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Abstract. Chlorhexidine is a common wound antiseptic. 
It, effects on the hcaling o( inchioaal wounds in rat skin 
were studied w,ing a tensiometric technique. The breaking 
load was sig_nificantl.)'.jower a.f!_er_]_ da� in �ounds ;hat, 
immediately after infliction, bad been exposcd to chlor­
h�xidine 0.02 •• or 0.1 •• for 5 minutes and then sutured, 
as compared with control wounds ircated with saline or 
chlorhexidme·, vehicle. The ,ame resul! was obtained when 
chlorhexid1ne-cxposcd incisions were closcd wilh a non­
suturc technique as compared with ,uturcd control inci­
sions. Pending funher knowledge, the resuhs ,uggest 
caution in the u,e of chlorhexidinc in man on wounrls 
with critical circulation wher� additicnal tissue injury mity 
be dangerous. 

Chlorhex idine ( 1.1-hexamet hylcnebis[ 5-( 4-ch loro­
phenyl)biguanide ]) is an antibacterial compound 
active against both gram-positive and gram-nega­
tive bacteria evcn in the presence of body-fluids 
(8. 23). The chlorhexidine salts most frequently 
used in medicine are the digluconate, acetate and 
diacetate. ln Swedish hospitals, the use of chlor­
hexidine as an antiseptic has increascd during 
recent year5 at the expense of quaternary am­
monium compounds (9). It is used clinically for 
disinfection of hands and operation si tes (21 ), 
in the treatment of burns and scalds (16, 20), in 
urology and gynaecology (2, 15) and by dentists 
in caries and periodontitis (11 ). Chlorhexidine 
(5 °o in a tincture or cream) has been recom­
mended for use in bacterial and mycotic skin 
diseases (24). It is also marketed as a first-aid 
wound lreatment at home. 

An important requircment of a wound dis­
infectant is not to produce additional tissue injury 
of such magnitudc as to significantly impair re­
generation. Chlorhexidine has been reportcd to 
exert cytotoxic effects on living epilhelial cells 
in vitro (17), to induce microvascular dislurb-

ances when administercd into the tissues of the 
hamster cheek pouch (19) and in some patients 
taking daily mouth washes wilh chlorhexidine 
desquamations and soreness of tbe oral mucosa 
developed (12). In spite of such evidence of chlor­
hexidine's potential to cause tissuc injury, there 
is a general clinical impression that it is non­
irritant for topical use in wounds (3, 7, 13, 16, 
22, 32). This discrepancy may be explained by 
the prescncc of a threshold value of tissue injury 
in the wound that must be exceeded before the 
repair process is impaired, as suggested by Ryd­
berg & Åhren (29). Another possibility is that the 
methods used in clinical practice to record the 
healing are not sensitive enough. Gross examina­
tion and 1or histopathologic investigations will 
revcal obvious deviations from normal wound 
healing, but lhese methods may be too crude to 
detect minor ,ariation�. 

The aim of this study was to elucidate the ef­
fect of chlorhexidine on wound healing, as re­
flected by the gain of breaking load in sutured 
or laped skin incisions. The determination of the 
brcaking load is regardcd as the most informative 
indicator of the progress of repair in a closed 
incisional wound (27). 

MATERIAL AND METHODS 

Sixty-five male white rats (Sprague-Dawley, about 300 g) 
werc used. They werc kcpl in separnte cages, nnd allowed 
free access 10 pellets ar:d water. 

The chlorhrxidine solutions wcre prepared from Hibi­
tane® (lmperial Chemical Tndustrics Lid., Macclesficlrl, 
England). They wcre sterile, isotonic and freshly prepared. 
The compositiom arc given in Table l. The conccnlra• 
tions chosen are tho5e u,ed clinically al this hospital: 
0.1 % for di�infection of thc skin in lhe 11cni1al region 
and urethral meatus, and O.C2% for irrigation of the 
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Table 1. Composi1ion of c!tlorhexidine solutions and 
the eehicle (med as control) 

CMorhe:o:1di11e 0.1 •;, 
Chlorhexidinc ucetate 
Sod,um acetalc for infusion 
Acetic acid 

I g 
21 g 
ad pH 7.9 

Distillcd water ad I 000 ml 

Chlorhexldine 0.02 % 
Chlorhexidine acetalC 
Sodium acctalc for infusion 
Ace1ic acid 5 M 

0.2 g 
21 g 
q.s. 

Distilled water ad I OCO ml (pH 7.0-8.5) 

Veliicle 
Sodium acctate Nord. Reagens 21 g 
Acetic acrd 5 M q.s.
Distilled watcr ad I 000 ml (pH 7.3-7.4) 

bladder. Cblorhexidine i, not recommendcd for use in 
wounds at Sahlgrcn's Hospital, but other hospitab in 
Sweden u�e a 0.05 •• sterile isotonic solution of chlor­
hcxrlline diacctalc for this purpo,e (9). When chlor­
hc�idine i, acquired \\llhout prc,cnptron for home­
trcatmcnt of wuund,, il is usually dispcrsed a� a lo1ion 
or cream with 0.05-0. l •, of 1h� an1i,ep1ic. 

ln thc conlrol wounds, sterile salinc or th� vehiclc 
(a sterile aqucous �olu1ion of a ,odium aceta1c-acetic 
acid buffer) was med. 

Wowul c/u,ure 1111h sIw,re•. The back, of 1he animal, 
werc shaved with an elcc1ric razor under ether ane,1hzsia. 
The posi1ions of 1he incision, :ind stitche, were drawn on 
the ,kin in order to achieve 11niforn1ity. Under sur11ically 
clean conditions a 6 cm long incision was made 1.5 cm 

Table ll. /11{/uence of chlorltexidine 011 the breaking 
/oad of smured skin wounds in 1!,e rar after 7 days 
of healing 

No. of Tesl 
animals \\Ound 

15 Vchicle 

10 Chlor-
hexidine 
0.1 •• 

10 Chlor-
hexrdine 
0.1 °. 

10 Chlor• 
hexidine 
0.02 •• 

10 Chlor-
hex1dine 
0.02% 

Rel. dif­
fcrence •• 0 

Control (mean 
\\OUlld S.E.M .) 

Saline 11.4 2.8 

Saline 37.7 .:::2-8 

Vehicle 33.1 4.9 

Saline 23.9� 2.5 

Vehicle -12.4±3.9 

Significance 

0.01 p � 0.001 

p<-0.001 

p<0.001 

p<. 0.001 

0.05 .> p > 0.0 I 

" Oiffercnccs bctwccn 1est and control wounds are expresscd 
in per cenl of the conlrol \\Ound's brcaking load. 
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Table ill. Effec/ of ch/orhexidine 011 the breaki11g load 

of rape-closed skin i11ci:,io11s afrer 7 days of heali11g. 
Co111rol wo1111d:, closed wifh si/k s11r11res 

Rel. dif-
fercnce %a 

No. or Tc,t Control (mcon± 
unimals wound wound S.E.M.J Signiricance 

4 Chlor· Saline - 42.2:: 5.5 0.01 >p>0.001 
hexidine 
0.1 "• 

6 Chlor- Saline -24.5:t7.5 0.05> p>0.01 
hexidine 
0.02 •• 

0 Diffcrcnces ben,een test and control ,1ound) are exprc,sed 
in per cent of 1hc control wound's breaking loud. 

from and parallcl LO the midlinc. Th� inci,ion was p,r­
rendicular 10 1hc ,kin surface and included 1he ,kin and 
1he underlying ,ubcutaneous mu,cle. The wound margin, 
were cleva,cd w11h small hooks, abolll 3 ml of 1he 1c,1 
,olution wa, insLilled into the wound cavi1y (te,t wound) 
ttnd thc inci,ion wa, then ,u1ured "ilh C:>ntinuou, throu&h· 
and-through sutures including the skin and the $Ub· 
cutancou, musclc. The slilches wcre placed 5 mm apart 
and 5 mm from the wound edgc, using black braidcd silk 
No. 000 and cur,ed 1riangular needle; no. 18. it 100k 
abc.>ul 5 minmcs Lo ,uturc thc wound. The antiscptic 
,olution wa� eYaCtmtcd betore the su1ur�s "t:re 1igb1cned 
and tied. A con1ralateral inci,ion was 1hen inflictcd, fiiled 
wi1h 1he control solution (,ebicle or ,uline) and sulur�d 
in the same way as thc test wound. Wound dressings were 
not used. 

Wowul c/o;rrn• witlr s11rgica/ wpe. Silk sulurcs in u 
\\ound add 10 1he us,ue damagc from opcra1i,•e trauma 
and antiscptics 129). I( wound clos11re with suture; is 
replaced wi1h approximation of 1he wound edgcs wi1h 
su,gicul tape, postopcra1ivc inflammation is less prn­
nounccd and thc wound heals faster (6). In order to 
investig.ate whcther thc dfec1 of chlorhexidine on wound 
her•Ling manifests itsclf even in 1he ah encc o( ,utures. a 
ncn-suture technique was u,ed in JO rats for closure cf 
1hc teq wound. The,e wound� had been exposed to 0.1 •0 

or 0.0:? 0(. chlorhcxidine, as ,hown in Tablc 111. 
Following sha,ing of 1he animars back, 1he skin was 

cpilatcd by a hair remover crcum (Surgex®). Infliclion 
of wound,, expo,ure lo the solu1ion, and sumre of 1h: 
control wound (salinc exposcd) have bcen dcscribed above. 
The 1c,t wound was closed by 6 strips. cach 12.7 mm 
widc, of a microporous surgic:il adhesivc tape (Steri­
strips'!l) and then 2 \lrips were placed along the inci'>lon 
abovc the transversal ,trip�. Finally Tensopla�t® was 
wrapped around 1he animal";, bod). 

Temio111etry. After 7 days, thc suturc, or 1he rnpc 
strips were remo,ed an:J lh! breal.ing load of eacb 
wountl wa, measured i11 si111 with a special Lype of tensio­
mc1er originnlly describcd by Sandblom el al. (30) and 
as 111odified by llolm-Pedersen & Zcderfeldt (18). Three 
determina1ions \\Cre made on cach 6 cm long wound. 
and 1he aritbmctic mean of rhcse was taken as the 



breaking load of lhnl wound. Differences in slrcnglb bc­
tween test and control wounds of each animal are given 
in per cent of the value for the control wound (34). 
S:atistical analysis was carried out according to Student's 
1-:est. 

RESULTS 

The results from the breaking !oad determinations 
of wounds are presented in Tables Il and III. 

Sutured wounds. Chlorhexidine in concentra­
tions of 0.02 % and 0.1 % resulted in significantly 
lower breaking load val!:_le§._than the corresponding 
control wounds treated with saline. Wounds ex­
posed to lhe vehicle only were also weaker than 
control wounds exposed to saline, hut this differ­
ence was not as pronounced as when chlor­
hexidine was compared with saline. When chlor­
hexidine (0.02 % and 0.1 % ) treated wounds were 
compared with the corresponding control wounds 
lreated with vehicle only, thc former still had 
significantly lower breaking load values. 

Tape-closed test wound, surured control wound. 

The strength over skin incisions exposed to 0.1 % 
or 0.02 % chlorhexidine for about 5 minutes and 
then closed with surgical tape was lower after 
7 days of healing than that of corresponding con­
trol wounds treated with saline and closed with 
silk sutures. The differenccs are significant. 

DJSCUSSION 

This study has shown that for healing periods of 
7 days the breaking load of chlorhexidine-lreated 
wounds is lower than that of symmetrical incisions 
also closed by continuous silk suture but exposed 
to saline. This can partly be attributed to chlor­
hexidine's vehicle, a sodium acetate-acetic acid 
buffer which also turned out to retard the healing 
processes of wounds as determined by the break­
ing load. However, even when chlorhexidine was 
compared with its vehicle, the impairment of the 
healing process caused by the antiseptic was 
significantly greatcr. 

The use of stitches in these experiments adds 
to the trauma in the wound region, but this 
factor is cqual in both test and control wounds. 
When the suture closure of the test wound was 
replaced w.ith a non-suture technique, the tissue 
injury resulting from the operative trau111a and 
the antiseptic was still enough to impair the re­
pair process significantly compared with the eon-
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trol (saline) wound closed with conventional 
suture technique. 

The formulations and concentrations of chlor­
hexidine chosen for lhis study were those supplied 
by the hospital's pharmacy for clinical use. lts 
action time in the experimental wounds, about 
5 rninutes, does not exceed the calculatecl ap­

proximate time of action of cationic detergents 
in a surgical wound (4). When chlorhexidine is 
applied by a layman to an open wound as a lotion 
or in a cream base without subsequent water or 
saline irrigation, its action time may be even 
longer. 

The experimental wound mode! used in this 
study, where test and control wounds are inflicted 
simultaneously and symmetrically in the same 
animal by a lhoroughly standardized techniquc, 
has been used before to investigate ihe effect of 
topical antiseptics on the repair process. The 
cationic detergents bcnzalkonium chloride and 
cetylpyridinium chloride (28), dequalinium chlo­
ride (25) and a cationic triphenylmethane dye, 
crystal violet (26), in concentrations used clinically 
all turned out to retard the heaUng processes in 
incisional wounds closed by silk suture. These 
results are probably also significant for the heal­
ing of open wounds, since the differences between 
the wound-healing processes in wounds healing 
by primary and secondary intention are con­
sidered to be quantitative rather than qualitative 
( l ,  31). This information from animal studies
cannot be directly translaled to the conditions of
clinical use in man, and it is possible that the
toxic effects of the bioassayed substances are
stressed compared with clinical conditions. There
is, however, a varying individual susceptibility to
irritants; some people are more sensitive in this
respect than others. Clinical observations have
confirmed the capacity of the agents studied to
inflict tissue damage in man under certain condi­
tions (5, 14, 33).

The application of topical antiseptics in infected 
wounds may be justified if the advantages of 
degenning outweighs the risk of additional tissue 
damage. On the other hand, recently acquired 
wounds without clinical signs of infection are 
often almost ritually treated by the Jayman with 
antiseptics, which are considered of dubious value 
in this type of wound (10). Under !hese circum­
stances, the use of an antiseptic with a cytotoxic 
potential will bring the risk of negative effects to 
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the healing process without adding substantial 
advantage. This study has demonstrated that 
chlorhexidine under certain experimental condi­
tions can induce tissue injury of such a signifi­
cance as to impair wound healing. Extrapolation 
,of the resu!ts from our studies in one animal 
species to the varying clinical situations in man 
must be done with caution (vide supra). Il has 
been reported that instillation of chlorhexidine 
into human operation and traumatic wounds did 
not produce manifest harmful effects (7, 13, 32),
which however does not exclude a subthreshold 
influence on the repair process. Jf further injury 
is superimposed on such a wound, the cumulative 
effect may manifest itself as a clinically detectable 
impairment of healing. ExampJes of possible such 
injurious factors are, in varying degrees and 
combinations, disturbed circulation, bacterial in­
fection and mechanical tissue injury. 

Pending further knowledge, we suggest that 
chlorhexidine should be used with caution on 
those wounds caused by disturbed circulation 
where additional tissue injury may be dangerous,
and on tissue structures whose function may be 
restricted by excessive scar tissue, e.g. exposed 
tendons and tendon sheaths. Occlusive dressings 
may increase penetration into the tissues and con­
sequently contribute to the development of un­
toward effects. 
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