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Abstract. The strength of sutured skin incisions in rats
was recorded 7 days after exposure to two different
cationic triphenylmethane dyes, crystal violet and brilliant
green, in agueous solutions. Control wounds were treated
with distilled water. The dyes significantly reduced the
breaking load of the wounds. The development of strength
in wounds treated once with crystal violet was followed
for 21 days afier surgery. The breaking load of dye-
exposed wounds was significantly lowered at 7, 10, 14
and 21 days after wound infliction as compared with con-
trol wounds. The dye increased and prolonged the in-
flammatory reaction after the operative trauma, and de-
layed the onset of fibroplasia and collagen formation. The
results oblained from incisional wounds are probably valid
also for open wounds.

In a previous study in rats (14) crystal violet, a
topical antimicrobial agent, in dilutions from
100 to 1:10000 inhibited the growth of
granulation tissue into subcutaneously implanted
cellulose sponges. These findings correspond to
results in tissue culture. where this and related
triphenylmethane dyes significantly hampered the
multiplication of fibroblasts and epithelial-like
cells (16).

It has been stressed that antiseptics should be
tested for possible tissue-damaging potency (21)
as well as antibacterial efficacy (20) using methods
as closely as possible reflecting the conditions
under which they are clinically used. The results
from in vitro and sponge implantation studies are
not necessarily valid for the healing of wounds.
Rydberg & Zederfeldt (22) have shown that there
seems 10 be a certain tolerance or threshold to
tissuc injury in wounds. as mcasured by the ten-
sile strength. The level of tissue regeneration at
different time intervals after exposure to these
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widely used in
known.

The aim of the present investigation was to
study to what extent crystal violet affects tissue
regeneration in healing skin incisions as revealed
by breaking load determination and histopatho-
logic examination. For comparison, a minor study
was made with brilliant green.

dyes, clinical practice, is not

MATERIAL AND METHODS

Scventy male albino rats of the Sprague-
Dawley strain with an average weight of 300-400 grams
were used for tensiometric studics, divided into 9 groups
(A-I) according to Tables | and 1I. Eight additional rats
were uszd for histologic examinations. The animals wcre
kept in separale cages al room lemperature, fed a
standard diet and given wawer ad libitwm.

Infliction of wounds. Under ether anaesthesia, applicd
by the open mask method, the backs were shaved with
electric clippers. The midiine of the back and the positions
cf thz incisions and stitches were drawn on the skin in
order to achieve uniformity.

Animals.

Two 6 cm longitudinal incisions were made symmetri-
cally 1.5 ecm from and parallel to the midline, cne on each
side (Fig. 1. The incisions were perpendicular to the
skin surface and included the skin and the underlying
subcutaneous muscle. While the wound margins were
elevated with small hooks, the cavity of the wound was
filled with 3 ml of the experimental solution or the same
volume of sterile water. The incision was then closed by
centinuous through-and-through sutures with stitches S mm
apart and 5 mm from the wound edge, taking in the
skin and the subcutaneous muscle. Black braided silk
(No. 000) and curved triangular needles (No. 18) were
used. The fluid was left in the wound cavity for about
S minutes while the wound was sutured. Before the
sutures were tightened and tied the fluid was allowed
to escape. The wound edges were meticulously apposed.
No wound dressings were used.
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Table 1. Effect of triphenylmethane dyes on breaking load of wounds 7 dayvs after wound infliction and dye

instillation

Breaking load (newion)

(mean * S.E.)
No. of Difference, “a  Level of

Group Dye Concentration animals  Test wounds Coatrol wounds (Mean—S.E.)® significance

A Brilliant 1:2 000 3 1.92 +0.20 3.65+0.42 —43.8+8.8 0.01 = p - 0.001
green

B Crystal 1:1000 5 1.0740.25 3.82+0.55 70.4+7.0 p =0.00]
violet

@ Crystal 1:2000 10 1.6240.13 4.20 +0.22 60.943.3 p0.001
violet

D Crystal 1:10 000 10 2.85:0.32 3.75-0.34 24.1+3.8 p-0.001
violet

E Crystal 1:20 000 S 3.38 045 4.03 ~0.39 —17.64+5.8 0.05 - p ~0.01
violet

F Crystal 1:50 000 9 2.94 - 0.29 3.75=0.31 —-204+7.0 0.05 ~p - 0.01
violet

2 Calculated on values from symmetrical wound pairs. Mean

Solutions.  Aqueous solution of crystal violet (Cl
42555) in dilutions of 1:1000, 1:2000, 1:10000,
1:20000 and 1:350000 (in per cent: 0.1, 0.05, 0.01,
0.005 and 0.002 respectively, w v). Brilliant green (Cl
42040) 1:2000 (0.05%) in water. For the control wounds
distilled water was used. Al solutions were stcrile.

Crystal violet is a constituent of gentian violet (13), and
brilliant green is part of the “triple dye™ solution.

Tensiometry. The healing periods were 7, 10, 14 and
21 days (Tables 1 and II). The sutures were removed
immediately before tensiometry in the 7- and 10-day-old
wounds, and in those tested at 14 and 21 days on day 10.
Animals with stitch abscesses were discarded. The break-
ing load (in newton units’) of cach wound was meas-
urad in sie with a special type of tensiometer origi-
nally described by Sandblom, Pctersen & Muren (235)
and as modified by Holm-Pedersen & Zederfeldt (10).

' N = newton, international
(xilogram-force) = 0.225 Ib,.

force unit; 1 N=0.102 Kp

(test value = control value)/control value.

Three segments of each wound were examined and the
mecan of thess measurements was taken as the breaking
load value of that wound.

The difference in breaking load between the dye-exposed
and the control wound of eiach animal is given as a per-
centage of the value for the control wound according to
principles  discussed by Zederfeldt (30). Generally ac-
cepted methods were used for statistcal analysis (28).
Estimations of significance of differences werec made using
Student’s r-test.

Histology. In the 8 additional rats used for histologic
study, thz dye-exposed wounds were treated with crystal
violet 1:2000. Seven days afier wound infliction. speci-
mens from 4 rats were excised from symmetrical parts
of control and dye-treated wounds and 3 wecks after
surgery from the other 4 rats, The specimens were
stretched to the 1 vivo size and shape, mounted on
cork-plates and fixed for 3 hours in Bouin's soluticn.
They were further processed in the conventional way for
paraffin  embedment. The sections were stained with

Table I1. Effect of crystal violer 1:2 800 on breaking load of wounds after 7-21 days of healing

Breaking load, ncwton

Healing (mean = S.E.)

period No. of Difference, %  Level of
Group (days) animals  Test wounds Control wounds  (mean+S.E.)*  significance
C 7 10 1.62+0.13 4.2040.22 -60.9+3.3 p0.001
G 10 s 4.98 4 0.39 6.52+0.55 22.2+6.4 0.05> p=0.01
H 14 10 9.82+0.38 11.74+0.41 —-16.2+1.7 p =0.00t
I 21 8 17.10 +0.60 21.29+1.25 ~17.54+6.0 0.05 >p ~0.01

4 Cajculated on values from symmetrical wound pairs. Mean =
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[ Fig. /. Location of skin incisicns.

haematoxylin-eosin, according to Van Gieson, McManus’
periodic acid method and with toluidine blue at pH 0.3
and pH 4.0. The evaluation was perfcrmed ¢n coded
slides. The experimental and the control wound in cach
animal were compared with regard to degree of inflamma-
tory reaction, fibroplasia (amount of fibreblasts), tissue
damage and formation of collagen fibres and ground sub-
stance.

RESULTS

Breaking load. The results of the breaking load
measurements 7 days after wound infliction are
shown in Table 1. Differences in strength between
test and control wounds are expressed as per-
centages of the control wound’s breaking load.
The breaking load of wounds exposed to crystal
violet was lower for all concentrations of the
dye tested than for control wounds, as well as
for wounds treated with brilliant green (1 : 2 (000).
The differences in breaking load between test
and control wounds are significant,

For healing periods of 10, 14 and 21 days the
results are shown in Table 1l and Fig. 2, which
also includes the standard error at each point.
The breaking load of wounds treated with crystal
violet (1 :2 000) increased during the entire period
but was significantly lower for all post-surgical
periods than the breaking load in control wounds.
Between 7 and 21 days postoperatively, the
slopes of the regression line of strength of control
wound to this period of healing (y = 1.25 x—5.31)
and of the regression line of strength of test
wound to the same healing period (y=1.11 x
—6.04) are almost equal.

Histologic examination. The results are shown
in Table III. The dye-treated wounds disclosed
at 7 days a more pronounced inflammatory reac-
tion and a less pronounced fibroplasia and col-
lagen formation. All dye-treated wounds showed a
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Fig. 2. Effect of crystal violet 1:2000 on breaking load
of wounds after 7-21 days of healing. - --, Test; —, con-
trol. Range bars indicate S.E.M.

cleft in the subpannicular layer lined by a thin
layer of fibroblasts and inflammatory cells, and
the cut cnds of the pannicular muscle showed
basophilia and shrinkage of the muscle bundles, a
sign of tissue damage. Only one water-treated
wound had a small subpannicular cleft and signs
of moderate tissue damage. ‘I'he pattern was
about equal in the dermis and in the sub-
pannicular layer. There were no obvious dif-
ferences in formation of ground substance.

In the 21 day wounds the inflammatory reac-
tion was, on the whole, mild and remained mostly
as a foreign body reaction around debris in the
wound cleft or remmants of a subpannicular cleft,
which explains the two water-treated wounds with
more pronounced reaction. The degree of fibro-
plasia seemed about equal but the fibroblasts of

Table 1. Wounds treated with crystal violet 1: 2000
as compared with control wounds treated with water

-+ =more¢ pronounced, 0 = no difference, —
reaction in crystal violet trcated wounds

less pronounced

Inflammatory

No. of reaction Fibroplasia  Collagen
Age of pairs of
wound wounds + 0 — += 0 = 0
7 days 4 subcutis 3 1 O 0o 1 3 1 0 3
cutis 3 1 0 0 o 4 0 ! 8
21 days 4 subcutis 2 1 1 1 30 0o 2 2
cutis 0 2 =2 0 4 0 0 4 0
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the dye-treated wounds were more immature. The
collagen formation also seemed to be about equal
but again the fibres of the dye-treated wounds
were immalture, ec.g. the water-treated
wounds disclosed more closely packed and coarser
collagen fibres.

A rough estimation of the width of the wound
cleft showed that the dye-treated wounds, with

exception of one 7 day wound, had a slightly

more

broadcer cleft than the watcr-treated control
wound. This was more marked in the 21 day
wounds, where the sutures had been removed at

10 days of healing.

DISCUSSION

In the present study the strength of wounds at
different post-surgical intervals has been deler-
mined in sitie. This method has been used ex-
tensively for the study of systemic and local
factors influencing the healing process (cf. 4, 17,
22-24, 30). The development of strength in heal-
ing skin incisions is functionally important, and
the method is sensitive enough to record even
minor variations of local factors in the wound
region (26). As the present study is concerned
with the effects of a local factor, the experimental
design made it possible to compare the healing
of the test and control wounds—symmetrically
positioned and inflicted by a carefully standardized
technique—in the same animal at the same time.
In this way. both wounds were influenced by
similar internal and environmental conditions as
recommended by Sandblom (24). One drawback
of this method is. however, that a wound cannot
be examined on more than one occasion. There-
fore it there is more than one point of observa-
tion, each is represented by its own animal
group.

With the experimental design used, the break-
ing load should reflect the healing capacity of tis-
sues. The breaking strength (breaking load value
per square cm wound area) has not been deter-
mined. bccause skin thickness can be expected
to be equal on both sides of the back of the rat
as well as in the group of animals as a whole,
all rats being about the same age and weight.

The determinants of the strength of an incised
wound are different after various healing periods.
The wound-healing process has been divided into
three phases from tensiometric aspects: the lag or
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latent phase, the period of fihroplasia, and the
period of maturation (cicatrization) (11). These
phases can be correlated with histological observa-
tions. During the lag phase. which lasts 2--4 days
in the rat (12), the breaking load is low and based
mainly on the strength of the fibrin clot in the
wound. Microscopically there is an inflammatory
reaction with dilated blood vessels, exudation of
plasma proteins and emigration of polymorpho-
nuclear leukocytes and monocytes. Epithelializa-
tion is usually completed within 3—5 days and, if
the wound margins are carefully apposed. as early
as 24 hours (18). Then comes the period of fibro-
plasia. Capillaries and fibroblasts proliferate fol-
lowed by an increase of the collagen concentra-
tion. At the end of this period. 2-3 weeks after
wound infliction, the strength of the wound is
about 20% of its ultimate level. Later. during
the period of maturation, the breaking load in-
creases slowly but without any increase of the
collagen content of the wound (23, 29). This
further increase of strength is probably caused
by an intra-
molecular bonds and
tibres (19).

The results of the present investigation show
that wounds treated once with crystal violet in
concentrations much lower than used in practice
have an impaired strength development after
healing periods of 7-21 days. The difference in
breaking load as controls is
greatest 7 days after wounding (—60.9%), and
then diminishes for healing periods of 10, 14 and
21 days (day 10 —222%: day 14 —16.2% . day
21 17.5%). This is compatible with an in-
fluence of crystal violet on the lag phase, which

increasing number of inter- and
remodelling of collagen

compared with

gets prolonged, thus causing delayed onset of the
period of fibroplasia. When fibroblast prolifera-
tion and collagen synthesis have begun, the rate
of gain of breaking load is almost as rapid in the
dye-treated wounds as in control wounds. This is
evident from the nearly identical slopes of the
strength increment curves in Fig., 2.

The dynamic events of inflammation
dominate the lag phase. The operative trauma
initiates an inflammatory reaction to which is
added the foreign-body reaction from silk sutures
(5). Water (hypotonic) instilled in wounds may

tissue

also exert adverse effects on the tissues, even if
it is not revcaled by determinations of wound
strength (22). According to Carrel (7), a certain



degree of inflammation is necessary for optimal
repair. Abolition as well as increase of the in-
flammatory reaction will retard healing. It is still
not known what is the optimal degree of in-
flammation for ideal wound healing. The con-
trol wound is certainly too traumatized to repre-
sent optimal healing conditions. Anti-inflamma-
tory treatment or removal of the sutures after
3 days in comparable wounds increases the rate
of healing, as measured by breaking load (3, 5).
Any factor that further inflam-
matory reaction or impairs the microcirculation in

incrcases the

the wound arca will have negative cffeets on the
healing process.

The histologic studies of wounds 7 and 21 days
after infliction confirmed that the cause of the
lengthened lag phase in dye-treated wounds was
an increase and prolongation of the acute in-
flammatory reaction. This is in agreement with
our results of tissue growth into subcutaneously
implanted dyc-soaked sponges (14).

It is at present not known which tissue struc-
tures crystal violet interferes with in vivo during
the lag phase. A pronounced cytotoxicity against
fibroblasts and epithelial-like cells has been de-
monstrated in tissue culture (16). In the wound
margins there are cclls with reduced viability that
should survive unless they are further damaged.
These cells are probable targets for crystal violet,
and the dye may also diffuse into the tissucs, even
injuring cells with full vitality. It is not known at
present whether the dye also interferes with capil-
lary function.

Plasma-proteins and polyanionic tissue com-
pounds such as heparin and chondroitin sulphate
may reduce the cytotoxicity of crystal violet solu-
tions, prohahly by combining with the cationic
dye (16). In the present wound healing study, the
tissues were exposed to the dye too early after
traumatization for any substantial neutralization
of the dye to occur in this way.

In the literature there are only a few reports
that similar dyes in therapeutically used con-
centrations may he toxic to exposed tissues. Can-
non & Cope (6) painted donor skin areas of 3 pa-
tients with a mixture of gentian violet 3%, bril-
liant green 2% and acriflavine 2% (“tripie dye”),
and of 4 patients with gentian violet 2% . These
wounds healed more slowly than control wounds
treated with boric acid ointment. Dingwall &
Andrus (8) obtained similar results in 4 humans
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with skin burns treated with “triple dye™ (gentian
violet 2%, brilliant green 1% and acriflavine
0.1%). Baker (2) removed skin and subcutaneous
tissues over thorax and abdomen The
deep fascia and striated muscles were painted with
“triple dye” (1.5% methylrosaniline chloride,
1.5% brilliant green and 0.759% acriflavine). Of
10 rats treated this way, all developed severe
muscle necrosis and 7 died. Microscopic changes

in rats.

in intcrnal organs could not be demonstrated in
the dead rats.

In clinical practice. wounds treated with gentian
violet are mostly open, healing by second inten-
tion until they are infected and a need for anti-
microbial therapy arises. In secondary healing
wounds, wound contraction and epithelialization
are of greater importance than in incisional
wounds healing by primary intention. The results
of this study should in principle, however, be
valid even in open wound healing, as thc healing
process is regarded as qualitatively the same for
wounds healing by first and second intention (1, 9,
27). There are only quantitative differences in the
amount of newly formed tissue and healing time.
The delayed formation of granulation tissue after
exposure to crystal violet could indirectly affect
the growth and function of the epidermis, the
dermis and epidermis being an integrated system
(15).

ACKNOWLEDGEMENT

I'he investigation was supported by a grant from the
Medical Faculty of the University of Gothenburg.

REFERENCES

1. Arey. L. B.: Wound hcaling. Physiol Rev [6: 327,
1936.

. Baker. R. D.: Untoward effects of various substances
recommended for burns or wounds. AMA Arch Surg
48:300, 1944,

3. Brunius, U. & Zederfeldt, B.: Effects of antiinflamma-
tory trecatment on wound healing. Acta Chir Scand
129: 462, 1965.

4. Brunius, U.: Wound healing impairment from sutures.
A tensiometnic and histologic study in the rat. Acta

Chir Scand, Suppl. 395, 1968.

. Brunius, U. & Ahrén, Chr.: Healing impairment in
skin incisions closed  with siik Acta  Chir
Scand 735: 369, 1969.

6. Cannon, B. & Cope., .: Rate of epithelial regenera-
tion. A clinical method of measurement, and the
effect of various agents recommended in the treatment
of burns. Ann Surg /77: 85, 1943,

[S)

‘N

sutures.

Acta Dermatovener (Stochholm) 53



166 H. Mobacken et al.

7

. Dingwall, J. A. & Andrus, W. D.:

. Lillie,

. Mobuacken, H.

. Nyman, S., Lindhe, J. & Zedcrfeldt, B.:

Carrel, A.: Cicatrization of wounds. XII. Factors
initiating regeneration. J Exp Mecd 34: 425, 1921,

A comparison of
various types of local treatment sn a controlled serics
of experimental burns in human volunteers. Ann Surg
120: 377, 1944,

. Edwards, I.. C. & Dunphy, J. E: Wound healing. 1.

Injury and normal repair. New Engl | Med 259: 224,
1958.

. Holm-Pedersen, P. & Zederfeldt, B.: Strength develop-

ment of skin incisions in young and old rats. Scand
J Plast Reconstr Surg 5:7, 1971.

. Howes, E. L., Soov. J. W. & Harvey, S. C.: The

healing of wounds as determined by their tensile

strength. JAMA 92:42, 1929.

. Howcs, E. L., Briggs, ., Shea, R. & Harvey, S. C.:

Effect of complete and partial starvation on the rate
of fibroplasia in the healing wound. AMA Arch Surg
27: 846, 1933.

R. D. (ed): H. J. Conn’s Biological Stains,
p. 190. Williams & Wilkins, Baltimore, 1969.

& Zederfeldt, 13.: Influence of a
cationic triphenylmethane dyc on granulation tissue
growth in vivo. An experimental study in rats. Acta
Dermatovener (Stockholm) 53: 167, 1973,

. Montagna, W.: The Structure and Function of Skin,

ch. 8. New York and London,

1962,

Academic  Press,

. Norrby, K. & Mobacken, H.: Effect of triphenyl-

methane dyes (brilliant green, crystal violet, methyl
violet) on proliferation in human normal fibroblast-
like and established epithelial-like cell lines. Acta
Dermatovener (Stockholm) 32:476, 1972,

Influence of
estrogen and progesterone on lissuc regeneration in
oophorectomized rabbits. Acta Chir Scand 737:131,
1971.

. Ordman, 1.. 1. & Gillman, T.: Studies in the healing

of cutaneous wounds. 1. The healing of incisions
through the skin of pigs. AMA Arch Surg 93: 857,
1966.

. Peaccck, E. E.: Inter- and intramolecular bonding in

collagen of healing wounds by insertion of methylene

Acta Dermatovener (Stockholm) 53

30.

. Reddish, G. F.:

. Rydberg, B. & Zederfeldt, B.:

. Snedecor, G. W.

. Viljanto, J.:

and amide cross-links into scar tissue: Tensile strength
and thermal shrinkage in rats. Ann Surg /63: 1, 1966.
Present trends in methods of testing
antiseptics. Ann NY Acad Sci 53: 149, 1950.

. Rydberg, B.: Cationic dctergents and wound healing.

An experimental study on rabbits and rats. Gote-
borg, 1968.

Influence of cationic
detergents on tensile strength of healing skin wounds

in the rat. Acta Chir Scand 734:317, 1968.

. Sandberg, N. & Zederfeldt, B.: The tensile strength

of healing wounds and collagen formation in rats
and rabbits. Acta Chir Scand 126: 187, 1963.

. Sandblom, Ph.: The tensile strength of healing wounds.

An experimental study. Acta Chir Scand, Suppl. 89,
1944.

. Sandblom. Ph., Petersen, P. & Muren, A.: Determina-

tion of the tensile strength of the healing wound as a
clinical test. Acta Chir Scand 705: 252, 1953,

. Sandblom, Ph. & Muren, A.: Differcnces between the

rate of healing of wounds inflicted with short time
interval. I. Cutancous incisions. Ann Surg 740: 449,
1954,

. Schilling, J. A.: Wound healing. Physiol Rev 48: 374,

1968.

& Cochran, W. G.: Statistical
Methods, 6th ed. lowa State College Press, Towa,
1967.

Biochemical basis of tensjle strength in
wound healing. An experimental study with viscose
ccllulose sponges on rats. Acta Chir Scand, Suppl. 333,
1964,

Zederfeldt, B.: Studies on wound healing and trauma
with special reference to intravascular aggregation of

erythreeytes. Acta Chri Scand, Suppl. 224, 1957,

Received August 11, 1972

H. Mobacken, M.D.
Depariment of Dermatology
Sahlgrenska sjukhuset

S-413 45 Gothenburg
Sweden





