


G TER 1 

Chlorhexid 

, 

cb~~rbe~d~e was first synthesized in 1951) in the fabo- 
stoles of KK Ltd. (England) during antinzicrobial 
lIl%e into synthetic ~tirna~~al agents of the 
trowel type. fit was found to possess a high level of 
antiba~te~a~ activity, low rn~ali~ toxicity7 and a 
strong affinity for binding to skin and mucous mem- 
branes. These properties led to the development of 
~hlorh~xid~ne ~~ci~a~y as a topical antiseptic for appli- 
cation to such areas as skin, wounds, and mucous mem- 
branes and for dental use. In additidn, chlorhexidine has 
been used ,as a ~ha~aceuti~al preservative, particuhrly 
in o~h~al~~ solutions and as a disinfectant for items 
such as inanimate surfaces and instruments. 

~~orhe~~e is 1 ,6u~~4~~~oro~heny~-~~~do) 
hexane, a cationic b~sb~~~de ofthe following fo 

NH NH 

Study of the related gro of b~sbi~~des demon- 
strated that this compound, a single ctiorine sub- 
stituent in each phenol. ring, was the most active (Davies, 
1354). Chlorhexidine itself is a strong base, practically 
irnsoxubfe in water (0.008% wt/vol at 2O”C), that reacts 

cids to form salts of the RX2 type. The water soXu- 
of the different salts varies widely. 

‘The soluble chlorhexidine digluconate cannot be iso- 
as a solid and is manufactured as a 20% wtkol 

aqueous solution ~c~orhexi~n~ gluconate solution BP), 
hkher concentrations being too viscous for convenient 

use. The diacetate salt has a sol~b~~~~ of 1.9% wfilvol 
(20°C), whereas the ~hy~oe~o~de and other ~org~i~ 
salts are relatively insoluble (Table K5.1). The Xow solu- 
bility of the inorganic salts may cause 
cipitation if a water-soluble sa$t such 
fo~u~ated with, or diluted in, a solution containing ho- 
ganic anions such as sulphate or 
sulub~~~ of c~orhex~~m~ salts 
that in water; however, chlorhe 
should nut be added directly to neat alcohul, because pre- 
cipitation may occur. 

Solutions and powders of ch~orhe~~e are coforIess 
or almost colorless and usually odorless, although formu- 
lations prepared from the diacetate salt occasionally have 
an odor of acetic acid. Solutions prepared from a@ salts 
have an extremely bitter taste that must be masked in for- 
mulations intended for oral rrse. 

Chlorhex~~e is moderately surface active and fo 
mieelles in solution; the critical miceffar concentration 0 
the acetate is 0.01% wVvo1 at 2W (Heard ad Ashwo~ 
1969). Aqueous solutions of Morhexidine 
ble within t&e pH range 5 to 8. Above pH 8 
dine base is precipitated, and in more acid conditions 
there is gradual deterioration of activity because the com- 
pound is less stable. Hydrolysis yields pN~hloro~l~e; 
the amuunt is insignificant at room temperature, but it is 
increased by heating above l@YC, especially at alkaline 
pH (Goodall et al., 1968). 

321 



Chemical analysis of ~hlorhe~~ne ~r~~~at~~~~ cm 
be performed using a variety of different methods. Sam- 
ples containing 1 g or more of chlorhexidine may be 
assayed by the method described in the &$Mz Pliama- 
~~~~~~~, that is, by dissolving the evaporated residue in 
glacial acetic acid (neutraIized to crystal violet) and 
titrating against perchloric acid ~Ote~tiome~eaIly using 
a glass electrode. For lower concentrations, a colorimet- 
rie method may be used that involves a reaction with 
alkaline sodium hypobromide (Holbrook, 19%). 
Chlorhexidine aIso can be analyzed by gas liquid chro- 
matography (Siefert and Casagrande, 1975) and high- 
resonance liquid chromatography (Huston et al., 1982; 
Richard et al., 1984; Medlieott et al., 1994). 

~~~CE~~ICAL ASPECTS 
Compatibility 

Chlorhexi~e is a eationic molecule and is thus gener- 
afly compatible with other cationic materials, such as 
q~te~~ ~~~~ compounds (e.g., cetrimide, ben- 
z nium chloride), although compatibili~ will depend 
on the nature and relative concentration of the second 
cationic species. ft is, however, possible for a reaction to 
occur between chlorhexidine and the counterion of a 
cationic molecule, resulting in the fo~~lation of a less- 
soluble ~hlorhexidine salt, which then may precipitate. 

Nonionic substances such as detergents, although not 
directly i~compa~ble with chlorhexidiie salts, may inac- 
tivate the antiseptic to varying degrees, according to the 
chemical type and concentration used. In many cases, a 
suitable ratio of c orhexidine to excipient can be chosen 
to give the required degree of bioavailabili~ and hence 
activity, and this should be confirmed by suitable micro- 
biologic tests. 

Chlorhexidine is ~~om~atible with inorganic anio l  

all but extremely dilute soft&ions (Table 15.1). 
i~com~atibili~ ~ume~mes may be overcome by adding a 
suitabIe solubiliz~g agent in formulations in which this 
is acceptable. Chlorhexidine is also incompatible with 
organic anions, such as soaps, sodium Iauryl sulphate, 
sodium c~box~e~yl , cellulose, aIginates, and many 
~h~ace~icaI dyes. ln certain instances, there will be 
no visible signs of incompatibility, but the antimicrobial 
activity may be signifiicantly reduced because of the 
chlorhexidine being incorporated into micelles. 

Effect of pEI on Activity 
The ~timicrobiaI activity of chlorhexidine is pH 

dependent; the optimum range of 5.5 to 7.0 corresponds 
to the pfl of the body surfaces and tissues. Within the pW 
range 5 to 8, however, antibacterial activity will vary with 
the organism and the type of buffer used. For example, 
activity against Staphykmxcus am--em and ~~~~e~~~~~~ 

co& rises with increased p , whereas the reverse is 
for F~e~~u~o~~~ 

Isotonicity 
dilution of ~~orhex~dine in ~hys~ol~g~c saline to ren- 

der it isotonic with pfasma should be reg~ded with cau- 
tion because of the low soIubili~ of ~hlorbex~din 
hy~o~hlo~de (‘1 mg/lOO rmL). Al~ough solutions may 
be free of precipitate on preparation, the solu~ons (nor- 
mally containing at least ~.~2~ ~blorh~xidine~ wilI be 
su~ersa~ate~ and precipitation of the by~o~hlo~de salt 
is likely to occur on standing. 

Sodium acetate may be used to adjust the t~nici~ of 
orhexidine solutions withuut the probIem of precipita- 

tion; however, the pH of the required solution (2.1% 
wt/vul sodium acetate Ph. Eur] may be as high as 8.0 and 
should not, therefore, be stored fur prolonged periods. 

Coloring S&tions 
Only a limited number ofap~roved dyes can 

color G~orhexid~ne solutions, and ev 
in nature and therefore not tiIly c 
can be added at low ~~n~~~~~ns to tint chlorhexidi~e 
solutions for identification purposes but are likely te 
form a precipitate when used at the higher ~once~~ations 
necessary to give good skin&aining progenies. For 
example, carmoisine (ElZ2) at a co~~e~~ation of 
Q.~~~~~ provides sufficient coloring for identi~~atio~ 
purposes and wiI1 remain stable for long periods. At a 
con~en~tion of &OS%, it has good s~nMstai~i~g proper- 
ties, but it may precipitate on storage, This solu~o~ is 
usually given a shelf-life of 7 days after precaution. 

Packaging 
The nature and quality of ~un~iners for condensates 

and use dilutions are impost. Glass, high-de~si~ 
~ol~ro~yle~e~ and high-density poIyethyle~e are usually 
suitable. Low-density polyethylene may be ~~uitabi~ 
because of excessive adsorption, and other packaging 
materials may interact with the antiseptic. Cork stoppers 
or cap linings never should be used because water~solu~ 
ble tannins present may inactivate c~o~exid~n~ ~L~~t~~ 
and George, 1966). 

Sterilization 
Dilute solutions of chlorhexidine (~1 .O% ~vol~ may 

be sterilized by autoolaving at 11 S’C for 3 0 minutes or at 
121 to 123°C for 15 min@es, Autoclaving of solutions 
greater than 3. .O% cm result in the ~o~ati~~ of insolubly 
residues and is therefore unsuitable. If sterile solutions 

required at such high cuncentrations, fil~atio~ 
ugh a 0.22 micron membrane filter is re~o~ended; 



~u~~~~~, the f&t 10 mL shoul be discarded because 
a~~~~on may cwx in the initial stage; fibrous and 
poreelain filters are unsuitable. 

Chlorhexidine hy~o~hlo~de powder is stable to dry- 
freat ste~li~ation at 150°C. The solid safts are stcibfe to 
ste~li~ing doses of gamma radiation, but chlorhexidine in 
sedition is decomposed, 

storage 
dilute ~hlorhexidine solutions may be stored at room 

temperate, and a shelf-fife of at feast I year can be 
expecter provided preparation and packaging are ade- 
quate. Prolonged exposure to high temperature or light is 
to be avoided because this can adversely affect stability. 
~11 dilute solutions to be stored should be either heat- 
treated (sterilized or pasteurized) or chemically preserved 
(4% isopropa~o~ or 7% ethanol) to eliminate the possi- 
bility of microbial ~~tamination. For autoclaved solu- 
tions, the choice of container material is important, the 
best results being achieved by using neutral glass -or 
ol~ropylene. Guidelines on the storage of locally pre- 

pared aqueous solutions are as follows: 
U~~~~~~~~~o~~~j~~~: Prepare and use within 24 hours. Do 

not store. 
~~e~~~~~~ presenwd so~~~jo~s~ Store unopened for a 

maims of 3 months. Wfien opened, use within 7 
days. 

_ ~~e~~~~ze~ ~~~~~~~~; Store unopened for a maximum of 
12 months. V&en opened use within 24 hours. 

Ch~orhexidine is absorbed onto the fibers of certain 
fabrics, particularly cotton, and resists removal by wash- 
ing, lf a hypochlorite ~~h~o~ne~re~e~ing~ bleach is used 
during the washing procedure, a fast brown stain may 
develop because of a chemical reaction between the 
~hl~rhexidine and the bleach. This problem can be 
avoided by eliminating the use of a bleach or replacing 
the c~o~ne-receding bleach with one that is peroxide 
based such as sodium perborate. Pretreatment of the fab- 
rics with dilute (X %) hydrochloric acid or oxalic acid for 
10 to 15 minutes reduces or e in&x&s staining when a 
chlorine bleach is subsequently used. 

The ~timicrobial activity of chlorhexidine is directed 
mai@ toward vegetative gram-positive and gram-nega- 
tive bacteria; it is inactive against bacterial spores except 
at elevated tempera~es, and acid-fast bacilli are inhib- 
ited but not killed by aqueous solutions. The infectivity of 
sOme lipophilic viruses Ce.g., influenzavirus, herpesvirus, 
human i~~odeficien~~ virus (WlV)] is rapidly inaeti- 

~~orhexidine~ ~ltho~~ aqueous solutions are 
against the small prote~-boat viruses. Yeasts 

(including C”and&&z ~~~~~~~~~ and de~toph~es are usu- 
ally sensitive, although chlorhexidine’s fungicidal a&ion 
in general is subject to species variation, as are other 
agents. 

Mechanisms of Antibacterial Action 
The mechanism of action of c~orhexidi~e and related 

biguanides was reviewed by Woodcock ~~~8~~. At rela- 
tiveIy low con~en~ations~ the action of e~orhexi~e is 
bacteriastatic, and at higher con~en~tions, it is rapidly 
bactericidal, with the actual levels varying somewhat 
from species to species. 

The lethal process consists of a series of related cyto- 
logic and physiologic changes, some of which 
reversible, that culminate in the death of the cell. 
sequence is thought to be as follows: (1) rapid a~~tlon 
toward the bacterial cell; (2) specific and strong adsorp- 
tion to certain phosphate”co~~ini~g compounds on the 
bacterial surface; (3) overcoming the bacterial cell wall 
exclusion mechanisms; (4) attraction toward the cflo- 
plasmic membrane; (5) leakage of low- molecular weight 
cytoplasmic components, such as potassium ions, and 
inhibition of certain membrane-bound enzyrues, such as 
adenosyl ~phospha~se~ (6) preeipi~tion of the cyto- 
plasm by the formation of complexes with phosphated 
entities, such as adenosine ~phosphate and nucleic 
acids. 

Characteristically, a bacterial cell is negatively 
charged, the nature of the ionogenic groups varying with 
bacterial species. It has been shown that, given spiciest 
chlorhexidine, the s&ace charge of the bacterial cell is 
rapidly neutralized and then reversed. The degree of 
charge reversal is pro~~io~al to the ~~orhexidine con- 
centration and reaches a stable equilib~~ within 5 ti- 
utes. The rapid electrostatic attraction of the ca@xic 
~hlorhexidine molecules and the negatively charged bac- 
terial cell undoubtedly contributes to the rapid rate of kill 
associated with chlorhexidine, although surEace charge 
reversal is secondary to cell death.. Electron microscopy 
and assay for characteristic oute~embr~e components, 
such as 2-keto+deoxyoctonate @3X3), demonstrate that 
sublethal concentrations of ehlorhexid~e bring about 
changes in the outer membrane integrity of gram-nega- 
tive cells. An efflux of divalent cations, especially cal- 
cium ions, occurs prior to or during such o~ter~membr~e 
changes. Chlorhexid~e molecules are thought to com- 
pete for the negative sites on the glycan, thereby 
displacing metallic cations. 

In terms of the lethal s e bacterial cytoplas- 
mic membrane appears t ant site of action. 
Several changes indicative of damage to the c~op~asmi~ 
membrane have been observed in bacterial populations 
treated with bacteriostatic and bactericidal levels of 



c~orhex~~~e- fc~o~l~~6 contents is a clas- 
sic indication to the oytoplasmic membrane, 
starting with low molecular weight molecules typified by 
potassium ions. Electron micrographs of these sublethally 
treated cells show a shrinkage or plasmo’lysis of the pro- 
toplast. GeEIs treated with bacteriostatic levels of com- 
pound can recover viability despite having lost up to 50% 
of their K-t-. This is particularly true if the excess 
~~or~ex~~~e is removed by a neu~al~~~g agent, as hap- 
pens in many in vitro testing sedations. 

As the ch~orhex~~e concentration is increased, higher 
molecular weight cell contents, such as nucleotides, 
appear in the supernatant fluid around the cell. Bacterial 
cells showing more than a 15% increase in nucleotide 
leakage have been found to be damaged irreversibly; lev- 
els of ~hlorhexidine producing this effect are therefore 
bactericidal. The rate of membrane ~s~ption and cell 
leakage increases with chlorhexidine concentration up to 
a ~~~ and then falls back and at concentrations that 
are rapidly bactericidal (100 to 500 mg/L) release of cell 
components does nut occur. Electron microscopy shows 
the cytoplasm of these ceils to be chemically precipitated, 
this precipitation having been caused by an interaction 
between the c~orhex~~~e ated entities within 
the cytoplasm, such as ~phosphate and 
nucfeic acids. 

~tho~gh numerous ~ubli~at~o~s refer to the bacterio- 
static and ba~te~c~~~ properties of chlorhexidine against 
particular organisms, the methods used vary? and it is 
often dif&ult to compare results. A series of studies were 

to provide a comprehensive. spec- 
c-hlorhexidine using both microbio- 

static and microbiocida$ methods. The strains of organ- 
isms tested include clinical isolates, laboratory strains, 
and standard ctrlture collection types. Each strain was 
tested to determine the minimum inhibitory concentra- 
tion (MIC) of chlorhex~di~e and its susceptibility to the 
bactericidal action of 0.05% aqueous ehlorhexidine glu- 
conate using a rate-of-kill method. 

MIC Method 
Twofold dilutions of ~~orhexid~ne gluconate were pre- 

pared in Isosensitest agar, the surface of which was inoc- 
ulated with a suspension of each test organism. After 
incubation at 3T°C for 24 hours, the agar ,was examined 
for distinct growth. The MIC was recorded as the lowest 
chlorhexidine tration that prevented growth. 

Molds and were tested on Sabouraud’s agar 
incubated at 30°C for 24 to 72 hozrrs- Anaerobes were 
incubated anaerobically for 2 to 3 days on agar eontain- 
ing 5% lysed blood- Fastidious organisms were incubated 
in CO2 for 2 to 3 days (Tables X 5.2 and 15.3). 

Test organism 
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82-l 28 
64-e-l 28 
‘f6-128 
32-328 
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16-32 
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The in vitro bactericidal and ~~~~dal a~tivi~ of 
0.05% chlorhexidine gluconate was dete~i~~d using a 
procedure based on British Standard 3286 (1960’). One 
milliliter of a 24-hour broth culture of the test org~~sm 
was added to 10 mL of aqueous 0.05% wt/vol chlorheti- 
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32 
16 
16 

8 
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4 
4 

6” 
4 ” 
3 
3 
3 
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dine gbmnate solution, which was ~a~~~ned at ambi- 
ent temperature ( f 8” to 2 I “C). One-milliliter aliquots of 
the mixture were remwed after 20 seconds, 1 minute, (suld 
f 0 minutes md tmmferred to inactivator broth containing 
1.5% soya lecithins md 10% polysorbate 80. A viable 
count was pe~o~ed on ap~~op~ate further dilutions and, 
by comparison with an untreated co~~truf, a IO-log redtlc- 
tion factor was calculated (Tables 15.4 and 15.5). 

The susce~tib~l~~ of individual bacterial strains to 
GhlQrhex~~e varies widely; however, few have been 
fcmd to be capabk of surviving co~Ge~~atio~s of the 
ar&eptie encountered in use (Pitt et al., 1983; Hammond 
et al., 1987). It has been suggested that prolonged use of 
the a~t~se~ti~ may lead to reduced s~sce~tibil~~ and to 
the development of resistant bacteria; however, this is not 
supported by the work of Martin (1969) and Simpson et 
al. (X989), W&J fomd that bacterial strains encountered in 
areas of prolonged and extensive use of the antiseptic 
have similar susceptibilities to strains of the same species 
e~~o~tered in areas where there is little or no chlorhex- 
kline, 

nere is also %ro good evidence that the plas~d-~edi- 
ated antibiotic resistance common amung gram-negative 
bacteria is associated with resistmce to ohlorhexidine. 

Test organism 

Mean log?0 
reduction after 

‘“op. 
l/3 I 10 

strains) min min min 

:-: 0:4 
2.2 

0.4 
0.8 
0.8 

1.2 

0.4 2.1 
0.7 2.9 
0.7 2.5 
3.4 .5.-l 

0.4 I.1 
34.6 5.8 

1.5 s3.5 

I*8 >3.7 

2.2 >3,9 
0.8 2-3 

2.0 4.7 
0.5 
ii:: ~4’8 ifi”: 

1.4 317 
0.2 4.1 

2.2 3.8 2: 

2.6 ~5.3 
s4.3 ~4.8 

2.7 4.3 
2.7 >4.9 
4.2 5.2 
2.8 34.0 
4.9 z+6.0 
4.5 36-3 
5.0 96.4 
3.3 35.8 

>4.1 34.1 
3.9 s5.9 
5.2 a6.4 
4.8 >6.2 
0.9 2.9 
1.5 4.2 
1.0 4.1 

ii:; i::: 

-I.-l 1.3 34.6 
3.8 5A3 ~6.7 
1.6 3.4 ~6.4 
3.5 2.9 3,2 
2.5 4.0 %6,2 
2.4 3.8 ~6.3 
2.0 3.7 >6.0 
1.9 3.9 >6.2 
I.5 3.7 s.9 



0.4 0.8 
0.7 f .2 
0.7 1.2 
0.6 2.0 
0.4 0.4 
0.6 1.5 

2.8 >4.1 ~4.2 
3.5 P4.3 >4.3 
2.1 3.4 >4.2 
3.6 >4.4 >4.4 
4.0 >4.2 ~4.2 
3.3 ~3.6 z-3.6 
3.7 r3.7 r3.7 
I.3 2.2 r4.4 

cl.7 

i:; 

i-i 
0:4 
1.3 

2; 
0.4 

0.5 al.8 
i Al >2.0 
0.6 ~2.4 
0.3 2.0 
3.1 >2.1 
0.9 a2.4 

S2.1 S2.1 
0.9 22.8 
0.6 >2.4 
0.3 I.6 

Mic~e~a~~~d (1986), Ahonkai et al. (1984), and Sykes 

strains of meth~c~l~~n~r~sistant S. 
aweus (MRSA) u bacteriostatic MIC test proce- 
dures demonstrated a degree of reduced sensitivity to 
~h~orhexid~ne compared to methi~i~~~~~sens~t~ve strains 
of this organism (MSSA) (Brumfitt et al., 1985; 
M[ycock, 1985); however, this is considered of little 
clinical relevance because the highest MXC value for 
~hlorhex~dine quoted in these studies is 4 mg/L, and 
therefore aI1 strains of S. aurezrs, including MRSA, can 
be regarded as sensitive to user concentrations of 
chlorhexid~ne. B al. (1985) and Cookson et 

ricidal activity of a 4% 
be similar for strains of 

MRSA and M5SA. A number of clinical reports also 
support the use of chlorhexidine preparations as part of 
programs for the control of outbreaks with MRSA 
~Rumbak and Can&o, 1994; Jones and Martin, 1987; 
Lejeune et al., 1986); however, Kampf et al. (1998) 
found a chlorhexidine in alcohol handrub to be more 
effective than a ~~~orbexid~ne-based handwash against 
MRSA and recommend this form of hand dis~nfe~t~o~ 
by staff treating MRSA patients. 

IWhereas killing pot~nti~ly pa~og~~~ bacteria c 
will prevent them i%um causiz2g ir&&on, certain types of 
sublethal chemical treatment might a&u alter or damage 
bacterial cells in such a way as to reduce their ability to ini- 
tiate the disease process. Thus, &e bacteria could 1 be 
viable but less ~athog~c. The ability of c~urhe~~e to 
produce such a depa~uge~g e&ct was first investi- 
gated by Holloway et al. (1986) using a pe~to~tis model in 
mice. Pathogenic strains of E. c& and ~~~~~~e~~~ ~e~o~~~~~ 
were treated with sub~~~a~ ~on~~n~~u~ of ~~or~e~d~e, 
after which the antiseptic was neutralized and the test sus- 
pension injected into susceptible animals. The results of 
these studies demons~ted that the pa~uge~~i~ of bacte- 
ria surviving treatment with chlorhexidine was reduced by 
more than 90%. +It”his was confirmed by Rotter et al. ~~9~~)~ 

could not demonstrate a similar effect with alcohol. 
depathogenizing effect of ~~orbe~d~e must be con.. 

sidered secondary to the direct bactericidal activity of the 
antisq&; however, it is believed to be an additions, clti- 
cahy relevant property that is not evident in conventional in 
vitro &u&es concerned with viability alone. 

Sporfcidal Activity 
Ch~or~ex~dine will inhibit the growth of&e vege~tiv~ 

cells of spore-forming bacteria at relatively low ooncea- 



Fferpes hornj~~s~sjrn~~ex Herpesvirus 
p&s virus type 2 

-+$ Active in vitro at the concentration stated; -, 

Enterovirus 

not active in vitro at the con~entratiu~ stated. 

AdenoYirUS type 2 Adenovirus 
Equine infectious anaemia virus Retrovirus 
Variola virus ~srnal~~o~~ Poxvirus 
Herpes simplex type f/type 2 Herpesvirus 
Equine ~~~~ue~za virus Q~homyxov~rus 
Hog cholera virus Togavirus 
Bu~~n0 viral diarrhoha Togavirus 
~arajn~~uenza virus Paramyxovirus 
~ra~srn~ss~b~e ~a~roenterjtjs virus Coronavirus 
Rabies virus Rhabdovirus 
Canine distemper virus Paramyxovirus 
~~~e~t~ous bronchitis virus Coronav~rus 
Newcastle virus Paramyxovirus 
Pseudo rabies virus Herpesvirus 
~~orne~~ov~r~s Herpesvirus 
Coxsaokie virus Picornavirus _ 
Echo v&us Picornavirus 
Human Rota virus Reovirus 
Human ~rnrnu~ode~icje~cy Virus Type I Retrovirus 

Bailey and Longson (1922) 

1 

Bailey and Longson (1972) 

I 

&aiiey and Longson (1972) 
Shen et al. fl977) 
fanabe arid Hotta (t97’6) 
Shinkai (1974) 
Epgley (I 966) 
Eppley (9 968) 
Eppley (1968) 
Eppley (I 968) 
Eppley (1968) 
Eppley (I 966) 
Eppley (1966) 
EpWy VQfW 
EppDey (t 968) 
MatMek (1978) 
Faix (3 966) 
Narang and Codd (1983) 
Narang and Codd (1983) 
Springthorpe et af, (1966) 
HarMson and Hammer (1989) 

trations (Table X5.2) and also will inhibit spore germina- 
tion. It is ggmxally reco~~zed, bwever, that chlorhexi- 
dine has little s~o~~i~l activity except at elevated tem- 
peratures. Shaker et al. (1986) investigated the sporicidal 
activity of an’ aqueous solution of chlorhexidine glu- 

subfi&s spores at vari- 
ous temperatures. and 37”C, the antisep- 
tic had little efSect on spore viability? even after 120 
minutes exposme. At a temperate of ‘KPC, however, the 
antiseptic reduced the number of spores by 5 lugers 
(i.e., a 99.999~ reduction). 

Chlor~exidine has good activity against viruses with a 
lipid component in their coats or with an outer envelope. 
These iwlude many respiratory vimses, herpes, and 
~~omegalovi~s. In common with many other antisep- 
6x, however, aqueous solutions of ~hlorhexid~e do not 
have any significant activity against the small protein- 
coat viruses, which inelude many of the enteric viruses, 
poliomyletis, and papifluma (warts) virus. 

Human ~~ode~~ieney virus (I-W), the organism 
r~s~unsible for acquired immunodeficieney syndrome 
&KR3), is known to be one of the enveloped viruses and 
can, therefore, be predicted to be sensitive to the action of 
~hlorhexidine. This was confirmed in a seties of in vitro 
studies. A rlQ/o chlorhexidine handwash preparation and 
0.5% chlorhexidine in 70% alcohol both were found to be 
l@% effedive against HIV type I after a 15-second eon- 
tact. Aqueous solutions of ~hlorhexidine down to a final 
h3l: Condensation of 0.05% were 100% effective within 1 

minute (~onte~o~ et al., X990). In a more recent series 
of sakes, ~hlorhexi~ne at 1 mdmL (~-1~~ was 80% to 
100% effective (Harrison and C&antler, 1998). Ikbli 
data on the activity of chfurhexidine against a wide range 
of viral agents are summarized in Table 15.6. 

CLB’WXL APPLXCATlOP?S AM) EFFXCACV 
SMn Disinfection 

Chlorhexidine formulated in a detergent base is used 
extensively for disinfeetiun of the hands of surgeons a3ld 
nurses and also for whole-body skin disinfection of 
patients undergoing surgery. Alcohol-based chlorhexi- 
dine solutions with emolients afso are used by surgeons 
and nurses for hand disinfection. Al~ohol~based 
chlorhexidine solutions are particularly suitable for final- 
stage skin preparation of the operation site; the area 
should be kept wet for at least 2 minutes to a&eve the 
maximal eRect. he immediate ba~te~cidal action of 
chlorhexidine surl3asses that of similar preparations cunLc 
taking povidone-iodine, triclosan, hexa~hloro~h~e~ or 
~~achloromet~ylenol (PCNX). Its valrrable persistent 
(residual) effect, which prevents regrowth of organisms 
on the skin, is comparable tu that of hexa~hluro~h~e or 
triclosan, although chlorhexidine has a broader spectrum 
of activity, particularly against gram-negative bacteria. 

The evidence for efficacy is derived from extensive 
laboratory testing on volunteers and hospital staff and is 
generally srspported by clinical experience now extending 
cwer more than 25 years. Some of this evidence is pre- 
sented, although differences such as experimental method 



ake it d~~i~~lt to cornice data produced by 
authQ~s. F~be~ore, because the efficacy of 

ion is s~~jf~~antly affected by the excipients 
demo~s~at~ng activity of one formulation 

sed as evidence for the efficacy of another. 
men assessing the effectiveness of an agent for skin 

dis~~fe~tiou~ several properties of the product must be 
taken into consideration: immediate bactericidal action 
against buth the resident and transient flora, persistence 
of a~t~Qn Frevent~~g regrowth of skin organisms, and a 
c~mulat~ve effect resuhing from regular use. The product 
also must retain its a&&y in the presence of blood and 
have good .cosmedc a~ce~tabil~~ for the user. The rela- 
tive ~rn~u~~ce of these individual properties varies to 
some degree according to the particular application of the 
antiseptic. 

The objective of surgical hand disinfection is to render 
the skin free of bacteria, thus preventing the escape of 
~rg~~srns into the operation wound &rough the punt- 
tares in surgical gloves, which occur frequently during 

in ~~~Co~or, 1984). The procedure must elimi- 
e transient organisms that are likely to be present 

on the skin and reduce the resident flora to as low a level 
as possible. The agent should remain persistent on the 
skin to maintain the numbers of survivors at this low level 

ut the course of the operation. 
first in-use study involving a 4% chlorhex~d~ne 
, Smyhe et af. (1973) found this antiseptic to be 

at least as effective as hexa~h~oroph~e in reducing the 
numbers of bacteria on the hands of the surgical team and 
in ma~ta~~ing these fuw numbers for several hours under 
gloves. A povidone-iodine handwash was fess effective 
i~t~al~y ad allowed the numbers of survivors on the 
hands to increase the wurse of an 
operation. The chl was more accept- 
able to users than t es, undesirable side 
effects occurring most frequently with the povidone- 
iodine ~re~~at~o~. 

XII a large volunteer study using the official US. Food 
A~~nis~ation (FDA) guidelines for assessing 
and SC s, Peterson et al. (1378) found that a 

c~orhexid~~e handwash produced si~ifi~ant~y greater 
reductions in numbers of resident bacteria than either 
hexach~oropbane or povidone-iodine preparations and 
mai~taiued these low numbers for up to 6 hours under 
gloves. ~ovidone-Godiva was not persistent, allowing a 
s~~~f~~~t increase in bacterial numbers with time. This 
~~icular chlorhexidine handwash (Hibicfens) was also 
the first surgicaf hand scrub to be approved as safe arrd 
effective by the Topical Antimicrobiafs Committee of the 
FDA. 

Afy and Maibach (X983) examined the effectiveness of 
sponge brushes impregnated with either chlorhexidine or 

~ovidon~~odine handwashes in a volunteer surgical 
hod-disinfection study. The i~ediat~ and persistent 
effects of the agents and also the ef6eet of blood was 
assessed. Chlorbexid~~e proved to be s~~~~~~~t~~ more 
effective than ~ovidone-iodine in both the presence and 
absence of blood thus confusing an earlier study by 
Lowbury and Lilly (1974), who found that blood s~~i~~ 
cantfy reduced the ef5ectiveness of ~~vido~e~~od~~e, but 
not of Gh~orhex~dine. 

Fereira et al. (1997) evaluated several ~ro~ed~es for 
surgical hand d~s~nfe~t~o~ with detergent hand scabs and 
alcohol-based hand rubs. The most eflkctive reagents 
were a S-minute scrub with 4% ~h~orbex~d~~e detergent 
solution and combination treatments ~onsist~g of an ini- 
tial 2- minute sc=r~Ib with 4% ch~orh~x~d~ue detergent 
solution, followed by a N-second hand rub with 
chlorhexidine in alcohul solution. The authors ~o~~d~red 
the alcohol-based handrubs to be as effective as the deter- 
gent-based handscrub solution and no more damaging to 
the skin. 

Xn an evaluation of duration of surgical scrub tech- 
niques, Okubo et al. (1994) found at a 3-minute %cruW 
with chlorhexidine detergent solutiun without brushes 
was as eEe&ve as 3- or &minute shrubs with bushels 
and there was much less risk of injury to the skin. 

Hygienic Hand Disinfection 
The major source of infectious organisms within the 

hospital is the infected or heavily eolo~i~ed patient, and 
the principal route of ~smiss~ou is via the hands of hos- 
pital personnel, ~~dwashing or disinfectian is therefore 
considered to be the singfe most impost meas’t;ue to 
prevent nosocomial ~~fe~t~o~. The porno objective of 
hygienic hand disinfection is to eliminate the nascent 
organisms that have been acquired on the hands, thus pre- 
venting their trmsfer between patients. The agent must 
act rapidly becar;rse busy hospital sta8 wash for only a 
short time. Persistence of antibacterial action on the skin 
is considered desirzible to help prevent colonization with 
hospital pathogens and reduce the level of ~on~in~ts 
acquired between handwashes, User a~ee~tab~li~ of a 

ation is of particular importance in the ward situa- 
tion, where frequent h~dwashi~g is often ~ecess~. Fac- 
tors swh as soreness and dryness of the hands can have 
more influence on the use of a ha~dwa~h product than its 
antimicrobial efficacy (Larson et al., X986). 

Rapidity of action of chlorhexidine against ~ans~ent 
contaminants a~if~cially applied to the skin was demon- 
strated by La Rocca et al. (1985). In a study designed to 
mimic a ward handwash, the hands of subjects were 
repeatedly ~on~minated with S. marcles~~~~ and washed 
with c~orhexid~ne skin cleanser for 1,s seconds. A ~9~~~ 
reduction of the contaminants was demonstrated after a 
single 1 Ssecond wash with ch~orhex~d~ne‘ Progressively 
greater reductions were obtained following repeated 



~as~~g~ owing to the curative activity of residual 
~hlor~ex~d~e. 

Larson et al. (1986) compared the ~crobiolog~~ and 
changes to skin brought about by frequent 

(X5-second wash, 24 times daily). A 
handwash s~~i~G~tly reduced the bacte- 

ora compared with all ather agents tested and 
d no more skin trauma than nonmedicated soap, 
et al. (1979) compared the effectiveness of 

exidine skin deanser with other handwash prepa- 
~a~i~~s in a controlled trial with uurses in a neurosurgical 
wit, Following a single ISsecond wash, chlorhex~d~e 

n~f~e~tly reduced both the total skin flora and gram- 
negative organisms acquired naturahy during patient con- 
tact. No si~ifi~~t reductions in bacterial counts were 
found furlong washing with medicated soap or an 
~odo~~or-containing preparation. The effect of regular 
use of the agents also was investigated. Each agent was 
used exclusively on the unit for 4 weeks, during which 
flood repeated hand samples were taken. Regular use of 
~~orh~~d~e produced the lowest total bacteria1 counts 
and lowest mean numbers of gram-negative bacilli and SC 
~~~~~~ This ending confirmed the marked effectiveness 
of ~hlor~ex~dine skin cleanser in a single brief hand- 
washing and demo~~ates its persistent effect between 
repeated handwashes. 

Xn a later study, Maki and Elecht (1982) investigated 
the effect of different h~dwash prep~at~ons in the inci- 
lence of noso~o~al infection in a large intensive care 

‘t. Lower rates of infection were obtained with both 
chlo~hexi~~e and ~ovidone-io~e handwash prepara- 

than with unmedicated soap; however; chlarhexi- 
was better tolerated and was considered more 

a~~ep~b~e for routine use. Stiley et al. (1989) also 
demons~ated that the rate of infection m an intensive 
care unit was s~~fi~~t~y lower when Bands were 
washed with a 4% chlorhexidine preparation than when 

id soap and an alcohof rinse were used. 

A si~~f~~~t promotion ofposto~erative wound infec- 
tions are caused by m~~roorg~isms from the patient’s 
own skiur, which may be derived from sites remote from 

at of the operation. Reducing e level of the skin 
microflora over the whole body is, therefore, thought to 
be of benefit in reducing the incidence of infection from 
these SOWC~S. 

Brandberg and Anderson (1980) demo~s~ated a sig- 
nif~~~g reduction in totaf skin flora following a shower 
bath with a 4% ~blorhex~d~ne skin cleanser and found 
that this reduction was maintained for up to 1 week, 
emphasizing the persistent properties of the antiseptic. 
These results were coBfirmed by Kaiser et af. (X988>, 
Who afso demons~a~ed a beneficial cumulative effect 
with repeated application of cltlorhexidine. 

i: 

~o~low~g earlier microbiologic studies, Brandberg et 
al. ( 1980) performed a clinical ~vestigat~o~ to determine 
the effect of preoperative showering with ~blorhex~di~e 
skin cleanser on infection rates in patients ~dergoi~g 
vascular surgery. On a~ss~ou~ patients bathed daily 
with the antiseptic (three to eight baths, depending on the 
length ofpreo~era~ve stay). ~~ed~at~ly prior to surgery, 
the operation site was washed with this same solution and 
finally prepared using 0.5% eblor~exi~ne in 70% alco- 

raup of patients did not perform daily 
bathing but received the same operation-site preseason. 
The infection rate was reduced from 17.5% iu the control 
group to 8% in the patients who showered ~reo~erative~y 
with chlorhexidine. 

In a closely monitored clinical study involving more 
than 2,000 surgical patients, Hayek et al. (1987) demon- 
strated a significant reduction in the infection rate in 
patients who bathed with ch~orhexid~ne skin cleanser 0x1 
two occasions in the 24 hours prior to 
aIf infection rate was 9% for patients 
chlorhexitie compared with 12.5% for those using 
unmedicated bar soap. 

In addition to reducing patient rnorb~~~~ this infection 
control measure was considered to confer si~fiG~t 
health economic benefits to the hospital in terms of 
improved bed use and cost efSectiveness. Hayek and 
Emerson (1988) reported that the reduction in infection 
rate achieved by preoperative bathing with chlorhe~d~e 
would save 22 bed days per 100 patients, allowing almost 
3% more patients to be admitted for elective surgery. 

Other workers investigated the efZect of both preopera- 
tive and postoperative bathing with ch-forhexidine. Ran- 
dall and co-workers reported the results of two prospec- 
tive studies in men undergoing vasectomy. Xn the fiist of 
these (Randall al,, 1983), preoperative bathing with 
chlorhexidine s cleanser was m~crob~ologi~al~y effec- 
tive, but it did not reduce the postoperative infection rate, 
which was in excess of 30%. In the second study (Randall 
et al., 1985), preoperative bathing with chlarhexidine was 
retained, and the effect of additional postoperative 
bathing on the days following operation was examined. 
This procedure, which involved both pr~o~e~tive and 
postoperative bathing, reduced the infection rate from 
37.8% to 6,7%. Wound infection in this group of patients 
was considered largely a secondary phenomenon occur- 
ring a-Rer the patient left the hospital. 

Some trials failed to demonstrate a clinical benefit, 
although these either have not followed the re~o~ended 
skin disinfection method or have kclrxded too few 
patients to show statistical significance. fn a review of all 
studies on the use of ~~orh~xid~ne for whole-body disin- 
fection, Brandberg (1989) concluded that the procedure 
is a valuable adjunct to existing antiseptic and aseptic 
measures that will contribute toward a reduction m infec- 
tions caused by organisms derived from the patient’s own 
skin. 



Oberon reports have described the effectiveness of 
c~orhex~d~~e preparations in preventing urinary tract 
infections. A solution of 0.05% ~h~orhexid~ne in either 
glycerine ~~~~er et al,, 1960) or ethylene glycol (Gille- 
spie, 1962) was used successfully as a combined urethral 
antiseptic and lubricant. Intermittent bladder irrigation 
with ~-02~~ aqueous solution o~~hlorhex~d~~e was effec- 
tive In reducing the incidence of bacteria in cathetetized 
patients (Ball, 1987; Kirk, 1979; Bruun and Digranes, 
1978). Solutions used in the urinary tract should be pre- 
pared from chlorhexidme gluconate solution Se which 
contains no additives. The inadvertent use of solutions 
containing surfactants causes hematutia in some patients. 

Oh&et&s and Gynecology 
Xn one of the earliest reports involving chlorhexidine, 

Calman and Murray (1956) reported on the suitability of 
several antiseptics for use in obstetrics. They considered 
that the most exacting test, and the one most relevant to 
practical obstetrics, was a 2 l/2-minute b&&&ids1 test 
in the presence of fresh blood. By this standard, only 
~blorh~xid~ne achieved a complete kifI of all organisms at 
its recommended user dilution of 3 in 2,000 (0.05%). On 
the basis of this work and on the experience of2 l/2 years 
of clinieaE use, chlorhexidine was considered the most 
satisfactory antiseptic available for use in midwifery 

Byatt and Henderson (1973) compared the ability of 
thereat antiseptics to disinfect the perineum. The must 
effective aqueous preparation was a 4% chlorhexidine 
detergent preparation both undiluted and at a dilution of 
1 SO, which brought about reductions in recoverable bac- 
teria of 98% and 82%, respectively. An equivalent con- 
centration of ch~orhe~dine without added cleansing 
agents was fess etive, suggesting that the mucous 
secretions and fatty acid exudates present in this situation 
prevent penetration of antiseptics to the bacteria. 

Christensen et al. (1985) investigated the effectiveness 
of vaginal washing with a 0.2% chforhexidine solution 
for the prevention of neonatal colonization with group B 
streptococci. A s~~~f~c~t reduction in colonization with 
this organism was noted in the infants of treated mothers, 

eoneluded that this procedure may 
tion in the early neonatal period. 

Taha et al. (1997) reported that neonatal admissions and 
mortality due to sepsis were reduced when a sterile aque- 
ous solution of chlorhex~dine 0.25% was used to cleanse 
and disinfect the birth canal. 

Platt and I&hell (19841, using a wound model in 
guinea pigs, demonstrated that irrigation with 0.05% 
eh~or~ex~di~e was highly effective in preventing wound 

sepsis. This finding was confirmed in the clinical si 
tion by Culombo et al. (f987), who demons~ated a sig., 
niAcant reduction in postoperative ~fe~t~o~ in patients 
whose wounds were sprayed with 0.05% ~hlorhex~d~~~ 
during suturing. Croups of workers in France also have 
found irrigation with chlorhexidine to be elective for 
~on~o~~~ng existing wotmd infection (~~er-~~era~~ 
bault, 1978; Gerard et al., 1979). 

Chlorhexidine prep~atio~s have been used extensively 
in the management of burns for cleansing and antisepsis. 
In addition, several groups of workers have used the an& 
septic for balneotherapy of major burns The patients 
were immersed in baths containing aqueous solutions of 
chlorhexidine gmeonate at concentrations ranging from 
0.01% to 0.05%. This treatment was considered a vaiu- 
able adjunct to the existing infection control rneas~~ 
(Collier et al., 1978; ~oug~ard et al., 1979). 

Oraf Disease 
The role of ch~orhexidi~e as an elective agent for the 

prevention and treatment of oral disease has been widely 
recognized for a number of years. With the exception of 
fluoride, no shemica agent for use in the mouth has been 
so extensively studied. The effectiveness of ~hlorhex~d~ne 
stems Tom its ability to adsorb to negatively 
faces in the mouth (e.g., tooth, mucosa, pdX 
tive materials), rnai~~~~g prolonged ~~rni~robia~ 
activity for many hours (Gjermo et al., 1974) ~eten~o~ 
studies with rad~u~abe~ed chlorhexidine show that 
approximately one-third of the dose is retained after a 60- 
second mouth rinse with f0 mL of a 0.2% sob&ion 
(~on~svo~~, 1977). Cfinicaf studies demons~at~d that this 
treatmem, applied twice daily, produces optimum uptake 
and retention in the mouth (Cancro et af., 1974; Agerbaek 
et al., 1975). 

Plaque fo~at~on is a continual process, and an agent 
showing persistent a&v&y offers an advantage over 
agents with only a limited duration of effect, ~~lurhe~- 
dine remains the agent of choice for sup~ging~val plaque 
contrul (Addyl 1986; Kornman, 1986). Treatment with 
chlorhexidine mouthwash or geX reduces the duration of 
and discomfort from minor aphthous ~c~ration and 
inereases the total number of ulcer-free days 
Addy, 1987; Addy et al., t976). 

Preoperative and postoperative use of c~orh~x~~ne 
mouthwash reduces the oral microflora and the incidents 
of postextraction bacteremia (Martin and Nind, 1987; 
Field et al,, 1988). Postoperative gingival healing 3s 
enhanced by the use of chlorhexidine apptied as either a 
mouthwash or a gel, The antiseptic is thought to achieve 
this by reducing the level of microbial contamination of 
the wound (tangebaek and ISay> 1976; Bakaeen and Straw 
han, 1980). 

can prove difficult to maintain in 6e~a~~ 
roups. Persons who have mental or physk, A 
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ca~ disabilities may be unable either to understand or per- 
form  adequate controf measures. ~~uno~umpromised 
patients are pa~i~u~arly susceptible to orat infections, 
especially with ~~~~i~~ species, and the same is true of 
d~n~re wearers.. ~~orhexid~n~ mouthwash, gel, and 
spray have been effective in helping maintain the oral 
hygiene of mentally and physically handicapped groups 
(Francis et al., 1987; Usher, 1975); the mouthwash and 
gel have been used successfully in i~~ocompromis~d 
payments to controf candidiasis and mucositis (Fenetti et 
al., 1987; Jacobsen et al., 1979). 

soaking dentures in ~hlorhexid~~e is effective in reduc- 
ing colonization with Candida species (Olsen, 1975; 
~~dt~~~orgeusen~ 1977). ft is suggested 
tic exerts both ~t~~gal and antiadhesive effects, which 
may last for several days ~~~ou~ie et al., 1986). 

Persons who have a~ increased caries risk can be iden- 
tified from  the high salivary levels of ~~~~~~~Q~~~s 
~~~~~~. Use of ~h~orhexidine gel (Zickert et al., 1982) or 
~hlorhex~d~ne fluoride mouthwash (Luoma et al., X978), 
aloag with other preventive measures such as fluoride 
~eatme~t and diet con&ol, has been shown to reduce sig- 
~~fi~ant~y the incidence of caries In these patients. Radi- 
ation caries also can be controlled hy a ~hlorhexi~ne/~u~ 
oride mouthwash (Katz, 1982) 

The must common side effect associated with oraX use 
of ~hlorhexid~ne is extrinsic tooth staining, which seems 
to be an ~avoi~b~e .consequence of having clinically 
effective c~lorhex~dine available at the tooth surface. The 
highly reactive molecule combines with dietary chro- 
mogens, which then are precipitated onto the tooth 
surface (Addy et al., 1985); it is this ~hlorhex~di~e~ 
c~omogen complex that forms  the characteristic stain. 
~ax~rn~ staining occurs in vitro at 0. f %  chlorhexidine 
(Prayitno and Addy, 1979); however, reducing the con- 
centration to lim it staining requires a corresponding 
increase in volume to main~~n clinica’f efficacy. Thus, 
~~i~~~ally equivalent doses of ~hlorhex~d~e have equiva- 
lent levels of stain. 

The stain is extremely variable from  individual to indi- 
vidual and may be m inim ized by prior toothb~shi~g with 
a denti~ce (Gove, 1986). Although tooth staining 
lim its the long-term  oral use of chlorhexidine, for some 

atient groups, the benefits outweigh the disadvantages, 
for the physically and mentally handicapped, 

xidme may be the only option for effective oral 
hygiene (Storhaug, 1977). 

SAFETY 
~h~o~hex~d~ne has been ia use throughout the world for 

more than 30 years in a wide range of clinical situations; 
during this period, reports of adverse reactions have been 
relatively few. Extensive studies involving experimental 

’ 1s and human volunteers as weff as observations of 
ai staff and patients have been carried out to deter- 

rn~~~ the nature and probab~~i~ of ~toward reactions 
that may be associated with the varied applications of 
~hlorhexidi~e to living tissues. These range from  disin- 
fection of intact aduk skin to delicate mucoxxs memb~~es 
(e-g., bladder and eye) and traumatic or surgical wounds. 
Systemic (oral, i~~arnuse~l~~ i~~avenous) and topical 
routes of a~inis~ation have been investigated for short- 
and lung-term  adverse effects. 

Acute effects of accidental ingestion or injection have 
een rarely reported and are associated only with high 

doses of chlorhexidine. Long-term  efFects of animal feed- 
ing and topical (human) use showed that absorption from  
the alimentary tract or through the skin is negligible or 
absent. There is no evidence of car~inogenic~~. The inci- 
dertce of skin &ritation and h~erse~itivi~ is low when 
~hlorhex~dine is applied at its recommended concentra- 
tions. There is no deleterious effect on healing of wounds 

grafting of burns. As with most disinfectants, a high 
obabifity of total deafness rules out the use of chlorhex- 
‘ne during surgery on the inner or m iddle ear. 

~h~orhex~d~e is toxic to nerve tissue, and therefore con- 
tact with the brain and meninges must be avoided. Strong 
solutions of ch~orhex~di~e and preparations that are for- 
mulated with other excipients, such as alcohols and sur- 
faetants, also should be kept away from  the eyes. 

Acute Toxicity 
Systemic a~~~is~ati~n of fo~ulations of ch~orhex~- 

dine by oral, in~aveno~s, and s~b~u~eous routes has 
been performed in rats and m ice. Qral median lethal dose 
(LD5O) values are high because chlorhexidine is puorly 
absorbed from  the gut and is excreted mainly unchanged 
in the feces. Administration by the intravenous route 
results in greater toxicity than by either the oral or sub- 
cutaneous routes because of a stromalytic effect on red 
blood cells resulting from  its surfao&nt activity. 

Subacirte and Chronic ‘bxicity 
Xn term  studies (up to 3 months), there is a 

dose- decrease in body weight and a decrease in 
~ons~ptio~ of drinking water that results from  the 
unpalatable taste of chlorhex~dine. Rats receiving SO, 
100, or 200 mg/kg of chlorhexidine’ daify in their drink- 
ing water for 90 days produced only evidence of reactive 
histiocytosis of the mesenteric lymph nodes; however, 
this is known to occur in aging rats. The change was not 
neopfastic, and phagocytic function was normal. In 
fonger-term  tests of up to 2 years, the effect on the 
mesenteric &mph nodes was nonprogressive. 

. 

The effect of ~hlorhexid~e gluconate at doses of 5 and 
SO mg/kg daify on the reproductive petiormance of male 
and female rats also was studied. eating performance, 
pregnancy rate, duration of gestation, litter parameters, 



and the condition of the dams at terminal necropsy ~@re 
unaf$ected by the treatment. 

chmgenicity 
dies have been performed in both 
raf ~h~~rh~xid~n~ plus artificially 

increased levels of its degradation product p-chloroani- 
line. No evidence of carcinogenicity was found in rats 
after 2 years of up to 40 mg/kg of chforhexidine pIus 
0.6 rn~g/~y ~“e~oroa~~li~e daily. 

Several reports of mu~ge~ici~ tests with chlorhexi- 
dine have ben done based on modifications of the micro- 
biologic Ames test procedure, This type of microbiologic 
test is considered to be ~damenta~ly inappropriate for 
use with known antimicrobial agents because it is diEi- 
cub, if not impossible, to separate the legitimate lethal 
action of the drug off the bacterial ceff from any toxico- 
logic activity that the drug may possess. A~~ough some 
reports claim to have demonstrated positive rnu~e~ci~ 
with chlorhexi~ne by this means (A~ke~~-S~~~dt, 
1982), the s~~ifie~~e of the findings is considered 
extremely doubtful, particularly in view of the complete 
lack of c~c~ogenic~~ demons~ated in more meaninghI 
animal studies. the evidence available, it is con- 
cluded that chlorhexidine is not a carcinugen. 

All the available info~ation on ~h~orhexidine sug- 
gests that the antiseptic is absorbed through skin to an 
extremely smaB degree, if at a& 

Case (1980) repor&. on a series of studies to detect per- 
~u~eous absorption of ~hlurhex~~n~ following applica- 
tion to the akin of volunteers. ~d~o~abe~~d ~hlorhe~i~n~ 
fo~ulat~d as a 4% dwash or 5% aqueous so&ion was 
applied to forearm s and left in contact fur 3 hours. L,ev- 
els ranging tiom 96% to 98% of the radioactivity subse- 
quently were recovered from the skin. No radioactivity was 
detected in blood or urine. The equivalent of 0,007% of the 
a~~istered dose was detected in only one of the fecal 
samples. In a further study, subjects followed an exagger- 
ated surgical scrub schedule using a 4% chlorhexidine 
h~dwasb five times dtily for three S-day weeks. Each 
treatment lasted 6 minutes and included 3 minutes of brnsh 
scrubbing. Blood samples were taken throughout the test 
period and analyzed for chlorhexidine using a gas liquid 
~~omatography method with a sensitivity of 0.01 to 0.05 

blood levels were found in any of the 
me, Blood samples also were taken 

from hos~~~~ staff members who had been regular users of 
4% Gh~orhex~d~e for surgical hand disinfection fur at least 
6 months, No detectable feveXs of chlorhexidine were 
found in any of the subjects. 

Husak et al. (1981), who used 4% chforhexidine hand- 
wash for bathing infants, were unable to detect skin 

abso~tion of ~hlorhexid~ne on each of the 3 days follower 
ing bathing. Cowen et al, (1979), who also bathed infant : 
with this preparation, did ftid s~~ificant levels of; 
ch~orh~xidine in the blood when samples were taken by.: 
heel prick, but this was thuught to be dur: to ~ontarn~na~~~ 
tion Tom the treated skin. Samples of venous blood taken’.! 
in an attempt to avoid this contami~atiun showed 
extremely low levels of ehlorhexidine in some infants md 
none in others. 

Gongwer et al. (1980) bathed neonatal rhesus rno~~ys 
for 90 days with an experimental handwasb fo~u~a~o~ 
co inmg 8% ctiorhexidine gluconate. No adverse effects 
OR the brain or other tissues were found. ~~n~rna~ bolts 
of ~h~orhe~d~e were detected in a few tissues and in the 
feces, and .it was suggested that the antiseptic had entered 
the body by oral ingestion following grooming. 

From the res&ts of all the studies fisted, it is clear that 
percutaneous absorption of chlorhexidine, if it occurs at 
all, is minimal. There is no evidence that any G~orhe~~ 
dine that may be absorbed will be toxic 

Primary derrnal irritancy studies with aqueous 
~hlorhexidi~e gluconate so&ions (20%, 0.5%) or a 4% 
~~orhe~~dine h~dwash were performed in rabbits using 
the Baize test method& The results shuwed that none of 
the formulations was a primary skin irritant. A re~eated~ 
apphcation dermal toxicity study was performed in rab- 
bits with aqueous ~hlurhexidine gluconate (20%) applied 
once daily, 5 days a week for 3 weeks. The ~~n~en~ated 
solution caused damage tu both intact and abraded skin, 
which healed within 2 weeks of stopping treatment. Tests 
in human v~l~teers to detect allergic contact sensitiza- 
tion and ph~tosens~t~zatio~ foUoting repeated applica- 
tion of chlorhexidine formulations proved negative. 

Local skin irritation reactions ~~cas~ona~~y are 
reported with ~h~orhex~d~e use. Long-term expedience 
demons~~ed an extremely low incidence of sens~tiza~on 
reactions. There have been isolated reports of gen~~~~ze~ 
allergic reactions, and in the most severe eases shock has 
occurred (fall in blood pressure, nausea, dtiziness, dysn- 
nea). ~a~hyla~to~d md other h~ersens~~vi~ argons 
have been reported with topically apphed ~hlorhexidine 
solutions (Xcimura et ax., $994; Okano et al., li989), and 
with the use of ~~orhexidine-imprecated catheters 
nightingale, 2998; Terazawa et al,, l998). considered 
against the extensive use of the antiseptic over more than 
30 years, however, the incidence of such side effects must 
be considered extremely $0~. 

Wound HeaIing 
Saatman et al. (1986) assessed the effects of ~.~~% and 

4% chlorhexid~ne gluconate solutions on the healing of 
surgically induced wounds in guinea pigs. The wounds 



were negated after surgery and daily ereafier until 
necropsy, Daily prugress uf the wound appeared normal 
in all treatment groups, with no gross evidence of treat- 
ment effects. On histo~atholo~~ evaluation, the treated 
animals exhibited a slight delay in healing compared with 
sal~n~~treated ~irna~s on days 3, 6, and 9; however, by 
days 14 and 2 1, no differences were detectable. 

Hirst (1973) ~nves~gated the ef%eet of ~~orhe~d~e on 
gingival wound heahng in dogs. Biopsy sites were treated 
with 200/o ~~orhexid~e or saline for 42 days, after which 
the sites were graded for ~~~ato~ response. Sites 

to ~~orh~xi~e had less evidence of ~~~a~on 
cant& sites, and healing was judged as complete. 

as been reported that chlorh~xid~ne is cytotoxic to 
exposed ~brublasts when assessed in vitro using tissue 
culture rnetb~ds~ however, Sanchez et al. (1988) demon- 
strated that this ~~otoxi~~~ observed in vitro does not 
occur in viva. Using an infested-word model, they 
found that c~or~exid~n~ actudfy accelerated the rate of 
healing compared with saline-treated controls. 

Se~so~ne~a~ deafness was found to occur in patients 
who had ~dergone vascular myringoplasty operations; 

n factor was the use of O.&Y% ~h~orhex~dine in 
1 for periuperative disinfection of the middle 

ear. Xt was thought that the ion had penetrated the 
membr~e of the round win entering the inner ear 
and causing damage to the cochlea, w&h resulted in per- 
maRent hearing Boss (BickneR, 197 1). This has since been 
extensively investigated using animal models. Severe 
vest~b~~~ and cachlear damage has been found to occur, 
the extent of which is related to concentration and dursl- 
ti.on of exposure rococo et al., 1973; fgarashi and 
Suzuki, 1985). Other antiseptics have been similarly otu- 
toxic when a~n~stered in this way. Toxicity is signifi- 
~antly enbanced in the presence of high levels of alcohol 
or detergent (Morizono et aL, 1974). 

The ~e~otoxi~i~ of c~orhex~~ne was investigated by 
~ens~hen and Ofson (1984) using a rat model. A dose- 
depndent degeneration of the adrenergic nerves occured 
fo~~ow~g the a~~lica~on of chlorhexidine, and these 
researchers suggested that neurotoxic elects on thin 

finated fibers should be looked for in the cent& ner- 
vuus system. In an earlier study~, Hurst (19%) had found 
that ~hlorhexi~e~ along with most other antiseptics, was 
toxic; when injected into the ~er~bros~~a~ fiuid of monkeys. 

Although dilute solutions of pure chlorhexidine have 
been used for eye irrigation (0.05%) and as a preservative 

for such prep~atio~s as eye drops ~~.Ul~), tigher eon- 
centrations and pr~p~ations containing other ex~i~ients 
may cause eye damage. 

Following direct topical application of up to 2% 
chlorhexidine to the eye, no changes to the cornea were 
detected by either direct observation or light microscopy; 
however, superficial epithefial changes were noted by 
electron microscopy foll~~~g approbation of 0.1% and 
0.5% chlorhexidine (Browne et al., 1975; Dormans aad 
van Logten, 1982). 

multiple conGen~ations of ~hlo~exid~ne ranging fkom 
0.1% to 4% were evaluated for their toxic ef%ects on 
regrowth of cornea1 epithekun. ~on~e~~a~ons greater 
than 2% were clearly toxic to both the cornea1 ~~ithel~~ 
and conjunctiva; a ~onGen~ation of 1% produced Rio sig- 
nifi’icant delay in epithefial healing but did cause mild 
conjunctivitis. condensations less than 1% were not sta- 
tistically digerent frsm the control group, either in reep- 
itheli~i~atio~ or visible toxic effects ~~a~11 et al., 
1984). 

Isolated reports have been received of injury resulting 
&om accidental introduction into the eye of an antiseptic 
h~d~sh containing 4% ch~urhex~~e in a detergent 
base. Ac~iden~l splashes e~te~g the eye during normal 
handwash~ng cause irritation, which has resolved com- 
pletely folowing prompt and thorough washing the 
affected eye with water. Irreversible corareal damage 
occurred following more prolonged ocular exposure, 
however2 as a result of misuse of the antiseptic handwash 
on anesthetized patients for skin preseason of the peri- 
orbital area and eyelids. The product had pooled on the 
eye surface and remained there for up to f hour (Hamed 
et al-., 1987; Phinney et al., 19%). From the ~~o~at~on 
available, it would appear that the excipients present in 
the handwash fo~u~a~on, or possibly a combined elect 
of the excipients and chlorhex~dine, are a more hkefy 
cause of pellet ocular damage than the ~hlorhex~d~e 
alone. 
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m ination of the neutralizer toxicity. The comparison of growth with, and without, 
the disinfecting soiution determin-es neutralizer efficacy, 

A neutratixer evafuation for a membrane filtration protocol requires the same 
compari~ns and involves concerns similar to those pr~iousty descr&ed. Consid- 
erations in the: neutralization evatuatim in&de the test system, the membrane 
type, the filtration apparatus, the medium, the diluting @m&-aiization) fluid, and 
the solution being tested. Add~tiona~~y~ an estimate of the loss of c&s through thy 
mechanics of filtration shoufd be de&tin& [9,78-HI], 

One protocol of neutralizer evaluation, as patterned on the L&P steti.lity test, 
is described in Figure 4 f9f. This procedure requires f&ration of the determined 
amount of biocidat solution, followed by two, lW-ml votumes of diluting- 
n~u~a~i~~ng fluid. A third IOQ-ml vokne, inoculated with W-1010 CW of the 
index organism is then passed through the filter. Finally, the inoculated filter is 
placxd OR the surface of a freshly poured agz plate and incubated for growth. 

~e~~a~~~er loxicity is evafuated by compa&on between the recovery of the 
membrane without the test solution and those filtered with USP diluting fluid A 
(DPA-U.I% meat peptone) friI]. ~~utra~~~~r ~~ca~y is estimate by co~~~son 
between the m ,wvery on the membrane both with and without the test solution. 
~iI~atiun may iead to reduced jrecovery of organisms through death OS a~~~~~c~ 

FKWRE 4 Ihgram of a design far a neutralizer evaluation study to control an assay 
invalving membrane fIRration of an arrtimicmbial. The important considerations in this 
design are the amount of antimicr~biaI to be fiftemd, the amount of n~~tra~i~~~di~u~ng 
fluid used to wash the membrane, the naturct of the mmbrane M m  matmiat, thhe recovery 
medium, and the index organisms. This design can be used to validate a protocof for sterility 
testing, or an assay of antimicrobial efficacy. 

to the filtration vessel. wails. This technique-specific loss can be estimated by 
cumparing recovery in the DFA population with the viable count. ~~~bra~~ 
filtration allows for two methods to enhance neutralizer efficacy, The first is to 
incorporate a specific neutralizer in the diluting fiuid to overcome the effect of the 
a~tj~crobia~ agent, The second is to test several deferent types of filters to find a 
Alter type that is effective in the specific system. Severa filter types are now 
available with diRerent surface properties+ These different properties will affect 
the relative binding of the active agent to the rn~rn~~a~~. 

D. Statisticaif Analysis 

Assays such as the use-dilution test and the mu~t~“item m icrobial challenge test 
require recovery in fiquid media. These data are nominal (growth or no growth) 
and so can be analyzed by a x2 test fgi], the sign test [82f, or McNemar’s test [X3; 
reviewed in Ref. $41. 

.A secund type of data is provided by tests rn~~u~~g ncovery as cok~y- 
forming units on agar plates. Tksit; natural data (CFU recovered) follow a Poisso~~ 
distribution, They can be ~a~sfo~~d to a~~r~x~rnat~ a normal d~s~but~on either 
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