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Abstl'(lct. The influcnce of aqueous solutions of crystal 

violct. a lriphcnylmethanc dye used topically as an anti­

microb,al agent, on granulation tissue formation was 

studicd by subcutancous implanlation of visco,c cellulo,e 

sponges in rals. The dry wcight of tis�ue formcd in thc 
sponge and tbc breaking load of an incision in 1he sponge 

was rccordcd 10 dny� after implantation. Crystal violet in 
concentralion, even below those used in patients almosl 
completely inhibited the ingrowth of granulation tis,uc 

inio the sponges. 

Gcntian violet exhibits in vitro high antibacterial 

and antifungal activities (J, 5, I 0, L L). Topical 

application of gen tian violet (0. L-2 % ) in aqueous 

solution is widely recommended in textbooks on 

dermatology for the control of superficial pyo­

genic, dermatophytic and monilial infections of 
the skin and mucous membranes (6, I 3, 16). A 

few cases of sensitization to thc dye have been 

reported (2, 9), hut otherwise it is regarded as a 

safe and cffective lherapeutic agent (20). 

Over the past years we have encountered a 

number of patients with necrosis of thc skin fol­

lowing the application of l % gentian violet in 

aqueous solution (3). Such a reaction was re­

producible in normal humans and guinea pigs by 

painting lhe dye solution on stripped skin. By a 

tissue culture technique it could be demonstrated 

that cationic triphenylmethane dyes in clinical 
use have a cytotoxic effect on fibroblasts in dilu­

tions as low as I : lQG (15). 

The purpose of the present study was to in­

vestigate the influence of gentian violct on the 

formation of granulation tissue in vivo. Howevcr, 

gentian violet is a poorly defined mixture of 

violet rosaniline dyes, essentially pentamethyl-

pararosaniline chloride (methyl violet) and hexa­

methylpararosaniline chloride (crystal violet) (14). 

Various companics may supply different compo�i­

tions under this name. We thercfore decided to 

choose for our study the hexamethylatcd compo­

nent of gentian violet, cry�tal violet, which can be 

obtained in pure form. It is well known to bac­

teriologists and histopathologists for use in stain­

ing procedures. 

M ATER TAL AND METHODS 

A11i111uls. Fif1y�igh1 adult mnlc white Sprague-Dawley rats 

wcighing bctween 300 and 400 g were u5ed. The rats bad 

frcc access to srnndurd pellets and tap water. They werc 

kcpt in separaie cages al room 1emperature. 
/111pla111a1io11 and remornl oj spo11,:es. The method used 

wu, describcd by Viljanto (21). Viscose cellulosc sponl!c 
(Vbella'l!l) was cul into pieces measuring 10 x 10 x 20 mm 
and weighed in a dry state. They were paircd so as 10 

obwin sponges of almost equal weight in each pair. Each 
spongc was further cut into two equul ,ections across ils 

length (creating two cubes 10 x 10 x 10 mm), and tbe cut 

surfaces were apposed in their original position with a 

loop of braided silk. The sponges wcre sterilbed beforc 

implantalion. 

Under ethu anac,thesia the back of the animal was 

shavcd with clectric clippers. Two median incisions, cach 

about 3 cm long, were made under sterile condition, 

through thc ,kin and ,uperficial fascia caudally from the 
angle of the shoulder bladc. The di,taoce betwcen the 

inci�ions wa, 2 cm. Oy blunl dhsection from each incision 
subcutaneous pockets were prepared in which the pair of 

sponges wcre implanted, one pair on either side (abou1 

I cm lateral 10 Lhe incision�) (Fig. 1}. The incisions wcre 

clo,;ed by cominuou, suture, with 000 black braided 
silk. The wounds were lefc undressed. 

J n four experiments (1.-IV), each comprising l 0 animnb, 

one of the sponges in each pair wa, soakcd in sterile 

water and the othcr in a sterile aqueous solution of 

Acta Dermatol'e11er (Stockholm) 53 



168 H. Mobacken and B. Zeder/eldt 

Fig. 1. 1 ocation of wound, and 
�ponge,. 

crystal violet (Cl 42555) in dilution, of I : I 00, I : l 000. 
I : 2 000 und I : I O 000 respectively (in per cent: I. 0.1, 
0.05. 0.01 w ,). In a fifth experimem (V), also 10 animal,. 
the \\Otind pockclS \\ere expo,ed for � min 10 a solution 
of cry,tal viulet I : 2 000 and sterile water, rcspectivcly. 
and all sponge, "ere ,oaked in ,1erile water. Bcfore 
1mplan1ation of 1he sponges thc Ouid in tbe wound wa, 
allowcd to escapc. 

Ten dnys aftcr implantation the sponges \\ere remo,ed 
through ,epara1e incis1on,. The ,pongcs were freed from 
thc enclosing conncctivc tissuc capwlc. Care was taken 
not 10 damage any of tbe connec11,c tissue tba1 had 
j!rown imo the pores of the sponge,. The loop of ,ilk 
holding the two halves together was rcmovcd. rn a few 
ra1s, stitch ab,cc"es de,eloped. The,e animal, were dis­
carded. 

Deter111i11a1io11 oj breaking load a11d drr 11•eight. Jm­
mediately after the preparation of tbe ,ponge, the breaking 
load (in newton units)' of the ti-,ue bridging the nnrrow 
cleft bctween the 1wo hal,•e, of each ,ponge wn< me><-

ncwton, international fo,·ce un1L, 1 N 0.102 Kp 
(kilogram-force) 0.225 lb,. 

ured u,ing the tcn<iometer describcd by Sandblom. Pctcr­
,en & Muren ( 18). Then 1he dry weight of each sponge 
wa, determined afler drying 10 cons1an1 "eight in an 
oven at 70°C. 

Hi.<10/ogy. Another 8 rats. di,ided 11110 4 ,ubgroup, of 
:? animals, werc used for his1ological examinaiions. The 
sp,mges were implnntcd as in series I-IV, but cach animal 
rcceived only one pair of ,ponges. The,e wcre also re­
moved after JO days, fixed in 10% formalin and funher 
preparcd u<ing ,1andardized mcthods for paraffin embcd­
ment. The secltOn5 "'cre stnincd with hemato,ylin--eo�in 
and according 10 van Gie,on. 

Skin !e,ion, ocvelopcd abovc the dye-expo,cd spcnge 
in a fcw rats of serie, I. The lesion, from 2 nnimab "ere 
cxcised, s1re1chcd 10 their original ,i1.c and ,hape and 
then moun1ecl on corkplates. Fixation ond further proce­
dures "cre thc ,ame ;is for the spcngcs. 

Sums1ic.1·. Comparison was maclc for each pair of 
,ponge, betwecn the control and the experimental ,ponge. 
Difference in breakin� load was expressed as a per­
centagc of thc value for the control sponge. The calcula­
ti.>n of ,ignificnnce o{ differences wa, made u�ing Stu­
dem·� 1-te,1. 

RESULTS 

A mounr o/ 1issue conlained in sponges. The mean 

dry weight of tissue in the !>ponge!. for each group 
of ra Is is given in Table J. For sponges soaked in 

crystal violet I : 100. I : l 000 and I : 2 000 there 
was no significant Jifference in the weight of tis-

ue as compared wilh controls. Jn sponges trealed 
wtth the dye in a concentration of 1: 10000, and 
when the wouncl� were treated with crystal violct 
I : 2 000 but !>ponge\ soaked in water (exp. V),

lhe dr> weight was �ignificantly rcduced. 
Breaking load. The strength of the connection 

Table I. Dry weight of liswe and breaking load i11 spo11ges e.,·posed 10 cr)'i,tal L'iole1 or sterile water JO days 
afier s11bc111a11eo11s i111plama1io11 i11 rats 

Fxperi-
menL 

no. 

Il 

111 

IV 

V 

Cry�tal 
violct 
conc. 

l: 100 

l: I 000 

1:2 000 

I :10 000 

I :2 000 

No. of 
animab 

7 

10 

9 

10 

9 

•• p<0.01; ••• p<0.001. 
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Dry \\cigh1. gram Breaking load, ne" ton 
(mean -:: S. C:.) (mcan = S.E.) 

Dyc Water Dye Wa1cr 

0.134+ 0.147 0.02 .:: 0.02 2.21 -0.56·•· 
0.007 0.015 

0.144:t 0.162-'- 0.21 0.05 2.51..±:0.31••· 
0.007 0.015 

0.140 0.150= 0.39 0.06 1.99 0.21 ••· 
0.005 0.015 

0.124- 0.194 ••• 0.67::_0.12 3.81 0.44•·· 

0.006 0.01 I 

0.116::: 0.176 •• O.C,9-'-0.04 3.05 -0.44 • • • 
0.006 0.017 
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between the two halves of the sponges was eon- ' 

siderably lower in cryslal violet exposed sponges at 

all dye concentration than in control sponges 1
(Table I). The differences in breaking load. which 

are highly significant, are illustrated in Fig. 2, 

which also includes 'the standard error for each 

group of rats. 

H istologic examination of sponges. In sponges 

soaked with water 10 days previously, connective 

Fig. 2. Percemage deviation 
of breaking load of 
"wounds" in sponges ex­

posed lo various aqueous 
solutions of crystal violet as 
compared with control 
spongcs. 

tissue ingrowth can be seen. Capillaries, fibro­

blasts and a network of collagen fibres penetrate 

the pores from a capsule of connective tissue sur­

rounding the sponge (Fig. 3 a). Some lymphocytes 

and plasma cells are seen in the newly formed 

connective tissue. There is a rather marked 

foreign-body reaction with numerous foreign-body 

giant cells along the walls of the sponge pores. 

This foreign-body reaction is noled only at the 

Fig. 3. Margin of a c;:mrol 
sponge ,oaked with (a) water 
and (b) crystal violel 
I : 2 000, illustrating the dif­
ference in fonnation of new 
tissue. Note complete loss of 
fibroplasia in the dye-
treated sponge ( x 7). 
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periphery in the more mature connective tissue 
where the inflammatory reaction has disappeared 
and the healing process has reached the stage of 

fibroplasia. The centre of the sponges, not yet 
occupied by eon nective tissue, is filled with fibrin, 
polymorphonuclear leukocytes and monocytes. 

In all dyc-cxposcd spongcs irrespcctive of dyc 
concentration, no connective tissue can be seen, 
either on the surface or in the pores of the 
sponges. The pores are filled with a serofibrinous 
oedema and inflammatory cells (Fig. 3 b). Poly­
morphonuclear leukocytes occur in the outermost 
pores. There is no eosinophilia. 

Necrosis o/ skin overlying sponge. In 4 of the 
10 rats in series I (crystal violer J : 100) necrotic 
areas could be seen on the �kin overlying the dye­
soaked sponges. They were probably not self­
inflicted by the animal, as in no rat did the skin 
ahove control sponges or sponges exposed to lower 
concentrations of the dye exhibit similar skin 
lesions. 

Microscopically there is a crusted ulceration of 
the skin, which involves the upper part of the 
corium. The crust contains fibrin and many poly­
JTI0rphonuclcar le1,1kocytes. In the surrounding tis­
sues there is some increase in round cells and 
polymorphonuclear leukocytes. The pann icular 
muscle is intact. In the suhpannicular layer. there 
is necrosis of the fat demarcated by fibrinous 
exudation and infiltrates of polymorphonuclear 
leukocytes. There is no eosinophilia. 

DJSCUSSION 

The technique of subcutaneous irnplantation of 
synthetic sponges in order to harvest granulation 
tissue was originally described by Grindlay & 
Waugh (12). A later modification by Viljanto (21) 
using viscose cellulose sponges has been used by 
Rydberg (17) for assessing the influence of a 
cationic detergent on the formation of granula­
tion lissue. According to Viljanto, during the 
first days after implantation, a saline-soaked 
sponge is filled with a fibrinous network and 
contains some blood cells. Then connective tissue 
cells and vessels grow in, so that about I week 
after implantation the sponge is evenly filled with 

fibroblasts, capillaries, acid mucopolysaccharides 
and collagen. The breaking Joad-dependent on 
the amount and quaUty of collagen-of the newly 
formed granulation tissue quickly increases. 
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By use of this method it is easy to separate 
ncwly formed granulation tissue from adjacenl 
old connective tissue, and make a quantitative 

sampling of granulation tissue. The sponges have 
also been considered to constitute an experimental 
model of the healing processes in a wound (7, 8). 
However, foreign-body irritation from the sponge 
and friction between the sponge and the sur­
rounding connective tissue capsule may influence 
tissue regeneration. 

Lf a tissue-damaging agent causes a reduction 
of lhe surrounding tissues' capacity for new tissue 
formation and ingrowth into the sponge, the 
strength-as measured by the tensiometer-of 
the connection between the two halves of the 
sponge will be lower than in an untreated sponge. 
The weight of the tissue lrapped in the sponge 
says nothing about its nature; it 111ight be connec­
tive tissue and/or blood constituents. This can 
only be determined by histological and bio­
chemical means. 

The results of the present investigation show 
that exposure of subcutaneous tissue to crystal 
violet causes a pronounced reduction of the re­
generative capacity as demonstrated by the re­

duced breaking load. In this study, where the 
cross-sectional "wound area" is standardized to 1 
square cm, the value for breaking load is 
identical with that for breaking strength (i.e. 
breaking load per unit wound area). For the 
highest dye concentration (I : 100) there is a 
nearly total lack of strength in the connection 
between the two halves of the sponge. With more 
dilute dye solutions, the breaking load is some­
what higher but still there is a highly significant 
reduction as compared with control sponges. This 
may indicate that the strength over an incision in 
a dye-exposed sponge is provided by a fibrin clot 

rather than by newly formed connective tissue. 
This was confirmed by the findings in the 
histological sections. fibrin and blood cells oc­
cupying almost all empty spaces in the sponge 
material. Jn the control sponges, on the contrary, 
fibroblasts penetrated into the pores of the 
sponges. The histological picture 10 days post­
operatively of a dye-exposed sponge is similar to 
that which can be seen during the very first days 
after implantation in a water-soaked control 
sponge, before regeneration has started. The al­
most total inhibition of granulation tissue forma­
tion by crystal violet in this study is compatible 
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with a tissue injury, causing a lengthening of the 

initial phase of lhe healing process and a delay 
of the onset of fibroplasia and collagen formation. 

The present investigation, which is performed 10 
days after implantation of the sponges. gives no 
indication as to when tissue regeneration starts or 
at what rate it proceeds. 

Series IV and V are the only ones with a 
significanlly higher dry weight of control sponges 
than in dye-treated sponges. The breaking load 

values of control sponges are also higher in series 

lY and V, where exposure to crystal violet in ex­

perimental sponges was less, than in series I-III. 
This may indicate a generalized effect of locally 
applied crystal violet or a leakage from side to 
side. 

In tissue culture, high concentrations of serum 
and polyanions, e.g. heparin, partly neutralized 
the crystal violet and reduced its cytotoxicity (15). 

The marked tissue effects of the dye in the present 
investigation may partly be explained by the dye 
being administered immediately after traumatiza­

tion when the inflammatory reaction still is weak. 

The concentration of the dye and lhe time the 

tissues are exposed to it probably also influence 
the severity of the tissue injury. ln this study, dye 
concentrations below that recommended for to­
pical use in patients resulted in significant tissue 
damage. The implanted dye-soaked sponge prob­
ably acts as a depot, resulting in a prolonged con­
tact between the dye and surrounding tissues. Ex­
posure of subcutaneous tissue to crystal violet for 
only 5 min, however, also inhibited tissue growth 
in this study (exp. V). This corresponds to the 
finding in vitro, that exposure of human skin 

fibroblasts to crystal violet (conc. I : I O•:i) for 5 

min was sufficient to induce a cytotoxic effect 

(15). This similarity between fibroblastic growth 
characteristics in vitro and in vivo is in ac­
cordance with Schilling et al. (19). 

As further evidence of crystal violet's capacity 
lo induce severe tissue injury, necrotic areas 
were found in some rats on the skin overlying 
sponges soaked with the highest concentration of 

the dye (1 % ). Identical skin necroses have been 
seen after injecting crystal violet, also l % in 

aqueous solution, intradermally into guinea pig 
skin (4). 

A few clinical cases of immediate and delayed 

hypersensitivity lo triphenylmethane dyes have 
been reported (8. 9). If such a reaction developed 

in the dye-soaked sponges, it could profoundly in­

fluence the milieu for tissue regeneration. Ed­

wards et al. soaked sponges with chick embryo 

extract before implantation (8). Later a sterile, 

intense inflammatory reaction of seemingly al­
lergic aetiology developed, histologically domi­
nated by mononuclear cells in and around the 
sponges. In the present study, however, we saw 
no indications of allergic reaction to the dye. 

The results of this study indicating a reduced 

capacity for tissue growth and repair after ex­

posure to crystal violet are in agreement with 

those obtained in vi tro ( 15). The experimental 
conditions in this study are, however, somewhat 
remote from dye application in clinical practice. 
Studies designed to evaluate the tissue effects of 
this and similar agents under conditions more 
close lo the clinical situation are in progress. 
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