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THE EFFECT OF A CATIONIC TRIPHENYLMETHANE DYE 

(CRYSTAL VJOLET) ON RABBIT GRANULATIO TISSUE 

Oxygen Co11s11mption and RNA and Protein Synthesis in Tissue S/ires 

H. Mobacken. J. Ahonen and B. Zederfeldt 

From rhe Deparrmmt of Dermatology. Snl,/gre11ska sj11k/111w1, Go1he11burg. and the Depar1111e111 af Swgery, 

Allmäm;n Sjukhuset, Umrersity of L1111d, Mafmli, Swede11 

Abl/racr. Carl} mcmbolic reaction\ in granulation I,ssue after 
exposure to crys1al , 1olct for 5 minutcs wcrc studicd in vitro. 

The tissue "as taken from C}linders implantcd subcuta• 
ncously in rabbits 21 da}s pre,iou�I}. The ox}gen consump­
Iion rate wus measured. The nct synthcsi� of protein and 
collagen ,,as estimated b> the incorporation of 11C-prolinc 
into proteins and 11110 collagen h}drox} proline. The R A 
synthcsis wus measured by thc incorporation of "II-cytidine 
into RNA. Cr}stal , iolet at a concentration or 10 11glml 
reduced all these processes markedly,cven w1thin a few houl'li. 

The effect of topical cry�tal violet (c.v.) on regenerat­

ing dermal connective tissue in thc rat has pre­

viously been analysed in thi� laborawry. Il was 

shown that c.v. interfered severely with tissue re­

generation by increasing the acu1e inflammatory 

rcsponsc and dclaying thc onset of ribroplasia and 
collagen formation ( 15, 16). Tissue culturc studie� 

utilizing epithelial- and fibroblast-like cells demon­

strated the cytotoxic effects of c.v. and relatcd com­

pounds ( 18), but the primary target of c.v. and the 

subsequcnt events resulting in cellular dysfunction 

remained obscure. 

The present investigation was undertaken to study 

some of the early biochemical effects of c.v. on rc­

gcnerating 1issuc. The erfec1 of the dye on the oxygen 

consumption capacity was measurcd in vitro. I ts 

influence on the ratc of RNA synthesis was mea­

surcd by following the incorporation or 3H-cytidine, 

and on that of protein and collagen synthesis by 

measuring the incorporation of '1C-proline. 

MATERIAL AND METHODS 

Production of gra111rlario11 tissue 

Sixtcen female albino rabbits "e,ghing 2 .3 kg \\Cre anaes­
lhctized with penlubarbitonc intravcnously and the back was 

sha,ed. Under sterile conditions. 2 stainless steel "ire mesh 
ql,ndcrs. 5 cm long and 2 cm in diameter. were 1mplantcd 
under the panniculus carnosus muscle on the flank of thc 
rabb1ts as dcscribed by Holmström (6). The �kin \\8S ,-rapped 
without tcnsion around the complete circumference of thc 
cylinders using two pairs of stay suturcs holstered by couon 
roll, (Fig. I). Thus the c}linders "ere surrounded b} the 
richly vascularizcd panniculus carnosus. The inc1sion was 
closcd by a continuous silk suturc. The animals were main­
tatned in indl\ idual cages "1th free access to standard pellets 
and water. 

After 3 weeks, the cylinders 11ere rcmoved under fight 
ethcr anaesthesia. They "ere immcdiatel} opened in a cold 
roo,n ( 1 4 C). Grnnulation tissue within thc cylinders was 
scraped off and placcd in an ice-cold incubation medium: u 
modified Krcbs-Ringer solution "as used (26) at pH 7.4 \\ith 
0.1 M Hepcs as buffer (Calbiochcm, Los Angeles), omit1ing 
phosphatc (25) but supplemented \\ith g.lucosc (22.4 mM); no 
amino acids were added. Generall> speal..ing, tbsue from 
2 animals was pooled for cuch set or experiments. The tissuc 
wa� cut into 0.5 mm lhick slices \\Jlh a Stadie-Ri&g micro· 
tomc and "eighed (wet "c,ght). 

/11 L'itro exposure ro crystal riolet 

Three samples of tissue. about 500 mg each, were �xposeJ 10 
an incubation medium with crystal , iolet (Cl 42555: Merck. 
Darmstadt, BRO) added in a final concentration of 10 µg1ml 
(I: 100 000) or I /lg/ml (I: I 000 000) in a thcrmoslated 
shaker (37 C) in air for 5 m,nutes. Three other tissue sample, 
of similar wcight \\Cre processed identically except that 
crystal violet was not present (controls). The slices were thcn 
transferrcd 10 bo11les "ith ncw incubation medium without 
c.,., and were arranged in pairs or one dyc•cxposcd and one 
control specimen. One pair of samples was analysed for 
ox}gen consumption. onc pair "a� uscd for incubation "ith 
"C·L•proline and the last pair uscd for incubation with •11. 
cytidine (Fig. 2). 

Oxygen co11sumption 

o�rnen consump11on by the tissue samplc� "as dctermincd
by a Biological Oxygen Monitor·•, Mode! 53 (Yellow Springs 
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Fif(. I. Subcu1aneous 1mplan1ation of wire mesh cylinders. 
The surrounding •·skin fold"' was crea1cd by couon rolls and 
loose sulUrcs. 

Jnstrumen1 Co., lnc., Ycllow Springs. Ohio. USA). Il has a 
Clarl..-t) pc polarographic ox) gen elec1rode "hich measures 
thc oxygen tension of ihc incubation medium in the closed 
sample chamber. The medium contains 5.0 ,11I 0,1ml at 37 C 
and ambicnt barometnc pres�ure. Samples about 500 mg in 
3 ml incubation medium were used. 111c respiring tis�ue con­
sumes o,>gen. and thc decrcasing ox)gen tcnsion of the 
sample medium \\3S contmuou<,ly monitored hy a rccorder. 

The oxygen a»ays wcre pcrformed at 37 C either imme­
dia1ely arter cxposure 10 lhe d)e or control solu1ion. or 30 
minutes later (meanwhile placcd in incuba1ion medium al 
37'C). 

In a recent stud) by Holmström et al. (4). the ox> gen con­
sumption ra1e (Qo,) of granula1ion 1issuc was found to 
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Fif(. 2. Management of granulation tissuc sliccs af ter c,posure 
to crystal violet or control solution. Pairs or d)e-treatcd and 
control samples were comparcd in each assay. Each tissuc 
samplc (approx. 0.5 g) \\3S only used for one measuremem. 
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decrease slowly with lowering oxygen tcnsion down to Po, 
about 20 mmHg. bciow which il fell rapidly. "In the present 
stud�. all Qo, measuremcnts \\Cre catculnted a1 Po, 90 mm Hg, 
and exprcssed as 1t1 0,1mg wcl weigh11hour. The assny timc 
required to reach Po, 90 mm ranged, for conlrol 1issue, be­
t\\een 14 and 38 mmu1es. and ror d)c-1rea1ed Iissue, hc1ween 
17 and 90 minu1cs. 

I11corporatio11 of labelled proli11e and cytidi11e i11 l'itro 

The tissue samples. each "eighing approxima1ely S00 mg, 
wcrc preincubatcd in 3 ml i11cuba1ion mixiure for 30 minutes 
in air in a 1hermostated sha�ing ha1h al 31·c. Then the radio­
ac11,e compounds wcrc addcd: 5 11Ci L-proline-C11 (U) 

(285 mCilmmol. The Radiochemical Centrc. Amersham, 
England) to one pair of lissue samples, and 5011Ci cy1idine-
5-H3 (17 Ci/mmol, The Radiochemical Centrc) to ano1he r 
pair of samples. The incubation, continucd for 2} hours. 

Measuremem of "C-proli11e i11corporatio11 

The incorporation was s1opped by adding 2 vol ethyl alcohol 
10 1he incuba1ion mixture. The slice, "erc collec1cd by 
cen1rifuga1ion in a rerrigera1cd cenmfuge, suspended in 
ethyl alcohol and recenlrifuged. Arter dr}ing thc sediment to 
cons1an1 "eigh1 at room 1cmpera1ure it "as homogenized 
with an Uilra-Turrax' homogenizer in dis1illcd walcr con­
taining unlabelled prolinc and dialysed againsl running lap 
wa1er for 48 hours. The dialysed homogena1e was then 
hydrolysed in 6 hydrochloric acid at 130"C for 3 hours. 
H)drochloric actd \\as rcmo,ed b) carcrµl c1aporation in a 
water balh with several washings of distilled wa1cr. The 
rc,idue "as dissolvcd in wa1er and i1s 101al radioac1i,it> and
thc radioacti, it> or h)droxyproline -.crc determinecl as dc­
scrihed by Juva & Prockop ( 10). The recovcry of hydroxy­
proline \\as 25 35 "•· The re�uhs wcrc exprcssed as dpm
mij dry ""·c1gh1.

J\1eas11reme111 of •H-cyridi11e i11corporatio11 

The incorporation was tcrmina1cd by adding 1.0 pcrchlonc 
acid (PCAJ 10 a final concen1ra11on of 0.5 N in an icc-bath. 
For the cx1raction of total RNA a modified Schmidt Thann­
hauser procedure \\as uscd (22). The sliccs were homogenized 
in an ice-balh and 1he homogena te centrirugecl at 20 000 g for 
40 minutcs at O C. The pellet containing R A. D A and 
ttssue pro1eins 1n1s \\ashed I\\ 1cc wilh 1ce-cold 0.5 PCA. 
R A was then h)drolyscd 10 componcnt mononuclco1ides 
b> incubating al n·c for 16 hours in 0.3 potassium 
hydroxide. The solution was then coolcd in an ice-bath and 
neutralizcd wi1h icc-cold l • PCA 10 pH 1-2. Precipita1ed 
D'IA and proteins "erc remo,ed h� ccn1rifuga1ion al 20 000 
g for 40 minutes al 0'C. The superna1an1s were used to meas­
urc lhe radioacti, il) and R. A ribose (3). 

J\1eas11reme111 of radioactil·ity 

A Packard Tri-Carb liquid sci111illa1ion spcctrometer wa, 
used. 3H-hcxadecane or 11C-toluene "as used as an inlernal 
standard to measure coun1ing efficienc1es. Aqueous solu1ions 
wcrc counted in a commercial scintilla1ion mixture. lnsta­
gel • (Pacl.ard Instrument Co .. L;SA). 
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Table I. Ejf'ect of crystal violer on the oxygen con­

sumption rate o.f s/ices of granulation lissue from sub­

cutaneously implanted cylinders 

I nterval dye 
Crystal exposure-02 

Exp. violet analysis 
no. conc. (min) 

lo J; JO' lmmed ale 
20 I: 10° lmmed ate 
3 I: 105 lmmcd atc 
4b I: 10• 30 
5 I; 10' 30 
6 I; 10' 30 
7 I: 10' 30 
gb I: 106 30 
9b I: 106 30 

10b I: 106 30 

a test value 
----- 100. 
control value 

Qo, 
/<I 02/mg wet 
weight/hr Qo, 

ratioa
Control Test (�.) 

0.025 0.024 96 
0.027 0.023 85 
0.019 0.013 68 
0.024 0.008 33 
0.043 0.018 42 
0.053 0.026 49 

0.032 0.016 50 
0.033 0.042 127 
0.022 0.022 100 
0.037 0.026 70 

0 Samples from the same tissue pool also analysed for radio­
isotope incorporations. 

RESULTS 

Oxygen consumption 

Table I shows the results of the oxygen consumption 
measurements. Sliced granulation tissue exposed to 
c.v. 10 pg/ml for 5 minutes showed a slight reduction
in its oxygen consumption rate as compared with
controls when the oxygen assay started immediately.
In samples treated similarly but with the oxygen
consumption measurements started 30 minutes later,
the oxygen consumption rate was pronouncedly
lower than in corresponding control samples. When
c.v. I 1ig/ml was used and the oxygen assay also
started 30 minutes after the tissue had been exposed,
no consistent chaoge in the oxygen consumption
rates was recorded.

14C-proli11e i11corporatio11 

The incorporation of ''C-proline into proteins (total 
radioactivity) of granulation tissue was markedly 
reduced after in vitro exposure to c.v. 10 /lg/ml 
(Table Il). With c.v. I pg/ml the incorporation was 
lower than in control samples, but the difference was 
not as great as at the higher dye concentration. 

The formation of "C-hydroxyproline, taken as a 
measure of the capacity to synthesize collagen, was 
severely decreased in slices of granulation tissue 
treated with c.v. 10 Jig/ml (Table HI). The difference 
was smal1er with c.v. l µg/rul. 

Table Il. Overall incorporation of 14C-proline as such 

in slices of granulation tissue f ol/owing exposure to 

crystal violet 

Exp. 
no. 

I 
2 
4 
8 
9 

JO 

Crystal 
violet 
conc. 

1: 10• 
I: 10° 
I: 10' 
I: 106 

I: 106 

I; 10• 

a test value- X ]00. control value 

Total 14C of 
protein hydrolysate 
(dpm/mg dry weight) 

Control Test 

13 937 3 703 
2 373 325 
7 319 532 
5 131 I 226 
5 549 3 886 
2 145 I 492 

'H-cytidine incorporation 

Ratio0 

( 0�)

27 
14 
7 

24 
70 
70 

The rate of RNA formation, as judged from the in­
corporation of "H-cytidine into RNA, was markedly 
depressed in granulation tissue treated with c.v. 
10 ,,g/rnl (Table IV). The lower concentration of c.v. 
I µg/ml had no clear effect. 

DlSCUSSTON 

Subcutaneous implantation of cylinders starts a 
healing process with growth of granulation tissue 
into the cylinder space (7, 21). The newly formed 
tissue, which can readily be separated from adjacent 
old tissue, is free from foreign body reaction (5, 21), 
as distinguished from tissue in sponge implants (16). 
The composition of thc tissue within the cylinder at 
different stages of development has recently been 

Table JU. fncorporatio11 o/ "C-proli11e into collagen 

hydroxypro/ine by slices of granulation tissue fo/lowi11g 

exposure lo crysta/ violet 

Crystal 
Exp. violet 
no. conc. 

I I: 105 

2 1: 10• 
4 I: 10' 
8 I: 106 

9 I: 106 

JO I: 106 

a test valu� x lOO.
con1rol value 

"C-hydroxyproline 
(dpm/mg dry weight) 

Ratioa 

Control Test (%) 

I 023 214 21 

246 30 12 
905 58 6 
197 48 24 
220 219 100 
85 42 49 
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Table IV. Ejfect oj crystal violer on the incorporation plained as a greate.r sensitivity of single cells to the 

of 3H-cytidine i1110 R NA in slices oj granulation tissue influence of various substances than applies to cells 

aH-cytidinc, cpm 

Crystal 11g of RNA-ribose 
Exp. violet Ratioa
110. conc. Con1rol Test ( "o) 

I: 105 27 436 3 931 14 
2 I: 105 19 613 4 925 25 
4 I: 105 20 215 4 206 21 
8 I: 10• 14 257 20 444 143 
9 I: 106 14 457 11 392 79 

10 I: 10• 15 211 13 385 89 

a 
test value 

X 100. 
control value 

characterized biochemically and histologically in a 

series of experiments by Holmström and co-workers 
(6). Granulation tissue obtained 3 weeks after im­
plantation was chosen for the present experiment 
since it has a high metabolic activity with high 
capacities for oxygen consumption and protein 

synthesis. Slices from similar tissue can be kept 

respiring in an incubation medium for more than 

6 hours ( I , I I). 

The incubation medium used in this study con­

tains oxygen and glucose in excess of the amounts 
found in the healing tissue within the cylinder (6). 

Therefore, the in vitro assays test the capacity of the 

tissue to synthesize proteins and RNA, rather than 
reflecting the situation in vivo. Jt is, however, the 
relative difference between dye-exposed and control 
tissue that is of interest. 

Specific activity of labelled proline has not been 
measured. lncreased catabolism might reduce 
specific activity and result in reduced "C-proline in­

corporation. 1 t cannot be concluded that crystal 

violet has changed protein synthesis alone, since 

changes in catabolism might also occur. However, 
the results indicate that crystal violet reduces net 

protein synthesis (synthesis-degradation). 
The present experiments demonstrated that crystal 

violet (c.v.) alters tissue metabolism in vilro. Tissue 
exposure for 5 minutes to a concenlration of 10 pg/ 

ml resulred in a reduction of the relative oxygen con­
sumption rate and reduced capacities for the syn­
thesis of RNA and the incorporation of llC-proline. 
Exposure to a lower concentration, 1 pg/ml, had no 

definite effec1. This lower concentration significantly 
impaired the multiplication of fibroblast-like cells in 
tissue culture (18). This discrepancy can be ex-
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in a composire tissue (20). 

C.v. thus triggers a se.quence of metabolic reac­

tions, but its primary point(s) of attack is obscure. 

With c.v. (10 ,11g/ml) the oxygen consumption rate of 
the granulation tissue was markedly reduced when 
lhe oxygen assay started 30 minutes after the end of 

tissue exposure to the dye. It is interesting that this 

effect was only slight when the assay was started 
directly after dye exposure. The penetration rate of 
c.v. into the tissue may be important here-micro­
scopically there is a pronounced interstitial meta­

chromasia, indicating the presence or acid muco-
polysaccharides (5), which in a preceding study
reduced the cytoioxicity of c. v., probably by binding

the polyanionic tissue cornponents to the cationic

dye (18).
Oxygen is essential For energy production, collagen 

synthesis (hydroxylation of proline), and cell pro­
liferation in regenerating tissue (8). Reasonable ex­
planations of the decreased tissue respiration follow­

ing exposurc to c.v. could be either a primary effect 
of the dye on rhe energy metabolism being dominant 

in these cells (glucose intermediary metabolism and 

mirochondrial function). or an adaptation to smaller 
energy demands resu !ting from decreased cyto-
plasmic protein synthesis. 

The literature supports an affinity of c.v. to 

nuclcic acids. C.v. has been used as a nuclear or 
chromatin stain (14); and a binding to DNA has 
bccn demonstrated by cytophotometry ( 17). This 
might induce detrimental changes in thc DNA 

molecules (19). With this in mind, an influence on 
cells during the period of DNA synthesis is to be 

expected. Recently, however, Norrby & Mobacken 

(18) showed that not only these but also cells in the

G 1 (0) cell cycle phase are influenced by c.v. This

indicates that c.v., besides influencing nuclear DNA, 

also influences other basic mechanisms in living

cells.
Mitochondria contain DNA which is believed ro 

code the synthesis of some mitochondrial proteins 
(2, 12). Some chemicals are known to interact with 
mitochondrial DNA and thus disturb the proper 
Functioning of mitochondria. Ditranol, a common 
lopical antipsoriatic drug, as also acridines, is pro­

posed to act thus, probably by intercalation (13, 24, 

27). An induction of respiration-deficient mutants of 
yeast with c. v. in concentrations of I 0 ' - 10-• g/ml 
has recently been shown (23). This type of mutation 
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is caused by interaction with the mitochondrial 

DNA. Possible mechanisms for interaction with 

DNA have recently been reviewed by lrving (9). 

Other substances block respiratory enzyme systems, 

e.g. rotenone, antimycin A and cyanide, and cause a
quick inhibition of respiration ( 12). A reduccd
respiratory activity, irrespective of its cause, will 

result in a slowing of cellular functions.

Il is also possible that c.v. acts primarily on the 

nucleic acids in cell nuclei and/or cytoplasmic RNA 

with secondary effects on cytoplasmic protein syn­

thesis, which in turn will reduce the requirement for 

energy and thus limit mitochondrial respiration. A 

combination of the discussed targets for c.v. cannot 

be ruled out. 

in conc/usion: this study has shown that c.v. 

seriously impairs the metabolism or connective 

tissue cells in vitro. Several pathogenetic mechanisms 

are possible, as the primary event(s) is still unknown. 

Further studies are necessary for a definite clarifica­

tion of the mode of action of c.v. Furthcrmore, our 

observations suggest that the in vitro system em­

ployed in this study may be a useful mode! for the 

study of the metabolic effects of topical drugs on 

granulation tissue. 
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