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SUMMARY

Dequalinium chloride is a topical antiseptic, whose use may be attended by skin necrosis. Since
microcirculatory changes are an early and distinct manifestation of tissue injury, the tissue damaging
effect of dequalinium chloride on the microcirculation was examined.

The immediate vascular reactions were studied by vital microscopy of the hamster cheek pouch
and the late effects were visualized by microangiography of the rabbit ear. An aqueous solution of
dequalinium chloride in concentrations well below those used in clinical practice induced severe
microcirculatory disturbances.

Dequalinium (i,i'-decamethy!ene bis[4-aminoquinaldinium chloride] is a cationic quaternary am-
moniiun compound with a broad anti-microbial spectrum in vitro (Babbs et ah, 1965). In 1958 topical
application of a 0-4",, dequalinium cream or 0-5",̂  paint was found to be of considerable value in
pyococcal and Candida infections of the skin, and appeared to be of value in tinea infections (Coles et
ah, 1958). It was regarded as non-irritant (Coles et al., 1958), and the side effects were some cases of
dermatitis from dequalinium hypersensitivity (Coles et al.^ 1958; Salo, Pirila & Viljanen, 1968).
Dequalinium became widely used against superficial infections of the skin and mucous membranes.

However, in 1965 necrotic ulcerations in the genital and perineal regions and body folds were
attributed to the use of dequalinium for balanitis, vulvitis, napkin rashes and intertrigo (Coles &
Wilkinson, 1965; Tilsley & Wilkinson, 1965). These complications were regarded as rare in relation
to the widespread use of the antiseptic (Tilsley & Wilkinson, 1965; Putkonen & Salo, 1971)- '^^^
agent was withdrawn in England which resulted in the disappearance of these remarkable cases of
necrosis (Wilkinson, 1970). It is, however, still marketed in other countries for topical use against
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impetigo, infected dermatoses and wounds. It is obtainable without prescription, which means that
the users are not advised to use it with care on lesions located in skin folds and the genital areas.
Consequently, cases of skin and mucosal necrosis from dequalinium are still reported from Western
Europe (Putkonen & Salo, 1971; Braun-Falco & Lukaes, 1970, Nbrgaard, 1972, Wereide, 1972).
These lesions have been located in the areas of predilection previously stated.

Very little seems to be known about the compound's mechanism of action on tissues. Since tissue
injury is early and distinctly manifested by microcirculatory disturbances, the present study was
performed to elucidate its influence on microvascular structure and function.

MATERIALS AND METHODS

The studies were performed on the hamster cheek pouch (thirty experiments) and the rabbit ear
(sixteen experiments). Dequalinium chloride (kindly supplied by Glaxo Lakcmedel AB, Molndal,
Sweden) was tested in the following concentrations: i mg/ml, 100 /'g/ml and 25 //g/ml (corresponding
to dilutions of 1:1000, 1:10,000 and 1:40,000). Distilled water was chosen as solvent, because
dequalinium tended to precipitate in isotonic saline. Control experiments were done with distilled
water. All solutions were sterile. The solutions were coded, and their contents were unknown to the
investigators until all experiments were finished.

Short term experiments
Hamsters of both sexes, weighing about 100 g, were anaesthetized with Nembutal (30 mg/kg body
weight) intramuscularly. The animal was immobilized on a special microscopic stage and the cheek
pouch was everted and exposed over a thin glass plate so that a proper condensor system could be
used for transillumination (Fig. 1). To maintain standardized local environmental conditions the

FIGURE I. Bird's eye view of exposed cheek pouch of hamster.
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cheek pouch was continuously irrigated with isotonic saline at a constant temperature, i.e. room
temperature (20-22 C). The irrigation with saline is important as the circulation through the pouch
is sensitive to dehydration. Some hamsters were rejected before the start of the experiment because
of disturbed microvascular function after exposure of the pouch. Microvascular anatomy and patho-
physiology were evaluated by vital microscopy. The studies were performed with a modified Leitz
intravital microscope with transillumination (Branemark & Jonsson, 1963; Branemark, 1966). The
microcirculation outside the experimental area was used as a continuous control.

Epithelium
Vascular layers normal

Epithelium
Vascular layers defect

Epithelium
Vascular layers deposit

FIGURE 2. Diagrammatic representation of various experimental procedures. The normal
exposed cheek pouch, small tissue defect and site of application into the tissue.

Two experimental designs were used: i. The dequalinium or control solution was injected with a
fine hypodermic needle (approx. volume 002 ml) into the tissue between the two vascular layers
(deposit, Fig. 2). The circulation through the pouch was followed for up to 5 h. 2. Using a stereo-
microscope and microsurgical instruments the epithelium and connective tissue on one side of the
everted pouch were removed. This procedure resulted in a superficial wound approximately 2 mm in
diameter with exposed connective tissue capillaries, arterioles and venules (defect, Fig. 2). The
solution was applied drop-wise onto the wound and was removed after 15 min by irrigation with saline.
The observations continued for 3-4 h.

Each pouch was as a rule used for three different deposits or defects, approximately i cm apart.
Changes in microvascular permeability were visualized by intravenous injection of Evans blue

(vital dye T-1824, Mol. wt 960.83) in a dose of 15 ml/kg body weight. The dye becomes attached to
circulating plasma albumin and forms a stable dye-protein complex which normally stays within the
vessels. If the microvascular permeability is disturbed the dye-protein complex will leak and stain
the tissue around the vessels (Rawson, 1943, Sorensen, 1972).

In defects, the structure of mast cells was delineated by in vivo staining with toluidine blue, o-i%
in saline.

Long term experiments
The solutions were injected (approx. o-i ml) subperichondrally on the outer side of rabbit's ear. On
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each ear two injections were given, one near the apex and the other towards the base. Each concentra-
tion of dequalinium was tested in both positions but in separate ears. The microvascular architecture
and vascular proliferation at the site of the injection were revealed by microangiography on the 8th
day with a standard technique regularly used at the laboratory (Lundskog, Branemark & Lindstrom,
1968).

RESULTS

Short term experiments
Before any solution was administered the flow pattern was followed for 15 min to ensure that the
experimental conditions were stable.

Deposits
Distilled water {seven experiments). Haemolysis occurred almost immediately. Within 2 min the
circulation had stopped in almost all small (diameter less than 30/O and medium-sized (diameter 30-
%o it) vessels. The circulation soon recovered and after 15-30 min the flow was reconstituted in most
vessels. However, signs of damage to the vessels could be seen with a few white thrombi and some
granulocytes rolling along the vascular wall. Occasionally spherocytes could be seen. After 60 min the
microvascular flow had recovered all over the deposit area (cf Branemark et ai, 1967).

Slightly disturbed vascular permeability was visualized by a very slight blue-staining from Evans
blue in the middle of the deposit.

Dequalinium chloride 1140,000 (seven experiments). Within 30 s after the injection, haemolysis could
be seen. In capillaries, small venules and arterioles there was complete stoppage of flow. In venules
larger than 80 /; in diameter an immediate slowing of corpuscular flow velocity occurred. After a few
minutes there could be seen in the border between the deposit area and surrounding tissues a moderate
number of white emboli and granulocytes sticking to and sliding along the endothelium. Some
spherocytes were also seen. Occasional segmental vascular contractions occurred. Swollen mast cells
were not seen. Recirculation in capillaries and small venules and arterioles started after 20-40 min and
the flow velocities gradually increased. Increased vascular permeability, as visualized by a slight
leakage of Evans blue dye-complex, occurred in the periphery of the deposit area.

Dequalinium chloride 1:10,000 (six experiments). The immediate reaction was like the one with the
lower concentration. However, after some minutes many vascular contractions were seen with
markedly decreased flow. The circulation started again as with the lower concentration, but white
thrombi more frequently adhered to the venular walls and constituted a hindrance to flow. The
recirculation in capillaries and small venules and arterioles in the central part of the deposit was not as
complete as with the lower concentration. The vascular contractions sometimes lasted for 3 h.

The longer the observation time, the clearer were the differences between the effect of this dequalin-
ium concentration and that of the lowest.

Increased vascular permeability was visualized with Evans blue, and the staining of the tissue was
more intense than the experiments with dequalinium 1140,000.

Dequalinium chloride i: 1000 (six experiments). Within 30 s after the injection there was haemolysis
and a complete stop of flow through the capillaries, small arterioles and venules. In medium-
sized and larger vessels white thrombi and granulocytes could be seen sticking and sliding along the
vessel walls (Fig. 3). Vascular contractions of larger vessels were a regular phenomenon starting
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within a few minutes. During the following 30 min more and more contractions were seen. The
contractions were sometimes strong enough to occlude the vessel.

After 20-30 min mast cells were seen, mainly along large venules, because of their now optically
dense granules (Fig. 3).

Hardly any vessels were seen showing recirculation. On the contrary, more and more vessels became
occluded and within 120 min after the injection there was circulation only in the largest ones. This
microcirculatory picture was unchanged during the following 3 h of observation.

The increased vascular permeability was visualized by Evans blue-complex leaking heavily in the
periphery of the deposit, where circulation persisted.

FIGURE 3. Formation of white thrombus (A) following application of dequalinium chloride,
I : I 000, to hamster cheek pouch. Some mast cells are seen (B) (x 300).

Defects
The preparation was intended to provide a wound model, a kind of tissue traumatization, representing
one of the clinical conditions in which dequalinium may be used. However, in order to function
as a test model the tissue has to be only moderately damaged. After a careful microsurgical preparation
the microcirculatory system is functioning but is slightly disturbed. Such minimum tissue injury
was manifested by one or two occluded venules, scattered granulocytes rolling along the endothelial
wall and a few white thrombi in the test area.

Before the test solution was applied the flow pattern was noted and the pouch was irrigated with
isotonic saline for 10-15 "^J" which was found sufficient to obtain stable local conditions.
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Dequalinium chloride in a concentration of i mg/ml (i:iooo) was tested in four experiments.
The immediate reaction after applying the drug was like that in the deposit experiments, i.e. haemolysis
and circulatory standstill in capillaries and small vessels. Already within 5-10 min the vascular con-
tractions were prominent and the mast cells were seen to be granulated (Fig. 4a). These reactions
seemed more intense than in the deposit experiments. One could also clearly see thickening of the
venular walls. The mast cells could be distinguished without intravital staining. If the toluidine blue
stain was used one could see that most of them had not ruptured, but were optically more dense.

The drug was washed away with isotonic saline after 15 min. A slight improvement of the circula-
tion occurred, followed by gradually re-established flow in some vessels. The local contractions were
relaxed (Fig. 4b3 c). However, the majority of the capillaries and other small vessels remained plugged
and out of action for the rest of the observation time.

Long term experiments
Gross examination of the injection sites on the ears of the rabbits was made on day 8. In all sites where
dequalinium had been injected there was oedema and a reddish discolouration of the skin, indicating
an inflammatory reaction. There were no signs of inflammatory reactions where distilled water had
been injected.

The microangiograms showed vascular proliferation with newly formed small vessels and several
large tortuous venules in the dequalinium areas. Such vessels are typical of the second stage of an
inflammatory reaction (Lundskog et ai, 1968). There was a difference in the intensity of reactions
between the various concentrations of dequalinium (Fig. 5b, c), but no attempt was made to quamitate
them. The solvent, distilled water, provoked only a very slight reaction (Fig. 5a).

DISCUSSION

The aim of treatment of injtired tissue is to limit the extent of injury and provide optimum conditions
for healing.

Irrespective of the type of injury, such as skin infection or mechanical trauma, the tissue should
be treated and handled with great care after injury and during healing. Systematic studies of respira-
tory gas tensions in healing tissues have shown that oxygen supply is critically low in some parts of
injured tissues (Hunt et al, 1967). Reduction of the nutritive blood flow through a wounded area for
hours by the application of an antiseptic may very well be crucial to the viability of the tissues (Brane-
mark et al., 1967). Additional traumatization of tissues may even facilitate the development of
bacterial infection if performed during the few hours after introduction of pathogenic bacteria (Miles,
Miles & Burke, 1957).

Even the highest concentration of dequalinium tested, i : 1000, is below that of commercial formula-
tions. In the present study it produced severe microvascular damage when administered to the
hamster cheek pouch, without any detectable restitution within 5 h. Lower concentrations, i: 10,000
and 1:40,000, caused less severe but still substantial microcirculatory disturbances in a biphasic
sequence. The immediate vascular reactions with haemolysis and reversible circulatory standstill can
be attributed to the vehicle (distilled water). When circulation recovered, the signs of local vascular
injury, as manifested by white emboli and white blood cells adhering to and sliding along the vascular
walls, were more pronounced and lasted longer in the dequalinium experiments than after the vehicle
alone. The increased vascular permeability, as demonstrated by the escape of protein-bound Evans
blue into the extravascular space, indicates an injury to the endothelial blood-tissue barrier. Further
evidence of dequalinium's tissue damaging effect, observed in increasing degree with rising strength
of the antiseptic, are segmental vascular contractions, and detectable changes in mast cell morphology.
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The microvascular effects of dequalinium are not specific for this agent or for other quaternary
ammonium compounds. This laboratory has found similar tissue effects from, for example, other
invert soaps such as benzalkonium chloride and cetylpyridiniimi chloride (Branemark et al., 1967},
and following roentgen contrast media and local anaesthetics (Sorensen, 1972, Sorensen & Nilsson,
1972).

Microangiography of the rabbit ear demonstrated an increased vascularity with an abundance of
newly formed vessels as compared to controls. The picture is similar to that seen in healing wounds.
The findings with this experimental model confirm and extend the findings from the vital microscopy
studies of dequalinium's acute tissue effects.

In the exploration of possible adverse effects from topical preparations the interest has hitherto been
focussed on systemic toxicity and allergenicity at the expense of local tissue effects. The lack of
generally accepted methods for assessing dermal toxicity is probably partly responsible and makes
comparisons between new compounds and clinically well-tried remedies difficult. A thorough investi-
gation of the possible tissue-irritating effect of new chemicals may reveal even weak irritants and
create possibilities of taking adequate precautions before their use in humans. As tissue injury is
manifested by microcirculatory disturbances, we suggest that intravital microscopic study of the
cheek pouch of hamsters could be included in the screening of new compounds. The microvascular
dysfunction following local application of dequalinium chloride seems to be relevant to the patho-
genesis of the necrotic lesions in man. Further investigations of its influence on wound healing are in
progress.
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