reye's syndrome. Animals were 
infected by the mmal route with influenza A/Hong Kong or influ­
enza B virus and given gastric feedings of large doses of salicy­
lates. Although these maneuvers produced some depression of 
ornithine transcarbamoylase activity and mild fatty changes in 
the liver, salicylates did not potentiate the effects of the virus 
nor were the pathologic changes similar enough to those found 
in Reye's syndrome to constitute an experimental model for the 
disease. This study does not necessarily rule out a role for salic­
ylates in the development of the human disease, however. 

In a search for potential toxins, a low molecular weight, heat­
stable factor has been isolated from serum of patients with 
Reye's syndrome. This serum factor inhibits mitochondrial res­
piratory activity in vitro. There is some controversy about the 
identity of this factor. Aprille's work with rat liver mitochondria 
suggested that uric acid is the toxic agent whereas Ansevin27 

believes that short-chain fatty acids are the serum factors, at 
least in studies using rat brain mitochondria. Although serum 
uric acid concentrations are elevated in patients with Reye's 
syndrome, it is unlikely that this substance plays a significant 
role in the pathogenesis of the disease. On the other hand, short­
chain fatty acids, also elevated in Reye's syndrome, have been 
shown to produce mitochondrial swelling in vitro and to inhibit 
mitochondrial respiratory activity. These agents may well be the 
"serum factor" described. 

ROLE OF AMMONIA 

Hyperammonemia is present in virtually all patients with 
Reye's syndrome early in the course of the illness. Several in­
vestigators have found a correlation between the degree of hy­
perammonemia and the outcome of the disease, although this 
has not been found uniformly. Elevations of serum ammonia 
concentrations in experimental animals are capable of producing 
coma. Thus, ammonia is an endogenous toxin that might be re­
sponsible for the encephalopathy in Reye's syndrome. 

There are arguments against the hypothesis that ammonia is 
the primary or sole toxin. The first is that serum ammonia con­
centrations often return to normal within 24-48 hours of the 
onset of encephalopathy whereas clinical symptoms may con­
tinue to worsen. The second is that ammonia infusion into ex­
perimental animals requires extremely high serum concentra­
tions (on the order of 2,000 fA.g/dl) before coma is induced. 28 In 
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r normal human subjects, blood ammonia concentrations can be 
raised to greater than 700 f.Lg/dl without encephalopathic 
changes. Although concentrations of ammonia found in patients 
with Reye's syndrome vary widely, they often are in the range 
of 150-500 f.Lg/dl, much lower than the concentrations required 
to induce coma experimentally. These observations argue 
against the hypothesis that hyperammonemia alone is sufficient 
to produce the encephalopathy found in Reye's syndrome. It is 
possible that ammonia is one of the toxins responsible for the 
coma but not the sole cause. 

A synergistic effect between ammonia and short-chain fatty 
acids in production of coma in experimental animals has been 
documented.28 Since short-chain fatty acidemia is also a feature 
of Reye's syndrome, it is possible that the encephalopathy is re­
lated to simultaneous elevations of ammonia and short-chain 
fatty acids in these patients . 

ROLE OF SHORT-CHAIN FATTY ACIDS 

Various short-chain fatty acids (propionate, butyrate, isobu­
tyrate, valerate, isovalerate, and octanoate) are consistently el­
evated in the serum of patients with Reye's syndrome during the 
acute phase of the illness. The cause of this organic acidemia is 
not known, although it is hypothesized that there is a block in 
mitochondrial beta oxidation that results in fatty acidemia.15 In 
addition to Reye's syndrome there are several other diseases 
that have common clinical features of coma and hyperventila­
tion and have in common elevated concentrations of serum free 
fatty acids or of specific short-chain fatty acids. These include 
hepatic encephalopathy, Jamaican vomiting sickness, Udorn en­
cephalopathy, and isovaleric acidemia. 

Numerous experimental studies have demonstrated that 
short-chain fatty acids are toxic to the central nervous system. 
When injected into experimental animals, they are capable of 
producing coma, hyperventilation, seizures, and electroencepha­
lographic changes.29 In addition, fatty acids produce swelling of 
liver mitochondria in vitro and inhibit mitochondrial respira­
tion. Fatty acid injection blocks the normal function of the urea 
cycle and results in a secondary hyperammonemia. Recently, in­
tracranial pressure elevations have been documented during 
short-chain fatty acid infusion. 

These and other experimental studies suggest that short-chain 
fatty acids are toxic to the central nervous system and are ca­
pable of producing symptomatology similar to that found in 
Reye's syndrome. It is likely that these agents also serve as en­
dogenous toxins that either alone or in combination with other 
toxins such as ammonia result in the encephalopathic changes 
found in Reye's syndrome. 
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REYE'S SYNDROME AS A MITOCHONDRIAL DISORDER 

Parti~ et al. ta have emphasized that the primary pathologic 
change m Reye's syndrome is in the mitochondria which are 
swollen, pleiomorphic, and fragmented. DeVivo30 s~ggests that 
all of the. metabolic abnormalities found in Reye's syndrome can 
be explamed on the basis of impaired mitochondrial function. 
Activities of several mitochondrial enzymes, including ornithine 
transcarbamoylase, carbamyl phosphate synthetase, citrate syn­
thetase, glutamic dehydrogenase, succinic dehydrogenase, pyru­
vate dec~rbox;vlase, and pyruvate dehydrogenase, are all de­
pressed m bwpsy or autopsy specimens of liver whereas 
activities of vario':ls cytoplasmic enzymes (glucose-6-phospha­
tase, fructose-1,6-dtphosphatase) are within the normal range. 

The argument for Reye's syndrome as a primary mitochon­
drial disorder certainly would seem reasonable given the above 
evidence. The cause of the mitochondrial dysfunction however 
remains to be elucidated. ' ' 

EXPERIMENTAL MODELS OF REYE'S SYNDROME 

An experimental model for a disease should meet the criteria 
of reproducing in the animal the principal clinical, biochemical, 
and pathologic features of the human disease. For Reye's syn­
drome, the primary clinical features include coma, seizures, hy­
perventilation, and increased intracranial pressure. The bio­
chemical abnormalities include hyperammonemia, short-chain 
fatty acidemia, lactic acidemia, hyperaminoacidemia, elevations 
in serum transaminases, prolonged prothrombin time, increased 
brain concentrations of octopamine, decreased brain concentra­
tions of dopamine and norepinephrine, inhibition of mitochon­
dria urea cycle enzymes, and hypoglycemia. Pathologic abnor­
malities include microvesicular fatty accumulation in the liver, 
distortion and swelling of liver mitochondria, dilatation of the 
smooth endoplasmic reticulum, and cerebral edema. 

Several animal models have been proposed that meet some or 
most of these criteria. The first one utilized continuous infusion 
of the short-chain fatty acid sodium octanoate intravenously into 
rabbits and rats. Such an infusion produces clinical changes, in­
cluding coma, seizures, hyperventilation, and electroenceph­
alographic slowing, and biochemical abnormalities includ­
ing hyperammonemia, hypoglycemia, elevations i~ serum 
transaminases, lactic acidemia, and increased brain concentra­
tions of octopamine. Pathologic changes in the animal model in­
clude microvesicular fatty accumulation in liver and distortion 
and swelling of liver mitochondria. 

Intraperitoneal injection of 4-pentenoic acid, an analogue of 
hypoglycine A (believed to be the cause of Jamaican vomiting 
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sickness), produces coma, seizures, hyperventilation, and death 
in rats. Fasted rats develop hypoglycemia; elevations in serum 
ammonia, serum glutamic oxaloacetic transaminase (SGOT) 
and blood urea nitrogen (BUN) have been documented. Live; 
histology consists of microvesicular fatty accumulation in hepa­
tocytes. 

Three other models have utilized viruses to simulate this syn­
drome. In one, mice were exposed to insecticides and inoculated 
with mouse encephalomyocarditis virus. The animals developed 
a fatal encephalopathy with seizures; liver and kidney histology 
d~monstrated fatty accumulation. In the second model, Mengo 
v1rus was found to potentiate the effect of 4-pentenoic acid in 
producing encephalopathy, hypoglycemia, and fatty accumula­
tion in the viscera of rats. The third viral model utilized influ­
enza B/Lee virus inoculated into four-week-old mice. This agent 
produced coma, seizures, elevated transaminases, inhibition of 
the urea cycle enzymes ornithine transcarbamoylase and carba­
myl phosphate synthetase, and fatty infiltration of the liver. 

One or more of these models may prove useful in studying the 
pathogenesis of Reye's syndrome and in finding more specific 
and effective treatments for the disease. 

OTHER DISEASES SIMILAR TO REYE'S SYNDROME 

JAMAICAN VOMITING SICKNESS 

This disorder is indigenous to Jamaica and is limited to child­
hood. Clinical symptoms include repeated vomiting progressing 
rapidly to lethargy, delirium, and coma. Biochemical abnormal­
ities consist of severe hypoglycemia and abnormalities of liver 
function. Pathologic changes include diffuse fatty accumulation 
in the liver and cerebral edema. This disorder is thought to be 
due to ingestion of the unripe ackee fruit, which contains hypo­
glycine A, a plant toxin. When injected into animals, hypogly­
cine A produces similar symptomatology and also causes an el­
evation in short-chain fatty acid levels. 

UDORN ENCEPHALOPATHY 

The clinical, biochemical, and pathologic features are identical 
to those found in Reye's syndrome. However, Udorn encephalop­
athy is thought to be caused by ingestion of a fungal toxin, af­
latoxin Bl. 
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ISOVALERIC ACIDEMIA 

This disorder is an inborn error of organic acid metabolism 
involving a defect in the activity of the enzyme isovaleryl CoA 
dehydroge~ase. Sympt~ms in these children may be episodic 
and, espec1ally when g1ven a leucine load, they develop vomit­
ing, lethargy, and coma, with hypoglycemia and abnormalities 
in liver function. These episodes tend to be recurrent and may 
lead to mental retardation. 

HEPATIC ENCEPHALOPATHY CAUSED BY TOXIC OR VIRAL 
HEPATITIS, CIRRHOSIS, AND OTHER ETIOLOGIES 

Hepatic encephalopathy produces a syndrome of lethargy, de­
lirium, and coma with a variety of metabolic abnormalities, in­
cluding abnormal liver function tests with hyperammonemia, 
hyperbilirubinemia, hypoglycemia, and short-chain fatty acide­
mia. The liver pathology in hepatic coma is quite different from 
that in Reye's syndrome, showing extensive hepatic cellular ne­
crosis and inflammatory changes as well as fatty accumulation. 
Patients with hepatic encephalopathy also develop cerebral 
edema. 

SYSTEMIC CARNITINE DEFICIENCY 

Systemic carnitine deficiency is a metabolic disorder that at 
times resembles Reye's syndrome.31 Although patients with this 
disorder tend to have a slowly progressive myopathy, they may 
develop acute and recurrent episodes of lethargy or coma, with 
seizures, hypoglycemia, and abnormal liver function tests. Liver 
biopsy may demonstrate fatty accumulation. Serum carnitine 
levels may be normal or depressed; thus, tissue carnitine deter­
minations are necessary to make the diagnosis. 

TREATMENT OF REYE'S SYNDROME 

Since the etiology of Reye's syndrome is not known, treatment 
is of necessity aimed at the symptomatology rather than the 
cause. 

In Reye's original paper he reported on several attempts at 
treatment. These included dexamethasone, high concentrations 
of glucose, and a combination of glucose and insulin. Each of 
these was tried in a small number of patients and appeared to 
make no difference in survival. The first major contribution to a 
therapeutic approach came in 1972, when Huttenlocher32 re­
ported improved survival rates using exchange transfusion. The 
rationale for exchange transfusion was threefold: to clear the 
hyperammonemia, to replace coagulation factors, and to remove 
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transfusion and those treated with intensive supportive therapy 
alone whereas others have found that exchange transfusion im­
proved survival significantly. 

High-dose glucose and insulin therapy was suggested in 1972 
as an adjunct to the management of patients with Reye's syn­
drome based on the fact that free fatty acid concentrations were 
elevated in the serum of patients with this disease. Insulin 
blocks fatty acid release from adipose tissue by inhibition of the 
enzyme lipoprotein lipase, and glucose reverses the equilibrium 
of the reaction such that fatty acids are transported back into 
adipose tissue. This form of therapy has been used sporadically, 
but its efficacy is difficult to assess because it is used as an ad­
junct to other therapy that the patient is receiving. 

Peritoneal dialysis has been used to clear ammonia and other 
toxins from the body and initially met with good success. How­
ever, subsequent experience showed little additional benefit 
from this approach. In the past few years, intracranial pressure 
monitoring has become a popular addition to the therapeutic 
regimen. More aggressive attempts to control intracranial pres­
sure have evolved and will be discussed below. 

A general outline to the treatment of Reye's syndrome can be 
divided into three phases: intensive supportive care, correction 
of metabolic abnormalities, and treatment of elevated intracra­
nial pressure. 

INTENSIVE SUPPORTIVE CARE 

Regardless of the etiology of Reye's syndrome, certain basic 
treatment approaches are universally followed. All children 
with a diagnosis of Reye's syndrome should be admitted to a 
pediatric intensive care unit. Clinical staging of the disease 
should be carried out as soon as the diagnosis is suspected. The 
staging system developed by the National Institutes of Health 
Consensus Development Conference on the Diagnosis and Treat­
ment of Reye's Syndrome in March of 1981 is being suggested 
for uniform use around the country. This staging system has 
been outlined in Table 5. 

For a child in stage I or II coma, supportive care should consist 
of frequent neurologic evaluations, hypertonic glucose (15% dex­
trose solution), and correction of any electrolyte abnormalities. 
For children who are in stage III or below there are several 
variations of intensive care used in different centers. The follow­
ing is a composite of several approaches and is the protocol cur­
rently used at the University of California Medical Center in 
San Diego.33 
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Arterial and central venous pressure lines are inserted, as are 
nasogastric tubes and Foley catheters. Strict intake and output 
are recorded. Intravenous solutions consisting of 20% glucose 
and a balanced electrolyte solution are given initially at two­
thirds maintenance. The patients are electively intubated with 
an endotracheal tube and mechanical ventilation instituted as 
needed. Temperature is kept at normal levels through the use of 
a cooling_m.attress if necessary. Methylcellulose eyedrops are ad­
ministered to both eyes every four hours. Any unnecessary sen­
sory stimulation of the patient is avoided. 

CORRECTION OF METABOLIC ABNORMALITIES 

Serum glucose concentrations are kept between 125 and 175 
mg/dl and serum osmolality below 310 milliosmols. Intravenous 
fluid solutions are increased or decreased as necessary to main­
tain the serum osmolality in an acceptable range. 

The role of chest physiotherapy in patients with Reye's syn­
drome is controversial. Although excessive stimulation of the 
patient may increase intracranial pressure, accumulation of mu­
cus plugs in the bronchial tree may increase intrathoracic pres­
sure, which, in turn, will also increase intracranial pressure. I 
advocate careful chest physiotherapy using a vibrator followed 
by brief suctioning to be performed every two hours. The patient 
is not turned for postural drainage but is kept in the supine 
position with the head of the bed at a 30-degree elevation. 

Insulin, 1 unit per 5 gm of glucose given, is administered in­
travenously every four hours. As stated previously, the rationale 
for this is to attempt to decrease serum free fatty acid concentra­
tions by stimulating the enzyme lipoprotein lipase. If insulin is 
used, serum glucose concentrations or dextrostix are checked 
immediately before and one-half hour after the insulin dose. If 
the glucose concentration is greater than 175 mg/dl, the amount 
of insulin is increased; if less than 125 mg/dl, the amount of 
glucose is increased. 

Neomycin by nasogastric tube at a dose of 100 mg/kg/day and/ 
or lactulose 1-2 gm/kg/day by nasogastric tube may be used to 
reduce ammonia accumulation. Prothrombin time and other co­
agulation abnormalities may be corrected by administration of 
fresh-frozen plasma 10 mllkg or by a double volume exchange 
transfusion. This mode of therapy will also reduce serum am­
monia concentrations and should be considered in particular in 
patients with a serum ammonia concentration of greater than 
350 ,....gldl. Although not proved to be effective, vitamin K 1-5 
mg usually is administered daily until clotting studies improve. 

If clinical seizures occur, or electroencephalographic evidence 
of seizure activity is present, intravenous phenytoin 5-7 mg/kg/ 
day after a loading dose of 15-20 mg/kg may be used for seizure 
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TREATMENT OF ELEVATED INTRACRANIAL PRESSURE 

Once the prothrombin time is corrected,. an intracr~nial_ pres-
ure monitor should be inserted. The choice of momtor (mtra­
~·entricular, subarachnoid, or epidural) will depend t? a large 
extent on the preference of the neurosurge~n. My exp~nence and 
that of several other centers suggests that mtraventncular cath­
eters are more accurate than other t~pes but also c~rry slightly 
greater risks of infection and blee?mg. Int:acramal pressure 
should be monitored continually until the p~tlent aw_akens, pr~f­
erably with a polygraph using a paper tracmg. An mtracramal 
pressure greater than 20 ~m _Hg ~hould be treated. The goal. of 
intracranial pressure momtormg IS t_o prevent an_y compromise 
of cerebral perfusion. Cerebral perfusiOn p~essure Is_ equal to the 
mean arterial blood pressure minus the mtracramal pres~ure. 
When cerebral perfusion pressure drops below 50, cerebral Isch­
emia may occur; at levels less than 30, ne~ronal. death oc~urs, 
with irreversible brain damage. Thus, the Immediate goal IS to 
maintain cerebral perfusion pressure above 50 m.m Hg. . 

The treatment of intracranial pressure elevatiOns consists of 
the following measures. 

1. Mannitol 0.25 gm/kg per dose intravenously as. needed to 
keep intracranial pressure ~elow 20 mm ~g .. ~here IS no. abso­
lute maximal dose of manmtol; the dose-hmitmg factor _Is hy­
perosmolality with potential comprom_is7 of renal fun~t10n. If 
serum osmolality is kept below 310 mi~hosmols, m~nn~tol con­
tinues to be effective and there is less nsk of comphcatwn from 
this form of therapy. The primary complica~ion of osmotherapy 
is hyperosmolality, which, in ~urn, leads ~o .~ntravascular deple­
tion, hypotension, and "manmtol nephrosis. All of these can be 
avoided by adequate fluid replacement. . . 

2. Controlled hyperventilation with a mechamcal respirator to 
a Pco2 of 25-30 torr. . . 

3. Muscle paralysis with pancuromum bromide 0.1-0.2 mg/kg 
per dose. . 

4. If an intraventricular catheter Is used, s~all a.mount~ of 
cerebrospinal fluid can be released through this for Immediate 
control of intracranial pressure. Care must. be tak~n to preyent 
release of more than 1/2-1 ml of cerebrospmal flmd each time, 
since the ventricles are small and release of large ~mounts of 
fluid may cause ventricular collapse and malfunctiOn of the 
pressure device. 
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5. Careful chest physiotherapy to remove mucus plugs results 
in better control of intracranial pressure. 

The use of high-dose barbiturates has been advocated in the 
treatment of intracranial pressure elevations in Reye's syn­
drome.34 Barbiturates are thought to decrease cerebral metabolic 
demands, decrease cerebral blood flow, and thus control intra­
cranial pressure. This form of therapy has been used with suc­
cess in the treatment of-closed head trauma. Several centers 
have reporteaexcellent results with control of intracranial pres­
sure in Reye's syndrome using high-dose barbiturates. However 
survival rates vary considerably with this form of therapy. Som~ 
groups have reported increased survival rates whereas others 
find no difference in survival between patients managed with 
osmotherapy and those in whom barbiturate coma has been 
used. Since high-dose barbiturates may cause added complica­
tio~s of hypotension, hypoxia, and changes in cardiac output, 
the1r use should not be undertaken lightly. This treatment 
should be reserved for cases in which intracranial hypertension 
is refractory to other modes of therapy. 

The usual method for inducing barbiturate "coma" is the fol­
lowing: Pentobarbital is administered intravenously in an ini­
tial bolu~ of 3-4 mg/kg followed by doses of 100-200 mg per 
hour until a blood level of 3-4 mg/dl is reached. This level is 
maintained until brain compliance improves and intracranial 
pressure drops to normal or unless complications of treatment 
occur. Pentobarbital should be tapered but not stopped abruptly. 
Complications include a drop in arterial blood pressure, unex­
plained change in cardiac output, or unexplained hypoxia. Once 
this treatment is initiated, clinical assessment is impossible be­
cause of iatrogenically induced coma. Thus, sophisticated moni­
toring devices are necessary so that cardiac output and central 
venous pressure can be measured accurately. Complete ventila­
tory control is necessary and frequent arterial blood gas deter­
minations are needed. 

Decompressive craniectomy is used at some centers for treat­
ment of refractory intracranial pressure elevations. Some suc­
cess has been reported using this technique. Such a procedure 
should be reserved for the most difficult cases, since many poten­
tial risks are involved, including infection and bleeding. 

Hypothermia as a mechanism for lowering intracranial pres­
sure has not been shown to improve survival thus far in Reye's 
syndrome. It is unlikely that control of intracranial pressure 
alone will insure a good outcome in patients with Reye's syn­
drome, since there are multiple metabolic abnormalities associ­
ated with the disease. A reasonable approach to therapy would 
be to control intracranial pressure while at the same time cor­
recting hypoglycemia, hyperammonemia, and clotting abnor­
malities as suggested above. 
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The prognosis for improved survival as well as for better qual­
ity of survival has improved greatly over the past few years. 
Whereas mortality rate previously was 80-100%, it now is be­
tween 10% and 40% using variations on intensive supportive 
therapy and intracranial pressure monitoring. With this im­
proved survival rate, an effort has been made to evaluate neu­
rologic sequelae in survivors of Reye's syndrome. An estimated 
10% of survivors are left severely brain damaged. However, re­
cent reports35 suggest that virtually all children who developed 
Reye's syndrome over the age of two years and survived re­
turned to grossly normal functioning. When specific neuropsy­
chologic testing was performed, some children were found to 
have difficulties with school achievement, visual motor integra­
tion, sequencing, tactile problem solving, and concept formation. 
These deficits appeared to correlate with the severity of the dis­
ease and the length of coma. 

Of importance is the fact that children surviving the initial 
episode may take months to years to recover completely from 
the neurologic insult. Whereas the overt encephalopathy may 
resolve within a few days to weeks, subtle deficits in intellectual 
function, memory, or language abilities may persist for many 
months. Therefore, it is necessary to follow them for a period of 
years before ultimate outcome can be assessed accurately. In 
children tested two years or more after the acute illness, only 
very subtle neuropsychologic deficits persisted. These deficits 
may be reflected in some difficulty in learning but are not severe 
enough to impair overall function. 

With early diagnosis of the acute illness and onset of treat­
ment before stage III coma supervenes, the prognosis in terms of 
both survival rate and absence of long-term neurologic sequelae 
is excellent. 
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