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Abstract. Chlorhexidine is a common wound antiseptic.
Iis effects on the healing of incisional wounds in rat skin
were studied using a tensiometric technique. The breaking
load was significantly lower after_7 days in wounds that,
immediately after infliction, had been exposed to chior-
hexidine 0.029% or 0.1% for 3 minutes and then sutured,
as compared with contro! wounds treated with saline or
chlorhexidine's vehicle. The same result was obtained when
chlorhexidine-cxposced incisions were closed with a non-
suture technique as compared with sutured control inci-
sions. Pending further knowledge, the results suggest
caution in the use of chlorhexidine in man on wounds
with critical circulation where additicnal tissue injury may
be dangerous.

Chlorhexidine (1.1-hexamethylenebis[5-(4-chloro-
phenyl)biguanide]) is an antibacterial compound
active against both gram-positive and gram-nega-
tive bacteria even in the presence of body-fluids
(8, 23). The chlorhexidine salts most frequently
used in medicine are the digluconate, acetate and
diacetate. In Swedish hospitals, the use of chlor-
hexidine as an antiseptic has increased during
recent years at the expense of quaternary am-
monium compounds (9). It is used clinically for
disinfection of hands and operation sites (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% 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 treatment at home.

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

ances when administered into the tissues of the
hamster cheek pouch (19) and in some patients
taking daily mouth washes with chlorhexidine
desquamations and soreness of the oral mucosa
developed (12). In spite of such evidence of chlor-
hexidine’s potential to cause tissue 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 presence 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 & Ahrén (29). Another possibility is that the
methods used in clinical practice to record the
healing are not sensitive enough. Gross examina-
tion and/or histopathologic investigations will
reveal obvious deviations from normal wound
healing, but these methods may be too crude to
detect minor variations.

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 taped skin incisions. The determination of the
breaking load is regarded 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)
were used. They werc Kept in separate cages, and allowed
free access to pellets and water.

The chlorhexidine solutions were prepared from Hibi-
tane® (Imperial Chemical Industries Ltd., Macclesfield,
England). They were sterile, isotonic and freshly prepared.
The compositions are given in Table |. The concentra-
tions chosen are those used clinically at this hospital:
0.19% for disinfection of the skin in the genital region
and urcthral meatus, and 0.629 for irrigation of the
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Table 1. Composition of chlorhexidine solutions and
the vehicle (used as control)

Chlorhexidine 0.1 %,
Chlorhexidine acetate lg

Sodium acetate for infusion 21 g

Acetic acid ad pH 79
Distitled water ad 1000 ml
Chlorhexidine 0.02%

Chlorhexidine acetate 02g
Sodium acetate for infusion 2l g

Acetic acid 5 M q.s.

Distilled water ad 1000 ml (pH 7.0-8.5)

Vehicle
Sodium acctate Nord. Reagens 21 g
Acetic acid 5 M q.s.

Distilled water ad 1000 ml (pH 7.3-7.4)

bladder. Chlorhexidine is not rccommended for uss in
wounds at Sahlgren’s Hospital, but other hospitals in
Sweden use a 0.05°, sterile isotonic solution of chlor-
hexudine diacetate for this purpose (9). \When chlor-
hexidine is  acquired  without prescription  for home-
treatment of wounds, it is usually dispersed as a lotion
or cream with 0.05-0.19 of thz antiseplic.

In the control wounds, sterile saline or the vehicle
(a sterile agucous solution of a sodium acetate-acetic
acid buffer) was used.

Wound closure with suinres. The backs of the animals
were shaved with an electric razor under ether anesthesia.
The positions of the incisions and stitches were drawn on
the skin in order to achieve uniformity. Under surgically
clean conditions a 6 ¢cm long incision was made 1.5 cm

Table 1. /ufiuence of chlorhexidine on the breaking
load of sutured skin wounds in the rar after 7 days
of healing

Rel. dif-
ference %4

No. of  Test Control (mean =
animals  wound wound S.E.M)) Significance
15 Vchicle Saline 11.4+28 0.0l =~ p=>0.001
10 Chlor- Saline 37.7+2.8 p<0.001
hexidine
0.1 c0
10 Chlor- Vehicle 331+49 p<0.001
hexidine
0.1 %
10 Chlor- Saline 239+2.5 p<0.001
hexidine
0.02 9%
10 Chlor- Vehicle —12.4+3.9 0.05>p> 0.0l
hexidine
0.029%

* Differences between test and control wounds are expressed
in per cent of the control wound's breaking load.
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Table I11. Effect of chlorhexidine on the breaking load
of tape-closed skin incisions after 7 days of healing.
Control wounds closed with silk surures

Rel. dif-
ference % ¢

No. of Test Control (mcan+

animals  wound wound S.E.M.) Significance

4 Chlor- Saline —42.2+£5.5 0.01>p>0.001
hexidine
0.1%

6 Chlor- Saline —24.5+7.5 0.05>p>0.01
hexidine
0.02°,

@ Differences between test and control wounds are expressed
in per cent of the control wound’s breaking load.

from and parallel to the midline. The incision was per-
pendicular to the skin surface and included thz skin and
the underlying subcutancous muscle. The wound margins
were clevaicd with small hooks, about 3 ml of the teat
solution wis instilled into the wound cavity (test wound)
and the incision was then sutured with continusus through-
and-through sutures including the sKkin and the sub-
cutancous muscle. The stitches were placed S mm apart
and § mm from the wound edge, using black braided silk
No. 000 and curved triangular necdles no. 18. It took
about § minutes to suturc the wound. The antisceptic
solution was evactated before the sutures were tightenzd
and tied. A contralateral incision was then inflicted, fiiled
with the controi solution (vehicle or saline) and sutured
in the same way as the test wound. Wound dressings were
not used.

Wound closure with surgical tape. Silk sutures in a
wound add to the ussue damage from operative trauma
and antiseptics {29). If wound closure with sutures is
replaced with approximation of the wound edgcs with
surgical tape, postoperative infliimmation is less pro-
nounced and the wound heals faster (6). In order to
investigate whether the effect of chlorhexidine on wound
healing manifests itsclf even in the absence of sutures. u
ncn-suture technique was used in 10 rats for closure cf
the test wound. These wounds had been ¢xposed to 0.1°9,
or 0.029, chlorhexidine, as shown in Table I11.

Following shaving of the animal's back, the skin was
cpilated by a hair remover crcam (Surgex®). Infliction
of wounds, exposure to the solutions and suture of th:
control wound (saline exposcd) have been described above.
The test wound was closed by 6 strips. each 12,7 mm
wide, of @ microporous surgical adhesive tape (Steri-
strips®) and then 2 strips were placed along the incision
above the transversal strips. Finully Tensoplast® was
wrapped arcund the animal’s body.

Tensiometry, After 7 days, the sutures or the tape
strips - were removed and th: breaking load of each
wound was measured iz sitt with a spacial type of tensio-
meter originally described by Sandblom et al. (30) and
as modified by Holm-Pedersen & Zcderfeldt (18). Three
determinations were made on each 6 cm long wound,
and the arithmetic mean of thess was taken as the




breaking load of that wound. Differences in strength be-
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-west.

RESULTS

The results from the breaking load determinations
of wounds are presented in Tables 1T and 11I.

Sutured wounds. Chlorhexidine in concentra-
tions of 0.02% and 0.1 % resulted in significantly
lower breaking load values than the corresponding
control wounds treated with saline. Wounds ex-
posed to the vehicle only were also weaker than
control wounds exposed to saline, but 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
treated with vehicle only, the former still had
significantly lower breaking load values.

Tape-closed test wound, sutured 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 trcated with saline and closed with
silk sutures. The differences are significant.

DISCUSSION

This study has shown that for healing periods of
7 days the breaking load of chiorhexidine-treated
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 vchicle. the impairment of the
healing process caused by the antiseptic was
significantly greatcr.

The use of stitches in these cxperiments adds
to the trauma in thc wound region, but this
factor is equal in both test and control wounds.
When the suture closure of the test wound was
reptaced with a non-suture technique, the tissue
injury resulting from the opcrative trauma and
the antiseptic was still enough to impair the re-
pair process significantly compared with the con-
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trol (saline) wound closed with conventional

suture technique.

The formulations and concentrations of chlor-
hexidine chosen for this study were those supplied
by the hospital’s pharmacy for clinical use. Its
action time in the experimental wounds, about
5 minutes, does not exceed the calculated 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
salinc irrigation. its action time may be even
longer.

The experimental wound model used in this
study, where test and control wounds are inflicted
simultancously and symmetrically in the same
animal by a thoroughly standardized technique,
has been used before to investigate the effect of
topical antiseptics on the repair process. The
cationic detergents benzalkonium 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 healing 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
(1, 31). This information from animal studies
cannot be directly translated 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
degerming outweighs the risk of additional tissue
damage. On the other hand, recently acquired
wounds without clinical signs of infection arc
cften almost ritually treated by the layman with
antiseptics, which are considered of dubious value
in this type of wound (10). Under these 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 hcaling, Extrapolation
of the results from our studies in one animal
species to the varying clinical situations in man
must be done with caution (vide supra). It 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. If further injury
is superimposed on such a wound, the cumulative
effect may manifest itself as a clinically detectable
impairment of healing. Examples 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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