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Subject. Results of Efficacy Evaluation of Two Handsoap Products and Two Towlette Products in a Modified
Healthcare Personnel Handwash Study Versus Escherichia coli — CRB-01-05-066-HB / HT# 01-
108592-11.

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% Salicylic Acid SWH160-155
C Handwipe Product 1% Salicylic Acid SWH94-136
D Handwipe Product 0% Salicylic Acid SWH94-137

Key Conclusions:

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

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

e After one wash, the 2.0% Salicylic acid handwash product had a significantly higher reduction in log |
counts versus the test placebo (p-value=0.001).

e After ten washes, the 2.0% Salicylic acid handwash had a significantly higher reduction in log counts -
versus the test placebo (p-value=0.0001).

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

e After ten washes, the 1.0% Salicylic acid handwipe had a significantly higher reduction in log counts
versus the test placebo (p-value=0.0044).

The summary of the mean logs recovered and the log reductions achlevcd following the first and tenth
washes were dctcrmmcd



Table | -Summary of HCPHWT Loy Bacterial Results

Baseline Logi1oCounts — | Wash Log10Counts — 10 Washes
Treatment Sample Mean Mean - Change % Mean Change % Reduction
Size : from Reduction from
Baseline Baseline
A-Handsoap
0% Salicylic 16 6.72 3.91 280 - 99.84 3.80 2.92 99.88
Acid .
B-Handsoap
2% Salicylic 16 6.81 3.52 3.29 99.95 3.00 3.80 99.98
Acid
C-Handwipe B |
1% Salicylic 16 6.66 422 2.44 99.64 3.48 3.18 99.93
Acid : : :
D-Handwipe
0% Sal}';ylic 16 6.63 4.34 230 99.49 4.19 2.44 99.64
Act :

Study Summary:

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

Test Site: Hill Top Research, Miamiville, Chio
Study Dates: May 22 - June 6, 2001
Investigator: Gayle K. Mulberry, M.S.

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

Efficacy Measurements Taken: The subjects’ hands were contaminated with a suspension of Escherichia
coli ATCC 11229. Subjects' hands were contaminated ¢leven 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 product
the hands were sampled using the plastic bag sampling procedure.

Subject Demographics: Sixty-four (64) male and female subjects, 2 18 years old, who do not regularly use
antibacterial/antimicrobial soaps, medicated lotions or creams and or antidandruff shampoos were enrolled
into the study. Sixteen subjects were used to evaluate one of four test products.

Overview: To become familiar with the wash procedure using a liquid hand soap, the subjects assigned to
the handwash products practiced the wash procedure with Baby-san®. To become familiar with the wipe
procedure, subjects assigned to the handwipe products practiced the wipe procedure with Nice ‘n’ Clean®.
For the base count, subjects’ hands were contaminated with £. 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 performed the test product application procedure with the assigned test

7~ 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 of bacteria 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 significant. Percent change for each organism was
computed by the following formula:

1 — (_geometric mean of the test CFU's X 100
geometric mean of the baseline CFU's)

f"“ Treatment comparisons were analyzed by a Wilcoxon-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 ('linical Practices as spcc1ﬁed under 21 CRF 321. 66
This study was conducted with IRB approval.

Subject Accountability:

Eighty subjects were screened for the study. Sixty-four subjects were screened, enrolled and completed this
study. Sixteen subjects were excluded from the study.

Adverse Events:

There was one adverse event in this study. Subject #33 reported a head cold on 6/5/01. The adverse event
was not related to the product treatment. The adverse event was resolved on 6/19/01.

Krwng

Clinical Research Associate Statistician




Table 1A.

3

HTR Study Number 01-108592-11

)

10:55 Wednesday, June 6, 2001

CFU count summary statistics by HTR Code.
———————————— Base Count-----=--=--= --—-=-----~-Test Count 1 Test Count 2-----------
le std. std. Std.
HTR Code Size Mean Median Error Mean Median Error Mean Median Error
HTR Code A 16 6.07E+06 6.25E+06 7.62E+05 1.26E+04 1.15E+04 2.63E+03 7.60E+03 5.92E+03 1.26E+03
HTR Code B 16 6.93E+06 7.35E+06 5.91E+05 4.19E+03 3.62E+03 5.49E+402 1.68E+03 1.38E+03 3.69E+02
HTR Code C 16 5.82E+06 6.4¢E+06 7.68E+05 3.76E+04 3.53E+04 9.42E+03 9.54E+03 4.84E+03 3.51E+03
HTR Code D 16 4.78E+06 4.31E+06 5.03E+05 3.73E+04 3.27E+04 6.87E+03 2.57E+04 1.76E+04 5.93E+03
Table 1B. LoglO(Count) summary statistics by HTR Code.
--------- Base Count--------- --------Test Count 1-------- -----———-Test Count 2--------
Sample std. std. Std.
HTR Code Size Mean Median Error Mean Median Error Mean Median Error
HTR Code A 16 6.7168 6.7957 0.0656 3.9120 4.0203 0.1128 3.7950 3.7580 0.0627
HTR Code B 16 6.8064 6.8648 0.0441 3.5155 3.5559 0.0950 3.0042 3.1257 0.1168
HTR Code C 16 6.6587 6.8059 0.0963 4.2173 4.5297 0.1944 3.4826 3.6610 0.2040
HTR Code D 16 6.6329 6.6197 0.0481 4.3366 4.4844 0.1433 4.1915 4.2367 0.1230
Table 1C. Logl0 changes fram baseline summary statistics and percent reductions.
<. STt cClant g R I R IR ARl LRR SR OTR V13T R R L e
[ | SR [ R PRTH B PO 1§ R Feroent Syl Fhean Mecdian Std. Fryar Peroent
HIF ey 1 [ TR Charege Choateyp bascdir v 1oqy Die Chonas Chovuge “hatge Reduction
e YA 1, e . et} 1.} 1e RS L LGy .00 ? 99.88
HIE oy & i CLoe ' B! (RN 1¢ il 3.7433 (L A 99,98
158} ot . R e o 1. Sl E R AN T G99.91%
TH b . .l ot i IRCTE] et [N SETA Y6l
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HTR Code

HTR Code A
HIE o
HiF b b

Subject
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HTR Study Number 01-108592-11

Table Z2A.

Base Count---- --

Test Count 1----

Listing of CFU/ml counts by HTR Code.

10:55 Wednesday, June 6, 2001

-Test Count 2

Left Right Ava. Left Right Avg. Left Right %R
CFu/ml CFU/ml Cru/ml CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml
6.25E+06 6.00E+06 6.13E+06 1.96E+04 1.44E+04 1.70E+04 7.57E+03 7.52E+03 7.55E+03
4.15E+06 4.40E+06 4.28E+06 5.26E+03 3.76E+03 4.51E+03 7.27E+03 4.30E+03 5.79E+03
8.65E+06 9.50E+406 9.08E+06 2.14E+04 1.86E+04 2.00E+04 1.86E+04 1.15E+04. 1.51E+04
2.35E+06 2.18E+06 2.27E406 2.09E+03 5.03E+03 3.56E+03 2.80E+03 6.69E+03 4.75E+03
8.15E+06 5.955E+06 6.85E+06 1.93E+04 7.08E+03 1.32E+04 1.14E+04 9.80E+03 1.06E+04
2.95E+06 3.85E406 3.40E+06 8.50E+02 2.32E+03 1.59E+03 5.38E+03 3.19E+03 4.29E+03
2.52E+06 2.25E+06 2.39E+06 1.15E+03 1.46E+03 1.31E+403 5.37E403 3.03E+03 4.20E+03
7.20E+06 9.30E+06 8.25E+06 9.00E+03 9.80E+03 9.40E+03 5.45E+03 2.93E+03 4.19E+03
6.40E+06 6.35E+06 6.38E+06 6.46E+03 6,88E+03 6.67E+03 5.71E+03 4.38E+03 5.05SE+03
1.38E+07 1.16E+07 1.27E+07 4.60E+04 3.95E+04 4.28E+04 1.96E+04 2.48E+04 2.22E+04
9.90E+06 9.20E+06 9.55E+06 2.45E+04 1.23E+04 1.84E+04 7.44E+03 1.40E+04 1.07E+04
4.50E+06 6.15E+06 5.33E+06 5.49E+03 1.42E+04 9.85E+03 4.56E+03 7.55E+03 6.06E+03
6.65E+06 9,35E+06 8.00E+06 2.07E+04 2.05E+04 2.06E+04 6.77E+03 8.85E+03 7.81E+03
5.35E+06 3.30E+06 4.33E+06 1.56E+04 1.34E+04 1.45E+04 2.26E+03 2.96E+03 2.61E+03
6.55E+06 7.25E+06 6.90E+06 1.58E+04 1.61E+04 1.60E+04 1.55E+03 5.84E+03 3_.70E+03
1.24E+06 1.45E+06 1.35E+06 1.61E+03 2.37E+03 1.99E+03 6.40E+03 7.65E+03 7.03E+03
6.04E+06 6.11E+06 6.07E+06 1.34E+04 1.17E+04 1.26E+04 7.38E+03 7.81E+03 7.60E+03

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

- N e F T B B B B e e et Test Count Jr-=m=mm-me—
Lett Fioant g, left’ Faght FACEN Leitt Faght Avy.
R CET F1/ml CFU/ml CEUm) SR CrU/ml CHU/ml CFU/ml
foduib et 1. TUk et 4. TSR e L. 3REA03 [N SXXN) [P L AVE] 9.40E+02 L.B7E403 1.41E+03
L T R4 1. 1A e Poiddben?” 3. 40K+ 3 HO1GE03 40 TeE03 3.97E40Q3 3.75E4+03 3.86E+03
rh e oo e R XA LORER N R ol Loy Lodck03 F.2dR 03 1.39E403
B S P LRt SRR PRV RITS b4 [T AN JLlBEN S Itk 02 T7.20E402
DI A XS4 LIRS LTS S G 1.99E+OQ3 PR TR SAVR BN 84 XIVE L.olEr03 2.00E+03 2.34E403
.Gk run 1 HE+Jo L OBEAOG 7,20E+03 5. 10EU3 €.45E+03 3.57E+03 5.94E+03 4.76E+03
4.955E+Ub 5. lUE+Q6 1.43E406 2.45E+03 1.39E+43 1.92E+03 5.93E+03 3.02E+03 4.48E+03
8.50E+06 9.60E+06 9.05E+06 1.80E+03 4.65E+03 3.23E+03 1.04E+03 4.10E+02 7.25E+02
.35E+06 9.20E+06 9.28E+06 2.12E+03 2.83E+03 2,48E+03 4.30E+02 1.80E+02 3.05E+02
.80E+06 8.35E+06 7.58E+06- 5.07E+03 1.81E+03 3.44E+03 9.50E+02 2.21E+03 1.58E+03
7.50E+06 9.80E+06 8.65E+06 3.89E+03 2.44E+03 3.17E+03 6.50E+02 2.30E+02 4.40E+02
2.26E+06 3.30E+06 2.78E+06 4.72E+03 4.69E+03 4.71E+03 1.28E+03 4.20E+02 8.50E+02
6.85E+06 7.40E+06 7.13E+06 3.11E+03 4.04E+03 3.58E+03 8.00E+01 1.60E+02 1.20E+02
5.85E+06 5.35E+06 5. 60E+06 4.06E+03 3.28E+03 3.67E+03 1.77E403 1.92E+03 1.85E+03
1.06E+Q7 1.06E+07 5.50E+03 9,.75E+03 7.63E+03 1.24E+03 2.24E+03 1.74E+03
3.65E+06 7.95E+06 5.80E+06 1.10E+02 3.20E+02 2.15E+02 1.80E+02 5.70E+02 3.75E+02
6.34E+06 7.32E+06 6.93E+06 4.17E+03 4.21E+03 4.19e+03 1.71E+03 1.65E+03 1.68E+03

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

ittt Base Count - Test Count 1 Test Count 2-——=———wew=
Left Right Ava. Left Right Avg. Left Right Avg.
HTR Code Subject CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml FEU/ml CFU/mL
HTR Code C 2 3.04E+06 2.71E+06 2.88E+06 6.60E+03 1.24E+04 9.50E+03 3.69E+03 7.34E+03 5.52E+03
5  ¢.l0E+06 8.15E+06 7.13E+06 5.15E+04 6.70E+04 5.93E+04 2.12E+04 1.36E+04 1.74E+04
9  8.70E+06 7.45E+06 8.08E+06 3.00E+04 7.95E+04 5.48E+04 3.03e+03 5.15E+03 4.09E+03
13 2.58E+06 2.44E+06 2.51E+06 2.42E+03 3.00E+02 1.361+03 1.96E+03 5.40E+02 1.25E+03
18  3.60E+06 3.80E+06 3.70E+06 3.70E+04 2.42E+04 3.06E+04 8.20E+03 6.55E+03 7.38E+03
2 2.70E+0% 3.30E+05 3.00E+0Q5 9.30E+02 2.00E+01 4.75E+02 4.00E+01 1.00E+02 7.00E+01
25  7.60E+06 8.15E+06 7.88E+06 6.50E+04 2.70E+04 4.60E+04 5.95E+04 4,95E+04 5.45E+04
31 5.70E+06 5.20E+06 5.45E+06 2.27E+04 1.33E+04 1.80E+04 7.70E+02 4.30E+02 6.00E+02
33 2.37E+06 2.02E+06 2.20E+06 3.40E+04 5.15E+04 4.28E+04 4_80E+03 6.74E+03 5.77E+03
39 5.85E+06 8.05E+06 6.95E+06 5.25E+04 2.70E+04 3.98E+04 5.80E+02 5.70E+02 5.75E+02
. 41  5.25E+06 9.90E+06 7.58E+06 1.16E+04 5.66E+03 8.63E+03 3.11E+03 5.23e+03 4,17E+03
46  8.55E+06 9.75E+06 9.15E+06 4.25E+04 7.70E+04 5.98E+04 1.21E+04 1.30E+04 1.26E+04
52~ 3.00E+06 3.00E+06 3.00E+06 3.54E+03 3.61E+03 3.58E+03 1.70E+02 9.00E+01 1.30E+02
55  6.40E+06 5.55E+06 5.98E+06 1.22E+05 1.90E+05 1.56E+05 2.67E+04 2.76E404 2.72E+04
58  8.75E+06 9.60E+06 9.18E+06 4,30E+04 3.24E+04 3.77E+04 3.50E+03 1.20E+03 2.35E+03
61  1.24E+07 9.85E+06 1.11E+07 4.45E+04 2.12E+04 3.29E+04 1.10E+04 7.22E+03 9.11E+03
HTR Code C 5.64E+06 6.00E+06 5.82E+06 3.56E+04 3.95E+04 3.76E+04 1.00E+04 9,05E+03 9.54E+03

R LN T A} {1 I ettt Test Count l------vwomn - cmomoae ~==Test Count J-=—====-w-=-
1ot Fiyght g laft Right g Laft Right Avy.,
HTE oap Subnyect [ ARV S CHY/ml CHU/ml] CFU/ml CRU/mi R /il CrU/ml Ciu/ml CrU/mb
HTP " sfe 1 3 (2] SRR CLUOE+0OG TS TEOG 1.0E409 5.2HE+04 1T304 ".8B3E+03 2.38E+03 2.61E+03
[ e b LN M SV LRV I 99k U L 00E0 LRSI VR 9. 0E+O 5.05E4049 7.38E+04
' S o TR R XN 3, 70k 04 2. TBE+0] LR SEPR] 3.15E+01 3. 70E+04 3.43E+04
! vod b I et B PRRTS AR LA RO | L ST EE ST LR ) TLINRA0O) 2UH1E40
R La ke BRI PN IV 1.osoknd Y D RORTXTVR| PN LYY 2LAsEr0g
Sl R 8 XL [V TS Do sdbaue 4. 10 4.29E+09 4. ok 2L LTEYOd 1.82E+04 2, 00E+04
.5 3. 40K 3.U5E+0C 3.23E+06 1.4€E+04 ¢.08E+U3 1.03k+04 1.10E+04 1.00E+04 1.05E+04
30 5.90E:06 6. 10E+06 6.00E+06 4.25E+03 1.51E+04 9.68E+03 1.28E+04 1.75E+04 1.52E+04
36  3.85E+06 3.65E+06 3.75E+06 2.53E+04 2.50E+04 2.52E+04 1.00E+04 9.05E+03 9.53E+03
37 5.05E+06 7.15E+06 6.10E+06 4.30E+04 7.30E+04 5.80E+04 5.05E+04 6.70E+04 5.88E+04
42  2.75E+06 3.38E+06 3.07E+06 6.59E+03 2.59E+03 4.59E+03 1.25E+03 1.44E+03 1.35E+03
45  6.40E+06 8.20E+06 7.30E+06 3.90E+04 6.75E+04 5.33E+04 1.74E+04 1.20E+04 1.47E+04
49  2.44E+06 3.50E+06 2.97E+06 1.16E+04 1.16E+04 1.16E+04 4.51E+03 7.29E+03 5.90E+03
56 5.55E+06 3.80E+06 4.68E+06 1.20E+05 6.00E+04 9.00E+04 4.85E+04 2.35E+04 3.60E+04
60  6.45E+06 6.75E+06 6.60E+06 5.35E+04 2.04E+04 3.70E+04 7.35E403 6.34E+03 6.85E+03
63 1.61E+06 2.21E+06 1.91E+06 1.20E+02 2.34E+403 1.23E+03 9.20E+04 5.35E+04 7.28E+04
HTR Code D 4.24E+06 5.32E+06 4.78E+06 4.01E+04 3.44E+04 3.73E+04 2.86E+04 2.28E+04 2.57E+04




Table 2B. Listing of LoglO counts and results of the Wilcoxon Paired Sign Rank Test.

———————— Test Count l--------

Left Right Av?.
Loglo Logl0 Logl0o Diff. Wilcoxon
HTR Code  Subject CFU/ml CFU/ml CFU/ml (Base-Test) p-value
HTR Code A 1 4.2923 4.1584 4.2253 2.5617
7 3.7210 3.5792 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 4.127 4.1601 2.4633
59 4.1987 4.2068 4.2027 2,6355
62 3.2068 3.37197 3.2908 2.8366 0.0001*
HTR Code A 3.9006 3.9233 3.9120 2.8048 0.0001*
Tab:bee DB Lacting of gl counts and results of the Wiloos o Patred Sign Rank Test .
oo s msTest Count e s e s e
sty Faght AV
togt Lol ool Loy fats. Wil
ik s St [ AR PRI N AN RPN [N BT P |~eilue
HTR Code A 1 3.8791 3.8762 3.8777 2.9094
7 3.8€15 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 3.47113 3.4127 3.2107
59 3.1903 3.7664 3.4784 3.3599
62 3.8062 3.8837 3.8449 2,2825 0.0001*
HTR Code A 3.7795 3.8105 3.7950 2.9218 0.0001*

Positive difference indicates reduction fram baseline.
* Indicates significance



Table 2B. Listing of Logl0 counts and results of the Wilcoxon Paired Sign Rank Test.

———————— Test Count 1------—--

Left Right Av?.
Loglo Loglo Logl0 log Diff. Wilcoxon
HTR Code  Subject CFu/ml CFU/ml CFU/ml {Base-Test) p-value
HTR Code B ] 3.8048 3.7839 3.7944 2.8782
6 3.9731 3.9112 3.9421 3.0706
10 3.5490 3.6474 3.5982 3.2812
16 3.7251 3.6464 3.6857 2.7840
19 3.2989 3.5263 3.4126 3.4705
22 3.8573 3.7559 3.8066 2.9687
26 3.3892 3.1430 3.2661 3.4167
29 3.2553 3.6675 3.4614 3.4945
35 3.3263 3.4518 3.3891 3.5782
40 3.7050 3.2577 3.4813 3.3958
43 3.5899 3.3874 3.4887 3.4445
47 3.6739 3.6712 3.6726 2.7638
51 3.4928 3.6064 3.5496 3.3029
54 3.6085 3.5159 3.5622 3.1856
57 3.7404 3.9890 3.8647 3.1606
64 2.0414 2.5051 2.2733 4.4581 0.0001*
HTR Code B 15014 16201 3.515% 3.2909 0.0001*
-------- Test Count J------==
lett Haght Av?.
Lewyles 1ing10 Loxglu Loxy Dot Wiloomon
(E88 3 ' B ' RN Rt m) CRed [ SR TSI SR A P
HIP iZonte B ) J.09731 3.2M38 31229 3.5501
6 3.59838 3.5740 3.5864 3.4263
10 3.1644 3.0934 3.1289 3.7505
16 3.1072 2.2041 2.6557 3.8141
' 19 3.4166 3.3139 3.3653 3.5179
22 3.5527 3.7738 3.6632 3.1120
26 3.7731 3.4800 3.6265 3.0563
29 3.0170 2.6128 2.8149 4.1409
35 2.6335 2.2553 2.4444 4.5229
40 2.9777 3.3444 3.1611 3.7160
43 2.8129 2.3617 2.5873 4.3458
47 3.1072 2.6232 2.8652 3.5711
51 1.9031 2.2041 2.0536 4.7989
54 3.2480 3.2833 3.2656 3.4821
57 3.0934 3.3502 3,2218 3.8035
64 2.2553 2.7559 2.5056 4.2258 0.0001*
HTR Code B 3.039%6 2.9689 3.0042 3.8021 0.0001*

Positive difference indicates reduction from baseline.
* Indicates significancg
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Table 2B. Listing of LoglO counts and results of the Wilcoxon Paired Sign Rank Test.

-------- Test Count 1--------

Left Right AV?'
Logl0 Logl0 Logl0 Log Diff. Wilcoxon -
HTR Cude  Subject CFU/ml CFU/ml CFU/ml (Base-Test) p-value
HTR Code C 2 3.819% 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
3l 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 3.557% 3.5533 2.9239
55 5.0864 5.2788 5.1826 1.5927
58 4,6335 4.5105 4.5720 2.3901
61 4.6484 4.3263 4.4873 2.5561 0.0001*
HTR Code C 4.3100 4.1245% 4.2173 2.4414 0.0001*
B T D7 V1 A
T tt Pright Ay
Lol bl [FES IR ooy batr. Wiloomon
SRS ' Sod oyt R PUond CEVL o~ U p-value
HiF it EPRNEINES d.del s. ded el
‘ 4. 3063 4.133% 1,009 REA LS
5 3.4814 3.7418 3.54966 3.3092
13 3.2923 2.7324 3.0123 3.3872
18 3.9138 3.8162 3.8650 2.7030
23 1.6021 2.0000 1.8010 3.6739
25 4.7745 4.6946 4.7346 2.1614
31 2.8865 2.6335 2.7600 3.9760
33 3.6812 3.8287 3.75%0 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 0.0001*
HTR Code C 3.5067 3.4586 3.4826 3.1761 0.0001*

Positive difference indicates reduction from baseline.
* Indicates significance

Table 2B. Listing of Logl0 counts and results of the Wilcoxon Paired Sign Rank Test.
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Left Right Av?.
Logl0 Loglo Loglo Log Diff. Wilcoxon
HTR Code  Subject CFU/ml CFO/ml CFU/ml {Base-Test) p-value
HTR Code D 3 5.0086 4.7202 4.8644 1.5410
8 4.7745 4.9566 4.8656 2.0345
12 4.5682 4.44490 4.5061 1.9224
15 4.3181 4.6075 4.4628 2.37177
20 4.7202 4.1335 4.4268 2.1505
21 4.7118 4.6284 4.6701 2.0985
28 4.1644 3.7839 3.9741 2.5338
30 3.6284 4.1790 3.9037 2.8744
36 4.4031 4.3979 4.4005 2.1733
37 4,6335 4.8633 4.7484 2.0304
42 3.8189 3.4133 3.6161 2.8680
45 4.5911 4.8293 4.7102 2.1498
49 4.0645 4.0645 4.0645 2.4013
56 5.0792 4.7782 4,9287 1.7334
60 4.7284 4.3096 4.5190 2.3004
63 2.0792 3.3692 2.7242 3.5514 0.0001*
HTR Code D 4.3307 4.3424 4.3366 2.2963 0.0001*
comees Tt ont Cee mmmne o
Latt Bt Ay,
tonglul Laglo Lingln) Lonj intt Wilcoson
Hik b Gt [AVEE [MARE Y CHIYmi tHase - Ten 1 ralue
HY Vi i IR 3.3 e IR St
- Ao EPRORR! o Sl
. I 3.0 e | AR HPRR
: P [ o RS
L oA 1. sdui [ FELEN N RN
2 .35 4..001 4.298 4 S.4703
-] 4.0414 4,0000 4.0207 2.4872
30 4.1072 4.2430 4.1751 2.6030
36 4.0000 3.9566 3.9783 2.5956
37 4.7033 4.8261 4.7647 2.0141
42 3.0969 3.1584 3.1276 3.3565
45 4.2405 4.0792 4.1599 2.7001
49 3.6542 3.8627 3.7585 2.7073
56 4.6857 4.3711 4.5284 2.1336
60 3.8663 3.8021 3.8342 2.9852
63 4.9638 4.7284 4.8461 1.4295 0.0001*
HTR Code D 4.2129 4.1701 4.1915 2.4414 0.0001*

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

-Test Count 1-- -Test Count 2--
Group p-value p-value
Avs B 0.0010* 0.0001*
CvsD 0.3080 0.0044*

* indicates significant difference between treatments
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I. 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
Handwash Formulation"(1) 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 ATCC 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 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).

II.  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, 2 18 years old, who do not
regularly use antibacterial/antimicrobial soaps, medicated lotions and creams, and or antidandruff
shampoos (Appendix E), will be enrolled into 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 with a suspension of £.cofi. Subjects’ hands will be
contaminated eleven (11) times and sampled three (3) 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 determination of the test count after one (1) treatment with
the assigned Test Product. After eleven (11) contamination steps and ten (10) treatments with the
assigned Test Products the hands will be sampled using 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 using 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 their hands contaminated with E. coli. Immediately
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following the contamination step, the organisms on the subjects’ hands will be removed using a
plastic bag sampling procedure.

Prior to each treatment wash, subjects’ hands will be contaminated with E. 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 using a plastic bag sampling procedure. Approximately five (5)
minutes following the tenth treatment; the organisms on the- SUbjCCtS 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 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). B

Subjects’ hands will be contaminated (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 contaminated (Section E).

o NS W

Subjects will wash their hands following the wash procedure for the assigned Test Product
(Section C, Appendlx Q).

9. Subjects' right and left hands will be sampled 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 thmy seconds.

11. Subjects will perform steps 7 and 8 (above) a total of nine (9) more times at 2 minimum of
five (5) minutes between each wash procedure.

12. The subjects’ hands will be sampled for a treatment value four (4)‘minutcs 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% alcohol rinse (Section G).

Note: A detailed scheduled of the above procedures can be found in Appendix D.

To ensure that any delayed adverse events, such as primary skin infections, are reported to the
Study Investigator, all test subjects will be given a copy of 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 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 test site within four
(4) to nine (9) days after the study procedures have 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:

e  The temperature should be checked and recorded before each wash.
»  The water pressure at each spi-:ot to be used for the study should flow at 4 L/min.

»  Subjects should remove all jew elry from hands and wrists prior to start of wash
procedure.

e  Water temperature should be maintained at 95 - 100°F.
D. Preparation of Bacterial Suspensions

A stock culture of Escherichia coli, ATCC 11229, will be prepared by transferring three (3) isolated
colonies from an agar plate or slant aseptically to a tube containing sterile Trypticase Soy Broth (TSB).
The inoculated broth wili then be incubated for 24 ~ 4 hours at 35 + 2° C, At least three (3) additional
24 hour broth transfers will be made in tubes contaiming appropriate volumes TSB from this broth
culture.

A 2-liter flask containing 1000 mL of TSB w1ll be inoculated with 1.0 mL of the final 24 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 orgamisms at the beginning and end of the treatment period.
A suspension will not be used for more than eight (8} hours.

E. Contamination

Note: Prior to contamination, subjects hands must he viubly dry. Also, care should be taken to ensure
that the culture is evenly spread over both huud:

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 |.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 approximately twenty (20) seconds. Between each aliquot the
hands will be held away from the body and allowed to air 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 will be documented on Source Document 1 or 2.
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F. Bacterial Sampling Procedure

f\ C 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 75 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 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 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

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% 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 fitteen {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 seap (provided
by the investigator) for approximately for thirty (30) seconds and rinsed for approximately fifteen (15)
f“\ N seconds. The subjects’ hands will then be washed with Hibiclens® (4% chlorhexidine gluconate) for at
: least sixty (60) seconds. Subjects’ hands and wrists will 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 will be recorded on Source Document 1.

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 sampling solution from each sample bag representing dilutions of
104, 10-5, and 10-6 will be plated in duphcate.

Following the wash with the test product. a 1.0 mL aliquot 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°' diluon. Also. aliquots of dilutions of the sampling solution
from each sample bag representing dilutions of 10-2. 10-3. 10 —4 and 10-5 will be plated in
duplicate. The MacConkey's agar plates will be incubated 18-24 hours at 35 £+ 2°C. Standard plate
counting procedures will be used to count the CFU's of £. cofi. 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 obtaining the number of CFU's for that
specimen:

1. If all of the counts are below the prescribed 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.

Results will be reported on DCF 4.

1. Study Population

Subjects will be screened for their eligibility to participate based upon information provided in the
Demographics/Dermatological/Medical 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. Ifa
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:

L.
2.
3.

Are a male or female, over 18 years of age;
Have signed a written informed consent (Appendix A);

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

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

Are willing to comply with all study protocol requirements.

B. Subject Exclusion Criteria

Subjects will not be enrolled in the study if they:

IS U i

%~

10.

1.

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 their hands or wrists;

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

Have eczema-or psoriasis on their hands or arms:

~ Are using antibacterial/antimicrobial soaps (hquids and/or bars), medicated lotions and creams,

and/or mﬁ-hn@ﬁ shampoos in the home within the last week (Appendix E);

Have excessively long or artificial nails (22 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 sﬁch as:
diabetes, hepatitis, an organ transplant. or AIDS (or HIV positive); and/or

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

D. Subject Number Assignment and Randomization

Upon entry into the study, each subject will be assizned 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 identify 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

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

The Procter & Gamble Company
Sharon Woods Technical Center
11520 Reed Hartman Highway
Cincinnati, Ohio 45241
f\ Attn.: Kathy Wiandt

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 will be requested to retumn to the site to be examined by the
investigator or designee. The Investigator will determune if the adverse event is likely to be associated
with product treatment or the study procedures. The investigator or other qualified medical personnel
will determine if the event warrants termination 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 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
DCF 5. If treatment by a physician is necessary. this treatment will be documented on DCF 6.

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

1. Any serious adverse events or adverse events requiring immediate medical attention will be
reported to the Sponsor's Monitor immediately (night or day) by telephone.

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

! 3. Adverse events that do not require discontinuation of test participation can be reported during
the immediate business day or next business day by telephone.
7
CRB-01-05-066-HB
5/15//01



4. Inthe 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.

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 with the Investigator, or his designee, including any
problems that are to be resolved.

VL. 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 considered 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) X 100
geometric mean of the baseline CFU's

Treatment comparisons will 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.

Investigator Responsibilities

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.

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, which might result from participation. Each subject
must provide the Investigator with wnitten informed consent to serve as a participant in the study.
Basic clements of informed consent are outlined in 21 CFR 50.25.

CRB-01-05-066-HB
5/15//01



C. Final Report

The Sponsor will generate a final 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 Personne! 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:

Written Informed Consent

Subject's Follow-up Instructions

Product Treatment

Schedule of Test Period Procedures

List of Representative Antibacterial: Antimicrobial Products
Microbiological Media and Methods

mTmgooOw»

Data Collection Forms

Adverse Event
Physician's Report Form

1 Demographics/Dermatological Medical History Form
2 Inclusion/Exclusion Form

3 Follow- up Visit

4 Microbiology Results

5

6

Source Documents

1 Treatment Phase (Baseline, Wash | and Wash 1)
2 Treatment Phase (Washes 2 through 9)
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Kathy Wiandt, B.A., Clinical Research Associate
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Clinical Research and Biometrics Department

APPROVED BY; —
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Bruc’c Se/rﬁfle. M.D., Medical Director
Clinical Research and Biometrics Department
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1PROJ. NO.| /- /) OF
PASE NO.

Agreed and Accepted by Hill Top Research, Inc. and the Study Investigator(s) for
CRB-01-05-066-HB:

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.

[ 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: 5”/ 4 '0/

Date: 5./5:0/

Date: 5 . /5 o /
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Appendix A
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WRITTEN INFORMED CONSENT

To be provided by the clinical site.



Appendix B
HT-01-108592-11
CRB-01-05-066-HB

SUBJECT’S INSTRUCTIONS FOLLOWING STUDY COMPLETION

You have just completed participation in a clinical study, “Efficacy Evaluation Of Two

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 (E. 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 redness and/or swelling, please contact
Gayle Mulberry or Ann Brady at (513) 831-3114 during normal business hours (8:00 am-
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.



Appendix C

HT-01-108592-11
CRB-01-05-066-HB

PRODUCT TREATMENT PROCEDURE

Part 1. For subjects assigned to the Liquid Soap Product

e  Water temperature should be maintained at 95- 100" F

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

e The water pressure at each spigot to be used for the study should flow at 4 L/min.

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

The following wash procedure will be performed v cach subject:

1.
2.

OR

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

2.0 mL of product will be dispensed from a dnsposable syringe into the subjects’ hands by
a laboratory technician .

The technician will instruct the Subjects to lather all surfaces of their hands and wrists for
fifteen (1‘5) seconds.

) Subjects will'rinsc their hands under running tap water for thirty (30) seconds.

A. For test washes #1 and #10, hands will not be dried.
B. For test washes #2 through #9, subjects will dry their hands with paper towels.
{Note: following the practice wash. subjects " hands will be disinfected and contaminated.)

Bags will be plaﬁcd on the subjects’ right and lett hands for sampling after the first wash
and after the tenth treatment. Sampling time will 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 appropriate towelette test product into the subject’s left
hand using a gloved hand.

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

rub palm

rub back of hand

rub fingers and web areas between fingers
rub the tips of the fingers

The subject will transfer the wipe to their right hand.

The subject will rub their left hand and wrist for fifteen (15) seconds while the technician
instructs the subjects to:

rub palm

rub back of hand

rub fingers and web areas between tingers
rub the tips of the fingers



Appendix D
HT-01-108592-11
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SCHEDULE OF TEST PERIOD PROCEDURES

Practice treatment with Test Product:

For subjects assigned to the Liquid Soap Products

subjects wet hands under running tap water

dispense 2.0 mL of Baby San® into subjects’ hands

subjects lather hands and wrists for fifteen (135) seconds

subjects rinse hands under running tap 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 hind

subject will rub all surfaces of their r:ght 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 lett hands and wrist for 15 seconds including
palmar surface, back of hand. fingers and web area between fingers, and finger tips

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 135 seconds
subjects dry hands with paper toweis

Base contamination

dispense 1.5 mL aliquot of bactenal 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

Base sampling

place bags on subject's night and left hands
dispense 75 mL stripping solution into cach bay
secure bags

massage for 1 minute

sample each bag

Water rinse

subjects rinse hands with water for 30 seconds

70% alcohol rinse
perform as above

Test contamination (prior to Test Product treatments 1 through 10)
perform as above under base contamination



10.

11.

Appendix D (continued)
HT-01-108592-11
CRB-01-05-066-HB

Test Products Treatments (treatments 1 through 10)

e perform as described under practice treatment

e for treatments #1 and #10, hands will not be dried prior to sampling

o for treatments # 2 through #9 subjects will dry hands with paper towels

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

Test sampling - Following Treatment 10
e place bag on of the subject's hands

e dispense 75 mL stripping solution into the bag
e secure bag

e massage for | minute

e sample bag

Disinfection

e subject rinse hands for thirty (30) seconds

e squirt subjects’ hands with 2 mL of bland soap

¢ subjects wash hands and wrists for approximately 30 seconds

e subjects rinse hands and wrists for approximately 15 seconds

e squirt subjects’ hands with 5 mL of Hibiclens®

e subjects wash hands and wrists for at least 60 seconds

e subjects rinse hands and wrists for 15 seconds

e squirt backs, palms and wrists of subjects’ hands with 70% alcohol for 10 seconds
¢ subjects rub alcohol over hands and wrists for 15 seconds

¢ subjects’ hands will be allowed to air dry
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LIST OF ANTIBACTERIAL / ANTIMICROBIAL PRODUCTS
Medicated Acne Cleansers

Benzac W Wash 5

Desuam-X 3 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

PanOxy! 10

Clearasil Antibacterial Soap
Sastid Plain Therapeutic Shampoo and Acne Wash
Oxy Clean Soap

Fostex Medicated Cleansing Bar
Salicylic Acid and Sultur Soap
Sulfur Soap

Antidandruff Shampoos

Head and Shoulders (all formulas)
Selsun Blue (all formulas)

Pert Plus for Dandrutf

Suave tor dandruff

Neutrogena T-gel

Neutrogena T-sal

Scalpacin

Tegnn

Any anudandruft shampoo

Anti-bacterial Soaps

Safeguard bar and hiquid
Lever 2000 bar and hquid
Insh Spring bar

Dial bar and hquid
Softsoap Antibactenial Soap

Antibiotic Ointments and Creams

Bacitracin-
Polysporin
J & J Furst Awd Cream
Neomycin

Antibacterial Dishwashing Liquids

-Dawn
Joy
Dial
Palmolive
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MICROBIOLOGICAL MEDIA AND METHODS

0.075M Phosphate Buffer Solution with Neutralizers

Weigh 0.4 grams of KHpPOy, 10.1 grams of NayHPOy, 10.0 grams of Polysorbate (Tween) 80, 3 grams of

lecithin, and 1.0 gram of Triton X-100. Dissolve in 1 liter of distilled or deionized water. Adjust to pH 7.9
1+ 0.1 with 1 N HClor 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 of KHyPOy, 5.05 grams of NayHPO,. 10.0 grams.of Polysorbate (Tween) 80 and 3

grams of lecithin. Dissolve in 1 liter of distilled or deionized water. Adjustto pH 7.9 £0.1with 1 N HCl
or | N NaOH. Dispense buffer in appropriate volumes. Looscly cap vessels and sterilize in the autoclave
at

121°C.

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 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 ¢rid embaossed area on the lighted surface of the colony
counter. Each large square on the grid is | cm=. If there are fewer than 10 colonies per square centimeter,
count colonies in 12 squares, selecting, if representauve. 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 cenumeter. count volonies in four such representative portions.
In both instances, multiply the average found per square centumeter 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
(Estimated Standard Plate Count) should be recorded followng 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 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 total CFU count.



Data Collection Form 1

DEMOGRAPHICS/DERMATOLOGICAL/MEDICAL HISTORY FORM

Study # Hill Top Research, Inc. Visit Code Date Subject Initials | Subject Screen #
L
‘ ' Subject ) ) Permanent #:
01-108592-11 Qualification | —— —— I
CRB-01-05-066-HB mm dd yy F M L
Gender: 0 Male O Female Age: Years
Does the subject have any of the following at the treatment sites?
Don't .
I. DERMATOLOGIC DISORDER No Yes 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)?
1. OTHER MEDICAL INFORMATION No Yes 2;:‘:
1. Allergies.” Please specxfy
2. Hepatitis ?
3 Heart and Vascular Disease?
- 4. Liver Disease ?
f""‘\ 5. Kidney Disease ?
6. Tuberculosis ?
7. Diabetes? Controlled? Diet{ ] Oral[ ] Insulin{ |
8. Cancer ?
9. Auto-immune disease (Lupus erythematosus, thyrowditis, AIDS, etc.) ?
10. . Organ transplant ?
IT.  Any other condition not listed ? Please specity:
Is the subject taking any medication? If yes, please specify below:
Don't
HI. MEDICATION , No Yes Koow
l. Antibiotics, oral or systemic ?
22 Cortisone, Steroids, ACTH, Anti-reaction Drugs
3. Heart Medication ?
4, Insulin ?
5. Other ?
Comments:

Based on the above medical history, the subject is: O Qualified or

O Not qualified for the study.

s "I Interviewer's Signature: Date:

/

/

mm dd




Data Collection Form 2
INCLUSION / EXCLUSION FORM

Study #

Hill Top Research, Inc.

01-108592-11

CRB-01-05-066-HB

Visit Code

Subject Screen #

Date Subject Initials

Subject
Qualification

mm

, Permanent #:

dd yy

INCLUSION CRITERIA

Check one

YES

NO Subject:

1. Is2> 18 years ?

. Has signed informed consent?

. Is healthy as evidenced by responses on DCF 1 ?

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

2
3
4.
5

. Is willing to comply with all study protocol requirements ?

EXCLUSION CRITERIA

YES NO

N/A  Subject:

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

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

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

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

. Has eczema or psoriasis on their hands or wrists ?

Al ] N

. Has used antibacterial/antimicrobial soaps. medicated lotions and creams and/or anti-dandruff
shampoos within the last week”’

7. Has long (= 2 mm free edge) or artificial nals

Female Female-

Male 8

a Surgically Sterile
If of child bearing potential - B-HCG Test Results: m negative

. Is currently pregnant ? O ves O No

Of child-bearing potential: O Yes O No
O Post-menopausal

0 positive

Female Fernale

Maie

9. Is currently lactating?

10.. Has been medically diagnosed as having a medical condition such as: diabetes,
hepatitis, an organ transplant. or AIDS (o1 111V positive) ?

11. Has another medical condition which n the opinion of the Investigator would
preclude participation ?

Based upon dermatologic evaluation and the information contained m Data Collection 1 and 2, the subject is:

Reasons for disqualification:

O Qualified

O Not Qualified

for parucipation in this study.

Interviewer's Signature

Date: / /
dd

Investigator's Signature::

Date: / /
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Data Collection Form 3

FOLLOW-UP VISIT

Study #

01-108592-11
CRB-01-05-066-HB

Hill Top Research, Inc.

Visit Code Date Subject Initials :“b’“' Screen
Follow-up ;o Permanent #:
mm dd yy F M L

Date Subject Entered the Study:

/ /

dd yy

Follow-up Visit Date :
/ /

mm dd yy

f‘\

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 seventy locations, etc.)

Comments:

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

YES NO

Comments:

If yes, complete below:

Investigator's Signature or designee

Date

mm dd yy




) Data Collecgl Form 4 )
MICROBIOLOGICAL RESULTS
Study # Hill Top Research, Inc. Subject Intials : Permanent #
01-108592-11 / /
CRB 01-04-051-HB F M L

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

- LEFT HAND DILUTIONS - RIGHT HAND DILUTIONS

PLATE 104 ‘ 10-5 106 104 105 10

2
TEST 31 (alter first treatment) - Total # Organisms (CFU's) / mL of Sampling Solution
LEFT HAND DILUTIONS RIGHT HAND DILUTIONS
PLATE 10-¢* 10-2 10-3 104 10-$ . 10-1* 10-2 10-3 10-4 10-5
, :
2
3
TEST #2 (after tenth treatment) - Total # Organisms (CFU's) / mL of Sampling Solution
LEFT HAND DILUTIONS RIGHT HAND DILUTIONS
PLATE 10-1* 102 : 10-3 104 10-5 10-1* 10-2 10-3 104 10-5
1 -
2
3
Base Microbiologist(s): Date:
Test Microbiologist(s): Date:

*10"' = 1 mL of sampling solution spread across three plates.
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Data Collection Form §

ADVERSE EVENT

Study #

01-108592-11
CRB-01-05-066-HB

Hill Top Research, Inc.

Date

Subject Initials

Subject Screen #

/

Permanent #:

mm  dd yy

Was reaction related to treatment? (J Not related (J Possibly related 0 Definitely related O Other (explain)

Did subjecf take any medication during the study period? Oves O x~No

If yes, complete section below.

Date of Onset:

Describe event:

Date Rdened:

Date Resolved:

Action Taken: (J None O Continued on study O Withdrawn from the study O Consulted physician

O Medication taken (Complete below) O Hospitahized. O Other (explain)

\Additional Comments:

FOLLOW - UP ACTION TAKEN

Date Action Taken Comments Initials
CONCOMITANT MEDICATION TAKEN
Medication . Total Daily Dose Start Date Stop Date lndication.
(Oral or Systemic) mm dd vy mm/dd/yy (Reason for Taking)
/ /
! /
/
Investigator's Signature: Recorded by: Date
/ /
mm dd yy
1




Data Collection Form 6

PHYSICIAN'S ACTION REPORTING FORM

F.L" Study # Hill Top Research, Inc. Date Subject Initials Subject Screen #
01-108592-11 / / / 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, 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:

freatment:

Follow Up:

Date Resolved:

Is condition related to use of the test products?

[ ]Probably related* [ ]NotRelated* { ]Unknown

Reasons:

Physician's Signature Date



Source Document 1
TREATMENT PHASE

)

Study #

01-108592-11
CRB-01-05-066-HB

Hill Top Resea_rch, Inc.

Permanent #’s

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?
Practice Wash am/pm | [J Yes/J No
I
Decontamination am/pm | [ Yes/ ) No
Base Contamination Procedure ampm | [J ves/[J No
I
Base Bacterial Sampling Procedure am/pm | [ Yes/[J No
I
Basc Decontamination am/pm | [J ves/J No
: I
Test Contamination Procedure #1 ampm | [J ves/CJ No
I
Test Product Treatment #1 ampm | 3 ves I No Water Temp: T
I
Test Bacterial Sampling Procedure #1 any
(after first treatment) WPm 1 [ Yes/O No
Test Contamination Procedure #10 am/pm | [J ves/ ] Nb
T
Test Product Treatment #10 am/pm | (] ves/[J No Water Temp: °F
: I
Test Bacterial Sampling Procedure #2
(after 10th treatment) am/pm | (3 Yes/O No
I
Decontamination
am/pm | [ Yes/ No Water Temp: oF
I
Recorder’s Signature: Date:
: , :
Reviewer's Signature: Date:




Sou.. “}ument 2

TREATMENT PHASE

Study #

Hill Top Research, Inc.

01-108592-11
CRB-01-05-066-1iB

Permanent #'s

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?

1

Test Contamination Procedure #2 am/pm | [ ves/(J No

’ T

Test Product Treatment #2 am/pm | [ ves/J No Water Temp: °F
I

Test Contamination Procedure #3 am/pm | (J ves/J No
I

Test Product Treatment #3 am/pm | J ves/{J No Water Temp: °F
I

Test Contamination Procedure #4 am/pm | (J ves/J No
I

Test Product Treatment #4 anvpm | (J yves I No Water Temp: °F
I

Test Contamination Procedure #5 ampm | ] ves J No
I

Test Product Treatment #5 ampm | J ves/{J No Water Temp: °F
T

Test Contamination Procedure #6 am/pm | [J Yes/J No
I

Test Product Treatment #6 am/pm | J Yes/[J No Water Temp: °F
I

Test Contamination Procedure #7 ampm | J Yes/{I No
I

Test Product Treatment #7 ampm | J Yes/J No Water Temp: °F
I

Test Contamination Procedure #8 amPm | [J ves/{J No

Recorder’s Signature: Date: / | /

Reviewer's Signature: Date: _ / /




Source Document 2 (continued)

)

TREATMENT PHASE
Study # Hill Top Research, Inc. Permanent #’s
01-108592-11
CRB-01-05-066-118

Test Product Treatment #8 am/pm | (J ves/J No Water Temp: °F
I

Test Contamination Procedure #9 am/pm | (J Yes/(J No
1

Test Product Treatment #9 am/pm | (] ‘ Yes/J No Water Temp: °F
T

Recorder’s Signature: Date:

Reviewer's Signature

Daie:
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Clinical Study Report
CRA: Kathy Wiandt Date: May 23, 2001
Study Statistician: Jeanne Philippo Retention Limit: Until Superseded

Approved by: /P ﬁu < | A

Subject: Results of Efficacy Evaluation of Two Handsoap Products in a Modified Healthcare Personnel
Handwash Study Versus Escherichia coli -~ CRB-01-05-065-HB / HT# 01-108591-11.

Objective:
The objective of this study was to determine 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 (10)
treatments.

Materials Tested: : ' 1 F

Test Code Test Material Active Ingredient Batch Number
A Handwash Product ' 0% Salicylic Acid SWH160-152
B Handwash Product 2% Salicylic Acid SWH160-155 v

Key Conclusions:

e After 1 wash, the 2.0% SA Hand Wash had a significantly higher reduction in log counts versus the
test placebo (p-value=0.0043).

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

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| o Bacterial Results
A Baseline LogjgCounts — 1 Wash ~ LogjpCounts — 10 Washes
- Treatment | Sample Mean Mean Change g % Mean Change %
Size from 3 Reduction from Reduction
Baseline | Baseline

A-Handsoap |
0% Salicylic | 6 7.63 5.21 242 99.6 5.44 2.19 99.4

Acid ;
B-Handsoap
2% Salicylic | 6 7.74 4.66 309 999 4.53 3.21 99.9

Acid v

Study Summary:
Test Site: Hill Top Research, Miamville, Ohio
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
f*  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 two 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 contaminated 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

-

P am 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 organism was computed by the following formula:

1 - (geometric mean of the test CFU's X 100
geometric mean of the baseline CFU's)

Treatment comparisons were analyzed by a Wilcoxon-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 Clinical 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.
e

£ .
Adverse Events:

There were no adverse events in this study.

Clinical Research Associate () Statistician




HTR Study No.: 01-108591-11
Spdnsor 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:

{Z_ A,Z g/ F-or

Thomas Asplan, (A.S, B.S. Date
Auditor, Quality Assurance
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I. 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 ( 10) reatments.

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
Handwash Formulation"(1} 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 ATCC 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.

A C. Study Safety Statement k o ’ -

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

II.  Study Summary
A. Overview

This randomized clinical study will consist of a one day test period and a follow-up visit. Two (2)
test products will be evaluated. Twelve {12) male and female subjects, 2 18 years old, who do not
regularly use antibacterial/antimicrobsal soaps. medicated lotions and creams, and or antidandruff
shampoos (Appendix E), will be enrolled into the study. Six (6) 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 with a suspension of £.coli. Subjects’ hands will be
contaminated eleven (11) times and sampled three (3) 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 determinauon of the test count after one (1) treatment with
the assigned Test Product. After eleven (11) contanunation steps and ten (10) treatments with the
assigned Test Products the hands will be sampled using the plastic bag sampling procedure

To become familiar with the wash procedure using the liquid hand soap, the subjects will begin the
test procedure by first performing a practice wash with Baby-san®. For the base count, subjects will
have their hands contaminated with £ ¢o/t Immediately following the contamination step, the
organisms on the subjects’ hands will be removed using a plastic bag sampling procedure.

r\‘ Prior to each treatment wash, subjects’ hands will be contaminated with E. coli. After completing the
contamination step, the subjects will perform the test product application procedure with the assigned
b
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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
f-\ 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 Enroliment

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 two 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® (Appendix D).

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

Subjects' hands will be contaminated (Section E).

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

Subjccts 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 contaminated (Section E).

® N o v oW

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

9. Subjects’ right and left hands will be sampled 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 thirty seconds.

11, Subjects will perform steps 7 and 8 (above) a 10tal of nine (9) more times at a minimum of
five (5) minutes between each wash procedure.

12. The subjcéts‘ 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%
chlorhexidine gluconate) wash and with a 70" alcohol rinse (Section G).

Note: A detailed scheduled of the ahove procedurcs can be found in Appendix D.

To ensure that any delayed adverse events. such as primary skin infections, are reported to the
f Study Investigator, all test subjects will be given a copy of Subjects’ Instructions Following Study

L)
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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 will return to the clinical test site within four
(4) to nine (9) days after the study procedures have 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 flow of 4 L/minute. This may be accomplished by
placing a 2000 mL glass beaker or flask under each spigot to be used for subjects’ hand
washing. Allow the water to flow 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 1 or 2.

D. Preparation of Bacterial Suspensions

A stock culture of Escherichia coli, ATCC 11229, will be prepared by transferring at least isolated (3)
colony from an agar plate or slant aseptically to a tube containing sterile Trypticase Soy Broth (TSB).
The inoculated broth will then be incubated for 24 - 4 hours at 35 + 2° C. At least three (3) additional
24 hour broth transfers will be made in tubes contaimng appropriate volumes TSB from this broth -
culture.

A 2-liter flask containing 1000 mL of TSB will be inoculated with 1.0 mL of the final 24 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) hours.

E. Contamination

Note: Prior 1o contamination, subjects hands muss be visthly dry. Also, care should be taken to ensure
that the culture is evenly spread over both hamnds

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 approximately twenty (20) seconds. Between each aliquot the
hands will be held away from the body and allowed to air 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 will be documented on Source Document 1 or 2.

F. Bacterial Sampling Procedure

For removal of bacteria from the subjects’ hands. Joose 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 bufTer. 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.
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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
(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 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.

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 70" 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 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 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 wrists will 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 will be recorded on Source Document 1.

H. Plating and Incubation of the Organisrﬁs

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

ten-fold dilutions to 107, 10*and 10", The diluted 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 10, 10~ 10" and 10" Using an automated plating system (Eddyjet
- system), the undiluted and diluted specimens will be plated onto MacConkey’s agar. 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 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.
II1. Study Population

Subjects will be screened for their eligibility to participate based upon information provided in the
Demographics/Dermatological’Medical History Form [Data collection form (DCF) 1]. Only subjects
meeting the inclusion/exclusion criteria, outhined in DCF 2. will be allowed to participate in the study. Ifa
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.

5
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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. Arein 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:
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 their hands or wrists;
Have soap, detergént, antibiotic, and or perfume allergies;

Have eczema or psoriasis on their hands or arms:

I S o

Are using antibacterial/antimicrobial soaps (liquids and/or bars), medicated lotions and creams,
and/or anti-dandruff shampoos in the home within the last week (Appendix E);

e

Have excessively long or artificial nails (22 mm free edge) which would interfere with sampling;
Are currently pregnant; . 7 -
Are currently lactating;

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

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

D. Subject Number Assignmeni and Randomization

Upon entry into the study, each subject will be assigned 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 1dentify 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 clinical site prior to study initiation. The test
products will be identified with the appropnate label afTixed 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
chinical 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.c., "Distributed by Hill Top Research, Inc." with the facility's full

6
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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 Investigator(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
Cincinnati, Ohio 43241
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 will deternune if the adverse event is likely to be associated
" with product treatment or the study procedures. The investigator or other qualified medical personnel
will determine if the event warrants termination of participation and/or to prescribe treatment, if
necessary. The Investigator will notify the Sponsor representatives, Ward L. Bilthimer, 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 diagnosss. 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
DCF 4. If treatment by a physician 1s necessary, this treatment will be documented on DCF 5.

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

1. Any serious adverse events or adverse events requirning immediate medical attention will be
reported to the Sponsor’s Monitor immediately (night or day) by telephone. :

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

3. Adverse events that do not require discontinuation of test participation can be reported during
- the immediate business day or next business day by telephone.

4. In the event of a serious adverse reaction. not nevessarily related to use of the test product, or in
the event of a death from any causc. 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 w1l describe any changes made and the rationale
for making the changes.
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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 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 with the Investigator, or his designee, including any
problems that are to be resolved.

V1. 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 considered statistically significant. Percent change for each
organism will be computed , if needed. by the following formula:

1- (geometric 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 which might result from participation. Each subject
must provide the Investigator with wnitten informed 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 chinical 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
case report forms before the Investigator's report 1s ready for submission to the Sponsor.

C. Record Retention

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

D. Confidentiality

The Investigator and employees of the test facality 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.
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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

Product Treatment

Schedule of Test Period Procedures

List of Representative Antibacterial: Antimicrobial Products
Microbiological Media and Methods

mmgoOw»

Data Collection Forms

Demographics/Dermatological Medical History Form
Inclusion/Exclusion Form

Follow- up Visit

Adverse Event

Physician's Report Form

LW S N R

Source Documents

1 Treatment Phase (Baseline, Wash 1 and Wash 10}
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:

Cury A A (= Oku\ﬁ L \\’)O )

Jednke C. Philippo,B.z‘x., Statistician
Clinical Research and Biometrics Department

APPROVED BY:

Ward L. Billhimer, M.S., Sentor Scientist
Clinical Research and Biometrics Department
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Date:

Date:

Date:
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Agreed and Accepted by Hill Top Research, Inc. and the Study Investigator(s) for
CRB-01-05-064-HB:

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.

Date: -7 0/

Gayle

9/ JW Date: 5 07.0/

(Kathleen A. Baxter, B.S., Sub-Investigator

g 6“/\ Date: 5 7. af

Ann R. Brady, A.S., Sub-Investightor
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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 Of Two
Liquid Soap Products In A Modified Health Care Personnel Handwash Study Versus Escherichia
Coli”. During this study, a quantity of bacteria (£. cofi) 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 vou 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 (8:00 am-
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 L/min.

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

The following wash procedure will be performed by cach subject:

1.
2.

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

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

The technician will instruct the Subjects to lather all surfaces of their hands and wrists for

fifteen (15) seconds.

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

A. For test washes #1 and #10. hands will not be dried.

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

(Note: following the practice wush, subjects " hands will be disinfected and contaminated.)

Bags will be placed on the subjects’ right and left hands for sampling after the first wash
and after the tenth treatment. Sampling time will be approximately five (5) minutes
following the wash with the test product.
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SCHEDULE OF TEST PERIOD PROCEDURES

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 wrists for fifteen (15) seconds

subjects rinse hands under running tap water for thirty (30) seconds
subjects dry hands with a paper towel

70% alcohol rinse

squirt backs and palms of subjects' hands with 70%5 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

e 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

Base sampling

e place bags on subject's nght and left hands
dispense 75 mL stripping solution into each bag
secure bags

massage for 1 minute

sample each bag

Water rinse
e subjects rinse hands with water for 30 seconds

70% alcohol rinse
e perform as above

Test contamination (prior to Test Product treatments 1 through 10)
e perform as above under base contamination

Test Products Treatments (treatments 1 through 10)

e perform as described under practice treatment

e for treatments #1 and #10, hands will not be dried prior to sampling

o for treatments # 2 through #9 subjects will dry hands with paper towels

Test sampling - Following Treatment 1
o perform as above under base sampling
e subjects rinse hands with water for 30 seconds atter the first test sampling
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10. Test sampling - Following Treatment 10

11.

place bag on of the subject's hands

dispense 75 mL stripping solution into the bag
secure bag

massage for 1 minute

sample bag

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 Hibiclens®

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 wrists for 15 seconds

subjects’ hands will be allowed to air dry
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LIST OF ANTIBACTERIAL / ANTIMICROBIAL PRODUCTS
Medicated Acne Cleansers

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 3

Fostex 10% BPO

PanOxyl 10

Clearasil Antibacterial Soap
Sastid Plain Therapeutic Shampoo and Acne Wash
Oxy Clean Soap

Fostex Medicated Cleansing Bar
Salicyhe Acid and Sultur Soap
Sulfur Soap

Antidandruff 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 liguid
Lever 2000 bar and liquid
Irish Spring bar

Dial bar and hiquid
Softsoap Anuibacterial Soap

Antibiotic Ointments and Creams

Bacitracin
Polyspornn
J & J First Aid Cream
Neomycin

Antibacterial Dishwashing Liquids

Dawn

Joy

Dial
Palmolive
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MICROBIOLOGICAL MEDIA AND METHODS

0.075M Phosphate Buffer Solution with Neutralizers

Weigh 0.4 grams of KHpPOy, 10.1 grams of Na;HPQy, 10.0 grams of Polysorbate (Tween) 80, 3 grams of

lecithin, and 1.0 gram of Triton X-100. Dissolve in | liter of distilled or deionized water. Adjustto pH 7.9
+£0.1 with 1 NHCl or 1 N NaOH. Dispense buffer in bottles so that after autoclaving the volume equals 75
+1mL. Loosely cap bottles and sterilize in the autoclave at 121°C.

0.0375M Phosphate Buffer Solution with Neutralizers

Weigh 0.2 grams of KH9POy, 5.05 grams of NasHPOy. 10.0 grams of Polysorbate (Tween) 80 and 3

grams of lecithin. Dissolve in 1 liter of distilled or deionized water. Adjust to pH 7.9 £0.1with | N HCl or

1 N NaOH. Dispense buffer in appropriate volumes. Loosely cap vessels and sterilize in the autoclave at
121°C.

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 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 Esumated 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 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 cenumeter 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
(Estimated Standard Plate 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 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 total CFU count.



Data Collection Form 1

DEMOGRAPHICS/DERMATOLOGICAL/MEDICAL HISTORY FORM

Study # Hill Top Research, Inc. Visit Code Date Subject Initials Subject Screen #
) Subject Permanent #:
01-108591-11 v Qualification o / = / v / -
CRB-01-05-065-HB mm vy
Gender: (I Male 3 Female Age: ____ Years
Does the subject have any of the following at the treatment sites?
I. DERMATOLOGIC DISORDER No Yes 2:::;
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 pon't
1. Allergies.? Please specify.
2. Hepatitis ?
3.  Heartand Vascular Disease? .
4, Liver Disease ?
5.  Kidney Disease ?
6. Tuberculosis ?
7. Diabetes ? Controlled? . Diet{ ] Oral[ ] Insulin[ ]
8. Cancer ? , ‘
9. Auto-immune disease (Lupus erythematosus, thyroiditis, AIDS, etc.) ?
10.  Organ transplant ?
11.  Any other condition not listed ? Please specify:
Is the subject taking any medication? If yes, please specify below:
’ Don't
III. MEDICATION No | Yes 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 subjectis: [J Qualified  or

O Not qualified for the study.

Interviewer's Signature: Date:

/ /

mm dd yy




Data Collection Form 2
INCLUSION / EXCLUSION FORM

Subject Screen #

Study # Hill Top Research, Inc. Visit Code Date Subject Initials
Subject , Permanent #:
. 01-108591.-11 Qualification — / - / - / -
CRB-01-05-065-HB e Yy
INCLUSION CRITERIA

Check one
YES NO

Subject:

1. Is 2 18 years ?

. Has signed informed consent?

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

2
3. Is healthy as evidenced by responses on DCF 1 ?
4
5

. Is willing to comply with all study protocol requirements ?

EXCLUSION CRITERIA

YES NO NA

Subject:

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

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

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

. Has eczema or psoriasis on their hands or wrists ?

1
2
3
4. Has soap, detergent, antibiotic and or perfume allergies ?
5
6

. Has used antibacterial/antimicrobial soaps, medicated lotions and creams and/or anti-dandruff
shampoos within the last week?

~J

. Has long (2 2 mm free edge) or artificial nails

Female Female | Maie

oo

. Is currently pregnant ? O ves O No of child-bearing potential: O ves O No
a Surgically Sterile a Post-menopausal

Female Female | Male

If of child bearing potential - B-HCG Test Results: (J negative  [J positive
9. Is currently lactating?

10. Has been medically diagnosed as haviny a medical condition such as: diabetes,
hepatitis, an organ transplant. or AIDS (or HIV positive) ?

11. Has another medical condition which in the opinion of the Investigator would
preclude participation ?

Based upon dermatologic evaluation and the information contained in Data Collection 1 and 2, the subject is:

O Qualified O Not Qualified for participation in this study.
Reasons for disqualification:
Interviewer's Signature Date: / /
nterviewer's Sig — a4 7y
Investigator's Signature:: Date: / /
mm dd yy




Sou. N )cument 2

TREATMENT PHASE

Study # .

Hill Top Research, Inc.

01-108591-11
CRB-01-05-065-HB

Permanent #’s

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?
. 1
| Test Contamination Procedure #2 am/pm | (J Yes/[J No
: I
Test Product Treatment #2 am/pm | J Yes/[J No Water Temp: °F
I
Test Contamination Procedure #3 am/pm | [ Yes/[J No
I
Test Product Treatment #3 am/pm | (F Yes/J No Water Temp: °F
I
Test Contamination Procedure #4 amvpm | J Yes/[J No
I
Test Product Treatment #4 ampm | (F yes/ I No Water Temp: °F
I
Test Contamination Procedure #5 ampm | (J ves' 3 No
I
Test Product Treatment #5 am/pm | [J vYes/[3 No Water Temp: °F
I
Test Contamination Procedure #6 am/pm | (7} ch /) No
I
Test Product Treatment #6 am/pm | (J ves/[J No Water Temp: °F
I
Test Contamination Procedure #7 am/pm | 3 vYes/[J No
I
Test Product Treatment #7 am/pm | [ Yes/[J No Water Temp: °F
I
Test Contamination Procedure #8 am/pm | [J Yes/[I No
Recorder’s Signature: Date: /I /
Reviewer's Signature: Date: / /




) | )

Source Document 2 (continued)

TREATMENT PHASE
Study # Hill Top Research, Inc. v Permanent #’s
01-108591-11
CRB-01-05-065-HB

Test Product Treatment #8 am/pm | [ vYes/() No Water Temp: °F
—

Test Contamination Procedure #9 am/pm | [ ves/C) No
I

Test Product Treatment #9 am/pm | (J ves/) No Water Témp: °F
I

Recorder’s Signature: Date: / /

I 1 T

Reviewer's Signature: Date: - /




)

Source Document 1

TREATMENT PHASE

Study #

01-108591-11
'CRB-01-05-065-HB

Hill Top Research, Inc.

Permanent #’s

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?

Practice Wash am/pm | (J ves/[J No
I

Decontamination an/pm | 3 Yes/ O No

Base Contamination Procedure am/pm { [J Yes/[J No
I

Base Bacterial Sampling Procedure am/pm | [J Yes/[J No
I

Base Decontamination am/pm | (J ves/CJ No
I

Test Contamination Procedure #1 ampm | 3 ves/0 No
I

Test Product Treatment #1 ampm | [J ves [J No Water Temp: °F
I

Test Bacterial Sampling Procedure #1

(after first treatment) an/pm | O Yes/O No

Test Contamination Procedure #10 am/pm | [ Yes/CJ No
I

Test Product Treatment #10 am/pm | [ Yes/ ) No Water Temp: °F
I

Test Bacterial Sampling Procedure #2

(after 10th treatment) am/pm | 3 Yes/O No

- I

Decontamination ampm | 33 ves/(J No Water Temp: oF
I

Recorder’s Signature: Date:

. 1 I
Reviewer's Signature: Date:







Data Collection Form 3

FOLLOW-UP VISIT

L

1

Study # Hill Top Research, Inc. Visit Code

01-108591-11
CRB-01-05-065-HB

Date Subject Initials :"b”“ Screen
Follow-up ‘ / / Permanent #:
mm dd  yy F M L

Date Subject Entered the Study:

/ /
mm dd yy

Follow-up Visit Date :
/ /

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:

A

Investigator's Signature or designee

Date

mm dd yy




Data Collection Form 4

ADVERSE EVENT

Study #

- 01-108591-11
CRB-01-05-065-HB

Hill Top Research, Inc.

Date

Subject Initials

Subject Screen #

Permanent #:

mm

dd

Yy F

Was reaction related to treatment? (J Not related (J Possibly related a Definitely related O Other (explain)

Did subject take any medication during the study period? Oves OnNo

If yes, complete section below.

Date of Onset:

Describe event:

Date Reported:

Date Resolved:

Action Taken: D None

J Medication taken (Complete below) 0 Hospitalized

O other (explain)

3 Continued on study O Withdrawn from the study O Consulted physician

r.\Additional Comments:

FOLLOW - UP ACTION TAKEN

Date Action Taken Comments Initials
CONCOMITANT MEDICATION TAKEN
Medication | Daily Do Start Date Stop Date Indication

(Oral or Systemic) Tota y ose mm: dd -’ yv mm/dd/yy {Reason for Taking)
/ / /
/ !
/ !

l Investigator's Signature: Recorded by: Date
. ‘ / /
mm dd yy

L




Data Collection Form 5

PHYSICIAN'S ACTION REPORTING FORM

’ f‘l ' Study #

Subject Screen #

Hill Top Research, Inc. Date Subject Initials
01-108591-11 ) ;o Permanent #:
CRB-01-05-065-HB mmdd oy FMoL
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 severty locations. etc.)
Impression: -
Treatment:
Follow Up:
Date Resolved:
Is condition related to use of the test products?
[ ]Probably related* [ ] NotRelated*® [ ]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. 1 -\
‘Study Title: “Efficacy Evaluation of Two Liquid Soap Products In a Modified Health
Care Personnel Handwash Study Versus Escherichia coli”

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 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 enroliment 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 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 HTR Study No. 01-108591-11
Page 2 of § PageNo. 1°->

~ of the 2 liquid 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 10®
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 future 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 PROCEDURES/TREATMENTS: Because you are not being treated for
a medical condition, alternative treatments do not apply to this study.



Consent Form HTR Study No. 01-108591-11
Page 3 of 5 PageNo. £-23

- 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 iliness, 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, 8:00 A.M. - 5:00 P.M.) or Ann Brady, Study Manager at 513-831-3354 after -

hours. - ,




Consent Form HTR Study No. 01-108591-11
Page 4 of 5 ~ Page No. T~y

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.

L)



Consent Form HTR Study No. 01-108591-11
Page § of 5 PageNo. ¢ -x
CONSENT TO PARTICIPATE

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

If 1 am a female of childbearing potential, | am not currently pregnant or nursing an infant.
| am using an adequate means of birth control and, if | become pregnant or believe | have
become pregnant, | will notify the Investigator immediately.

CONSENT: 1 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.
| 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, | have not given up any of my
legal rights as a research subject.

Subject's Name Printed: First Middle Initial Last

Subject’s Signature Date
Signature of Person Conducting Consent Discussion “Date
SUBJECT SCREEN NO.

SUBJECT NO.
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Clinical Study Report
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Retention Limit: Until Superseded

/)
Approved by: "/'7\ N

-~ -7

30 /’]

Subject: Results of Efficacy Evaluation of Three Handwipe Products in a Modified Healthcare Personnel
Handwash Study Versus Escherichia coli — CRB-01-04-063-HB / 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 SWH9%4-136 v
B Handwipe Product % Saheylic Acid SWH94-137
C Handwipe Product - 2% Salicylic Acid SWH94-138

Key Conclusions:

>

The purpose of this test was to screen antibactenial handwipe prototypes. The base size per product tested
was small and therefore no statistical differences were determined 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 of HCPHWT Log g Bacterial Results
Baseline LogipCounts — 1 Wash Log19Counts — 10 Washes
Treatment | Sample Mean Mean Change i % Mean Change %
from | Reduction from Reduction
Baseline | Baseline
|
A-Handwipe !
1% Salicylic 7.43 5.54 1.89 98.7 4.05 3.38 >99.9
Acid t
B-Handwipe
0% Salicylic 6.78 535 143 96.3 434 2.44 99.6
Acid :
C-Handwipe
2% Salicylic 7.45 5.43 2.01 99.0 4.44 3.01 99.9
Acid

_ Attached are the statistical analysis tables for the study.
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Study Summary:

Test Site: Hill Top Research, Miamiville, Ohio
Study Dates: April 20-24, 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.coli.
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 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 (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 using 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.

P

Prior to each treatment wash, subjects' hands were contaminated with E. coli. After completing the
contamination step, the subjects performed 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 tollowing 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 (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.

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 organism was computed by the following formula:

1 - ( geometric mean of the test CFU's X 100
geometric mean of the baseline CFU's)

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 Chnical 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 Statistician

ﬂmbct %ﬂ-\w’\'\«\ ( ° . Q/M '\5027 ‘(DD



CRB-01-04-063-HB

£5210 Counts - 1 Wash

~

Baseline Log10(Count)
Median | Std.Error |
7.41 0.053 | 554 | 554 0.140
6.68 0229 | 535 | 544 0.284
7.46 0048 | 543 5.40 0.069
7.41 0.053 405 | 4.08 0.341
6.68 0.229 434 | 431 0.227
7.46 0.048 444 498 0.660
Change in Log10(Coun
|
Median | Std.Error P—Va!!!~ uc
1.91 0.133 0.1250 98.7
146 0.125 0.1250 96.3
211 0.108 0.1250 99.0
337 0.344 0.1250 >99.9
246 0055 | 0.1250 99.6
241 0.662 0.1250 99.9
2 Simmary of HCPHWT Log10 Bacterial Resulfs

hange from| Percent |- M ,
-Baseline | Reduction . Me:
A: 7.43 5.54 1.89 98.7 4.05 3.38 >99.9
B: 6.78 5.35 143 963 434 2.44 99.6
C: 7.45 5.43 2,01 990 4.44 3.01 99.9




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

| ey /
Richard D. Pendleton, B.S. Dafe
Auditor, Quality Assurance
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I. 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 (Escherichia coli 11229) on the hands after a single
treatment and after ten (10) 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 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"(1) 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 organism. Eschericiua coli ATCC 11229 on the hands after a
contamination and a single treatment and atter ten treatments. Efficacy is determined by comparing
the numbers of marker organisms on the hands betore 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).

II.  Study Summary
A. Overview

This randomized clinical study will consist of a one day test period and a follow-up visit. Three (3)
test products will be evaluated. Twelve (12) male and female subjects, 2 18 years old, who do not
regularly use antibacterial/antimicrobial soaps. medicated lotions and creams, and or antidandruff
shampoos (Appendix D), will be enrolled into the study. Four (4) 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 with a suspension of £.coli. Subjects' hands will be
contaminated eleven (11) times and sampled three ( }) 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 determinauion of the test count after one (1) treatment with
the assigned Test Product. After eleven (11) contanunation steps and ten (10) treatments with the
assigned Test Products the hands will be sampled using the plastic bag sampling procedure

To become familiar with the wipe procedure using the towelette product, subjects will begin the test
procedure by first performing a practice wipe with Nice ‘n’ Clean®. For the base count, subjects will
have their hands contaminated with £ ««/i. Immediately following the contamination step, the
organisms on the subjects' hands will be removed usig a plastic bag sampling procedure.

Prior to each treatment wash, subjects’ hands will be contaminated with E. coli. After completing the

contamination step, the subjects will perform the test product application procedure with the assigned
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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 Enroliment

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. Subjects will perform a practice wipe with Nice ‘n’ Clean ®.

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

Subjects’ hands will be contaminated (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 contaminated (Section E).

® N AW

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

9. Subjects’ hands will be sampled for a treatment value four (4) minutes and thirty (30) seconds
+ thirty (30) seconds afier the first wipe with the assigned Test Product (Section F).

10. The hands will be rinsed for thirty seconds.

1. Subjects will perform steps 7 and § (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 wipe with the assigned Test Product (Section F).

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

Note: A detailed scheduled of the above procedures 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 will be given a copy of Subjects’ Instructions Following Study
Completion (Appendix B) before leaving the chinical 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 test site within four
(4) to nine (9) days after the study procedures have 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 1 or 2

1. 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 and wrist for fifieen (15) seconds while the
technician instructs the subject to:

e b palm

¢ rub back of hand -
e rub the wrist

¢ rub fingers and web areas between fingers

e rub the tips of the fingers

D. Preparation of Bacterial Suspensions

A stock culture of Escherichia coli, ATCC 11229, will be prepared by transferring one (1) colony from
an agar plate or slant aseptically to a tube containing sterile Trypticase Soy Broth (TSB). The
inoculated broth will then be incubated for 24 + 4 hours at 35 + 2° C. At least three (3) additional 24
hour broth transfers will be made in tubes containing appropriate volumes TSB from this broth culture,

A 2-liter flask containing 1000 mL of TSB will be inoculated with 1.0 mL of the final 24 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) hours.

E. Contamination

Note: Prior to contamination, subjects hunds must be visihly dry. Also, care should be taken to ensure
that the culture is evenly spread aver both hands

A total volume of 4.5 mL of the assigned bactenal 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 approximately twenty (20) seconds. Between each aliquot the
hands will be held away from the body and allowed to air dry for approximately thirty (30) seconds.
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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 stenle diluent with the appropriate neutralizer (for the test wash samples only). 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.

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 ) 7 v -

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% 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 fifteen (15) seconds. Subjects will rinse their hands
and wrists under running tap water for approximately fifteen ( l5) 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 wrists will be rinsed with a 70% alcohol wash for ten (10)
seconds. The subjects will rub the alcohol on all surtaces 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 1.

H. Plating and Incubation of the Organisms

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

ten-fold dilutions to 107, 10* and 10", The diluted specimens will be plated using an automnated
plating system (Eddyjet system) onto MacConkey's agar. Post treatment specimens will be serially

diluted in ten-fold dilutions to 10", 10° 10 'and 10 " Using an automated plating system (Eddyjet
system), the undiluted and diluted specimens will be plated onto MacConkey’s agar. The media for
these analyses are shown in Appendix E.

Plated samples will be incubated aerobically for 18 - 24 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.
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The results will be recorded an electronic file created by the sponsor.

II1. Study Population

‘Subjects will be screened for their eligibility to participate based upon information provided in the
Demographics/Dermatological/Medical 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.
2.
3.

Are a male or female, over 18 years of age :
Have signed a written informed consent (Appendix A);

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

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

Are willing to comply with all study protocol requirements.

B. Subject Exclusion Criteria

Subjects will not be enrolled in the study if they:

1.

A A

~

10.

11.

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 their hands or wrists;

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

Have eczema or psoniasis on their hands or arms:

Are using antibacterial/antimicrobsal soaps (liquids and/or bars), medicated lotions and creams,
and/or anti-dandruff shampoos in the home within the last week (Appendix D);

Have excessively long or artificial nails (22 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 (or HIV positive); and/or

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

D. Subject Number Assignment and Randomization

Upon entry into the study, each subject will be assigned 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 idennty 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 aftfixed 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 Invesugatortsy will mnsure that all test products and study materials,
whether completely used, partially used. or unused w1l be returned to the Sponsor at the following
address:

The Procter & Gamble Company
Sharon Woods Technical Center
11520 Reed Hartman Highway -
Cincinnati, Ohio 43241
Aun.: 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 will determine if the adverse event is likely to be associated
with product treatment or the study procedures. The investigator or other qualified medical personnel
will determine if the event warrants termination of parncipation and/or to prescribe treatment, if
necessary. The Investigator will notify the Sponsor representatives, Ward L. Bilthimer, 513-626-1926
(work) or 513-831-8163 (home) or Kathy Wiandt. 31 3-626-5225 (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 diagnosts. 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
DCF 4. If treatment by a physician is necessary. this treatment will be documented on DCF 5.

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

1. Any serious adverse events or adverse ¢vents 1equiring immediate medical attention will be
reported to the Sponsor's Monitor immediately tnight or day) by telephone.

2. Adverse events resulting in subyect termination trom the study will be reported during the
immediate business day by telephone

3. Adverse events that do not require discontinuation of test participation can be reported during
the immediate business day or next business day by telephone.
7
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4. Inthe 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 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 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 ot the study to monitor study progress. During the visit(s), the
Investigator will permit the monitor to spect 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 with the Investigator, or his designee, including any
problems that are to be resolved. -

V1. 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 considered statistically significant. Percent change for each
organism will be computed , if needed. by the following formula:

( 1 - geometnic 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 wnitten informed consent to serve as a participant in the study.
Basic elements of informed consent are outlined in 2! CFR 50.25.

B. Final Report

The Sponsor will generate a final report of chinical 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
case report forms before the Investigator's report 1s teady 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 Investlgator and employees of the test facnllty are obhgated to keep any y 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 betwéen 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 Fjgal Monograph fer Health-Care Antiseptic-Drug Products; Propesed-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:

Written Informed Consent

Subject's Follow-up Instructions

Schedule of Test Period Procedures

List of Representative Antibacterial/Antimicrobial Products
Microbiological Media and Methods

mYUOw>

Data Collection Forms

Demographics/Dermatological Medical History Form
Inclusion/Exclusion Form

Follow- up Visit

Adverse Event

Physician's Report Form

wn bW N —

Source Documents

1 Treatment Phase (Baseline, Wash 1 and Wash 10)
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:
'-;flﬂ/\}“\/p.-wyu" Date: "Hl fl O]

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

STATISTICIAN:

2

C. Philippo,B.A., Statistician
Clinica] Research and Biometrics Department

.‘, ‘ Date: ’\\/)%/D\

APPROVED BY:

MD (b/ Wm Date: ‘7//»7/0/
Ward L. Bilthimer, M.S., Senior Scientist s/
Clinical Research and Biometrics Department
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From Gaylie Mulberry to 831-1lzi/ at 4/43/Vl 1:144 ¢¥M Fg vussvue

84/19/2881 13:22 §138311217 HILL TOP RESEARCHINC PAGE 82
P Agreed and Aceepied by Hill Top Resesrch, Inc. snd the Study luvastigator(s) for
. CRB-01-04-063-HB:

I centify that | bave reviewsd and approved the protocol, informed consent form, and other associated

docurnents end agroe to shide by their terms. In addition, ] agree to conduct this clinical study In

uuqlhuwhhhlmuhalwmmwlm guidelines end standards applicabls o
sudies.

Dase Y. a
pee: #1707
Date: ‘//i a/
f’\ )
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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 Of Three

_ Handwipe Products 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 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 during normal business hours (8:00 am-
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

Practice treatment Nice ‘n’ Clean®:

o towelette is placed in subjects’ left hand

e 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

e subject will rub all surfaces of their left hands and wrist for 15 seconds including palmar
surface, back of hand, fingers and web area between fingers, and finger tips '

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 tor 15 seconds

subjects dry hands with paper towels

Base contamination

e 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 | minute after the last application

Base sampling

o place bags on subject's right and left hands
dispense 75 mL stripping solution into each bag
secure bags

massage for | minute

sample each bag

Water rinse
e subjects rinse hands with water for 30 seconds

70% alcohol rinse
e perform as above

Test contamination (prior to Test Product treatments 1 through 10)
o perform as above under base contamination

Test Products Treatments (treatments 1 through 10)

o perform as described under practice treatment

¢ for treatments #1 and #10, hands will not be dried prior to sampling

e for treatments # 2 through #9 subjects will dry hands with paper towels

Test sampling - Following Treatment 1
e perform as above under base sampling



subjects rinse hands with water for 30 seconds after the first test sampling
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10. Test sampling - Following Treatment 10

11.

place bag on of the subject's hands

dispense 75 mL stripping solution into the bag
secure bag

massage for | minute

sample bag

Disinfection

subject rinse hands for thirty (30) seconds

squirt subjects’ hands with 2 mL ot 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 Hibiclens®

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 wrists for 13 seconds

subjects’ hands will be allowed to air dry
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LIST OF ANTIBACTERIAL / ANTIMICROBIAL PRODUCTS
Medicated Acne Cleansers

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 3
Fostex 10% BPO
PanOxyl 10

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 formulas)
Selsun Blue (all formulas)

Pert Plus for Dandrutf

Suave for dandruff

Neutrogena T-gel

Neutrogena T-sal

Scalpacin

Tegnn

Any antidandruft shampoo

Anti-bacterial Soaps

Safeguard bar and hquid
Lever 2000 bar and hquid
Irish Spring bar

" Dial bar and hiquid
Softsoap Antibacterial Soap

Antibiotic Ointments and Creams

Bacitracin
Polysporin
J & J First Aid Cream
Neomycin

Antibacterial Dishwashing Liquids

Dawn

Joy

Dial
Palmolive
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MICROBIOLOGICAL MEDIA AND METHODS

0.075M Phosphate Buffer Solution with Neutralizers

Weigh 0.4 grams of KH7pPOy, 10.1 grams of NayHPOy, 5.0 ¢rams of Polysorbate (Tween) 80, 0.7 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 | 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 of KHyPOy, 5.05 grams of NajHPOy4. 5.0 grams of Polysorbate (Tween) 80 and 0.7

grams of lecithin. Dissolve in 1 liter of distilled or deionized water. Adjust to pH 7.9 +0.1with 1 N HCl
or 1 N NaOH. Dispense buffer in appropriate volumes. Looscly cap vessels and sterilize in the autoclave
at

121°C.

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. Aliow 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 | 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
(Estimated Standard Plate Count) should be recorded followiny the value.

Note: If the highest dilution plated contains >250 CFL"s and a count <300 CFU's has been previously
determined, that value may be reported. 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 total CFU count.



Data Collection Form 1

DEMOGRAPHICS/DERMATOLOGICAL/MEDICAL HISTORY FORM

N (’J Study # Hill Top Research, Inc. Visit Code Date Subject Initials Subject Screen #
Subject ‘ Permanent #:
01-108589'11 - Qualification r ' = / v / T
CRB-01-04-063-HB mm yy
Gender: O Male® O Female® Age: Years
Does the subject have any of the following at the treatment sites?
I. DERMATOLOGIC DISORDER No Yes 3:2‘:,
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'?
I. OTHER MEDICAL INFORMATION No Yes pon't
1. Allergies.? Please specify.
2. Hepatitis ?
3. Heart and Vascular Disease? -
4. Liver Disease ?
f : 5. Kidney Disease ?
6. Tuberculosis ?
7. Diabetes ? Controlled?  Diet[ ] Oral[ ] Insulin( ]
8. Cancer ?
9. Auto-immune disease (Lupus erythematosus. thyroidins. AIDS. etc.) ?
10.  Organ transplant ?
I1.  Any other condition not listed ? Please spectty
Is the subject taking any medication? If yes, please specifv below:
. . Don't
I11. MEDICATION No Yes 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: O Qualified or

O Not qualified for the study.

! Interviewer's Signature: Date:

L

/

/

mm dd

yy




Data Collection Form 2
INCLUSION / EXCLUSION FORM

P

- Study # Hill Top Research, Inc. Visit Code Date Subject Initials Subject Screen #
Subject Permanent #:
01-108589-11 Qualification _ ! / /
CRB-01-04-063-HB mmdd vy FoMoL

INCLUSION CRITERIA

Check one
YES NO Subject:

1. Is> 18 years ?

. Has signed informed consent’

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

2
3. Is healthy as evidenced by responses on DCF 1 ?
4
5

. Is willing to comply with all study protocoi requirements ?

EXCLLUSION CRITERIA

YES NO N/A Subject:

1. Is currently participating in another chinical study at this or any other facility?

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

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

. Has eczema or psoriasis on their hands or wrists?

o

2
3
4. Has soap, detergent, antibiotic and-or pertfume allergies?
5
6

6. Has used antibacterial/antimicrobial soaps. medicated lotions and creams and/or anti-dandruff
Pt shampoos within the last week”

-~

. Has long (= 2 mm free edge) or artificial nails

Female | Female | Male 8. Is currently prcgnam?D Yes (O No Of child-bearing potential: O ves O No
O Surgically Sterile O Post-menopausal
If of child bearing potential - B-HCG Test Resuits: O negative 0 positive

Female | 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 HIV positive) ? '

11. Has another medical condition which in the opinion of the Investigator would
preclude participation ?

Based upon dermatologic evaluation and the information contained in Daia Collection 1 and 2, the subject is:
0 Qualified O Not Qualified for participation in this study.

Reasons for disqualification:

Date: / /

Interviewer's Signature

Investigator's Signature:: Date: / /

r"\



Sou.. )cument 2
TREATMENT PHASE

Study #

Hill Top Research, Inc.

01-108589-11

CRB-01-04-063-HB -

Permanent #’s

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?

I

Test Contamination Procedure #2 am/pm | [J vYes/[J No
I

Test Product Treatment #2 am/pm | [J vYes/[J No Water Temp: °F
I

Test Contamination Procedure #3 am/pm | (J ves/[J No
I

Test Product Treatment #3 am/pm | J Yes/[J No Water Temp: °F
I

Test Contamination Procedure #4 am/pm | (J ves/[J No
I

‘Fest Product Treatment #4 ampm | 7 ves: 3 No Water Temp: °F

: I

‘Test Contamination Procedure #5 ampm [ [ ves/CI No
I

Test Product Treatment #5 am/pm { [J Yes/CJ No Water Temp: °F
I

Test Contamination Procedure #6 am/pm { [J Yes/C] No
I

Test Product Treatment #6 am/pm | [J Yes/C] No Water Temp: °F
I

Test Contamination Procedure #7 am/pm | (J ves/[J No
)

Test Product Treatment #7 am/pm | [J ves/CJ] No Water Temp: °F
I

Test Contamination Procedure #8 am/pm | (] ves/[] No

Recorder’s Signature: Date: / «

Reviewer's Signature: Date: / /




N

Source Document 2 (continued)

TREATMENT PHASE
Study # Hill Top Research, Inc. Permanent #’s
01-108589-11
CRB-01-04-063-11B

Test Product Treatment #8 am/pm | J Yes/[J No Water Temp: °F
I

Test Contamination Procedure #9 am/pm | J ves/[J No
I

Test Product Treatment #9 am/pm | J Yes/[J No Water Temp: °F
I

Recorder’s Signature: Date: /

Reviewer's Signature:

Date: /




Source Document 1
TREATMENT PHASE

Study #

Hill Top Research, Inc.

Permanent #’s

01-108589-11
CRB-01-04-063-HB

EVENT TIME PROCEDURE PERFORMED ACCORDING TO PROTOCOL?

Practice Wipe am/pm | (J ves/3J No
I

Decontamination am/pm | (3 Yes/CJ No

Base Contamination Procedure am/pm | (3 Yes/[J No
I

Base Bacterial Sampling Procedure am/pm | (3 Yes/J No
I

Base Decontamination am/pm | [J ves/[J No
I

Test Contamination Procedure #1 am'pm | [J Yes/[3 No
T

Test Product Treatment #1 ampm | [ veo 'O No Water Temp: °F
1

Test Bacterial Sampling Procedure #1

(after first treatment) am/pm | (] Yes/O No

Test Contamination Procedure #10 am/pm | (J Yes/[J No
I

Test Product Treatment #10 am/pm | ] ves/CJ No Water Temp: °F
T

Test Bacterial Sampling Procedure #2

(after 10th treatment) am/pm | 3 Yes/O No
I

Decontamination an'pm | O Yes/(3 No Water Temp: oF
I

Recorder’s Signature: Date:

- 1 I
Reviewer's Signature: Dates




Data Collection Form 3

FOLLOW-UP VISIT

,ﬂ-L Study # Hill Top Research, Inc. | Visit Code Date Subject Initials | 5171t Sereen
01-108589-11 - Follow-up ; ;o Permanent #:
CRB-01-04-063-HB mm dd yy F M L

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

/ ) / /
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  [fyes, complete below:

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

Comments:

o~
Has the subject had any health related issues since the treatment procedure?
YES NO If yes, complete below:
Comments: -
l Investigator's Signature or designee Date
/ /
mm dd yy




o~

Data Collection Form 4

ADVERSE EVENT

Study #

01-108589-11

Hill Tep Research, Inc.

Date

Subject Initials

Subject Screen #

mm

dd

vy F M L

Permanent #:

CRB-01-04-063-HB

Was reaction related to treatment? (J Not related [} Possibly related ) Definitely related O other (explain)

Did subject take any medication during the study period? Oves ONo 1If yes, complete section below.

Date of Onset:

Describe event:

Date Reported:

Date Resolved:

Action Taken: D None

O Continued on study

O Medication taken {Complete below) 0 Hospitahized

[ Withdrawn from the study

O Other (explain)

O Consulted physician

,,.-\Additional Comments:

FOLLOW - UP ACTION TAKEN

Date Action Taken Comments Initials
CONCODMITANT MEDICATION TAKEN
Medication Total Daily Dose Start Date Stop Date Indication

(Oral or Systemic) mm dd mm/dd/yy (Reason for Taking)
/
/
/ /

Investigator's Signature: Recorded by: Date
P / /
1 mm dd yy




Data Collection Form 5

PHYSICIAN'S ACTION REPORTING FORM

f'L— Study # Hill Top Research, Inc. Date Subject Initials Subject Screen #
01-108589-11 / ; Permanent #:
CRB-01-04-063-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: Number of Uses:
Date Date

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

Impression:

r\

[reatment:

Follow Up:

Date Resolved:

Is condition related to use of the test products?
[ ]Probably related* [ ] NotRelated* ' [ ]Unknown

Reasons:

Physician's Signature Date




Source Document 3

HT#01-108589-11

CRB-01-04-063-HB
TRANSFER OF MICROBIAL SPECIMENS

SPECIMENS TAKEN TO THE LABORATORY

SPECIMENS RECEIVED

Date: Time: Date Received:

Test Site: Time:

Method of Tranéport: Laboratory:

Samples Packed as specified: Yes No Cold storage intact? Yes No
LISTING OF SPECIMENS SPECIMENS RECEIVED

Subject No. | Sample No. Time Collected | (-O% 0= lost/Damaged Time Plated

Shipping Receiving

Technician: Date: Technician: Date:




Institution: Hill Top Research, Inc. HTR Study No. 01-108589-11

Investigator: Gayle K. Mulberry, M.S. Sponsor No. CRB 01-04- 063 HB
Page No. ¥-M

Study Title: “Efficacy Evaluation of Three Handwipe Products In a Modified Health

Care Personnel Handwash Study Versus Escherichia colf”

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 HTR Study No. 01-108589-11
Page 2 of 5 Page No. IE- 15

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 10
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 treatrnent, 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.

EEMALES 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 nsks 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
bactena. Your hands may aiso 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 future 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 PROCEDURES/TREATMENTS: Because you are not being treated for
a medical condition, alternative treatments do not apply to this study.
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Consent Form HTR Study No. 01-108589-11
Page 3 of 5 Page No. -l{v

- 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 iliness 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 qdestions about this study or in case of an
emergency, contact Stacey, Study Coordinator at 513-831-3114, ext. 2324 during business_

hours (M-F, 8:00 A.M. - 5:00 P.M.) or Ann Brady, Study Manager at 513-831-3354 after
hours.




Consent Form HTR Study No. 01-108589-11
Page 4 of 5  PageNo. IL-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 ou will receive $10.00

If you qualify but are | Visit 1 -1 you will receive $15.00

eliminated as an|. : '

extra subject .
if you complete Visit 1 ou 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 : HTR Study No. 01-108589-11

Page 5 of 5 Page No. -3
CONSENT TO PARTICIPATE

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

If.| am a female of childbearing potential, | am not currently pregnant or nursing an infant.
| am using an adequate means of birth control and, if | become pregnant or believe | have
become pregnant, | will notify the investigator immediately.

CONSENT: | 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.
| 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, | have not given up any of my
legal rights as a research subject.

Subject's Name Printed: First Middle Initial Last

Subject’s Signature Date
Signature of Person Conducting Consent Discussion Date
SUBJECT SCREEN NO.

SUBJECT NO.
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FINAL REPORT OF CLINICAL TEST RESULTS
From: P.B.Neumann, J. S. Englehart Date: July 10, 1998

To: Study File for CRB-97-11-245-CD Retention Limit: Until Superseded
: - Released: _&/LX 7T//0/7/

Subject: ~ Residual Effectiveness Screening Test Results on B-22M Liquid Soap Formulations with

Varying Levels of Salicylic Acid and Triclosan (TCS) and Liquid Ivory® against E. coli -
Hill Top Research, Inc., CRB-97-11-245-CD, HT 97-5425-11

Summary:

- 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, B and C, respectfully) were not significantly more effective than
Liquid Ivory, code J, at lowering the levels of Escherichia coli inoculated on the skin (p-value <0.10). All
other B-22M liquid soap formulations with either 0.5% or 1.0% salicylic acid and varying levels of TCS,
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:v

The objective of this study was to evaluate the residual effectiveness of ten (10) 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.

Test Products:

Code Test Product Active Ingredient TSIN
A B-22M none BI0060-108
B B-22M _ 0.5% TCS BI0060-110
C B-22M 1.0% TCS BI0060-112

D B-22M, 0.5% salieylic acid none BI0060-100
E B-22M, 0.5% salicylic acid 0.5% TCS BI0060-102
F B-22M, 0.5% salicylic acid 1.0% TCS BI0060-104
G B-22M, 1.0% salicylic acid none BI0060-092
H B-22M, 1.0% salicylic acid 0.5% TCS - BI10060-094
I B-22M, 1.0% salicylic acid 1.0% TCS . BI0060-096
J Liquid Ivory Soap none BI0060-126

Study Design:

This 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 residual antibacterial effectiveness of ten (10) liquid
products. Thirty (30) male and female subjects, ages 18 through 65 years old, who did not regularly use

Page 1 of 6



Study Design: (continued)

antibacterial soap, medicated lotion or cream, and/or antidandruff shampoo were enrolled. For the test
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 cm circular test site was
marked-off in each area. Each circular site was then inoculated with 10 uL 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 log;q 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) vanability, site (upper vs. lower) vanability, 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:

) .
Chde BoNaamer- g 2204 ¢ W
Paula B. Neumann Jan S. Englehart
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CRB97-11-245-C0 / HT97-5425-11

f'-\ Conclusions:

; The three B22M prototypes with no salicylic acid were not significantly more
effective than Liquid Ivory Soap. All other prototypes were significantly
more effective against §. coli at p-values < 0.10.

Salicylic acid was a significant factor (p-value = 0.0044) in efficacy
against B, 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 g 0.10. '

Although the interaction between TCS and salicylic acid was not significant,
(p-value = 0.1386) it was Close encugh 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, 0.0% TCS, 0.0% Salicylic Acid A 12 4.9 0.546
B22M, 0.5% TCS, 0.0% Salicylic Acid B 12 5.2 0.524
B22M, 1.0% TCS, 0.0% Salicylic Acid c 12 5.0 0.510
B22M, 0.0% TCS, 0.5% Salicylic Acid o] 12 4.3 1.086
B22M, 0.5% TCS, 0.S% Salicylic Acid E 12 4.1 1.292
B22M, 1.0% TCS, 0.5% Salicylic Acid F 12 4.0 0.967
B22M, 0.0% TCS, 1.0% Salicylic Acid G 12 4.2 0.713
B22M, 0.5% TCS. 1.0% Salicylic Acid H 12 3.8 0.936
B22M, 1.0% TCS, 1.0% Salicylic Acid I 12 3.5 1.411
Liquid Ivory Soap J 12 5.3 0.6074
£
One Way Layout Ignoring DOX Design:
sStd.
Treatment LSMean Error
A 4.7 0.220
B 4.9 0.220
c 5.0 0.220
o] 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 1.4 0.220
J 5.1 0.220
Overall P-value=0.0001
Pairwise P-values (One Way Layout Ignoring DOX Design)
i/3 A B c D E F G H I J
A . 0.4224 0.2858 0.3409 0.3661 0.3463 0.3438 0.0234 0.0001 0.1145
B 0.4224 . 0.7357 0.0793 0.0997 0.1066 0.1109 0.0052 0.0001 0.4608
C 0.2858 0.7357 . 0.0284 0.0396 0.0474 0.0595 0.0025 0.0001 0.6923
D 0.3409 0.0793 0.0284 . 0.9976 0.9598 0.9659 0.2017 0.0071 0.0273
E 0.3661 0.0997 0.0396 0.9976 . 0.9548 0.9614 0.1790 0.0065 0.0290
F 0.3463 0.1066 0.0474 0.9598 0.9548 . . 0.9359 0.1681 0.0050 0.0245
G 0.3438 0.1109 0.0595 0.9659 0.9614 0.9959 . 0.1409 0.0029 0.0184
H 0.0234 0.0052 0.0025 0.2017 0.1790 0.1681 0.1409 . 0.0766 0.0002
I 0.0001 0.0001 0.0001 O0.0071 0.0065 0.0050 0.0029 0.0766 . 0.0001
J 0.1145 0.4608 0.6923 0.0273 0.0290 ©0.0245 0.0184 0.0002 0.0001 .
f,-\ NOTE: To ensure overall protection level, only probabilities associated with pre-planned
! compariscns should be used.
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Salicylic Std.

Acid LSmean Error
1 =0.0% 4.8 0.162
2 = 0.5% 4.3 0.152
3 = 1.0% 3.9 0.182
Overall P-value = 0.0044

std.

TCS LSMean Error

1 = 0.0% 4.5 0.120
2 = 0.5% 4.4 0.120
3 = 1.0% 4.2 0.120
Overall P-value = 0.4652

Salicylic

Acid TCS LSMean
1 =0.0% 0.0% 4.6
2 = 0.08 0.5% 4.9
3 = 0.0% 1.0% 5.0
4 = 0.5% 0.0% 4.4
5 = 0.5% 0.5% 4.3
6 = 0.5% 1.0% 4.3
7 = 1.0% 0.0% 4.4
8 = 1.0 0.5% 3.9
9 = 1.08 1.0% 3.4

Overall P-value =« 0.1386

Pairwise P-values:

i/j
1

OV ® IOV e WN

NOTE:
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0.244
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0.4029
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o

7
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P. B. Neumann

3
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Study Objective

The objective of this study is to evaluate the residual effectiveness of ten (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.

Study Summary _

This is a randomized blinded clinical study that will evaluate the residual effectiveness of ten (10) 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 evaluatc ten (10) test products.

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 laboratorv technician with the test products according to a
randomuzation. '

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). The test sites will then be

occluded with a Hill Top Chamber® patch for one (1) hour. After occlusion, the patches will be removed
and the bacteria on the skin will be harvested using a scrub technique /. Each sample of harvested
bacteria will be diluted, plated, and incubated. Following incubation, the number of surviving colony
formung units (CFU’s) for each site will be determined.

Study Population
Subjects will be screened for their eligibility to participate based upon information provided in the

- Demographics/Dermatological/Medical History Form [Case Report Form (CRF)1]. Only subjects

meeting the inclusion/exclusion cntena, outlined in CRF 2, will be allowed to participate in the study. If a
subject 1s admutted to this study in apparent violation of any of the above criteria, the reason(s) for
admussion 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 Informed Consent (Appendix A),

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

4 Have.forearms that are free of dermatoses, cuis. lesions, and other skin disorders; and
5. Are willing to comply with all study protocol requirements.



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;

Have cuts, scratches, or a rash on the volar surface of either forearm,
Have soap, detergent, and/or perfume allergies;

Have eczema or psoriasis on their arm(s),;

N w»n W

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;

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 transplant, or AIDS (or HIV positive);
and/or

11. Have any other medical condition, which in the opuuon 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 wall 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 wisit 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 trcatment regimen. Two (2) treatment areas, upper and lower, will be marked off on each arm. A
lab technician will 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
Investigator, all test subjects will be given a copy of Subjects' Instructions Following Study
Compietion (Appendix B) before leaving the clinucal test facility after they have completed the study.
This sheet will instruct the subjects to examine their forearms 48 - 72 hours after completion of the
studv for the presence of pimples, blisters, or raised red itching bumps surrounded by erythen?a and/or



C.

D.

E.

edema that may be indicative of a skin infection. Subjects, who notice any of these lesions, will be
instructed to call the clinical test site.

Wash with the Test Products

Two (2) 10 x 5 cm treatment areas (upper and lower) will be marked off on each subject's forearms
using a template. Each of the 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 with 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.

Microbial Inoculation

Within five (5) minutes after the wash with the test products is completed, 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 cm diameter
glass cylinder, inked with a stamp pad, against the skin.

All test sites on both arms will be inoculated with £. col (ATCC 11229) that has been grown in
Trypticase Soy Broth (TSB). To determine the actual number of CFU/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 pL of
the bacterial culture to obtain 106 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 whilc remaining 4 to 5 mm from the marked edge. Inoculation of each site will be documented on
CRF 3.

Occlusion of the Test Sites

The inoculated test site will be immediately occluded by covering it 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.

F. Harvesting of the 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 cm in 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 1% Tnton X-100 detergent (pH 7.9), with suitable
neutralizers, will be pipetted into the cylinder.

The skin inside the cylinder will be massaged for 60 seconds with a Feflon policeman. -
The fluid will be removed by pipetting 1t into an empty sterile culture tube.
Another 1.0 mL of buffered detergent will be added for a second 30 second scrub.

nos W



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 Polysponn® 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 stenlized 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 will be determined by taking the average of the counts from the plates which are in the range of
> 2510 <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:

1. Ifall of the counts are below the prescnbed 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
cstimated counting procedure described in Appendix F, will be used.

The number of CFU's for each dilution counted will be recorded on SOurQe Document 2.

V. Study Material and Instructions
A. Study Materials
All test products will be sent by the Sponsor to the clinical site prior to study initiation.

Each treatment product will be identified with the appropriate label (Appendxx 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 Form (Source Document 1). The
products will be packed into one or more cartons labeled with:

1 the study number,;

2. distnbutor statement (i.c., "Distnbuted by Hl“ Top Research, Inc. with the test facility's full
address and phone number); and

3. any applicable safety and handhng 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: i

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

B.

Should any unexpected or serious adverse event occur dunng 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 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, this treatment will be documented on CRF 5.

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 will 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 wath the evaluation.

¢) Noncompliance with the protocol.

d) Investigator decision to withdraw a subject from study.

e) Subjects, who are prescribed medication for an illness arising during the study,
may be terminated on the basis of an intercurrent event. This event will be
noted on the appropnate CRF's '

f) Subjects who decide to withdraw from the study for personal reasons.

‘e



VIIL.

VIII.

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.

Statistical Analyses

Data will be analyzed using analysis of vanance. 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, arm site, and the side by site interaction.
P-values <0.10 will be considered significant. ‘

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.

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.

Study Monitoring

The Investigator will permit a representative 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 permutted to review and venfy 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.

Protocol Revisions and Amendments
With the exception of emergency situations, no changes or deviations from this protocol will be
permutted 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
dewiates from the agreed final protocol, the Sponsor’'s Monitor will be informed of the change as soon
as possible by telephone.

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. Appropnate 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 - B

1. Williamson, P. and Kligman, A.M., A new method for the quantitative investigation of cutaneous
bactenia. J. Invest. Dermatol., 45:6 (1965) 498-503.



™ X Sponsor and Investigator Concurrence

For The Procter and Gamble Company

PREPARED BY:

@m_}_ﬁ__&n%ﬁﬂw Date: ! ’// 9/ 47 '
an S. Englehart, B.S.,"ASCP, Clinical Research Associate

Clinical Research and Biometrics Department

APPROVED BY:

eSO o B Bf e  pae )12/
Ward L. Billhimer, M.S., Senior Scientist o
Clinical Research and Biometrics Department

LN, ™~ _“‘S k: ALY oy Date: \\ l’ g I e)—)
Paula B. Neumann, Ph.D., Senior Scientist Biostatistician
Clinical Research and Biometrics Department




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, 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. -

il G owe L1552
- Gayle K. Mulberry, M.S., Principal Inve%gator

Q\l?&&vﬁ Date: [1-19.97

Ann R Brady, A S, SuH-Investigator
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XI1. Attachments

The following Appendicés, Case Report Forms, and Source Documents are included as attachments to the

Final Protocol:
Aﬁpendices
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
2
3
4
5
6

Demographics/Dermatological/Medical History Form
Inclusion/Exclusion Form

Treatment Record

Adverse Event

Physician's Action Report Form

Subject Termination and Investigator Review Form

Source Documents

1
2

Shipping and Receiving of Study Matenial
Microbiology Worksheet - Enumeration of Organisms

11
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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 B

HT# 97-5425-11
CRB-97-11-245-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) 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.

AN

Thank you for your cooperation.



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 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, chmging after each treatment area wash.

Wipe the template with 70% isopropyl alcohol after use.

Begin with the subject's right arm:

1. Using the template, mark two (2) 10 x 5 cm treatment areas (an upper and lower) on the
subject's forearm.

2. The sdbject should wet the upper treatment site of their forearm under the running water.

3. Duspense 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 nnse the upper treatment site avoiding crossover to the lower treatment
site under the running water. Runse for fifteen (15) seconds. Do not rub!

7. Repeat steps 1 to 6 for the lower treatinent site.
8. Pat subjects’ forearms dry using a paper towel. Do not rub!

9. Repeat steps | to 8 on the left forearm
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Appendix D

HT# 97-5425-11
CRB-97-11-245-CD

PRODUCT LABELS
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code A Product Code B o
Study# CRB-97-11-245-CD Study# CRB-97-11-245-CD

HT#97-5425-11 HT#97-5425-11

Net Contents: 100 g Net Contents: 100 g
Distributed by: Distributed by:
Hill Top Research Hill Top Research
Main and Mill Streets Main and Mill Streets

Miamiville, Ohio 45147
(513) 831-3354
May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Miamiville, Ohio 45147
(513)831-3354
May Contain: Triclosan (TCS)
"Exp. Date: 1/1/98

Use as directed for washing Use as directed for washing
arms only. arms only.
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code C Product Code D
Study# CRB-97-11-245-CD " Study# CRB-97-11-245-CD
HT#97-5425-11 HT#97-5425-11
Net Contents: 100 g Net Contents: 100 g
Distributed by: Distributed by:

Hill Top Research Hill Top Research
Main and Mill Streets Main and Mill Streets

Miamuwille, Ohio 45147
(513)831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Use as directed for washing
and arms only.

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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Appendix D
HT# 97-5425-11
CRB-97-11-245-CD

PRODUCT LABELS

ANTIBACTERIAL
LIQUID SOAP PRODUCT
Product Code E

Study# CRB-97-11-245-CD
HT#97-5425-11
Net Contents: 100 g
Distributed by:
Hill Top Research
Main and Mill Streets
Miamiville, Chio 45147
(513)831-3354
May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

ANTIBACTERIAL
LIQUID SOAP PRODUCT
Product Code F

Study# CRB-97-11-245-CD
HT#97-5425-11
Net Contents: 100 g
Distributed by:
Hill Top Research
Main and Mill Streets
Miamiville, Ohio 45147
(513) 831-3334
May Contain: Triclosan (TCS)
"Exp. Date: 1/1/98

Use as directed for washing Use as directed for washing
arms only. arms only.
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code G Product Code H
Studv# CRB-97-11-245-CD Study# CRB-97-11-245-CD
HT#97-5425-11 HT#97-5425-11
Net Contents: 100 g Net Contents: 100 g
Distributed by: Distributed by:

Hill Top Research Hill Top Research
Main and Mill Streets Main and Mill Streets

Miamiville, Ohio 45147
(513)831-3334

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Use as directed for washing
arms only.

Miamiville, Ohio 45147
(513) 831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

" Use as directed for washing
arms only.
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Appendix D

HT# 97-5425-11
CRB-97-11-245-CD

PRODUCT LABELS
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code I Product Code J

Study# CRB-97-11-245-CD
HT#97-5425-11

Net Contents: 100 g
Distributed by:
Hill Top Research
Main and Mill Streets -
Miamiville, Ohio 45147
(513) 831-.3354

. May Contain: Triclosan (TCS)

“Exp. Date: 1/1/98

Use as directed for washing
and arms only.

Study# CRB-97-11-245-CD
HT#97-5425-11

Net Contents: 100 g
Distributed by
Hill Top Research
Main and Mill Streets
Miamiville, Ohio 45147
(513) 831-3354
May Contain: Triclosan (TCS)
"Exp. Date: 1/1/98

Use as directed for washing
and arms only.




Appendix E
HT# 97-5425-11
CRB-97-11-245-CD

LIST OF ANTIBACTERIAL / ANTIMICROBIAL PRODUCTS

Medicated Acne Cleansers

Benzac W Wash §
Desuam-X 5 Wash

Benzac W Wash 10
Desquam-X 10m Wash
Fostex 10% BPQO Wash

Oxy 10 Wash

Propa P.H. Liquid Acne Soap

PanOxyl 5

Fostex 10% BPO

PanOxy} 10

Clearasil Antibacterial Soap .

Sastid Plain Therapeutic Shampoo and Acne Wash
Oxy Clean Soap

Fostex Medicated Cleansing Bar

Salicylic Acid and Sulfur Soap

Sulfur Soap

AntidandrufT Shampoos

Head and Shoulders (all formulas)
Selsun Blue (all formmulas)

Pert Plus for Dandruff

Suave for dandruff

Neutrogena T-gel

Neutrogena T-sal

Scalpacin

Tegrin

Any antdandruff shampoo

Aanti-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
Bacitracin
Polysporin
J & J First Aid Cream
Neomycin

Anti-bacterial Dishwashing Liquids

Dawn

Joy
Palmolive
Diai



Appendix F

HT# 97-5425-11
CRB-97-11-245-CD

- MICROBIOLOGICAL MEDIA
0.075M Phosphate Buffer Solution

Weigh 0.4 grams of KH;POy4, 10.1 grams of NayHPO4, 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 stenlize 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
muxing 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 121°C. Cool to 45 - 50°C in a water bath. Pour in sterile 15 x
100 mm Petn 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 distnbution and calculate the Estimated Standard Plate Count (ESPC) from these counts. The ESPC will
be determuned utilizing the grid embossed area on the lighted surface of the colony counter. Each large square on
the gnd is 1 cm2. If there are fewer than 10 colonies per square centimeter, count colonies in 12 squares, '
selccting, if representative, six consecutive squares honzontally 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 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 (Estimated
Standard Plate 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 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 -
total CFU count.



Case Report Form 1

DEMOGRAPHICS/DERMATOLOGICAL/MEDICAL HISTORY FORM
op Research, Inc. |  Visit Code

. Subject Screen #

.. Subject ;o ;o Permanent #:
Qualification | 7 1 v F ™M L ’
Gender: 0 Malet 0 Female® 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 pasi)?

. OTHER MEDICAL INFORMATION
1. . Allergies.? Please specify.
Hepatitis ?
Heart and Vascular Disease?
Liver Disease ?
Kidney Disease ?
~ Tuberculosis ?
" Diabetes ? Controlled? Diet{ ] Oral{ ] Insulin| }
Cancer ? '
Auto-immune disease (Lupus erythematosus, thyrodits. AIDS, etc.) ?
Organ transplant ?
11.  Any other condition not listed ? Please specify

ol Bl B Hoal Il ol ol 0

—
o

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

| M. MEDICATION

Anubiotics, oral or systemic ? _
Cortisone, Steroids, ACTH, Anti-reaction Drugs ?
Heart Medication ?

Insulin ?

Other ?

bedll Il ol Bl B

Comments:

Based on the above medical history, the subject is. 0O Qualified or [ Not qualified for the study.

Interviewer's Signature: Date: / /




Case Report Form 2

INCLUSION / EXCLUSION FORM

isit Cade | Subject Screen #

Subject ;o ;o Permanent #:
» Qualification mm dd  yy F M L

INCLUSION CRITERIA
Check one
YES NO Subject:
1. Is 18 to 65 years ?
2. Has signed informed consent ?
3. Is healthy as evidenced by responses on CRF 1 ?
4. Has forearms that are free of dermatoses, cuts, lesions, and other skin disorders ?
5. Is willing to comply with all study protocol requirements ?
i -7 EXCLUSION CRITERIA
Check one

YES NO N/A Subject:

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

Has participated in any type of hand or arm wash study within the past 14 days ?

Has cuts, lesions, or other skin disorders on the volar surface of either forearm ?

Has soap, detergent, and/or perfume allergies ?

Has eczema or psoriasis on their arm(s) ?

wislwle

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 anubactenal/anumucrobial soaps (liquids and/or bars), medicated lotions
and creams, and/or anti-dandruff shampoos ?

Female | Female | Male | 8. [Iscurrently pregnant? (] Yes [J No  Of child-bearing potential: (J Yes [J No
0 Surgically Sterile (0 Post-menopausal
1f of child bearing potenual - -HCG Test Results: 0 negative g positive

Female | Female | Male | 9. Iscurrently lactating?

10. Has been medically diagnosed as having a medical condition such as: diabetes,
hepatitis, an organ transplant, or AIDS (or HIV positive) ?

11. Has another medical condiion which in the opinion of the Investigator would
preclude participation ?

Based upon dermatologic evaluation and the information contained in Case Report Forms 1 and 2, the subject is:

O Qualified [0 Not Qualified for participation in this study.

Reasons for disqualification:

Investigator's Signature: ¢ Date: / /

‘s



Case Report Form 3

TREATMENT RECORD
- Study # | Hm TopRueuth, Inc Visit Code ..
97542511 |  GayleK. Mulberry | TestPeriod .,
, C F M L
Right Arm Left Afm : Wafer .
Wash Test Sites Test Sites Temp. Initials / Date
‘ Upper (1) Lower (2) Upper (3) Lower (4)
Product
Code
1 am/pm am / pm am/ pm am/pm /
INOCULATION, OCCLUSION, AND HARVESTING
Rich Site Time Period Inoculation and Harvesting Time Initials / Date
1ght Occlusion Time
- Arm
upper (1) am / pm am/pm /
lower (2) am/ pm am / pm /
Lef Site Time Period Inoculation and Harvesting Time Initials / Date
et Occlusion Time
A
rm upper (3) am / pm am / pm /
lower (4) am / pm am / pm /
Microbiologst's Initials: Investigator's Signature: Date: / /
mm dd yy
(]




Case Report Form 4
ADVERSE EVENT

Permanent #:

' Study# _.fvHi'II.TopvRe‘sear:h-,':;letzcv.-, ~ Date

97542511}  Gayle K. Mulberry ., I
R - RO mm __ dd v F M L

Was reaction related to treatment? [] Not related  [J Possibly related  [J Definitely related  [J Other (explain)

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

Date of Onset: Date Reported: Date Resolved:

Describe event:

Action Taken: (] None (] Continued on study ~ [J Withdrawn from the sudy ~ (J Consulted physician

[J Medication taken (Complete below) (] Hospitalized ~ [J Other (explain)

{,—.,Additional Comments:

FOLLOW - UP ACTION TAKEN

Date Action Taken Comments Initials

CONCOMITANT MEDICATION TAKEN

Mecdication Total Daily Dose Start Date Stop Date Indication
(Oral or Systemic) mm /dd /vy mm/dd/yy (Reason for Taking)

/ / / /
/ / / /
! / / /

r Inscstigator's Signature: Recorded by: Date

F / u/
| mm dd Yy




Case Report Form §
PHYSICIAN'S ACTION REPORTING FORM

Date Suh;ectlmhxls . Permanent #:

 Hill Top Research, Inc. | -

mm dd Vv 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:

Datc Resolved:

[s condition related to use of the test products?
{ ] Probably rclated* [ ]} Not Related* [ ] Unknown

Reasons:

Physician's Signature Date




Case Report Form 6

SUBJECT TERMINATION AND INVESTIGATOR REVIEW FORM

Permanent #:

. Study# ';ﬁ;_ﬁﬁidp_lteenrch, Inc. | Visit Code

End of Study | ___/

Date Subject Entered the Study:

/

/ /

/

Date Subject Withdrew / Completed the Study:

mm dd

Yy mm

dd

Did subject drop out of study prior to completion? J YES [J NO  If yes, complete below:

Check reason for subject premature termination:

D 1 = Adverse Event (Documented on CRF 4)

O 2 = Intercurrent Event

O 3 = Lack of Compliance with Protocol Specify:

(O 1 = Personal reasons
D 5 = No show, Lost to

0 6= Other Specify:

Comments:

(family problems, lack of transportation, etc.)

Follow-up

MY SIGNATURE ON THIS PAGE CERTIFIES
THAT | HAVE REVIEWED ALL OF THE DATA
AND STATEMENTS SUBMlTTED'_P;OR THIS
SUBJECT AND FIND THEM ACCURATE AND

COMPLETE TO THE BEST OF MY KNOWLEDGE.

Investigator’s Signature

Date

dd




SOURCE y» )JMENT 1
CRB-97-11-245-CD
(HT# 97-5425-11)

SHIPPING & RECEIVING OF STUDY MATERIAL

MATERIALS SHIPPED
Datc Shipped: Time:
Test Sitc:
Mcthod of Transport:

MATERIALS RECEIVED

Datc Received:

Time:

Test Sitc:

MATERIALS RETURNED
Date : Time:

Test Site:

Method of Transport:

MATERIALS RECEIVED
Date Received:

Time;

Test Site:

® LISTING OF MATERIALS SHIPPED

MATERIALS RECEIVED

MATERIALS RETURNED -

MATERIALS RETURNED

#Hof [MEM DESCRIPTION * ;‘; OIKO STAMAGED Indicate if items are returned or :; oli)ST/D GED
ITEMS . - - = LOS E = AMAGE
.* Include Batch no. in item description NR = NOT RECEIVED not returned NR = NOT RECEIVED
Shipping Receiving Returning '| Receiving
Technician: Technician: Technician: Technician:
Date: Date: Date; Date:

-,




SOURCE DOCUMENT 2

HT# 97-8425-11
CRB-97-11-245-CD

MICROBIOLOGY WORKSHEET - ENUMERATION OF ORGANISMS

CFU COUNTS (TOTAL # ORGANISM

Date Plated: -

Date Counted:

Inoculum Count:

Subject | - Test

Right Arm

Left Arm

No. | Site 1 (upper)

2 (lower)

3 wpper)

4 (dower)

Plate 1

Plate 2

Plate 1

Plate 2 Plate 1

Plate2 |

10’1

Plate 1

Plate 2

102

103

104

105

Subject Test

Right Arm

Left

Am

No. Site

1 (upper)

2 (lower)

3 (upper)

4 (lower)

Plate 1

10!

Plate 2 Plate 1

Plate 2 Plate 1

Plate 2

Plate 1

Plate 2

et

10-2

103

10+

10-5

Subject Test

Right Arm

Left

Am

No. Site

1 (upper)

2 (Tower)

3 (upper)

4 (lower)

Plate 1

Plate 2

Plate 1

Plate 2 Plate 1

Plate 2 |

10!

Plate 1

Plate 2

102

103

10+

108

Subject Test

Right Arm

Left

Arm

2 (lower)

3 (upper)

4 (lower)

Plate 1

10!

Plate 2 Plate 1

Plate 2 Plate 1

Plate 2

Plate 1

Plate 2

102

10-3

10+

105

Laboratory Supervisor

Microbiologist

Date




PROTOCOL AMENDMENT Issue I 11/24/97

Residual Effectiveness Screening Test of Antibacterial Liquid Products against E. coli

Study Number: CRB-97-11-245-CD (HT 97-5425-11)
Purpose of the

Amendment: Changes to the Study Protocol
CHANGE #1 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 simulated 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:

& J gnddhant Date:__11/24/497

S S. Englehar¥ B.S., Clinical Research Associate

For Hill Top Research, Inc.:

Date: /1//2 z /;7

Ctinf B, Date: 11-34.57

Ann R. Brady, A.S. 8ub-Investigator







FINAL REPORT OF CLINICAL TEST RESULTS

From: P.B.Neumann, J. S. Englehart Date: Jjuly 10, 1998
To: Stwudy File for CRB-97-12-262-CD Retention Limit: Until Superseded
Released: )

Subject:  Residual Effectiveness Screening Test Results on B-22M Liquid Soap
: Formulations with Varying Levels of Salicylic Acid and Triclosan (TCS) and
Liquid Ivory® against E. coli under Occluded and Unoccluded Conditions
Hill Top Research, Inc., CRB-97-12-262-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 <0.10) 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, ATCC 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 BI0060-108
G B-22M, 1.0% salicylic acid none BI0060-092
I B-22M, 1.0% salicylic acid 1.0% TCS BI10060-096
J Liquid Ivory Soap none BI0060-126
Study Design:

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 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 cm circular test site was marked-off in each area.
Each circular site was then inoculated with 10 uL 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 haif of the test sites remained

‘l’age 1of3



Study Design: (continued)

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 log}g 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 Accountability:

Twenty (20) subjects were enrolled and completed this study.

Adverse Events:

None reported.

Submitted by:

JoO
/‘:\.wLn— 'BA_ 41\4'6(11'"/9’”“’ W
Paula B. Neumann Jan S. Engleh
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CRB97-12-262-CD / HT97-5461-11

Treatments:

= B22M

= B22M, 1% Salicylic Acid

= B22M, 1% Salicylic Acid, 1% TCS
=-Liquid Ivory Soap

UHQ >

Conclusions:

Treatment and occlusion status were highly significant factors. The interaction

between these terms was not significant.

Significantly higher lsmean organism counts (E. coli) were detected with occlusion

(p-value = 0.0003).

B22M sites had higher organism counts than B2:M with both salicylic acid and

TCS (p-value = 0.04).

o std.
Occlude Treatment N Mean Dev.
No A 10 4.8 0.329
No G 9 4.5 0.483
No I 9 4.2 0.209
No J 10 5.0 0.159
Yes A 10 5.1 0.630
Yes G 9 4.9 0.569
Yes 1 9 4.7 0.795
Yes J 10 S.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
A 4.9 0.124 A . 0.4383 0.0379 0.24
G 4.8 0.134 G 0.4383 . 0.1138 0.10
I 4.5 0.134 I 0.0379 0.1138 . 0.00
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 1l
A Yes S.1 0.161 2
G No 4.6 0.173 3
G Yes s.0 0.173 4
b No 4.2 0.172 H
I Yes 4.8 0.172 [
J No 5.0 0.163 7
J Yes S.4 0.163 8

Pairwise p-values (Note: These are not valid as the
is not significant.)

i/3 1 2 3 4 5 6

T . £ 0.1239 0.4729 0.371S 0.0))) 0.9620 0
2 0.1235 . 0.0408 0.6374 0.0012 0.2009 O
3 0.4729 0.0408 . 0.0886 0.1139 0.5267 O
4 0.3715 0.6374 0.0886 . 0.0020 0.368) ©
S 0.0333 0.0012 0.1139 0.0028 . 0.0138 0
6 0.9620 0.2009 0.5267 0.3683 0.0138 . )
7 0.4449 0.5370° 0.1891 0.9015 0.0027 0.4187

8 0.0178 0.2961 0.0068 0.1794 0.0001 0.0175 O

P. B. Neumann

J
43
45
06

overall p-value

7

. 4449
-$370
.1891
.9015
-0027
-4187

.0664

Liquid Ivory Socap sites had higher organism counts than either B22M with 1%
salicylic acid or B22m with 1% salicylic acid & 1% TCS at p-values < 0.10.

Overall p-value=0.8832

0.0178
0.2961
0.0068
0.1794
0.0001
0.0175
0.0664
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RESIDUAL EFFECTIVENESS SCREENING TEST OF
ANTIBACTERIAL LIQUID PRODUCTS AGAINST E. COLI UNDER OCCLUDED
AND UNOCCLUDED CONDITIONS

Study Number: CRB-97-12-262-CD
Study Identification: | HT# 97-5461-11
Principal Investigator: Gayle K. Mulberry, M.S.
Sub-Investigator Ann R Brady, A S.
Clinical Test Site: Hill Top Research, Inc.
Main and Mill Streets

Miamiville, Ohio 45147

Sponsor: The Procter & Gamble Company
Clinical Research and Biometrics Division
Personal Cleansing Sector
11511 Reed Hartman Highway
Cincinnati, Ohio 45241

Sponsor Representative: ‘Ward L. Billumer, M.S.
Sponsor Statistician: Paula B. Neumann, Ph.D.
Sponsor Toxicologists: Paul F. Sterchele, Ph.D.

J. David Inmis, Ph.D.
Clinical Research Associates: Jan S. Englehart, B.S., ASCP

Start Date: December 2, 1997

Confidentiality: The obligations of the Investigator, regarding the confidential information on the
antibactenal soap and all aspects of the study wll be kept confidential according to the agreement with The
Procter & Gamble Company.
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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.

Study Summary

This is a randomized blinded clinical study that will evaluate the residual effectiveness of four (4) liquid
soap products using a split forearm 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 haif of the test sites will

remain unoccluded. After ten (10) minutes, the bacteria on the skin will be harvested using a scrub

“technique V). Each sample of harvested bacteria will be diluted, plated, and incubated. Following

incubation, the number of surviving colonv forming units (CFU's) for each site will be determined.

Study Population ’
Subjects will be screened for their eligibility to participate based upon information provided in the
Demographics/Dermatological/Medical History Form [Case Report Form (CRF) 1]. Only subjects
meeting the inclusion/exclusion criteria, outlined in CRF 2, will be allowed to participate in the study. ifa
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 Informed Consent (Appendix A);

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

4. Have forearms that are free of dermatoses, cuts, lesions, and other skin disorders; and
5. Are willing to comply with all study protocol requirements.



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; '

Have cuts, scratches, or a rash on the volar surface of either forearm;
Have soap, detergent, and/or perfume allergies;

Have eczema or psoriasis on their arm(s);

A

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 currénﬂy pregnant;
9. Are currently lactating;

10. Have been mcdiéqlly diagnosed as having a medical condition which would preclude
participation such as: diabetes, hepatitis, an organ transplant, 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 (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 will 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, primarily skin infections, are reported to the study
Investigator, all test subjects will be given 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 - 72 hours after completion of the
study for the presence of pimples, blisters, or raised red itching bumps surrounded by erythema and/or

3



edema that may be indicative of a skin infection. Subjects, who notice any of these lesions, will be
instructed to call the clinical test site.

C. Wash with the Test Products

D.

E.

Two (2) 10 x 5 cm treatment areas (upper and lower) will be marked off on each subject's forearms

- using a template. Each of the 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 with 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.

Microbial Inoculation

Within five (5) minutes after the wash with the test products is completed, 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 cm diameter
glass cylinder, inked with a stamp pad, against the skin.

- All test sites on both arms will be inoculated with E. coli (ATCC 11229) that has been grown in

Trypticase Soy Broth (TSB). To determine the actual number of CFU/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 pL of
the bacterial culture to obtain 106 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
CRF 3.

Occlusioﬁ of the Tést 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 (10) 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 cm 1n 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 0.1% Tnton X-100 detergent (pH 7.9), with suitable
neutralizers, will be pipetted wnto the cylinder.



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.
Another 1.0 ml. of buffered detergent will be added for a second 30 second scrub.

The fluid from the second scrub will be removed and pooled with the fluid from the first
scrub.

IS

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 acrobically 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
> 2510 <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:

1. Ifall 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 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 site 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 matenials, including test products and study supplies shipped to and returned from
the chinical site, will be documented on the Shipping and Receiving Form (Source Document 1). The
products will be packed into one or more cartons labeled with:

1. the study number;
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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 gafety 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
Cincinnan, Ohio 45241
Atm.: Jan Englehart

V1. 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 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, thus 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 termination of the study, CRF 6 will 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 wath the evaluation.

c) Noncompliancc with the protocol.

d) Investigator decision to withdraw a subject from study.

€) Subjects, who are prescnibed medication for an illness arising during the study,
may be termunated on the basis of an intercurrent event. This event will be
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VIL.

VIIL.

noted on the appropriate CRF's.
f) Subjects who decide to withdraw from the study for personal reasons.

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.

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.

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.

. 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 resuit 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.

Study Monitoring

The Investigator will permut a representative of the Sponsor to make regular visits during the course of
the study. Dunng 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 venfy 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.

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 wall 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
deviates from the agreed final protocol, the Sponsor's Monitor will be informed of the change as soon
as possible by telephone.



IX.

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 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 antibactenal 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.

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.



»~~ X. Sponsor and Investigator Concurrence

For The Procter and Gamble Company

PREPARED BY:

hact) b ondihant ' pate. 11/18/97
S. Englehart, B.S.YASCP, Clinical Research Associate
Clinical Research and Biometrics Department

APPROVED BY:

el o B Mo, Date: _10/i8/5
Ward L. Billhimer, M.S., Senior Scientist S
Clinical Research and Biometrics Department

—
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— RS VR S T . Date: i i

Paula B. Neuma.nn, Ph. D , Senior Scientist Biostatistician
Clinical Research and Blomctncs Department



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 submutted 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.

/Z\ ya Date: //—/;:;7

Gayle K. Mulberry, M.S., Principal fnvestigator

@Wﬂﬁ««\ | | Date: [/-19.97

Ann R. Brady, A S., Sub-Invéstigator
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f"\ XI. Attachments

The following Appendices, Qasé Report Forms, 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 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

o~ Source Documents

1 Shipping and Receiving of Study Material
2 Microbiology Worksheet - Enumeration of Organisms

i1



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) test sites on each of your forearms were inoculated with Escherichia coli bactena.
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.



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 arm:

1.

Using the template, mark two (2) 10 x 5 cm treatment areas (an upper and lower) on the
subject's forearm.

. The subject should wet the upper treatment site of their forearm under the running water.

. Dispense 0.5 mL of the appropriate test j)roducg from a 1 cc disposable syringe, onto the
upper treatment site area.

. The technician should wet their gloved hand under the running water.

. 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.

.. 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!

. Repeat steps 1 to 6 for the lower treatment site.

Pat subjects’ forearms dry using a paper towel. Do not rub!

. Repeat steps 1 to 8 on the left forearm.



Appendix D

HT# 97-5461-11
CRB-97-12-262-CD

" PRODUCT LABELS
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code A Product Code G
Study# CRB-97-12-262-CD Study# CRB-97-12-262-CD

HT#97-5461-11 HT#97-5461-11

Net Contents: 100 g Net Contents: 100 g
Distributed by: Distributed by:
Hill Top Research Hill Top Research
Main and Mill Streets Main and Mill Strects

Miamiville, Ohio 45147
(513)831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Miamiville, Ohio 45147
(513) 831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Use as directed for washing Use as directed for washing
arms only. arms only.
ANTIBACTERIAL ANTIBACTERIAL
LIQUID SOAP PRODUCT LIQUID SOAP PRODUCT
Product Code 1 Product Code J
Study# CRB-97-12-262-CD Study# CRB-97-12-262-CD
HT#97-5461-11 HT#97-5461-11
Net Contents: 100 g Net Contents: 100 g
Distributed by: Distributed by:

Hill Top Research Hill Top Research
Main and Mill Streets Main and Mill Streets

Miamiville, Ohio 45147
(513)831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Use as directed for washing
and arms only.

Miamiville, Ohio 45147
(513) 831-3354

May Contain: Triclosan (TCS)
Exp. Date: 1/1/98

Use as directed for washing
and arms only.




Appendix E

HT# 97-5461-11
CRB-97-12-262-CD

LIST OF ANTIBACTERIAL / ANTIMICROBIAL PRODUCTS

Medicated Acne Cleansers

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

PanOxyl! 10

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 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 liquid
Softsoap Antibacterial Soap

Antibiotic Ointments and Creams
Bacitracin
Polysporin
J & J First Aid Cream
Neomycin

Anti-bacterial Dishwashing Liquids
Dawn '
Joy
Palmolive
Dial



Appendix F

HT# 97-3461-11
CRB-97-12-262-CD

MICROBIOLOGICAL MEDIA

0.075M Phosphate Buffer Solution

Weigh 0.4 grams of KHyPOy, 10.1 grams of NajHPO4, 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 ] 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.
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 Jarge 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, six consecutive squares honzontally 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 (Estimated
Standard Plate 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 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
total CFU count.

<



Case Report Form 1
DEMOGRAPHICS/DERMATOLOGICAL/MEDICAL HISTORY FORM

'V'ﬁéit:Code ' Date Subject Screen #

.. -Subject ;o ;o Permanent #:
Qualification | T "ad v F M L

Gender: O Male® 0O Female®® Age: _____ Years

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

Psonasis ?

1

2. Eczema ?

3. Skin Cancer ?

4, Skin Allergies 7 Please specify:
5. Hives ?

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

. IL OTHER MEDICAL INFORMATION -

1. Allergies.? Please specify.

Hepatitis ?

Heart and Vascular Disease?

Liver Disease ?

Kidney Disease ?

Tuberculosis ? ,

Diabetes ? Controlled? Diet{ ] Oral[ | Insulin{ ]
Cancer ?

Auto-immune disease (Lupus erythematosus, thyroidits, AIDS, etc.) ?
Organ transplant ?

11.  Any other condition not listed ? Please specify:

bl o Bl BoAl Il Bl adl R

—
e

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

L. MEDICATION

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: D Qualified or [ Not qualified for the study.

Interviewer's Signature: Date: / /




Case Report Form 2

INCLUSION / EXCLUSION FORM
T SO | Subject Screen #

J / / / Permanent #:
mm dd vy F M L

~+- INCLUSION CRITERIA.

Check one
YES NO Subject:

1. Is 18 to 65 years ?

Has signed informed consent ?

Is healthy as evidenced by responses on CRF 1 ?

Has forearms that are free of dermatoses, cuts, lesions, and other skin disorders ?

Jolslw]N

Is willing to comply with all study protocol requirements ?

;. EXCLUSION CRITERIA:

Check one
YES NO N/A Subject:

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

. Has participated in any type of hand or arm wash study within the past 14 days ?

. Has cuts, lesions, or other skin disorders on the volar surface of either forearm ?

. Has eczema or psoriasis on their arm(s) ?

2
3
4. Has soap, detergent, and/or perfume allergies ?
5
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 | 8 [scurrently pregnant?(J Yes [0 No  Of child-bearing potential: J Yes [0 No
0O Surgically Sterile [0 Post-menopausal
If of child bearing potential - B-HCG Test Results: ] negative [ positive

Female | 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 HIV positive) ?

11. Has another medical condition which in the opinion of the Investigator would
preclude participation ?

Based upon dermatologic evaluation and the information contained in Case Report Forms 1 and 2, the subject is:

O Qualified [J Not Qualified for participation in this study.
Reasons for disqualification:
Investigator's Signature: Date: / /
mm dd yy




TREATMENT RECORD

Case Report Form 3

Page 1 of 2

: Visit Code ,_

TestPerind

- ' WASH RECORD: o
Right Arm Left Arm Water -
Wash Test Sites Test Sites Temp. Initials / Date
Upper (1) Lower (2) Upper (3) Lower (4)
Product
Code
1 am/pm am/pm am/pm am/pm /
~ INOCULATION, OCCLUSION, AND BARVESTING
. Time Inoculation Harveshng O
Right Site Period Time Occluded Time Initials / Date
Arm
upper (1) am / pm yes / no am / pm /
| Site Time | Inoculation | Qccluged | H2rvesting Initials / Date
Left Period Time Time
Arm upper (3) am / pm yes/ no am / pm /
lower (4) am / pm yes / no am / pm /
Microbiologist's Initials: Investigator's Signature: Date: /
mm dd Yy




Case Report Form 4
ADVERSE EVENT

Date ~  |Su ject - Permanent#:

* Was reaction related to treatment? [] Not related (] Possibly related (] Definitely related (] Other (explain)

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

Date of Onset: Date Reported: __ Date Resolved:

Describe event:

Action Taken: [JNone  [J Continued on study ~ (J Withdrawn from the study ~ [J Consuited physician

(J Medication taken (Complete below) (] Hospitalized - [J Other (explain)

~ Additional Comments:
FOLLOW - UP ACTION TAKEN s e
Date Action Taken Comments Initials
v CONCOMITANT MEDICATION TAKE'
Medication Total Dai Start Date Stop Date Indication
(Oral or Systemic) IDaily Dose | @ m/ad/yy | mm/ddlyy (Reason for Taking)
/ / / /
/ / / /
/ / / /
Investigator's Signature: Recorded by: ~Date
7~ / /
’ | mm dde yy




Case Report Form S

PHYSICIAN'S ACTION REPORTING FORM

Date Suh; Initi . Permanent #:

mm dd 354 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

Reasons:

Physician’s Signature Date



Case Report Form 6

SUBJECT TERMINATION AND INVESTIGATOR REVIEW FORM

Date Subject Entered the Study: Date Subject Withdrew / Completed the Study:

/ / / /
mm dd yy mm dd yv

| Did subject drop out of study prior to completion? ] YES [ NO  If yes, complete below:
Check reason for subject premature termination:
O 1 = Adverse Event (Documented on CRF 4)
O 2 = Intercurrent Event

0 3 = Lack of Compliance with Protocol Specify:

0 4 = Personal reasons (family problems, lack of transportation, etc.)
O 5= No show, Lost to Follow-up

0 6= Other Specify:

Comments:

MY SIGNATURE ON THIS PAGE CERTIFIES
THAT 1 HAVE REVIEWED ALL OF THE DATA
AND STATEMENTS SUBMITTED FOR THIS
SUBJECT AND FIND THEM ACCURATE AND

COMPLETE TO THE BEST OF MY KNOWLEDGE.

Investigator's Signature Date
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SOURCE DOCUMENT 1
CRB-97-12-262-CD
(HT# 97-5461-11)

SHIPPING & RECEIVING OF STUDY MATERIAL

MATERIALS RECEIVED

MATERIALS SHIPPED MATERIALS RETURNED MATERIALS RECEIVED
Date Shipped: Time: Date Received: Date : Time: Date Received: _
Test Site: Time: Test Site: Time:
Method of Transport: Test Site: Method of Transport: Test Site:
LISTING OF MATERIALS SHIPPED MATERIALS RECEIVED MATERIALS RETURNED MATERIALS RETURNED
n’f';: S ITEM DESCRIPTION * ‘l‘;’ OIT(OSTIDAMAGED Indicate if items are returned or ‘l’; 0&) STIOAMAGED
N * . . . . = - sE
Include Batch no. in item description NR = NOT RECEIVED not returned NR = NOT RECEIVED
Shipping Receiving Returning Receiving
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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: CRB-97-11-262-CD (HT 97-5461-11)

Purpose of the
Amendment: Changes to the Study Protocol
CHANGE #1 Clarification of the Title of the Protocol

The title of the protocol will be modified to read as follows:

“Residual Effectivenoﬁss‘Screeniﬁg Test of Liquid' Products against E. coli under
Occluded and Unoccluded Conditions

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 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.” '

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:
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For Hill Top Research, Inc.:
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Aspirin and Related Derivatives of Salicylic Acid

Stephen P. Clissold
ADIS Drug Information Services, Auckland

Summary

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 diflunisal, ibuprofen, flurbiprofen etc. are significantly superior analgesics and, in
many cases, have a longer duration of action.

In recent years the salicylates, aspirin in particular, have been the focus of much at-
tention 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-steroidal 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 cyclo-oxygenase enzyme. Thus, suppression
of prostaglandin biosynthesis is widely considered to explain the common properties of
NSAIDS, although further research is still necessary to clarify some inconsistencies and
to complete our understanding of the processes involved.

Aspirin and salicylates have been reported to have a wide range of drug interactions
but only relatively few seem to be clinically important. Many of the interactions are phar-
macokinetic in nature. Drugs considered to produce the most significant interactions with
salicylates include anticoagulants and thrombolytic agents, uricosuric agents, corticos-
teroids, methoirexate and sulphonylurea hypoglycaemic agents.

Numerous historical accounts of the use of plant  Miller, 1982; Starmer, 1983). Aspirin was first ad-

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, 1982;

ministered clinically at the turn of the century and
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-
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Aspirin and Related Derivatives of Salicylic Acid

mated that approximately 20,000 million aspirin
tablets are consumed per annum and this repre-
sents about 100 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 Ivey, 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

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. 1.)

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 COOH 0 COOH
OH \CH, : OH
Salicylic acid Acetylsalicylic acid F F
{aspinn)
Diflurisal
COCH COOH COOH
oc 20 OPO (OH); O‘ O/OH
OH
/ N \
Fostosal
Salsalate ‘
Fendosal

Fig. 1. Structural formulae of salicylic acid, aspinn and other dernvatives of salicylic acid with analgesic properties.
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inhibitors
NSAIDs such
as aspirin and

Cyclic endoperoxides

/N

Membrane phospholipids

Arachidonic acid

Prostagiandins Thromboxanes
e.9. PGE; e.g. TXA,
PGF,, TXB,
PGD,
PG,

Hydroperoxyeicosatetraenoic
acids

Leukotrienes

eg.LTC,
LTD, SRS-A
LTE,

Fig. 2. Simplitied schematic representation of cyclo-oxygenase and lipoxygenase pathways leading to the production of prostagian-
dins, thromboxanes and leukotnienes 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 inhibiting cyclo-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 cyclo-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
.non-acetyl-containing non-steroidal drugs produce

their analgesic effects.

Inhibition of prostaglandin production does not
seem to explain all of the pharmacodynamic ac-
tions of aspirin and additional mechanisms have
been postulated (for reviews see Brune and Lanz,
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 pen-
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 denivatives 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; Flower 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 cyclo-oxygenase inhibitors avert the sensitis-
ation of peripheral nociceptors to such stimulation
by preventing production and consequently release

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 (where prostagian-
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
overview of the anti-inflammatory properties of as-
pirin is needed. (For reviews see Bowman and
Rand, 1980; Flower 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 of NSAIDs are positively cor-
related with their anticyclo-oxygenase activity
(Vane, 1973). Further studies are clearly necessary

to elucidate the exact mechanisms by which sali.
cylates produce their anti-inflammatory effects.

2. Pharmacokinetic Properties

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-
priate.

There is growing evidence that the pharmaco-
kinetic behaviour of NSAIDs has a major impact
on their therapeutic efficacy and tolerability (for
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

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
the upper small intestine. Many factors are known
to affect the rate of absorption (table I) and, of these,
drug formulation has the major influence since it
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controls the dissolution of aspirin and this has been
shown to be the rate-limiting step for the absorp-
tion of solid 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-
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

Table I, Some important factors atfecting 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

Exercise

Disease states associated with altered gastrointestinat transit
time

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
i1s 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 Riegeiman, 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 pnmary and a number of secondary binding sites
(Borgi et al., 1976). -

Whereas salicylic acid is largely bound to plasma
albumin, aspinn itself binds only poorly to plasma
proteins, although it has been shown to acetylate
plasma albumin as well as some enzymes such as
cyclo-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

Hydrolysis of ASA

by esterases in many
body tissues t,, =

15 to 20 min

v

Disposition Elimination
70% ASA absorbed unchanged Highly protein bound biexponentiai t.,, ~ 13-19 min
Tmax Of SOl ASA = 25 min = 80-90% SA removed by 5 parallel competing
Tmax Of enteric-coated ASA = 4 to 6 hours Vol. = 9 to 13L pathways: 1 renal and 4 metabolic

\ K = 0.0075 h-' . salicylic acid

y *in urine

COooH hydrolysis CQoH

————-

o— ? —CH, OH

\- X«:.:_:izf_mgﬁi km = _523'“_9_ — _p salicyl pnenoiic
glucuronide
Aspirin Salicytic acid
Vg ® 60.3 mg/h; km = 338mg )
- ———— ———— - -» salicyluric acid

gentisuric acid

k = 0.0023 h-!
¥ gentisic acid
k = 0.0071 h-! o Ssalicyt acyl
" glucuronide
Excretion

varies depending on dose and urinary pH -
at low doses approximately 90% is excreted
as salicyturic acid and salicyi phenolic glucuronide.

Fig. 3. Some important pharmacokinetic characteristics of aspinn (ASA) and salicylic acid (SA) in man. Solid lines represent first-
order processes and Michaelis-Menten pathways (after Levy and Tsuchiya, 1972; Needs and Brooks, 1985).
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limits its ability to cross the blood-brain barrier
(Flower et al., 1980).

Diflunisal is 98 to 99% plasma protein bound
and has a relatively low apparent volume of dis-
tribution of about 8L in patients with normal renal
function (Brogden et al., 1980). The volume of dis-
tribution is significantly increased to almost 171L
in patients with terminal renal insufficiency. In lac-
tating women, the milk diflunisal concentration is
2 to 7% of that in plasma.

2.3 Elimination

As emphasised earlier, aspirin is rapidly metab-
olised to salicylic acid; the acetyl component is
generally found in the gastric mucosa or is excreted
as carbon dioxide after passing through the Krebs
cycle (Rainsford et al.,, 1983). Following intra-
venous administration, the elimination kinetics of
aspirin are best described by a biexponential equa-
tion with a terminal half-life of 13 to 19 minutes
(Rowland and Riegelman, 1968).

The elimination of salicylic acid is far more
complex and it is removed from the body by 5 par-
allel and competing pathways; | renal and 4 meta-
bolic (fig. 3). The 3 main metabolites are salicyluric
acid (glycine conjugate), salicyl phenolic glucuron-
ide and salicyl acyl glucuronide. Small amounts of
salicylate undergo oxidation to gentisic acid; gen-
tisuric acid may be formed from it by glycine con-
jugation or from salicyluric acid by microsomal ox-
idation (Wilson et al., 1978). Because the 2 major
metabolites of salicylic acid (salicyluric acid and
salicyl phenolic glucuronide) are produced via sat-
urable Michaelis-Menten pathways, the elimina-
tion kinetics are highly dose dependent. The other
routes of elimination exhibit linear first-order ki-
netics (Levy, 1965, 1971, 1979) [fig. 3].

Biotransformation of salicylate occurs in many
tissues but particularly in the endoplasmic reticu-
lum and mitochondna of the liver (Flower et al.,
1980). Some salicylic acid is excreted unchanged
via the kidney and the various metabolites are also
eliminated renally. The relative amounts of sali-
cylic acid and its conjugates excreted in the urine
vary widely. being dependent upon the dose ad-

ministered and urinary pH. Notably, at high dos-
ages the excretion of unchanged salicylic acid, sal-
icyl acyl glucuronide and gentisic acid generally
increases as a result of the saturable nature of the
pathways forming salicyluric acid and salicyl phe-
nolic glucuronide (at small doses of aspirin, 300mg
or less, about 90% is excreted via these saturable
routes). As urinary pH is increased from acidic to
alkaline, the urinary excretion rate for free salicylic
acid 1s markedly elevated, and the fraction of a sin-
gle dose eliminated in the urine as unchanged drug
may increase from as low as 5% to as high as 85%.

Reported values for the plasma half-life of sal-
icylic acid are also dose dependent. It has been
shown that at low doses (e.g. 325mg aspirin) sali-
cylate elimination is first order with a half-life of
about 2 to 3 hours. At higher doses, elimination of
salicylate is limited by the ability of the liver to
form salicyluric acid and salicyl phenolic glucu-
ronide, and plasma half-life may increase up to 30
hours or more.

Salsalate is rapidly and extensively hydrolysed
to 2 molecules of salicylate in the body (about 7
to 13% of a single oral dose is conjugated with glu-
curonide before hydrolysis). The drug is primarnly
excreted as salicylate metabolites by the kidneys:
small amounts are eliminated as unchanged sal-
salate, some as a glucuronide metabolite, and most
via the salicylic acid pathway. The plasma elimi-
nation half-life of salsalate is about 1 hour.

Unlike the drugs mentioned so far, diflunisal is
not metabolised to salicylic acid and its elimina-
tion is almost entirely dependent on glucuronida-
tion. About 80 to 95% of an oral dose of diflunisal
is excreted in the urine in 72 to 96 hours with a
terminal elimination half-life of about 10 hours. The
half-life is considerably increased in patients with
renal insufficiency (up to 115 hours when creatin-
ine clearance is less than 0.12 L/hour) {Brogden et
al.. 1980).

3. Analgesic Efficacy

Aspirin and other salicylates are weaker anal-
gesics than most narcotic drugs and they are most
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-
matoid arthritis, osteoarthritis and other rheu-
matic conditions) appropriately employed dosages
of salicylates, particularly aspinin, compare fa-
vourably with other NSAIDs. This action of sali-
cylates is dependent on their anti-inflammatory
properties and will not be considered in any detail
in this review. The aim is to evaluate the analgesic
efficacy of this class of drugs and this has been most
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

Aspinin 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).

3.1.1 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 § 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
1000mg 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
of non-narcotic analgesics, particularly aspirin (for
detailed reviews see Brogden et al., 1980; Cooper,
1983). In postoperative dental pain patients, di-
flunisal 250 to 1000mg was found to have a higher
peak effect and a substantially longer duration of
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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 actioa
(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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Fig. 4. Change in mean pain intensity difference score with ime

following administration of placebo (—, n = 38), aspnn 650mg
{s++. n = 42), diflunisal 250mg (-, n = 39), difturusat 500mg
{+++-. n = 41), and diflunisal 1000mg (---, n = 41) in 201 panents

with postoperative pain following oral surgery (adapted from
Forbes et al., 1982b).

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-response and time-
effect curves (Cooper, 1983) [fig. 5].

Peak analgesic effects of diflunisal 500 and
1000mg 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 S to
12. Other studies have found that diflunisal 500mg
1s a superior analgesic to paracetamol 500 or
1000mg (Quiding et al., 1985); diflunisal 250mg and
a combination of paracetamol 500mg, codeine
phosphate 8mg and caffeine 30mg were equally ef-
ficacious (White and Strunin, 1982); and diflunisal
500mg 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 NSAIDs

Cooper (1983) has recently reviewed the avail-
able data concerning the analgesic efficacy of
NSAIDs including the salicylates and paracetamol.
This exténsive review focused on the use of these
drugs in acute pain conditions, but mainly pain as-
sociated with oral surgery. In general terms the re-
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 clinicai
studies comparing aspirin 650mg with placebo, and paraceta-
mol 650mg with placebo in patients with pain foliowing 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

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
low doses of codeine in patients with pain resulting
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

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
be responsible (Woods, 1983). Salicylates provide
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
analgesics tested.

4. Side Effects

Occasional use of usual dosages of aspirin for
analgesic or antipyretic purposes generally causes
few adverse effects. 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-
pacity of the metabolic pathways responsible for
the elimination of aspirin (see section 2.3).

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 1o 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 rare; 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 habitua! 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 Ivey, this issue.

The mechanisms by which NSAIDs cause gas-
trointestinal disturbances are complex and are dis-
cussed by Ivey in this issue. At the present time,

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, 1975). 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:

1. 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-
tended-release, reduce the incidence of gastrointes-
tinal effects but not to an extent that they can be
reccommended 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, associated
with chronic analgesic abuse, especially with com-
binations of various non-prescription drugs.

From the outset, phenacetin was considered the
main instigator of analgesic-induced changes in

idney function, although the evidence implicating

“as the sole nephrotoxic agent appears circum-

tantial. Indeed, removal of phenacetin from sev-
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

{_.rglalively minor; usual analgesic doses, even when

ministered for years, have rarely produced any
rious effects on the kidney. However, chronic use
of anti-inflammatory doses, or abuse, have pro-
duced a high incidence of renal papillary necrosis

Tabtle Il. Summary of reported incidence of salicylate-induced
hepatic injury calculated by Zimmerman (1981) in healthy sub-
jects and patients with various rheumnatic and coilagen diseases

Clinical diagnosis Incidence of salicylate-
induced hepatic injury

(%)

Normal subjects and patients with 0 to 30
non-rheumatic disease

Adult rheumatoid arthritis 20
Systemic lupus erythematosus? 47
Rheumatic fever 50 to 70
Juvenile rheumatoid arthritis? 25t0 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-
pinin-induced liver injury develops after | 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; Flower et al,,
1980; Mielke, 1981). These effects appear to be me-
diated through inhibition of cyclo-oxygenase and
hence thromboxane A, 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 resuit 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

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)

Frequency of aspirin

Study group
. hypersensitivity (%)*

General population = 0.3
Rhinitis ~ 1.4
Asthma 4-19
Nasal polyps 14-23
Chronic urticaria 23-28

a Low frequencies are associated with studies based on his-
tonical 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 aspirin«En-
duced haemolytic anaemia or thrombocytopenia
(Conti et al., 1984; Hubert et al. 1984). At present
{¢ the pathogenesis of aspirin intolerance is poorly
1Y understood. The ubiquitous inhibition of cyclo-
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
i ~~ azo dyes such as tartrazine. Drugs which may pre-
‘ cipitate life-threatening bronchoconstriction, and
i 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
i of prostaglandin synthesis (especially NSAIDs) if
‘ at all possible, and vice versa. There 1s 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
~ 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

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 salicylates. Furthermore, in the sali-
cylate group there was an increased stillbirth rate
and a significantly reduced birthweight (for re-
views see Hanks, 1982; Thomas, 1983a). 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 breast
milk at about 2 to 7% of the plasma concentration.

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 1s
manifested initially as headache, tinnitus, deafness,
vertigo, lassitude, sweating, thirst, hyperventila-
tion, nausea, and vomiting. More severe CNS dis-
turbances, marked alterations in acid/base 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 (1 to 2%) [Proudfoot.
1983).

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 (2 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
NSAID:s 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 of these interactions is not cer-
1ain (Brogden et al., 1980).

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 Ivey, 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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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
nisk 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 agent 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 larger
single dose of the drug may be given at night: as an
alternative, single doses of another drug (e.g., 50 to
100 mg of indomethacin) may be given to supple-
ment existing medication without much danger of
serious side effects. A week is generally long
enough to determine the effect of a given drug. If
the drug is effective. treatment should be contin-
ued, reducing the dose if possible and stopping it
altogether if it is no longer 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

V

{Chap -
more debilitating disease may noy Tespond ...
quately. In such cases, more aggressiye lbt'h
should be initiated with aspirin or another 4.~
is best to avoid continuous combination .
with more than one aspirin-like drug: there |, 1 -
evidence of extra benefit to the patient. ang lh: -
cidence of side effects is generally additive

For the seriously debilitated patient whe Care
tolerate these drugs or in whom they are po: L
quately effective, other forms of therapy shoy:: -
considered. Gold, hydroxychloroquine. ang -
cillamine are discussed in a separate section .«
chapter. Other relevant drugs include immun.. -
pressive agents (Chapter 53) and glucocon...:
(Chapter 60).

A final important consideration is the cov -
therapy, particularly since these agents are
quently used on a long-term basis. Genero
speaking, aspirin is very inexpensive, ibupruc:
has become less costly than phenylbutazone a:
indomethacin, and the cost of the newer drugs c
be very high.
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Despite the introduction of many n<»
drugs, aspirin (acetylsalicylic acid) is st
the most widely prescribed analst\'\'.'
antipyretic and antiinflammatory agen
and it is the standard for the compan~
and evaluation of the others. Prodigwt”
amounts of the drug are consumed in
United States; some estimates place ":‘.
quantity as high as 10 to 20 thousand 1
annually. The layman relies upon it 3 ™
common household analgesic; yet. bec%.™
the drug is so generally available, its us¢ “_‘_
ness is often underrated. Despite the tq
cacy and safety of aspirin as an analee x
and antirheumatic agent, it is neceSSa”an;
be aware of its role in Reye's syndrome -
as a common cause of lethal drug I’O'f“’r'lIJ
in young children, as well as its POt
for serious toxicity if used improper!¥-

The older literature on salicylateswﬂ
been summarized by Hanzlik (1927 i
recent reviews of some of the cll:m,
pharmacology appear in several $Y art
sia (1983a, 1983c) and in a monot
(Rainsford, 1985a).

A\ J

Chemistry. Salicylic acid (orthohydroX T4 e
acid) is so irritating that it can only be US nis 3"
nally: therefore, various derivatives of "
have been synthesized for systemic Us¢- of &
comprise two large classes, namely, esters .-
cylic acid obtained by substitution in the © 1y ¥
group and salicylate esters of organic &/
which the carboxyl group of salicylic a*
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Structure~Activity Relationship.  Salicylates
nerally act by virtue of their content of salicylic
4, although some of the unique effects of aspirin
due to its capacity to acetylate proteins (see
ow). Substitutions on the carboxyl or hydroxyl
ups change the potency or toxicity of the com-
pound- The ortho position of the OH group is an
important feature for the action of salicylate. Ben-
ic acid, CJI,COOH shares many of the actions
of salicylic acid but is much weaker. The effects of
imple substitutions on the benzene ring have been
e,aensively studied, and new salicylate derivatives
still being synthesized. A difluorophenyl! deriv-
gtive, diflunisal, is also available for clinical use.
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PH ARMACOLOGICAL 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-
thralgia. 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
CNS may also be involved.

Antipyresis. As discussed above, sali-
cylates usually lower elevated body tem-
peratures rapidly and effectively. How-

Table 26-1. STRUCTURAL FORMULAS
OF THE SALICYLATES

COOH COOH COOCH,
OH OCOCH, OH
Salicylic Acid Aspirin Methyl Sclicylote
COOH COOH ? OH
oC
Q-0
F
. Salsalote
Diflunisal

THE SALICYLATES

* 645

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 Effects. 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, deliium, psychosis, stu-
por, and coma may occur. The tinnitus and hearing
loss caused by salicylate poisoning are due 1o 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 ug/ml, and there is a close relation between the
extent of hearing 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 trigger zone (CTZ). In
man, centrally induced nausea and vomiting gener-
ally appear at plasma salicylate concentrations of
about 270 ug/ml, but these same effects may occur
at much lower plasma values as a result of local
gastric 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 CO, production
(especially in skeletal muscle); these effects
are a result of salicylate-induced uncoup-
ling of oxidative phosphorylation (see
below). The increased production of CO,
stimulates respiration. The increased alveo-
lar ventilation balances the increased CO,
production, and thus plasma CQO, tension
(Pco,) does not change. The initial increase
in alveolar ventilation is characterized
mainly by an increase in depth of respira-
tion and only & slight increase in rate. If the
respiratory response to CO, has been de-
pressed by the administration of a barbitu-
rate or an opioid, salicylates will cause a
marked increase in plasma Pco, 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 ug/ml are nearly always as-
sociated with hyperventilation in man. and
marked hyperpnea occurs when the level
approaches 500 ug/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
CO; 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 occasionally 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 Pco,: except for the Pco,.
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 CO, outstrips
its alveolar excretion because of direct sa-
licylate-induced depression of respiration:

{Chap. 26)

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 accumuliation
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 accumu!a-
tion of strong acids of metabolic origin.
namely, sulfuric and phosphoric acids.
Third. organic acids accumulate secondary
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 alt€"
ations of water and electrolyte balance. The lo¥
plasma Pcq, leads to decreased renal tubular ré2
sorption of bicarbonate and increased renal excre
tion of Na*. K*, and water (see introduction [®
Section VI). In addition, water is lost by sahcylale‘
induced sweating and by insensible water 35'_
through the lungs during hyperventilation. and en
hydration rapidly occurs. Since more water :ha‘_
electrolyte is lost through the lungs and by SW‘;"C i
ing. the dehydration is associated with hype!“all e
mia. Prolonged exposure to high doses of salicY ":‘
also causes depletion of K* due to both renal 2
extrarenal factors.

Cardiovascular Effects. Ordinary theraPe’'’
doses of salicylates have no important direct J10
diovascular actions. The peripheral vessels ““ﬂ«ccl
dilate after large doses because of a direct € s
on their smooth muscle. Toxic amounts 4¢P of
the circulation directly and by central vas®
paralysis. . icylate

In patients given-large doses of sodium salicyo,
or aspirin, such as the doses used in acut® e it
matic fever. the circulating plasma volu™s ..
creases (about 20%). the hematocrit falls. a“c athy:
diac output and work are increased. Consed®;
in patients with clear evidence of cal'd‘“s'd pul
alterations can cause congestive failure a“s can
monary edema. High doses of salicvlawdemg.
also produce noncardiogenic pulmonary :‘ sl
particularly in older patients who are ingest!
cylates regularly over a long term.

, {
. jon©
Gastrointestinal Effects. The nps?;“’ s5:
salicylate may result in epigastric ‘isﬂ‘ of
nausea. and vomiting. The mechalc -

the emetic effect is discussed aboveé:
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vlate may. also cause gastric ulceration;
exacerbation of peptic ulcer symptoms
theartburn, dyspepsia), gastrointestinal
hemorrhage, and erosive gastritis have all
heen reported in patients on high-dose ther-
apy, but may occur rarely with low doses
as a hypersensitivity response. Salicylate-
mduced gastric bleeding is painless and
uy lead to an tron-deficiency anemia.

I'he daily ingestion of 4 or § g of aspirin, a dose
that produces plasma salicylate concentrations in
the usual range for antiinflammatory therapy (120
to 350 pg/ml), results in an average fecal blood loss
ot wbout 3 to 8 ml per day as compared with ap-
movimately 0.6 ml per day in untreated subjects
1 conards and Levy, 1973). Gastroscopic or direct
~vamination in salicylate-treated subjects reveals
dincrete ulcerative and hemorrhagic lesions of the
ganiric mucosa; in many cases, multiple hemor-
shunic lesions with sharply demarcated areas of
twal necrosis are observed. The incidence of
niceding is highest with salicylates that dissolve
Jdowly and deposit as particles in the gastric muco-
) I’ulds.

A~ discussed above. the mechanisms by which
siicvlates injure gastric mucosal cells are complex
o dvey, in Symposium, 1988a). Deleterious ef-
s result from Jocal actions (e.g., “"back diffu-
won’ " of acid). which cause injury to mucosal cells
ol the submucosal capillaries with subsequent
wvionis and bleeding. and from effects secondary
w anhibition of prostaglandin synthesis (e.g., in-
~reased acid secretion and decreased mucus pro-
mithion). There may also be an increased tendency
‘o bleed because of impaired platelet aggregation.

Hepatic and Renal Effects. Salicylates
. produce at least two forms of hepatic
wuny. In one form, hepatotoxicity is dose
dependent and is usually associated with
slasima concentrations that are maintained
dwne 150 ug/ml. The vast majority of
,ases oceur in patients with connective tis-
wie disorders. There are usually no symp-
«wiis. and elevated enzyme (transaminase)
~ in s in plasma are the principal indica-
sain of hepatic damage. About 5% of the
wmatictits also have hepatomegaly. anorexia.
+ul nausea, and jaundice may be present;
« these tnstances, salicylates should be dis-
-ontinued because of the potential hazard
4 Lital hepatic necrosis. For these and
aher 1easons, restriction of salicylates has

«on advised in patients with chronic liver
L EYSN TN

¢ onsiderable evidence implicates the use

4 wabovlates as an important factor 1n the
«wie hepatic inury and encephalopathy
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observed in Reye's syndrome (see Heubi
et al., 1987: Hurwitz et al.. 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 1s
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 er 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 (1 or 2 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 uricosunia 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 30).

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 4to 7
days. This effect is probably due to acetyla-
tion of platelet cyclooxygenase and the
consequent reduced formation of TXA,.

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 59).

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 antigen-antibody aggregation. and
of antigen-induced reiease 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 1o the antirheumatic efficacy of salicylates
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-

[Chap. 26]

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 Phosphoryiation. 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 carton 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 requirt
nucleotides as coenzymes, such as xanthine
oxidase. .

Carbohydrate Metabolism. Large doses of sali
cylates may cause hyperglycemia and glycosuna
and deplete liver and muscle glycogen; these i
fects are partly explained by the release of epineph”
rine. Such doses also reduce aerobic metabolism ©
glucose. increase glucose-6-phosphatase activity:
and promote the secretion of glucocorticoids.

Nitrogen Metabolism. Salicylate in toxic doses
causes a significant negative nitrogen balance
characterized by an aminoaciduria. Althoush
adrenocortical activation may contribute to the
negative nitrogen balance by enhancing prot¢
catabolism. the mechanism of the aminoacidu
produced by salicylates is poorly understood- .

Fat Metabolism. Salicylates reduce liposc“.es';
by partially blocking incorporation of acetaté '“:d
fatty acids: they also inhibit epinephrine-stimulat v
lipolysis in fat cells and displace long-chain fat s
acids from binding sites on human plasma protei®>,
The combination of these effects leads to increds
entry and enhanced oxidation of fatty acids io “‘“ed
cle. liver. and other tissues, and to decreﬂio_
plasma concentrations of free fatty acids. Phosgod,
lipid. and cholesterol: the oxidation of keton¢
ies is also increased.

Endocrine Effects. Adrenal Cortex.Very Iﬂg
doses of salicylate stimuiate steroid secmm';po,
the adrenal cortex through an effect on the B cen
thalamus and transiently increase plasma GOnmg.
trations of free adrenocorticosteroids by disP ) o
ment from plasma proteins. However, it iS € e
that the antiinflammatory effects of salicylat® st
independent of these effects on adrenocorti® P
roids

Thyroid Gland. Long-term admjmsm;‘:gncc
salicylate decreases thyroidal uptake and cl€2™ qd
of iodine. but increases oxygen consumptio? -
rate of disappearance of thyroxine and ff "y
thyronine from the circulation. These effe€'® by
probably due to the competitive displacem®

i

salicylate of thyroxine anu
transthyretin and the thyro
plasma.

. Salicylates and Pregnancy
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tion to large areas of skin. Methyl salicylate is like-

salicylate of thyroxine and triiodothyronine from S
wise speedily absorbed when applied cutaneously:

iransthyretin and the thyroxine-binding globulin in

la plasma. its gastrointestinal absorption may be delayed

many hours, and, therefore, gastric lavage should

) Salicylates and Pregnancy. There is no evidence be performed even in cases of poisoning that are
Hiphe thyt moderate therapeutic doses of salicylates ~ seen late. o _

‘hick cause fetal damage in human beings: however, ba- When nonionized salicylic acid in the gastric

lumen enters mucosal cells, largé amounts of salic-

ncHlES hies born to women who ingest salicylates for long : Ints
ylate can accumulate because of dissociation to the

preriods may have significantly reduced weights at

8 O % mrth. In addition, there is an increase in perinatal ~ ionized species at the intracellular pH. As a result,

ar (Gau ¢ moriality, anemia, antepartum and postpartum gastric mucosal damage may occur.

Mags 3 s hemorrhage, prolonged gestation. and complicated

NI deliveries (see above). o . .

hibiS Distribution.  After absorption, salicy-

L v i Iocal Irritant Effects. Salicylic acid is quite irri-  1at€ is distributed throughout most body tis-

- tating to skin and mucosa and destroys epithelial  sues and most transcellular fluids, primarily

ove@l}  «c!ls The keratolytic action of the free acid is em- by pH-dependent passive processes. Sali-

il [l for the local weatnent of warts coms. cylate is-actively transported by a low-
N unga . .

e E " : ,

as ; i dermatitis. The tissue cells swell, soften. and capacity, satural?le system out of the CSF

r desquamate. The salts of salicylic acid are innocu-  aCross the choroid plexus. The drug readily

cenillE «us 1o the unbroken skin; however, if the free acid ~ crosses the placental barrier.

Wik i3 n released in the stomach, the gastric mucosa may

hi be irritated. Methyl salicylate (oil of wintergreen) is The volumes of distribution of usual doses of

untating to both skin and gastric mucosa and is
only used externally.

Pharmacokinetics and Metabolism.
Ihese important aspects of the salicylates
have been reviewed by Davison (1971).

Absorption. Orally ingested salicylates
are absorbed rapidly, partly from the stom-
ach but mostly from the upper small intes-
ine. Appreciable concentrations are found
m plasma in less than 30 minutes; after a
wmgle dose, a peak value is reached in
about 2 hours and then gradually declines.
Rate of absorption is determined by many
{uctors, particularly the disintegration and
dissolution rates if tablets are given, the pH
4t the mucosal surfaces. and gastric empty-
myg time.

Salicylate absorption occurs by passive diffusion
rimarily of nondissociated salicylic acid or acetyl-
walicylic acid across gastrointestinal membranes
snd hence is influenced by gastric pH. Even though
wlcylate is more ionized as the pH is increased. a
swe 1n pH also increases the solubility of salicylate.
«d the overall effect is to enhance absorption. As
« 1ewult, there is little meaningful difference be-
rween the rates of absorption of sodium salicylate,
«wwpinn, and the numerous buffered preparations of
«ahwylutes. The presence of food delays absorption
4 salicylates.

Kectal absorption of salicylate is usually slower.
« umplete. and unreliable: rectal administration is
swerefore not advisable when high plasma concen-
waons of the drug are required. Salicylic acid s
~midly absorbed from the intact skin. especially
shen applied in oily liniments or ointments. and
semic poisoning has occurred from its applica-

aspirin and sodium salicylate in normal subjects
average about 170 mb’ke 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 g. 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 ug/ml at ordinary therapeutic
doses. Methy! salicylate is also rapidly hydrolyzed
to salicylic acid. mainly in the liver,

At concentrations encountered clinically, from
80 1o 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-
thntis. 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
1o a more limited extent: however, it acetylates
human plasma atbumin in vivo by reaction with the
e-amino group of lysine; this acetylation may
change the binding 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
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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-trthydroxybenzoic
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 glomerular fil-
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 uninary pH also
have significant effects on salicylate excretion: for
example. the clearance of salicylate is about four
times as great at pH 8.0 as at pH 6.0. and it is well
above the glomerular filtration rate at pH 8.0. High
rates of urine flow decrease tubular reabsorption,
whereas the opposite is true in oliguria. The conju-
gates of salicylic acid with glycine and glucuronic
acid do not readily back diffuse across the renal
tubular cells. Their excretion. therefore, is both by
glomerular filtration and proximal tubular secretion
and is not pH dependent.

Preparations. Routes of Administration. and
Dosage. The two most commoaly used prepara-
tions of salicylate for systemic effects are sodium
salicylate and aspirin (acetylsalicylic acid).

Sodium salicylate is available in regular or en-
teric-coated tablets that contain 325 or 650 mg of
drug and in an injectable solution for parenteral
use. Aspirin is available in regular or enteric-coated
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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-
larly during high-dose therapy. Absorption from
enteric-coated tablets is sometimes incomplete, but
these formulations may produce less gastrointest!-
nal irritation. Preparations of aspirin containing
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 systemi¢
use include salsalate (salicylsalicylic acid:
DICALCID); it is hydrolyzed to salicylic acid dunns
and after absorption. The drug is available in 500-
and 750-mg tablets and S00-mg capsules: the max!-
mal daily dose is 3 g given in 2 to 4 divided doses-
Salicylamide, which is not metabolized to salicy-
late in vivo, has antipyretic, analgesic, and antiin-
flammatory effects similar to those of salicylate. It
remains available only in certain combination prep-
arations. Sodium thiosalicylate (injection), cholin®
salicylate (oral liquid), and magnesium salicylat¢
(tablets) are also available. A combination of cho-
line and magnesium salicylates (TRILISATE) is for
muiated to contain 500 mg of salicylate per 5
(oral liquid) or 500 to 1000 mg per tablet; 1 10 3
doses per day may be given. The nonacetylated sa-
icylates appear to produce a lower incidence ©
gastrointestinal ulceration and have less effect 08
platelet aggregation than does aspirin. Diflunisal 5
discussed below. )

Mesalamine (S-aminosalicylic acid) is a salicY
late that is used for its Jocal effects in the treatment
of inflammatory bowel disease. The drug is no
effective orally because it is poorly absorbed an
is inactivated before reaching the lower intestint
It is currently available as a rectal suspensiof
encma (ROWASA) for treatment of mild-to-moderat¢
proctosigmoiditis; formulations that deliver 1h¢
intact drug to the lower intestine are under inve®
tigation (Schroeder et al., 1987). Sulfasalazint
(salicylazosulfapyridine; AZULFIDINE, AZALINE)
contains mesalamine linked covalently to sulfapy™
dine (see Chapter 45); it is poorly absorbed aft¢’
oral administration, but it is cleaved to its at:}!"‘f
compooents by bacteria in the colon. The drugis ®
benefit in the treatment of inflammatory bowel dls;.
ease. principally because of the local actions ©
mesalamine. Suifasalazine has also been used #
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the treatment of rheumatoid arthritis and anky-
losing spondylitis (see Symposium, 1986a, 1988b):
wlfapyridine, which is absorbed systemically,
appears to be the most important therapeutic
component in these conditions.

Methy! salicylate (sweet birch oil, wintergreen
oil, gaultheria oil, betula oil) is employed only for
cutaneous counterirritation and is distributed in the
form of salves, liniments, and other preparations.
Salicylic acid is primarily used for local application
as a keratolytic agent in plasters, liquids, creams,
vintments, 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
availability, salicylates are frequently the
cause of intoxication. Poisoning or serious
intoxication often occurs in children and is
sometimes 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-
ty. 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
ilinesses because of the risk of Reye's syn-
drome. Many of the unwanted effects that
are common to the aspirin-like drugs are
discussed above.

Salicylate Intoxication. The fatal dose varies
with the preparation of salicylate. From 10to 30 g
of sodium salicylate or aspirin has caused death in
adults, but much larger amounts (130 g of aspirin.
n one case) have been ingested without fatal out-
come. The lethal dose of methyl salicylate is con-
uderably less than that of sodium salicylate. As lit-
tle as 4 ml (4.7 g) of methyl salicylate may be fatal
wm children.

Symptoms and Signs. Mild chronic salicylate
mtoxication is termed salicylism. When fully devel-
uped, the syndrome includes headache. dizziness.
nnging in the ears. difficuity in hearing, dimness of
vision, mental confusion, lassitude. drowsiness.
weating, thirst. hyperventilation, nausea. vomit-
ing. and occasionally diarrhea. A more severe de-
sree of salicylate intoxication is characterized by
more pronounced CNS disturbances (including
seneralized convulsions and coma). skin eruptions.
and marked alterations in acid-base balance. Fever
n usually prominent. especially in children. Dehy-
dration often occurs as a result of hyperpyrexia.
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sweating, vomiting, 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 ug/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 encephalopa-
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
diagnosed 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 ef al., 1976).

Symptoms of poisoning by methyl salicylate dif-
fer little from those described for aspirin. Central
excitation. intense hyperpnea. and hyperpyrexia
are prominent features. The odor of the drug can
casily 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.

Treatmens. Salicylate poisoning represents an
acute medical emergency, and death may result
despite all recommended procedures. The treat-
ment is largely 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-
uons 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




e e s ol

652

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. Hemorrhagic 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 dangerous 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 shouid be
considered in patients with salicylate concentra-
tions above 1000 ug/ml, 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 hyperseasitiv-
ity or intolerance is discussed above. It is impor-
tant to recognize this syndrome even though it is
rather uncommon, since the administration of aspi-
rin and many other aspirin-like drugs may result in
severe and possibly fatal reactions. The non-
acetylated salicylates appear to be considerably
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 drug 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
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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 325
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 8.

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 of
progression of the disease or the later phases 0
granuiomatous inflammation or scar formation.
Nevertheless, if a patient has severe carditis an
heart failure. the nonspecific antiinflammatory
effect of salicylates and particularly of adreno-
conicosteroids may be invaluable in reducing th¢
burden upon the heart.

For maximal suppression of rheumatic inflamm&’
tion, doses that provide a plasma salicylate conce?”
tration of 150 to 300 ug/ml should be maintainc®:
but polyarthritis and fever usually respond '
smaller amounts. For adults, a total daily dosas® {’
S to 8 g. given at intervals in 1-g amounts. US“"’I,.’:
suffices. Children are given 100 mg/kg per day: '1
divided portions every 4 to 6 hours, for up '© .
week: the dose is then reduced in stepwise fash®
at weekly intervals to 60 to 75 mg/kg per day 2"
maintained as long as necessary. Anorexia. un"
tus, nausea, and vomiting are common durin .,
first 3 or 4 days of therapy. but tend to Uy
despite continuation of medication. Ordinarly- he
doses are continued until at least 2 weeks aficf .o,
patient is asymptomatic and all evidence of 8% ¢
i ion has disappeared. The drug IS o 10
gradually discontinued over a period of 7 ¢
days. If symptoms and signs of the diseas¢ capy
pear. salicylate therapy is reinstituted. Th‘su“,
with glucocorticoids does not yield overall I .
superior to those obtained with the salicylat®: .r.
licylate and glucocorticoids are additive in th®
fects. If carditis is not evident, salicylates 27 ¢
steroids should be used. However, if acute e
carditis is present. most investigators belieY® " )i
nocorticosteroids should be given instead 9
cylates, at least initially. et

Rheumatoid Arthritis. Despite the deVC',"';l,(é
of the newer antiinflammatory agents. ,':
are still regarded as the standard with which "o/
drugs should be compared for the trealf
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matoid arthritis. In addition to the analgesia
e’ jiows more effective therapeutic exercises.
'|s improvement in appetite and a feeling of
peing. Salicylates also reduce the inflamma-
. “in joint tissues and surrounding structures.
tiot agé to joints is the most difficult aspect of
matoid arthritis to manage, and any agent that
el s the inflammation is important in lessening
rcd:elavins the development of crippling. Salicy-
or  “can be shown 1o produce objectively measur-
Jates antiinflammatory changes when given in large
ab ees for long periods to patients with active rheu-
do (0id disease. Large doses of salicylates, such as
2 se used for rheumatic fever (4 to 6 g daily), are
'h?,ised. but some patients respond well to less.
adThe majority of patients with rheumatoid arthri-
. can be controlled with salicylates alone or with
"Sher aspirin-like antiinflammatory agents. Some
« uire therapy with more toxic drugs, such as gold
is. hydroxychloroquine, penicillamine. adreno-
nicosteroids, or immunosuppressive agents.
Other Uses. Because of the potent and long-
jasting effect of low doses of aspirin on platelet
function. this drug is used in the treatment or pro-
laxis of diseases associated with platelet hyper-
regability. such as coronary artery disease and
po_c,wperative deep-vein thrombosis (see Chapter
<s). The effectiveness of such therapy appears to
Eepend upon blo;kaqe of TXA, synthesis by plate-
jets without preventing production of PGI, by en-
Jothelial cells (see Chapters 24 and 55)._Although
{he optimal dosage has not been established. the
frequency of beneficial 'et.Tec‘ls appear to be greater
when the dose of aspirin is 325 mg per day or
jower. In the largest study to date, the ingestion of
-5 mg of aspirin every other day reduced the inci-
» of myocardial infarction in male physicians
.ore than 40%: no effect was detected on the
incidence of stroke (Steering Committee of the
Physicians’ Health Study Research Group. 1989).
A relative excess of TXA: over PGl, has been
implicated in the genesis of preeclampsia and hy-
pertension induced by pregnancy (see Lubbe.
1987). The administration of 60 or 100 mg of aspirin
per day to pregnant women who have a high risk of
developing hypertension reduces the formation of
thromboxane A. without changing the production
of PGl. and may lower the incidence of preeclamp-
sia (Benigni er al.. 1989: Schiff er al.. 1989).
Relationship of Plasma Salicylate Conceniration
10 Therapeutic Effect and Toxicity. For optimal
antiinflammatory effect for patients with rheumatic
diseases. plasma salicylate concentrations of 150 to
300 ug/mli 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
binding sites on plasma proteins are saturated. The
total concentration of salicylate in plasma is thus a
relatively linear function of dose. It is important to
ndividualize the total dose of aspirin. especially
pecause the range of plasma salicylate concentra-
twns needed for optimal antiinflammatory effects
may overlap that at which tinnitus is noted. Tinni-
tus may be a reliable index of therapeutic plasma

¢ol

concentration in patients with normal heanng, but
obviously not in those with a preexisting hearing
loss. Hyperventilation generally occurs at concen-
trations greater than 350 ug/ml, and other signs
of intoxication, such as acidosis, at concentra-
tions greater than 460 ug/ml. Single analgesic—
antipyretic doses of salicylate usually yield plasma
concentrations below 60 ug/ml.

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 epidermophytosis.
Salicylic acid is also employed as a wart and corn
remover (10 to 20% in collodion).

Methyl salicylate is reserved for external use as a
counterrritant. 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

Diflunisal is a difluorophenyl derivative of sali-
cylic acid (see Table 26—1); it is not converted to
salicylic acid in vivo. Diflunisal is more potent than
aspirin in antiinflammatory tests in animals and
appears to be a competitive inhibitor of cyclooxy-
genase. However, it is largely 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 aspinn. Diflunisal 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%). Diflunisal appears
in the milk of lactating women: its penetration into
the CNS is uncertain. About 90% of the drug is
excreted as glucuronides. and its rate of elimination
is dependent upon dosage. At the usual analgesic
dose (500 to 750 mg per day) the plasma half-life
ranges between 8 and 12 hours. (For reviews, see
Brogden er ai.. 1980. Davies. 1983; van Winzum
et al.. in Symposium, 1983a.)

Diflunisal (poLoBID) is marketed in 250- and
500-mg tablets. For mild-to-moderate pain, the
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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 dosage should not
exceed 1.5 g 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 vyears:
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

Phenylbutazone was introduced in 1949
for the treatment of rheumatoid arthritis
and allied disorders. Although it is an effec-
tive antiinflammatory agent. serious toxic-
ity limits its use in long-term therapy. Its
structural formula is as follows:

Q
Sde

CH,CH,CH,CH; o}
Phenylbutazone

Pharmacological Properties. The antiin-
flammatory effects of phenylbutazone are
similar to those of the salicylates, but its
toxicity differs significantly. Like aminopy-
rine. phenylbutazone can cause agranulo-
cytosis. The pharmacology and toxicology
of phenylbutazone and its metabolites and
congeners have been reviewed in a sympo-
sium (Symposium. 1983a) and by Schuster
and associates (Rainsford. 1985a).

Antiinflammatory Effects. Phenylbutazone has
prominent antiinflammatory effects. and its fre-
quent use to enhance the performance of race
horses is well known. Somewhat simular effects are
demonstrable in patients with rheumatoid arthntis
and related disorders. :

-

v

%

[Chap. 26]

Antipyretic and Analgesic Effects. The antipy-
retic effect of phenylbutazone has been little stud-
ied in man. For pain of nonrheumatic 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 Effect. In doses of about 600 mg per
day. phenylbutazone has a mild uricosuric effect.
probably attributable to one of its metabolites that
Jdecreases tubular reabsorption of uric acid. Low
concentrations of the drug inhibit tubuiar secretion
of uric acid and cause retention of urate. A conge-
ner, sulfinpyrazone, is a much more effective uri-
cosuric agent and is useful for the treatment of
chronic gout (see below and Chapter 30). .

Effects on Water and Electrolytes. Phenylbuta-
zone causes significant retention of Na* and chlo-
nde, 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 given the drus.

Other Effects. Phenylbutazone reduces the up-
take of iodine by the thyroid gland, apparently sec-
ondary to inhibition of biosynthesis of organic i0-
dine compounds. Goiter and myxedema may
occasionally result from this effect.

Pharmacokinetics and Metabolism. Phenylbuta-
zone is rapidly and completely absorbed from the
gastrointestinal tract or the rectum, and the peak
concentration in plasma is reached in 2 hours. After
therapeutic doses, more .than 98% of phenyibuta-
zone is bound to plasma proteins. The half-life of
phenylbutazone in plasma is very long—>50 to 65
hours. The drug penetrates into the synovial spaces
and reaches a concentration about one half of that
in the plasma: significant concentrations may pel”
sist in the joints for up to 3 weeks after treatment I$
discontinued. )

Phenylbutazone undergoes extensive metabolic
transformation in man. The most significant Pf"
mary reactions involve glucuronidation and hy-
droxylation of the phenyl rings or the butyl side
chain. The conjugates are excreted in the urine 87°
represent the bulk of the excreted drug. Oxyphe™
butazone. a metabolite of phenylbutazone, has 3:10
titheumatic and Na®-retaining activities similal '/
those of the parent drug. Oxyphenbutazone is dsa
extensively bound to plasma proteins and has o
half-life in plasma of several days. It accumula!‘s
significantly during long-term administratio?
phenylbutazone and contributes to the ph A
loscal and toxic effects of the parent drug. OnlY.Z
trace of unchanged phenylbutazone is excw_wd g
the unne. Oxyphenbutazone is excreted mal

& _the O-glucuronide.

Drug Intersctions.  Other antiinﬂamm"“:g
agents. oral anticoagulant drugs, oral hywﬂ”:ﬂs.
mics. sulfonamides, and other drugs may b€ ayk
placed from binding to plasma proteins by ph¢ s
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Reye’s Syndrome: Current Concepts

JAMES E. HEUBI, JOHN C. PARTIN, JACQUELINE S. PARTIN AND WILLIAM K. SCHUBERT

Department of Pediatrics and the Clinical Research Center, Children’s Hospital Research Foundation, University of Cincinnati,
Cincinnati, 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 has 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 I and 11 encephalopathy, Cincinnati Coma Grade
(2)] with no progression to unconsciousness. The AST
and ALT 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 survivors.
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 biopsy or autopsy or a
3-fold or greater rise of AST, ALT or serum ammonia,
and (iii) no more reasonable explanation for the cerebral
or hepatic abnormalities (3).

Percutaneous liver biopsy will confirm the diagnosis
of Reye’s syndrome; however, the hepatic lesion is eva-

This work was supported in part by United States Public Health
Service Grant RR-00123 from the General Clinical Research Centers
Branch, Division of Research Resources, National Institutes of Health.

Address reprint requests to: James E. Heubi, M.D., Clinical Research
Center, Children's Hospital Medical Center, Elland and Bethesda
Avenves, Cincinnati, Ohio 45229.

nescent so that biopsy must be performed during the
acute phase (the first 3 to 4 days) to find the character-
istic histologic, histochemical and ultrastructural alter-
ations. Hepatocytes 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
from 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 19781979 to a peak of
555 in 1979-1980. Thereafter, there has been a steady
decline in cases through 1985 when 91 cases were re-
ported. Over recent years, there has been a trend toward
diagnosis in carlier coma stages (9). Nationwide, the
incidence of Reye’s syndrome has ranged from 0.15 to
0.88 cases per 100,000 children under age 18 years. Re-
gional differences in disease incidence are i
Pacific states, 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 retrospective study in Ohio from 1973-1977, the
incidence rate was 2.8 to 4.7 cases per year per 100,000
population less than age 18 years in the absence and
presence of influenza B epidemics, respectively (10).
During prospective surveillance in Michigan during
1973-1974, an incidence of 2.4 cases per year per 100,000
population was observed during a 7-month period which
included an influenza B epidemic (11). A recent prospec-
tive study in Cincinnati yielded similar results. In 1980-
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 years was found. If
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 declire in incidence in
New Zealand remains unresolved.

PATHOGENESIS

Despite intensive study, the pathogenesis of Reye’s
syndrome remains incompletely defined. 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 become 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 significant hyper-
ammonemia and markedly increased serum-free fatty
acids. However, hyperammonemia, acid-based disturb-
ances, hypoglycemia, free fatty acidemia, dicarboxylic
acidemia and salicylates may have some synergistic ef-
fects with the primary mitochondrial injury and lead to
the development of life-threatening cerebral edema (Fig-
ure 1).

Morphologic and biochemical studies have confirmed
the presence of a characteristic mitochondrial injury.
Pleomorphic, enlarged mitochondria with disrupted cris-
tae, electron lucent matrices and reduced dense bodies
are characteristic of the hepatic pathology of Reye’s
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F1c. 1. Proposed schema for the etiology and pathogenesis of Reye’s
syndrome. Areas marked with questions represent aspects which have
heen incompletely evaluated and require additional study. VLDL =
very low density lipoprotein; FA = fatty acid: FFA = free fauty 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 (orni-
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 finding of dicarboxylic acids in urine
and serum. These organic acids are produced if mito-
chondrial g-oxidstion is compromised or overwhelmed
by massive influx of fatty acids. Long chain fatty acids
accumulate in the cytosol, are metabolized by «-oxida-
tion in the endoplasmic reticulum and may appear in the
serum. Peroxisomal S-oxidation cannot proceed beyond
6-carbon chain length acids, producing enhanced excre-
tion of sebacic (C,o), suberic (Cs) and adipic (Cs) acids
(1.

Morphologic and biochemical study of the brain in
Reye’s syndrome has been limited. Astrocytes 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., Pediatr. Res.
1979; 13:868, Correspondence). Two concurrent mecha-
nisms of cerebral injury may be present. A primary injury
is suggested by the mitochondria] 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 portosys-
temic encephalopathy, gross cerebral edema and swollen
astrocytes are commonly encountered (27).

The pathogenesis of ammonia and portosystemic en-
cephalopathy remain incompletely understood. The
brain detoxifies ammonia via glutamine formation:

(1) a-ketoghitarate + NH, + NADH

[iGrmati

glutamate + NAD+

(2) glutamate + NH, + ATP

l(,,ynthe;me
glutamine + ADP + Pi

This process deprives the electron transport chain of
NADH, leads to reduced oxidative metabolism and re-
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 astrocytes and
thereby lead to an osmotic shift in water resulting in
cerebral edema (31; Brusilow, S. W. et al,, N. Engl. 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-
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thy (32). However, serum and cerebrospinal fluid gluta-

‘mine concentrations are generally normal in Grade I

Reye’s syndrome when serum NHj 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 of 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 findings suggest that mitochondrial g-oxidation
of fatty acids is compromised, and alternative extrami-
tochondrial routes of oxidation are utilized. The serum
pattern and the urinary excretion of dicarboxylic acids
suggest that medium chain acyl CoA dehydrogenase en-
zyme activity may be reduced. Additional studies have
suggested that a “relative carnitine 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.
Engl. J. Med. 1980; 302:1423, Correspondence; Roe, C.
R. et al,, J. Natl. Reye's Syndrome Found. 1983; 4:58,
Abstract; Lansky, L. L. et al., Pediatr. 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-
crease during starvation with no sensorial change; levels
attained may exceed those found in Reye’s syndrome
(44). Infusions of short-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
inhibiting f-oxidation in isolated liver mitochondria (47,
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). Ansevin 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. Engl. J.

Med. 1977; 296:632-633, Correspondence). Fatty acids
may inhibit brain Na,*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 Ce-
Cio 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-free fatty acids are present as dicar-
boxylic acids with 90% being C,e~C)s chain length (54,
55). Dicarboxyic acids are commonly encountered in
urine from patients with inborn errors of metabolism
involving the B-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’s syndrome (61;
Tonsgard, J. H., Pediatr. Res. 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 define their role.

The role of salicylates in the pathogenesis still remains
unclear. 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 has
been found between coma grade and serum concentration
(62). Alterations in salicylate metabolism may accom-
pany Reye’s syndrome. Aspirin esterase activity may be
reduced and salicylate turnover rates prolonged in pa-
tients with Reye’s syndrome (63; Tomasova, H., Lancet
1984; 1:43, Correspondence). Salicylate intoxication pro-
duces severe acid-base disturbances, coagulopathy, 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). These
findings were felt to indicate that the histologic findings
in Reye’s syndrome and salicylate intoxication were sim-
ilar. Recently, microvesicular fatty change has been ob-
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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). Salicylates uncouple mitochon-
drial respiration, impair ATP formation and induce mi-
tochondrial swelling (67-69). In isolated rat mitochon-
dria, salicylates and salicyl compounds can potentiate
Ca’*-induced damage to the inner mitochondrial mem-
brane (69). Salicylates 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-
cylates 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 defined, and more work is needed to define their
importance. Increased concentrations of endotoxin-like
material have been found in comatose children with
Reye’s 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 has been suggested that
enhanced released tumor necrosis factor from macro-
phages previously exposed to salicylates 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 undefined) may
inhibit mitochondrial ureagenesis and potentiate their
individual metabolic effects. Alternatively, they may in-
hibit ATP synthesis, and hyperammonemia may deplete
cellular ATP 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 confirm that hepatic ATP content is reduced
in Reye’s syndrome (75).

ETIOLOGY

Despite multiple clues derived from clinical observa-
tions, the etiology of Reye’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
B in 1973-1974, 1976-1977, 1977-1978, 1979-1980, and
19801981, 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 cases have been
observed in siblings during outbreaks of influenza, no
specific HLA linkage has been identified (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’s
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 B, was found
in blood and urine in early studies from several children
with Reye's syndrome; however, additional work failed
to demonstrate any significant difference in aflatoxin
concentrations in serum and urine from children with
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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 first
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 salicylate 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 confirmation). All 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 confirmation unspecified) re-
ceived aspirin compared to 34 of 46 controls matched for
age, race, sex, school grade and antecedent illness. During
1980-1981, 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's syndrome were identified who fulfilled CDC cri-
teria (19% were confirmed 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 of 97) 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 ]I 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 cages 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-
formed 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 of varicella
in 1981 and 1983, respectively). Nationwide surveillance
and additional surveys conducted in Ohio and Houston
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
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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 Reye'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 illnesses.

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, carnitine 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 carnitine, ketopenia and
dicarboxylic aciduria (46, 56, 57, 108-110). A clinical
history of recurrent episodes and a family history of
affected siblings are commonly elicited. Liver histology
may reveal microvesicular or macrovesicular fatty change
with mitochondrial changes different from Reye’s syn-
drome (111). Additional organic acidemias including 8-
hydroxy-8-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 suggest 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
surfactants 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 NH; 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 of these 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-
ture 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). This
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 NH;, 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 neurclogic changes (121).

Two recently developed models offer promise as useful
models of the disease. Davis et al. (122) have successfully
infected 3- to 4-week-old Balb/c mice with a large dose
of intravenous influenza A/Lee virus. The animals de-
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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: (1) the large innoculum of virus required to pro-
duce the disease by the intravenous rather than via the
respiratory tract, 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 <50% in only 9 of 13 mice.
Additional studies using this model 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 satisfactory 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 should continue. The specific emphasis should be
to delineate what factors (NH,, 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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Symposium on Pediatric Neurology

Reye Syndrome

Darryl C. De Vivo, M.D.*

Reye syndrome is an uncommon neurologic disorder with an
anriual incidence ranging from 0.3 to 6.0 cases per 100,000 chil-
dren.!8-280 These statistics are influenced by the periodic coinci-
dence of influenzal epidemics. When first described in 1963, it was
considered to be a rare and often devastating illness of childhood.3!-85
There is little doubt that the illness antedated these two reports;®1®
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. Consequently, these earlier cases were classified as
acute encephalopathies® or encephalitides. %

This clinical entity is now recognized throughout the
world.?0-%655 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 encouraged
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.

CLINICAL MANIFESTATIONS

Children of all ages may be at risk for developing Reye syn-
drome. Occasional cases have been described in early infancy* and
in adults. !5 There is no sex preference. The epidemic forms of
the svndrome usually parallel the annual incidence of influenza B or
A; the sporadic cases t}"?ically' follow varicella. Other viral agents also
have been implicated.™?* and occasionally the illness may develop
after bacterial pharvngitis.

* Sidney Carter Professor of Neuralowny, Professor of Pediatrics, and Director of Pediatric
Neurology, College of Physicians and Surgeons of Columbia University, The Pres-
byvterian Hospital in the City of New York. Neurological Institute, New York, New
York. -
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There is no clear correlation between the intensity of the ante-
cedent viral illness and the encephalopathy that follows. Often, the
child is recovering from the viral 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 s?eciﬂcally spermine, may be the mechanism causing
the vomiting."> He cites the experiments of Risetti and Mancini who
noted pernicious vomiting in human volunteers after the intramus-
cular administration of spermine.® 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
dvsfunction. 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 variability of the en-
cephalopathic phase. Tvpically, however, the patient enters 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
svtem overactivity manifested by fever. sweating, tachvcardia, 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 ()felevatlon may
correlate with the patient’s stage at the time of admission.3?

The encephalopathy characteristically lasts for 24 to 96 hours,
and complete recovery of organ function is expected in patients who

survive. The quality of survival is determined by manv factors in- .

cluding hvpoglyvcemia, cerebral hypoxia. hyperpyrexia, hyperam-
monemia. free fatty acidemia, svstemic hvpotension. and intracranial
hypertension. Other devastating complications include gastrointes-
tinal hemorrhage. pancreatitis, focal or generalized convulsions. and
intractable brain swelling. The intensity of these complications de-
termines the quality of survival. A full recovery can be anticipated
in almost every case, despite severe neurologic dvsfunction during
the height of the acute encephalopathy.

The stage of the illness upon admission correlates with the like-
lihood of recovery. ™% Several staging criteria have been promul-
gated over the past decade including the original staging method
outlined by Huttenlocher.* We continue to use this four-stage
method. Others subscribe to the five-stage criteria outlined
by Lovejov and colleagues® or the five-stage criteria resultm{; from
the National Institutes of Health Consensus Conference.'5-The
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Glasgow coma scale also has been used for the evaluation of level of
consciousness in children with Reve syndrome.® Duncan and col-
leagues concluded that the Glasgow coma scale provided better ear-
lier indication of progressive central nervous system (CNS) disease
than the Lovejoy scale, and therefore may be of greater value to
physicians caring for such patients. Whecher one chooses the Hut-
tenlocher, the Lovejov, 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 dving 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 mortality that has been noted in recent years.

LABORATORY ABNORMALITIES

The most significant abnormalities are elevated serum trans-
aminases, hyvpoprothrombinemia, and hyperammonemia. Other
serum enzyme abnormalities include elevated activities of creatine
phosphokinase, lactic dehvdrogenase, amvlase, lipase, and glutamate
dehvdrogenase. The elevated glutamate dehydrogenase activity is
masked by a dialvzable inhibitor.* This inhibitor may be GTP.* Ex-
periments have shown the glutamate dehvdrogenase activity in Reye
svndrome sera to be inhibited about 1000-fold more potently by GTP
than is the case with normal human enzvme; and that ADP, which
normally reverses the GTP inhibition, has no effect on the aberrant
enzvime present in the sera of patients with Reve syndrome.*

The serum glucose and phosphorus concentrations may be de-
creased, the uric acid level increased, and the carbon dioxide level
decreased. The arterial pH. however, frequently is in the normal
range despite the hyperpnea and the organic acidemia.?” These ab-
normalites are consistent with a mixed acid-base disturbance, each
component seemingly independent of the other. Elevated amino
acids include alanine. glutamine. glutamate, lysine, and alpha-amino-
N-butvrate. Amino acids that are normal or slightly increased include
ornithine, aspartate. arginine. tvrosine, phenylalanine, methionine,
leucine, isoleucine. valine, taurine. threonine, serine, proline, gly-
cine. and histidine Citrulline and argininosuccinic acid are not de-
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tectable. Amino acids usually not found in the serum also mav be
detected including cvstathionine, homocvstine, beta-aminoisobutyric
acid, and saccharopine.?*#>% Elevated organic acid concentrations
include lactic, pyruvic, beta-hvdroxybutyric, acetoacetic, butyric,
isobutyric, propionic, isovalaric, and caprylic.32111113 The fatty acid
patterns of serum free fatty acids, triglycerides, and phospholipids
are distinctly different in patients with Reve 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.™ Ogburn and coworkers have postulated that the ante-
cedent viral infection releases phospholipase A,, 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,*% and components of the comple-
ment system. 5681

The concentrations of several circulating hormones also have
been measured in Reve syndrome.*?" Plasma insulin concentrations
are appropriate for the blood 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,® and aberrant activity of hepatic
cyclic nucleotide phosphodiesterase has been reported.>

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.’ Pollack and coworkers have speculated that the antecedent
viral illness facilitates fatty acid mobilization from peripheral adipose
tissues, resulting in excessive lipolvsis and free fatty acidemia.® This
speculation is consistent with the more recent observations by Og-
burn and coworkers.”

The histopathology of Reve svndrome has been studied in con-
siderable detail. Changes in the liver include microvescicular stea-
tosis, glvcogen depletion, depleted Golgi membranes, proliferation
of peroxisomes. and distorted mitochondria.” = Mitochondrial abnor-
malities similar to those described in the hepatocyte have been noted
in neurons, together with a peculiar unraveling and bleb formation
of myelin, reminiscent of the mvelin disturbances produced by the
toxins hexachlorophene and triethyltin. Qualitatively similar abnor-
malities of mitochondria together with lipid droplet accumulation and
glveogen depletion have been noted in muscle biopsies. % Type 1
mnuscle fibers are particularly vulnerable to these histologic changes.

The biochemical studies are consistent with the histopathologic
observations; namely, that there is a universal decrease in the activity
of all mitochondrial enzvmes measured to date, with the sole excep-
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tion of carnitine palmitoyltransferase.! The mitochondrial enzymes
that are decreased in activity include ornithine transcarbamvlase,
carbamoyl-phosphate synthetase, the pyruvate dehvdrogenase com-
plex, pyruvate carboxylase, succinate dehydrogenase, cytochrome ox-
idase, glutamate dehvdrogenase, isocitrate dehydrogenase, and
monoamine oxidase:”% Whether 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. %% 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.®-

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.® Most, if not
all, of the laboratory abnormalities may be explained on the basis of
a primary mitochondrial injury.!!

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
23 per cent of patients with Reve svndrome 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 Reve syndrome approximates 30 to 60 cases per 100,000
influenza B infections. 2.5 to 4.3 cases per 100,000 influenza A in-
fections, and 0.3 to 0.4 cases per 100,000 varicella inféctions.? The
temporal relationship between the seasonal occurrence of influenza
B and epidemics of Reve syndrome has been documented on several
occasions. 1 "1 The sporadic cases are distributed more evenly
throughout the vear and usually follow varicella. Various epidemio-
logic surveys have shown that Reve syndrome is predominantly a
rural-suburban entity rather than an urban entity. The urban-rural
distribution of Reve svndrome in Ohio reported by Sullivan-Bolyai
and coworkers'”” differed from the previous reports because the de-
mographic classifications were redefined according to the 1970 U.S.
Bureau of Census Definitions. The urban-noncentral city standard
metropolitan statistical area demonstrated the highest rate (1.62 cases
per vear per 100,000 persons age 0 to 17 vears). This study also
suggested that rates of attack were lower in the low socioeconomic
groups. These collective observations suggested that Reye syndrome
may be influenced by 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 farming considerations.
Lichtenstein and coworkers,* using only biopsy-proven cases, de-
termined an even higher incidence of 3.5 cases per 100,000 children
under the age of 17 vears 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
a;;proa&hing 6.06 cases per 100,000, children less than 1 to 17 years
of 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.? 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 Reve 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-
licvlates, tetracvclines, valproic acid, disulfiram, phenformin, mar-
gosa oil, chlordane, pvrrolizidine, camphor, methvlbromides, and
lead produce a similar clinical syndrome.3}3 6 9.97.101.103.106

Several attempts have been made to identify a genetic predis-
position in Reve syndrome. without success. The svndrome rarely
recurs in patients. %110 Gibling involvement in Reve syndrome has
been documented on several occasions.!” % Siblings of either sex
and twins have been reported to be affected. and the antecedent
infection often was varicella or influenza B. One sibling also had a
diagnosis of ketotic hypoglvcemia. Hilty" reported three families
with sibling involvement. Varicella was the antecedent infection in
two families and an upper respiratory tract infection in the third.
Wilson!!" reported the simultaneous occurrence of Reve syndrome
in three siblings with serologic data indicating that each had an H1
N1 influenza virus infection. There was no evidence of haplo-type
segregation by HLA typing in either report. Similarly, neither Hilty
nor Wilson was able to identify any environmental factor contributing
to the simultaneous occurrence 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 gg'ndromes may demonstrate the Reye syndrome pheno-
type.14.35.39.35,59.87.100.104 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 carnitine 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
glvcogen 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.® However, it remains unclear
which of these metabolic abnormalities is primary and 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 biosyvnthetic and storage procéesses. Mitchell
and cowarkers®™ extended this speculation by suggesting that Reye
svndrome may reflect a generalized decrease in the steady state level
of mitochondrial enzyvmes because of selective impairment of mito-
chondrial biogenesis.

The mechanism of the encephalopathy also remains controver-
sial.? Some consider it to be 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 concentrations were implicated initially as the
possible cause of the encephalopathy.™ More recently, investigators
have focused on the free fatty acidemia as the pathogenetic mecha-
nism. > O3 Apimal models have been developed to explore this
mechanism further by infusing sodium octanoate.!’? These experi-
ments also represent a model for the inherited deficiency of medium-
chain acyl-CoA dehydrogenase, which simulates Reye syndrome.
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A previous interest in salicvlates as a pathogenetic factor has
been rekindled by epidemiologic studies that document a statistical
association between salicylate intake and the development of Reve
syndrome.*"9* These studies have been criticized because of meth-
odologic flaws. Nevertheless, the current prevailing bias is that sa-
licylates represent an added metabolic insult to an organism already
burdened 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 hg&)erammonemia is never striking in salicylate intoxica-
tion.%27L9 Other similarities include a mixed acid-base disturbance
and a coagulopathy.? However, important differences exist including
the hepatic histopathology and the nature of the amino acidemia.?%
The reported serum salicylate concentrations in patients with Reye
syndrome often fall within the therapeutic range.” 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 svndrome;* another has re-
ported decreased aspirin esterase activity. !® These abnormalities dis-
appeared after recovery. Salicylate also can produce gross swelling of
isolated mitochondria suspended in isotonic salt solutions.!’¥ Given
our current understanding of the problem, it seems prudent to con-
clude that a statistical association exists between salicylate intake and
Reve svndrome. It is likelyv that this observation represents a com-
pounding of the pathophysiology of Reve syndrome rather than a
causal relationship. Other reports have indicated that Reve 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 be i)otentiated in
mice by concurrent infection with influenza B virus.”® Hepatic ne-
crosis occurs infrequently in Reve svndrome: when present, it is
usually periportal in distribution.® This pattern of distribution has
suggested a toxic insult to the liver as mayv be seen with high con-
centrations of fatty acids or aflatoxin B.!! The periportal distribution
in Reve syndrome differs from the centrilobular pattern associated
with acetaminophen intoxication.

Aflatoxin is a metabolite of the fungus Aspergillus flavus. This
toxin has been suggested as an etiologic agent in Reve syndrome and
was first identified in children with Udorn encephalopathy. an illness
that resembles Reve syndrome.® Recent studies have shown that af-
latoxin selectively depresses the mitochondrial enzymes carbamyl-
phosphate synthetase and ornithine transcarbamovlase without af-
fecting the cvtosolic urea cvele enzyme arginase.!™ One study has
demonstrated aflatoxin B, in 11 of 14 liver samples. 4 of 6 blood
samples. and 4 of 5 urine samples obtained from patients with Reve
svndrome. ! A second study. however. has failed to demonstrate any
significant difference in aflatoxin levels in serum and urine obtiined
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from patients with Reye syndrome when compared with control sub-
jects. > Twentyv-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 svndrome because of the epidemiologic data and
the known association of enhanced viral virulence with certain chem-
icals in animals, insects, and cell cultures.? Environmental toxins
such as aflatoxins, herbicides, insecticides, and surfactants have been
studied in various animal models.¥” The ferret model also has been
exploited, because this animal is susceptible to the human influenza
virus.2-6! 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 toxicitv in mice.?! Juvenile BALB/c mice were in-
jected intravenously with a nonmouse-adapted strain of influenza B/
Lee/40 virus. Lethargy, seizures, coma, and death developed 1 to 3
days later. The clinical, biochemical, and pathologic features of the
mouse illness were remarkably similar to the human illness. The
serum transaminases and plasma ammonia were elevated, the brain
was swollen without anv inflammatory changes, and the liver dem-
onstrated microvesicular fatty metamorphosis. Viral propagation did
not occur in brain or liver. Ultrastructural examination of the liver
revealed microvesicular steatosis, mild glycogen depletion, and slight
matrix expansion of occasional mitochondria. No viral garticles were
seen. Previous studies by these investigators also documented bio-
chemical abnormalities in the livers of these animals. A particularly
interesting observation is the abnormal compartmental redistribution
of ornithine transcarbamovlase to the cvtoplasm.!!” This enzyme is
encoded by the nuclear genome, and the gene product then enters
the mitochondrial matrix to assume its catalytic function in the urea
cvcle. Brownstein and colleagues observed a spontaneous viral illness
occurring in BALB/cByv} mice that included the cardinal clinical and
laboratory features of the human counterpart.!? The mice developed
histopathologic and chemical evidence of liver disease and clinical
and histopathologic evidence of an encephalopathy, with convincing
ultrastructural evidence of prominent mitochondrial injury. Unlike
the occasional findings in the Davis model, the mitochondrial findings
were striking both in liver and brain and very similar to the findings
in Reve syndrome. Absence of very low density lipoprotein from the
Golgi complexes was also noted. The prominence of cerebral astro-
cvtosis was unusual and more reminiscent of a chronic hepatic en-
cephalopathy. The mouse svndrome appears to have followed a co-
ronavirus intestinal infection in 66 per cent of the cases. This report
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by Brownstein represents the first documentation of a spontaneous
illness resembling Reve svndrome developing in an animal. This
model and the Davis model may prove to be important in studving
the early phase of Reve 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 situations, particularly if the physician has had
previous experience with the syndrome. The diagnostic criteria in-
clude the following clinical and laboratory elements.

1. The presence of an antecedent viral illness

A latent interval of several days before the onset of pernicious vomiting
The development of a diffuse encephalopathy

No other obvious explanation for the encephalopathy

A three-fold or greater elevation of the serum transaminase activities
Prolongation of the prothrombin time

Hyperammonemia

. Normal CSF examination.

O 1D U W1

Occasionally, the opening pressure at the time of lumbar punc-
ture may be elevated and hypoglycorrhachia may be present in as-
sociation with hypoglvcemia. The advisability of a lumbar puncture
has been challenged.® 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 and other possibilities should be considered. It is our belief
that a lumbar puncture performed later in the course of treatment
may be hazardous, with an increased likelihood of central herniation.
Therefore, the lumbar puncture should not be performed later unless
there is a compelling reason. for example. increasing concern about
the possibility of intracranial infection.

Over the past 13 vears we have developed a standardized form
of intensive medical support for patients with Reye svndrome. 204
The management of the individual patient is determined by the neu-
rologic “stage” of the child at the time of admission to hospital. We
define stage 1 as a mildly affected patient with subtle behavioral
disturbances such as inattention. inappropriateness, lethargy, som-
nolence, confusion. or mild irritability. Stage 11 describes the sicker
child who is disoriented or demonstrates agitated delirium. stupor,
or coma associated with decorticate posturing of the limbs and trunk.
Overactivity of the sympathetic nervous svstem is manifested in stage
I1 by tachycardia, svstemic hvpertension, hvperthermia, hvperpnea,
diaphoresis, and dilated pupils. Stage III describes the gravely ill and
comatose child with decerebrate posturing of limbs and trunk. The
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eves are intermittently or continuously forced into down gaze, indic-
ative of midbrain dvsfunction. Stage IV 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.* 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 m? per day. Vitamin X (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
deteriorate 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 Trendelenburg position; this po-
sition may aggravate the coexisting intracranial hypertension. The
head is turned to one side to carry out this procedure; this position
may compromise venous drainage of the head. Also, there is a ten-
dency to drape the patient’s head and neck when access to the sub-
clavian vein is being attempted. thereby precluding minute-to-
minute observation of the patient during this critical time. A femoral
approach obviates these concerns. The central venous catheter per-
mits continuous infusion of the hypertonic glucose solution and in-
termittent adininistration of hvpertonic mannitol. The gastric con-
tents should be emptied through the 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 time. preferably while the patient re-
mains sedated and puralyzed with thiopental and succinylcholine.
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The liver biopsy is reserved for the more puzzling atvpical cases, for
“recurrent’ cases, and for infants. The coagulopathy must be cor-
rected betore this procedure is performed.

The Reye syndrome solution, which is administered to patients
in stages II through IV, contains 200 gm 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 m% 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 concentrations 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 m? per dav. Maintaining 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
glvcolyvsis. We have assumed, but it has not been proved, that the
brain glucose requirements are relatively increased in Reve 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 be 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 by the adminis-
tration of 20 per cent hvpertonic mannitol. We are now inclined
toward earlier placement of a Ladd epidural monitor to determine
the need for mannitol. All patients in stage 111. and more patients in
stage 11, have an epidural monitor placed through a burr hole over-
lving the right frontal cortex. The procedure is carried out by a neu-
rosurgeon in the intensive care unit using local anesthesia. Thiopental
and succinvlcholine may be administered as necessary to facilitate
this procedure. Intravenous boluses of hvpertonic mannitol (0.25 gm
per kg) often are sufficient to control the intracranial hypertension.
The dose of mannitol is administered (“piggyv-backed™ through the
central venous catheter over 3 to 5 minutes. This dosage of mannitol
may be repeated as frequently as necessarv. Alternatively, larger
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doses of mannitol ranging from 0.5 to 2.0 gm per kg may be admin-
istered. Larger doses should be infused over longer periods of time
(10 to 30 minutes) to minimize the transient elevations of systemic
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
mOsm per L. Elevation of the head of the bed by 20 to 30 degrees
and maintenance of the head and neck in a neutral midline position
also are important considerations to facilitate cerebral venous
drainage.

We prefer to allow the patient to breathe independently, if pos-
sible, maintaining a state of mild hyperoxia and hypocapnia with Pao,
values of 100 to 150 mm Hg and Paco, values of 20 to 27 mm Hg.%
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, hyvpoventilation 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 temperature
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 Reve 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.5" Pen-
tobarbital doses of 1 to 3 mg per kg intravenously may be repeated
every 4 to 8 hours as necessary to achieve a serum concentration of
approximately 30 to 50 mg per L. These doses often are adequate to
provide control of the intracranial hypertension. Increasing use of
mechanical ventilation becomes 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.* Syvstemic hypotension may be more de-
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vastating than intracranial hvpertension, 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 hyvpertension. 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 inéreases 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 battery of blood studies are obtained routinely at the time of
the patient’s admission to the hospital. These studies 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, Pao,, and Paco, are obtained every 4 hours. These
studies are sufficient to monitor the metabolic progress of the patient.
Hyvpophosphatemia commonly is present. and the serum phosphorus
concentration would decline further after administration of hyper-
tonic glucose.!*% It is important, therefore, to maintain adequate
amounts of phosphate in the Reve svndrome solution to buffer this
tendency. A falling serum calcium concentration mayv be an indication
of pancreatic involvement.? This complication may be devastating;
fortunately. it is rare and usually associated with the administration
of corticosteroids.>3! There is little or no indication for the use of
corticosteroids in the management of patients with Reve svndrome.

Most patients, treated in this m.mner demonstrate clinical and
laboratory improvement within 24 to 72 hours. Once consciousness
has been regained. the glucose concentration and the Reve syndrome
solution is decreased by 23 per cent decrements everv 8 hours and
the patient is extubated. Usually within 24 hours of regaining con-
sciousness, patients are able to take liquids by mouth. and the re-
maining catheters mav be removed.

Our experience with this current regimen or one of its earlier
versions involves 61 patients from 1971 to 1983. Fifty-four patients
have survived. three have had residual neurologic deficits, but in
each case thev have returned to school. The patients are summarized
in Table 1
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Table 1. Reye Syndrome Treatment Protocol: Results (1971 -1953)

OUTCOME

ADMISSION STAGE Nt Of PATIENTS Alice Dead
I 13 13 0
11 33 33 0
111 15 8 7
v 0 0 0
Total 61 34 (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 hvpertonic glucose and hypertonic mannitol,
early elective intubation. placement of the patient in an intensive
care unit setting if theyv deteriorate bevond grade I, parenteral ad-
ministration of vitamin K and monitoring of the intracranial pres-
sure.”3211% Varijous 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.® Each
technique has its advantages and disadvantages. On balance, we have
been quite satisfied with the use of a Ladd epidural monitor and a
similar experience has been reported from Cincinnati.® Controver-
sies still remain about the advisability of e\chdnge transfusions, 8.7
deep hypothermia, barbiturate-induced coma,* %" and bilateral crani-
ectomies for the relief of intractable cerebral edema.’® Other alter-
natives have been discarded including peritoneal dialysis and total
body asanguinous perfusion.™ Available statistics, uncontrolled as
they are, clearly suggest that intensive medical support of the patient
with Reve svndrome produces satisfactory results as often as, or more
frequently than, any other approach. 157092

Current evidence sugpests that corticosteroid therapy may be
associated with a higher mortality and mayv contribute to pancreatic
complications. It continues to be our impression that the frequency
of complications in Reve syvadrome is determined, in part, by the
choice of management. Restriction of fluid, together with adminis-
tration of hyvperosmolar agents clearly contributes to prerenal azo-
temia and renal failure. Pulmonary complications appear to be more
common in patients subjected to deep hypothermia and perhaps also
to barbiturate-induced coma. Barbiturates also increase the possi-
bility of cardiovascular collapse with attendant hvpoperfusion of the
brain.

Fortunately, considerable progress has been made in the care of
patients with Reye svndrome. Today, most patients make a full and
complete recovery without anv neurologic or psychological se-
quelae.® The sequelae associated with Reye svndrome probably de-
rive in large part from attendant complications that occur during the
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acute encephalopathy including hvpoglyeemia, svstemic hvpotension
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

Reve 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 Reve syndrome. All patients with a re-
current episode should be investigated thoroughly for evidence of a
metabolic disorder associated 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-
phvsiologic sequence.

The primary cerebral insult presumably derives from insufficient
substrate availability and results in massive cyvtotoxic cerebral edema.
Treatment revolves around the continuous infusion of hypertonic glu-
cose and intermittent infusion of hvpertonic mannitol. Management
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 fatal. Today, the disorder is recognized to be more
common, and the outcome is very satisfactory in 83 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 Reve svndrome. but a causal relationship has not been
established. Until better understood. it seems advisable to avoid use
of aspirin in children exhibiting symptoms suggestive of Reve syn-
drome.
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SELF-ASSESSMENT QUESTION

1. Which of the following has §
quent development of Reye’g
a. Live virus vaccines,
b. Epstein-Barr virus,
c. Herpes simplex.
d. None of the above. ;
2. Which of the following path
of Reye’s syndrome?
a. Periportal mﬂammatlon
b. Microvesicular fatty accy
c. Hepatocellular necrosis, !
d. All of the above.
3. Which of the following is td
of Reye’s syndrome?
a. Girls are affected more ¢
b. Children over 1 year of |
class and suburban dwel]
¢. Infants under one year of
class and suburban dwe
d. All of the above. ‘
4. Biochemical abnormalities]
clude all of the following es
a. Hyperammonemia.
b. Lactic acidemia.
c. Hyperbilirubinemia. {
d. Prolonged prothrombm _
5. The diagnosis of Reye’s g
following criteria?
a. Clinical progression d
ing, behavioral changes
b. Laboratory evidence of §
c. Exclusion of CNS infee
priate tests.
d. All of the above.
6. Indications for liver biog
clude the following:
a. All children with s
a liver biopsy. )
. All children over 1 yoif
. Infants under 1 year
None of the above.
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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.

. 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.

. 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.

. 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.

. 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.

. 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.

All children over 1 year of age.

Infants under 1 year of age.

None of the above.
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. The differential diagnosis of Reye’s syndrome includes the

following:

a. Varicella hepatitis/encephalitis.
b. Salicylate ingestion.

c. Anoxic encephalopathy.

d. All of the above.

. Which of the following exogenous toxins has been associated

with Reye’s-like illnesses in humans?
a. Uric acid.

b. Aflatoxin B1.

¢. Methionine.

d. None of the above.

. 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.

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.

¢. 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, Umver51ty 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.' 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 Putnam? in
1895. In 1929, Brain et al.’ 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.* 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 United States’ and the other from Australia,’ 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,
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
two age peaks at four and 11 years, although it is common any
time 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.” 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, lowa, 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, 4% black, and
2% other minorities. Only 4.6% were under one year of age. Re-
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» were under one year of age. Re-

cent reports” '° 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 Trauner®’ 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.'" 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.'” 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

7




|

3

NEVENL]

Vi

v

NN

. SUUSVER

Reye's syndrome as the result of common exposure to an envi-
ronmental toxin, although none has been identified in familial
cases thus far.

CLINICAL FEATURES OF REYE'S SYNDROME

CHILDREN OVER ONE YEAR OF AGE

The primary clinical features of this disorder are 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 documented in virtually all well-stud-
ied cases. This prodrome consists of a viral infection, 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 infectious agent is influenza
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 disturbance to explain the vomiting
and most likely it is secondary to irritation of brain stem vom-
iting centers. The vomiting is so constant a feature of the child
with Reye’s syndrome that its absence makes the diagnosis
questionable. Within 2448 hours, the child goes from vomiting
to behavioral changes, including delirium, combativeness and
irrational behavior, disorientation, and hallucinations. Lethargy
and stupor may alternate with periods of combativeness. Hyper-
ventilation also may be prominent and likely is caused by pri-
mary stimulation of medullary respiratory centers. At this
point, the child may begin to recover spontaneously or may de-
teriorate further into obtundation or coma. Seizures can occur at
any time during the encephalopathic phase. Respiratory 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 intact brain
stem function, then to decorticate or decerebrate posturing, and
finally to a flaccid and areflexic state. Pupillary changes are
prominent; in the early stages, pupils are dilated and sluggishly
responsive to light; later, they may become asymmetric or fixed
and dilated. Papilledema rarely is observed. Significant hyper-
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.

8

Hepatomegaly is found in approx
oratory evidence of liver dysfunctig
but jaundice is conspicuously abseg
titis in Reye’s syndrome ranges fy
cases. At times, the pancreatic in
produce hemorrhagic necrosis and

Sudden changes in the clinica] §
may improve dramatically within
teau for many days before improw
rapid deterioration from deliriym]
and brain stem dysfunction to resg
cular collapse may occur over a faf
children with Reye’s syndrome, evg
constant observation in an integ
awake.

INFANTS UNDER ONE YEAR oF Ag@

The clinical features of Reye's of
year of age are somewhat differey
and thus make early recognitiong
though present, usually is mild, B
senting problem in many infag
seizures, which may be the {
encephalopathic stage. Apneic ey
in the disease course, and other!
pecially hyperventilation, are g
with Reye’s syndrome may have §
minimal vomiting but marked &
disturbances. All of these signs i
of suspicion is necessary to consi§
drome.

The great majority of infantsy
patomegaly, and all have evidel§
ratory tests. In contrast to old
infants under one year of age §
difficult to reverse. This is one
incidence of seizures in the infi
cerebrospinal fluid is normal ¥§
rhachia and, at times, elevatofi}

TABLE 1.—Fearvrs or i

Epidemiology— poor, city
Clinical presentations—
Respiratory disturbances <
Seizures frequent and




"gommon exposure to an envi-
has been identified in familial

3 SYNDROME

E

f this disorder are remarkably
16 years. The disease has two
an encephalopathic stage. A
ated in virtually all well-stud-
of a viral infection, either up-
troenteritis. In approximately
ase is varicella. In “epidemic”
yn infectious agent is influenza
been associated with sporadic

1d. There is no association be-
Iness and subsequent develop-
ild usually is recovering from
petitive vomiting. There is no
»ance to explain the vomiting
) irritation of brain stem vom-
constant a feature of the child
absence makes the diagnosis
s, the child goes from vomiting
r delirium, combativeness and
1, and hallucinations. Lethargy
wiods of combativeness. Hyper-
nt.axnd likely is caused by pri-

’ ratory centers. At this
ov.. spontaneously or may de-
1 or coma. Seizures can occur at
thic phase. Respiratory difficul-
siratory arrest is not unusual.
stem dysfunction follows a ros-
ppor to coma with intact brain
e or decerebrate posturing, and
¢ state. Pupillary changes are
apils are dilated and sluggishly
8y become asymmetric or fixed
is observed. Significant hyper-
usually is no evidence of active
is caused by hypothalamic dys-
ng often is present but not se-
blood loss.

v

e o s

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 pancrea-
titis in Reye’s syndrome ranges from 0% to 22% of autopsied
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 hours or they may pla-
teau for many days before improvement is 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, all
children with Reye’s syndrome, even in the early stages, require
constant observation in an intensive care unit setting until
awake.

INFANTS 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, usually is mild. Diarrhea is frequent. The pre-
senting problem in many infants with Reye's syndrome is
seizures, which may be the initial manifestation of the
encephalopathic stage. Apneic episodes are common even early
in the disease course, and other respiratory abnormalities, es-
pecially hyperventilation, are quite prominent. Thus, infants
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 that may be
difficult to reverse. This is one probable reason for the increased
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 1.—FEATURES OF INFANTS WITH REYE'S SYNDROME

Epidemiology — poor, city dwellers, ethnic minorities

Clinical presentations— vomiting may be minimal or absent
Respiratory disturbances (apnea or hyperventilation) prominent
Seizures frequent and early in course
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ADULTS WITH REYE’S SYNDROME

Isolated cases of aduit-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 O 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,'® 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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brain mitochondria, consisting primarily of matrix distortion
and swelling.

Heart, kidney, and skeletal muscle all contain evidence of
lipid accumulation. Mitochondrial changes similar to those
found in the liver have been observed in myocardium 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 transaminases and hypoglycemia as
characteristic laboratory abnormalities. Since then, numerous
other metabolic derangements have been documented (Fig 2).
Huttenlocher et al.'* 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 concentrations
greater than 350 pg/dl are associated with a poor prognosis in
terms of survival.

Hyperammonemia is present in virtually all patients with
Reye’s syndrome early in the course of the illness. This 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.'” 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.'® 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.!” 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.”® 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."
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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 factor®® 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.** 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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sibility has implications for the treatment of fatty acidemia in
the acute illness.

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 C1 activity and C1 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.—D1AGNOSIS 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 Diagnosis and Treatment of Reye s Syndrome (Table
3). A liver biopsy should be performed in the following situ-
ations: (1) children under one year of age, (2) atypical cases (e.g.,
without antecedent viral infection or vomltmg) (3) when new
and potentially dangerous therapeutic regimens are being con-
sidered. A percutaneous liver 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
vomiting, seizures, obtundation, hyperventilation, hypogiyce-
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 noi 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.

TABLE 3.—INDICATIONS FOR LIVER BIOPSY IN
SuspECTED REYE'S SYNDROME

. Infants under one year of age

. Children with recurrent episodes

Familial cases

. Sporadic cases without infection or vomiting
. If new and potentially dangerous
therapeutic regimens are planned

TABLE 4.—DIFFERENTIAL DIAGNOSIS OF REYE'S SYNDROME

. Meningitis

. Varicella hepatitis/encephalitis

. Toxins: salicylates, methyl bromide, hypoglycin. isopropyl
alcohol, aflatoxin, lead, valproic acid

4. Anoxic encephalopathy

5. Inborn metabolic defects: systemic carnitine deficiency.

hyperammonemia syndromes, organic acid disorders

W PN —
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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.* 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 5.—STAGING OF REYE'S SYNDROME
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¥ TABLE 6.— VIRUSES ASSOCIATED WITH
REYE'S SYNDROME
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Influenza A, and A,

2 Parainfluenza
§ g g % Epstein-Barr virus
=RZ ZZ — Echovirus
Coxsackie A, A, B,. and B,
K Reovirus
% 8 2 ﬁdgn;)lvirus
Q ubella
% -g "‘:2 .é E Rubeola
g8 X532 Polio virus Type I
gg (% Hg O Herpes simplex
88 g
88 < 2 3 drome of hypoglycemia, encephalopathy, and fatty degeneration
EE &%_“’g of the viscera quite similar to Reye’s syndrome.?® In Thailand, a
§ g 2 g - disorder clinically identical to Reye’s syndrome (Udorn enceph-
alopathy) is produced by ingestion of aflatoxin B1.** This is a
heat-stable metabolite of the fungus Aspergillus flavus. Afla-
| toxin is found in grains and nuts and, in particular, stale peanut
= 2 o butter. Recently, several cases of Reye’s syndrome in the United
_€ £ 25 States have been associated with high liver concentrations of
g2 8.2 w3 aflatoxin B1. It is possible that the pathogenesis of Reye’s syn-
E ég e drome is related to an initial insult to the liver; for example, an
Zd &S 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
8 vomiting sickness, also is caused by an ingested toxin, hypogly-
g;’—\ ’é cin A, found in unripe ackee fruit. Children who eat this fruit
8y £5 develop vomiting, coma, seizures, and hypoglycemia. The fact
Za @z that both Jamaican vomiting sickness and Udorn encephalop-
N ! athy have an identifiable exogenous toxin as an etiologic agent
. 52 has stimulated a search for similar toxins in Reye's syndrome
q 5 & patients. Other than the case reports in which aflatoxin was
;‘ §§§ found in the liver, the only other toxic agent found to have a
g pE? possible association with Reye’s syndrome in epidemiologic stud-
4 § = §=° ies in the United States is salicylates.”® In recent studies, Reye’s
Ew 233 syndrome was much more likely to develop in children given
& &3 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
i withhold the use of salicylates to control fever and other symp-
19
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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.”® This experiment failed to demonstrate
the typical pathologic lesions of Reye’s syndrome. Animals were
infected by the nasal 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 Ansevin®
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 pg/dl) before coma is induced.”® In
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normal human subjects, blood ammonia concentrations can be
raised to greater than 700 ug/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 pg/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.” 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.’® 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.” 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

Partin et al."” have emphasized that the primary pathologic
change in Reye’s syndrome is in the mitochondria, which are
swollen, pleiomorphic, and fragmented. DeVivo®™ suggests that
all of the metabolic abnormalities found in Reye’s syndrome can
be explained on the basis of impaired mitochondrial function.
Activities of several mitochondrial enzymes, including ornithine
transcarbanmoylase, carbamyl phosphate synthetase, citrate syn-
thetase, glutamic dehydrogenase, succinic dehydrogenase, pyru-
vate decarboxylase, and pyruvate dehydrogenase, are all de-
pressed in biopsy or autopsy specimens of liver whereas
activities of various cytoplasmic enzymes (glucose-6-phospha-
tase, fructose-1,6-diphosphatase) 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 in 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-pentenocic 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. Liver
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
demonstrated fatty accumulation. In the second model, Mengo
virus 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 B1.
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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
dehydrogenase. Symptoms in these children may be episodic
and, especially when given 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.* 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 OFf 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 Huttenlocher®* 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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«unknown toxins.” Since then, conflicting results have been ob-
tained with exchange transfusion, some centers reporting no dif-
ference in survival between patients treated with exchange
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.*
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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 mattress 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 ml/’kg 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 pg/dl. 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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control. Barbiturates should be avoided if possible, as they will
alter the neurologic examination. Likewise, Valium, morphine,
and other sedatives should be avoided where possible. Heparin
in the venous and arterial lines should be kept to a minimum
because heparin stimulates fatty acid release.

TREATMENT OF ELEVATED INTRACRANIAL PRESSURE

Once the prothrombin time is corrected, an intracranial pres-
sure monitor should be inserted. The choice of monitor (intra-
ventricular, subarachnoid, or epidural) will depend to a large
extent on the preference of the neurosurgeon. My experience and
that of several other centers suggests that intraventricular cath-
eters are more accurate than other types but also carry slightly
greater risks of infection and bleeding. Intracranial pressure
should be monitored continually until the patient awakens, pref-
erably with a polygraph using a paper tracing. An intracranial
pressure greater than 20 mm Hg should be treated. The goal of
intracranial pressure monitoring is to prevent any compromise
of cerebral perfusion. Cerebral perfusion pressure is equal to the
mean arterial blood pressure minus the intracranial pressure.
When cerebral perfusion pressure drops below 50, cerebral isch-
emia may occur; at levels less than 30, neuronal death occurs,
with irreversible brain damage. Thus, the immediate goal is to
maintain cerebral perfusion pressure above 50 mm 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 below 20 mm Hg. There is no abso-
lute maximal dose of mannitol; the dose-limiting factor is hy-
perosmolality with potential compromise of renal function. If
serum osmolality is kept below 310 milliosmols, mannitol con-
tinues to be effective and there is less risk of complication from
this form of therapy. The primary complication of osmotherapy
is hyperosmolality, which, in turn, leads to intravascular deple-
tion, hypotension, and “mannitol nephrosis.” All of these can be
avoided by adequate fluid replacement.

2. Controlled hyperventilation with a mechanical respirator to
a Pco, of 25-30 torr.

3. Muscle paralysis with pancuronium bromide 0.1-0.2 mg/kg
per dose.

4. If an intraventricular catheter is used, small amounts of
cerebrospinal fluid can be released through this for immediate
control of intracranial pressure. Care must be taken to prevent
release of more than /2-—1 ml of cerebrospinal fluid each time,
since the ventricles are small and release of large amounts 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.” 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 reported excellent 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. Some
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-
tions of hypotension, hypoxia, and changes in cardiac output,
their 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 bolus 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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PROGNOSIS

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 reports® 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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