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Abstract. The strength of sinured skin incisions in rats 
was recorded 7 days after exposure to two differenl 
cationic Lriphenylmethane dyes, crysrnl violel and brilliant 
green, in aqueous solutions. Control wounds were treated 
with distilled water. The dyes significantly reducecl the 
breaking load of the wounds. The developmenl of slrength 
in wouods trealed once with crystal violet was followed 
for 2 l days afler surgery. The breaking load of dye­
exp::ised wounds was significantly lowered at 7. 10, 14 

and 21 days after wound infliction as compared with con­
trol wounds. The dyc increased and prolonged thc in­
flammatory rcaction after tbe operative trauma, and dc­
layed the onset of fibroplasia and collagen formation. The 
results obtained 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 
J : 100 to [ : 10 000 inhibited the growth of 

granulation Lissue into subcutaneously implanted 

cellulose sponges. These findings correspond to 

results in tissue culture. where th.is and related 

triphenylmethane dyes significanlly hampered the 

multiplication of fibroblasts and epithelial-like 

cells ( 16). 

lt has been stressed that antiseptics should be 

tested for possible tissue-damaging potency (21) 

as well as antibaclerial 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 to be a certain tolerance or lhreshold to 
tissue injury in wounds, as measured by the ten­
sile strength. The level of tissue regeneration at 

different time intervals after exposure to these 
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dyes, widely used in clinical practice, is not 

known. 
The aim of the present investigation was to 

study to what extent crystal vio!et 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. 

MATERIAL AND METHODS 

A11imals. Sevcnty mule albino rats of the Sprague­
Dawley strnin with an average weighl of 300-400 gnim:, 
were u�ed for 1ensio111etric studies, divided inta 9 groups 

(A-1) according 10 Tables 1 and ll. Eight additional rats 
were used for bistologic examinations. The animals wcre 
kept in separate cages at room temperature, fed a 
standard diet and given waler ad libit,1111. 

!11Jlictio11 of wounds. Under ether anaesthesia, applicd 
by the open mask method, the backs were shaved with 
eleciric clippers. The midline of the back and the positions 
cf thz incisions and stitches were drawn on 1he skin in 
order lo achieve unifor01ity. 

Two 6 cm longitudinal incisions wcre made symrnetri­
cally 1.5 cm from and parallcl to the rnidline, ene on each 
:,ide (Fig. 1). The incisions were perpendicular to the 
skin surface and included tbe skin and the unclerlying 
subcutaneous musde. While the wound margins were 
elevated with small hooks, the cavity of tbe wound was 
filled with 3 ml of the experimental solution or the same 
volume of sterile water. The incision was then closed by 
continuous tbrough-and-tbrough sutures with stitches 5 mm 
apart and 5 mm from the wound edge, taking in thc 
sk.in and the subcutaneou, muscle. Black braided silk 
(No. 000) and curved Lriangular needles (No. 18) were 
used. The fluid was left in thc wound cavity for about 
5 minutes while the wound was suturcd. Before the 
SUUHes were tighten�d nnd tied the fluid was allowcd 

to escapc. The wouncl edges were meticulously apposed. 
No wound dressings were used. 
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Table l. Effect of 1riphe11y/111etlw11e dyes 011 hreal..i11g load of wo1111ds 7 days alter wo1111d i11flicrio11 and dye 

imtiflatio11 

Brcakong load (nc,\lon) 
(rnean S.E.) 

No. or Dirfcrence. "., Levcl or 
Group Dyc Concentrauon animals Test "ounds Control \\OUnd,, (Mean-S.E.>° significance 

A Brilliant I :2 000 5 1.92 0.20 3,65 L 0.42 -43.8 := 8.8 0.01 p 0.001 
green 

B CryMal J; I 000 5 1.07±0.25 3.X2 t 0.55 70.4± 7.0 p 0.001 
violct 

C Cry,tal 1:2 000 10 1.62:::0.13 4.20 0.22 60.9-3.3 p 0.001 
vrolct 

D Cry,tal I: 10 000 10 2.85 0.32 3.75 0.34 24.1 -'-3.8 p 0.001 
,iolet 

E CryMal I :20 000 5 3.38 0.45 4.03 0.39 -17.6±5,8 0.05 p-•0.UI 

violcl 

F Crystal I :50 000 9 2.94 0.29 3 75-0.31 -20.4 7.0 0.05 p 0.01 
violct 

a Calculatcd on ,aluc, from ,ymmetrical \\OUnd pairs. Mcan -(te,t ,alue comrol ,alue)'control ,aluc. 

Solutions. Aqueou, solulton of cr)stal , iolet (Cl 
42555) in diht1ion, of l : I 000, I : 2 000, I : 10 000, 
I : 20 000 and I : 50 000 (in per cent: 0.1, 0.05, 0.0 I, 
0.00� and 0.002 re,pccti,el). \\ \'). Brilliant green (Cl 
42040) I: 2()(

)

() (0.0S•.) in "'"er. For the control wounds 
tfo,tillcd watcr was u�c<l. All wlution, were sterile. 

Cr),tal \IOkt is a cormiwent of gentian violct ( 13), ;,nd 
brilli:1111 green i, part of thc "triple d>c" solution. 

Tcmio111clr)'. The hcaling periods wcre 7, 10, 14 and 
21 days (Tttbles I nnd Il). The ,uttires werc remo,ed 
immcdiately before tcn,iometn in th� 7- and I 0-day-old 
wounds, and in thm,e tested at 14 and 21 days on day 10. 
Anrmals wilh stitch abscesse, were di,cctrded. The brcak­
ing load (111 newton unib) o( cach wound "a, mea,­
ur�d i11 s/111 with a special type of tensiomcter ori1d­
nally described by Sandblom, Peter-en & Muren (25) 
and as modif,e<l by Holm-Pedcrsen & Zederfeldt (10). 

1 N newton, intcrnntional force uniL; 
(l..ilogram-force)- 0.225 Jb,. 

0.102 Kp 

Thrce segments of cach wonnd werc examincd and 1he 
m�an of thcse measurcments was taken as thc breaking 
luad valuc ttf that wound. 

The difference in brcaking load betwccn tbe dyc-.,:,.po,cd 
nnd the control wound of cach animal is ghen as a pcr­
ccnlage of thc valuc for tbc control wound according to 
principles drscussed by Zcdcrfeldt (30). Gcncrally ac­
ceptcd method, werc used for stati,dcal anal)sis (2A). 
E,timation, of significance of clifferenccs werc nrnde u,ing 
Student·, 1-1e,t. 

HistologL In thc 8 additional Hlh uscd ru, histolop.ic 
,tudy, th� dyc-cxpo,�d wound, werc treatecl with cry,t:11 
vwlct l : 2 000. Se,cn days ufter wound infJjc1ion. ,pcci­
men, from 4 rats \\ere e�ci�ed fr.:>m ,ymmetrical p.1r1, 
o[ control and dyc-treatcd woun<ls and 3 weeks aftcr 
surgcry frum the uLher 4 rats. The specimcns were 
Mrctched 10 1he 111 vi\'O ,ize and ,hape. moumed on 
cork-plate, and fixcd for 3 hour� in Bouin's solution. 
Thcy were further proccssetl in the conventional way for 
paraffin embedment. The �ection, \\ere �tained "ith 

Table IL Effec1 of crys1al t•iolet I. 2000 011 brea/..i11g lom/ of wo1111ds a(ter 7-21 days of heali11g 

Healing 
period 

Group (daysl 

C 7 

G 10 

H 14 

21 

Break ing load, ncwton 
(mean _ S.E.) 

No. of ------------ D1fferencc. •• Le,el of 
animals Test "ounds Control \\Ounds (mean _ S.13.)a s1gnificance 

10 1.62�0.13 4.20:::0.22 60.9=3.3 p 0.001 

5 4.98 0.39 6.52±0.55 22.2 I 6.4 0.05 > p; 0.01 

10 9.82 0.38 11.74+0.41 - 16.2:.:: 1.7 p 0.001 

8 I 7.10 0.60 21.29 = 1.25 - 17.5±6.0 0.05 , p 0.01 

a Calculated on ,alues from symmetrical \\Ound pairs. Mean- (test rnlue control ,aluc);control value. 
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Fig. I. Location of skin incisions. 

haematoxyLin-eo,in, according to Van Gieson, McManus' 
periodic acid method and with loluidine blue at pH 0.5 
and pH 4.0. The evaluation was perfcrmed en co<led 
slides. The experimental and the control wound in each 
:mimat wcre compnred with rcgard to degrcc of inflamma­
tory reaction, fibroplasia (amount of fibroblasts). tissuc 
damag� and formation of collagen fibres and ground sub­
s1ance. 

RESULTS 

Breaking foad. The results of the brcaking Ioad 

measurements 7 days after wound infliction are 

shown in Table J. DifFerences in strenglh between 
test and control wounds are expressed as per­
centages of the control wound's breaking Joad. 

The breaking load of wounds exposed to crystal 

violet was lower for aU concentrations of the 

dye tested tban for control wounds, as well as 

for wounds treated with brilliant green (I : 2 000). 
The differences in breaking load between test 
and control wounds are significant. 

For healing periods of JO, 14 and 21 days the 

results are shown in Table Il and Fig. 2, which 

also incJudes the standard error at each point. 

The breaking load of wounds treated w.ith crystal 

violet (I : 2 000) increased du ring 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 = J.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 inflamm.atory 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 I : 2 000 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 

Lhe cut ends 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. The pattern was 
about equal in the 1.lermis 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 moslly 
as a foreign body reaction around debris in the 

wound cleft or renmants 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 UI. Wounds treated witli crystal violet I: 2000 
as compared with control wounds trea/ed with water 

, - more pronounced, 0 - no difference, - � less pronounce.d 
reaction in crystal violct treated wounds 

lnflammatory 
No. of 

Age of pairs of 
wound wounds 

reaction 

+ 0

7 days 4 subcutis 3 
cucis 3 

21 days 4 subcutis 2 1 

cutis 0 2 

0 
0 

l 

2 

Fibroplasia Collagen 

0 

0 I 

0 0 

J 3 
0 4 

3 
4 

0 
0 

+ 0

I 0 
0 J 

0 2 
0 4 

3 
3 

2 
0 

Acta Dermatovener (Stockholm) 53 



164 H. Mobacken et af.

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 
we.re more immature, e.g. the water-treated 
wounds disclosed more closely packed and coarser 
collagen fibres. 

A rough estimation of the widlh of lhe wound 

cleft showed that the dye-treated wounds, with 

excep!ion of one 7 day wound, had a slightly 
broader cleft than the watcr-treated control 
wound. This was more marked in the 2 l day 
wounds, where lhe 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 situ. This method h.as been used ex­

tensively for the study of systemic and local 

factors influencing the healing process (cf. 4, 17. 
22-24, 30). The developmenL of strength in heal­
ing skin incisions is functionally important, and
the method is sensitive enough Lo record even
minor variations of local factors in the wound

region (26). As the present study is concerned
with lhe 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 :.i 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 if there is more than one point of observa­
tion, each is represemed by its own animal
group.

With the experimental design used, the break­
ing load shou Id reflect the healing capacity of tis­
sues. The breaking strength (breaking Joad value 

per square cm wound area) has not been deter­
mined, because 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 Jow 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 Jeukocytes and monocytes. Epithelializa­
tion is usually compleled within J-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. AL the end of this period, 2-3 weeks aftcr 
wound inflict.ion, the strength of the wound is 
about 20% of its ultimate level. Later. <luring 
the period of maturation, the breaking Joad in­

creases slowly but without any increase of the 
collagen conlent of the wound (23, 29). This 
further increase of strength is probably caused 
by an increasing number of inter- and intra-
111olecular bonds and remodelling of collagen 
fibres (J 9). 

The results of the present investigation show 
that wounds Lreated 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 compared with controls is 
greatest 7 days af ter wounding (- 60.9 % ), and 
then diminishes for healing periods of J 0, 14 and 
21 days (day 10 - 22.2 % ; day 14 - 16.2 % . day 

21 -17.5%). This is compatible with an in­
fluence of crystal violet on the lag phase, which 
gets prolonged, thus causing delayed onset of lhe 
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 CLtrves in Fig. 2. 

The dynamic events of tissue 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 

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



degree of inflammation is necessary for optimal 

repair. Abolition as well as increase of the in­

flammatorr reaction v. ill retard healing. It is still 
not known what i� the optimal degree of in­

flammation for ideal wound healing. The con­

trol wound is certainly too traumatized lo repre­

sent optimal healing conditions. Anti-inflamma­

tory treatment or removat of the suturcs after 
3 days in comparable wounds increases the rale 

of heating, as measured by breaking load (3, 5). 
An) factor that further incrcases the inflam­
mator) reaction or impairs the microcirculation in 

the wound area will have negative cffecls on lhe 
healing process. 

The hil>tologic studie!> of wounds 7 and 21 days 

after infliction confirmed that the cause of the 

lengthcned lag phase in dye-trcatcd wounds was 

an increase and prolongation of the acute in­
flammator) reaction. This is in agreement with 

our results of tissue growth into subcutaneously 
implanted dyc-soakcd sponges ( 14). 

It is al present not known which tissue struc-1 

tures cr)stal ,iolet interferes with in vivo <luring 
the lag phase. A pronounced cytotoxicity agairn,t 

fibroblasts and epithelial-like cells has been de­

monstrated in tissue culture ( 16). l n the wound 
margins there are cells with reduced viability that 
should sun h·e unle s they are further damaged. 
These cells are probable targets for crystal violet, 

and the dye may also diffuse into the tissues, cven 
injuring cells with full vitality. It is not known at 
present .,.. hether the dye also interferes with capil­
lar) function. 

Plasma-proteins and polyanionic tissue com­
pounds �uch as heparin and chondroitin sulphate 
may reduce the cytotoxicity of crystal violet solu­
tions. rrohahly b) combining with the cationic 
dye ( 16). ln the present wound healing study, the 
tissues were exposed lo the dye too early after 

traumatization for an} substantial neutralization 
of the dy e to occur in thfa way. 

Tn the literature there are only a few rcports 

that similar dyes in therapeutically used con­
centration� may he toxic to expo�ed tissues. Can­
non & Cope (6) painted donor skin areas of 3 pa­

tients with a mixture of gen tian violet 3 °·0, bril­
liant green 2 % and a-:riflavine 2 % ("triple dye"), 
and of 4 patients with gen tian violet 2 °o. These 
wounds healed more �lowJy than control wounds 

treated with boric acid ointment. Dingwall & 

Andrus (8) obtained similar results in 4 humans 
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with skin bums treated with "triple dyc'' (gentian 
\'iolet 2 % . brilliant green J % and acriflavine 

0.1 °o ). Baker (2) removed skin and subcutaneous 

tis5ues over thorax and abdomen in rats. The 

deep fascia and striated muscles were painted with 

"triple dye·• ( 1.5 °{, methylrosaniline chloride, 

1.5 °{, brilliant green and 0.75 °o acrifla\ine). Of 
10 rats treated this way, all developed severe 

muscle necrosis and 7 died. Microscopic changes 

in interna! organs could not be demonstrated in 
the dead rat�. 

In clinical prnctice. wounds treated with gentian 

violet are mostly open, healing by seconct inten­
tion until thcy are infected and a necd for anti­
microbial therapy arises. In secondary healing 

.,.. ounds, wound eon traction and epithelialization 

are of greater importance than in incisional 

wounds heating by primary intention. The resul!s 
of this study should in principle, however, be 

valid even in open wound healing, as the 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 indircctly affcct 

the growth and function of the epidermis, thc 
dermb and epidermis being an integrated sysiem 
( 15). 
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