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I t  was previously demonstrated that when 
various dosages of 9,1O-dimethyl-l,2-ben- 
zanthracene dissolved in acetone were ap- 
plied to the skin of Swiss mice as single ap- 
plications, it required 200  pg for effective 
carcinogenic action. Doses of 20 and 50 pg 
were without effect and a dose of 100 pg gave 
rise to but a few benign tumors. A dose of 
200 pg gave rise to a high incidence orf tu- 
mors, both benign and malignant. Above a 
dose of 200  pg, no additional response was 
noted( 1,2). One reason that was suggested 
for this dose response behavior is that the in- 
jury inflicted by the doses of 200  pg and 
over of this necrotizing carcinogen plays a 
role. Injury has been shown by several in- 
vestigators to play a secondary r d e  in car- 
cinogenesis in the skin (3,4,5,6) and analysis 
of such experiments has provided the ex- 
perimental basis for considering this process 
as a 2-stage phenomenon(7.8.9). I t  might 
therefore be thought that a t  the 200 pg level 
an additional factor associa4ted with increased 
injury comes into play and that this provides 
a prolmoting stimulus enabling the carcinogen 
to manifest its full activity. I t  appeared in 
our original study that injury might play such 
a role; however, injury to the skin is ex- 
tremely difficult to qualify and the current 
experiment was designed to test the hypothe- 
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sis. Croton oil has been studied in many ex- 
periments as a promoting agent in skin car- 
cinogenesis( 2,1,11) ; it is well known to have 
an injurious effect on many tissues although 
the mechanism of action in promotion is still 
obscure. In the previous studies with croton 
oil, the agent has always been applied re- 
peatedly. In  the present investigation, groups 
of mice were given single applications of 
either looi or 2 0 0  pg of DMBA alone or com- 
bined with croton oil. 

Materials and methods. The mice used 
were Swiss females, 7 to 9 weeks old a t  the 
beginning of experiment, originating from 
mice obtained lfrom the Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine 
and bred in this department since 1951. The 
mice were housed in plastic cages on wood 
shavings, fed Rockland mouse diet and given 
water ad Zibitim. The arcinogen 9,lO-di- 
methyl-l,2-benzanthracene (DMBA) was 
obtained from Eastman Organic Chemicals, 
then purified by chromatography on fluorisil 
in this laboratory. Croton oil was obtained 
from Boats Ltd., England. 

Both the croton oil and the DMBA were 
applied dissolved in fluorescence free acetone, 
using a calibrated micropipette. The solu- 
tions were applied to the interscapular region 
of the mice using an area approximately 1.5 
per 1.5 cm shaved free of hair. 

Mice were checked each week and all the 
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TABLE I. Distribution Pattern of Induced Tumors. 

Total Total re- 
No. of Total epidermal Avg latent gressing Carci- Sar- 

Treatment mice TBA" tumors period (wk) tumors nomas com:is 

200 pg DMBA in ace- 30 Q 1% 19 17.8 G 6 1 

200 pg DMBA in a 0.2% 30 9 14 22 18.1 11 2 1 

200pgDMBAina2% 30 9 8 23 19.0 3 1 

100 pg DMBA in ace- 30 9 5 8 15.5 4 0 0 

100 pg DMBA in a 0.2% 20 Q 3 3 -- 1 1 0 

100pgDMBAina2% 30 Q 2 2 

tone, once 

sol. of croton oil in 
acetone, once 

sol. of croton oil in 
acetone, once 

tone, once 

sol. of croton oil in 
acetone, once 

sol. of croton oil in 
acetone, once 

n 

1 __ 0 - 

* Tumor bearing animals. 

lesions were graphically recorded. All the 
tumors present for over 1 week were consid- 
ered. The animals were kept until death or 
were killed if in poor condition. The sur- 
vivors were sacrificed after the 75th week fol- 
lowing the application. All mice were com- 
pletely autopsied, with the exception of 4 lost 
through cannibalism and complete histologi- 
cal study was undertaken. 

Six groups of 
mice were used. Each cunsisted of 30 mice 
with the exception of the 5th group in which 
only 20 mice were used. 

Group I were given a single dose af 200 pg 
of DhIBA dissolved in 50 pl acetone. Group 
2 were given a single d m  of 2 0  pg of 
DMBA dissolved in 50 pl of a 0.2% solution 
of croton oil in acetone. Group 3 were given 
a single dose of 200 pg of DRlBA dissolved 
in 50 pl of a 2.0y0 solultion oif croton oil in 
acetone. Group 4 were given a single dose of 
100 pg of DMBA dissolved in 50 pl of ace- 
tone. Group 5 were given a single dose olf 
100 pg DMBA dissolved in 50 pl of a 0.2570 
solution of croton oil in acetone. Group 6 
were given a single dose of 1 0  p,g of DMBA 
dissolved in 50 pl of a 2.0% solution of cro- 
ton oil in acetone. The results are summa- 
rized in  Table T. 

I t  can be seen that previous findings with 
single applications of DMBA in acetone were 
confirmed. Whereas a single dose of 200 pg 

Experimental and results. 

in acetone gave rise to a total of 19 tumors in 
12 of 30 treated mice, 7 of which were malig- 
nant, the dose of 100 pg gave rise to only 8 
tumors in 5 of the 30 treated mice; af these 
4 regressed and none were malignant. 

When croton oil was added in the 2 con- 
centrations used, no augmentation of effect 
was noted in any instance. In the case af a 
dose of 200 pg applied in the lower concen- 
tration of croton oil (0.2%) a similar num- 
ber of tumors was observed, although less be- 
came malignant. In the experiment using 
200 pg of DMBA in the higher concentration 
of croton oil (2.0%) a decreased tumor inci- 
dence was observed. Tn the instance of the 
experiments using 100 pg of DMBA dissolved 
in the 2 concentrations of croton oil the mini- 
mal effect of the 100 pg af DMBA was almost 
abolished. 

The doses of croton oil used in the study 
did not give rise to ulceration of the skin d- 
though the higher concentration did give rise 
to obvious reddening and thickening of the 
skin over and above the effect induced by the 
carcinogen. 

I n  our prior studies we had 
established that a single dose of 200  pg crf 
the carcinogen DMBA is highly effective, 
giving rise to tumors of the skin in almost 
50%) of treated Swiss mice, of which a high 
prqmrtion a<ppear malignant, namely 28% 
become squamous cell carcinomas ( 2 ) . A 

C'o.zzcZusions. 
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dose cnf 100 pg of UAIBA? on the other hand, 
is a borderline carcinogen giving rise to a 
small proportion of papillomas many of 
which regress and few of which progress to 
malignancy. This result was confirmed. 
From other studies i t  is well known that a 
dose of 100 pg is an effective initiating dose 
of this carcinogen for the skin; that is. if it 
was followed by repeated applications off cro- 
ton oil or some other promoting stimulus, 
tnany tumors would appear( 10.1 I ) .  In the 
present study this dose of carcinogen was 
combined with a single application of croton 
oil at 2 dosages. In no instance did croton 
oil, thus administered, give rise to any pro- 
moting effect, but to the contrary appeared. 
if anything, to engender a reduction in tumor 
incidence. This finding applied not only to 
combinations with the 100 pg dose of 
DMBA, but also to the 2 0 0  pg dose. 

I t  thus seems clear that the difference in 
the carcinogenic capabilities of doses of 100 
pg or 200 pg of DJlBA cannot be explained 
on the basis of additional “injury” inflicted 
by the higher dose, if the “injury” is of the 
same type as that caused by croton oil. It is 
clear that the promoting effects of croton oil 

are quite distinct from the initiating and car- 
cinogenic actions of DMBA since croton ail 
requires repea,ted applications to manifest 
its effect and has, if anything, the reverse ef- 
fect under the conditions of the present ex- 
priment. The qualitative nature of the tu- 
mors seen in the croton oil treated groups ap- 
pears consistent with that observed in many 
previous studies in that there was a predomi- 
nance of benign and regressing lesions( 2).  
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Despite the world-wide challenge of Ftaph- 
ylococcal infection, its mechanisms of patho- 
genesis are not well understood? and there is 
a dearth of measurable parameters for gaug- 
ing specific resistance, particularly in man 
( 1 ) . Transfer of observations on staphylo- 
coccal infection from the experimental animal 
to man is subject to serious ambiguities(2). 
Elek and Conen(3) elaborated a test involv- 
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ing threading of infected sutures through the 
skin, which they applied to human subjects. 
James and MacLeod(4) have applied a slight 
modification of Elek’s technic to experimental 
work in mice in the hope that this would pro- 
vide a model system less artificial than some 
other procedures currently in use. In  the 
present study we have examined some effects 
o f  pooled human gamma globulin in modify- 
ing response t o  infected sutures in mice, fol- 
Io~ving the 1)rocerlure of James and MacLeod. 
It would appear that this system of infected 
sutures is indeed a useful model. 


