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I~r ing  prolonged (for 52 weeks) application of a 0o001% solution of benz(a)pyrene (BP) in 
benzene after  a single application of 30 or 50 #g 7,12-dimethylbenz(a) anthracene (DMBA) 
a synergic  effect  was observed:  79.4% of animals with tumors  and 2.48 tumors  per  mouse 
after  the combination with 30 #g DMBA and BP compared  with 42.8% and 0.86 when 30 ttg 
DMBA was given alone. After a combination of 100 pg DM BA and BP the corresponding figures 
were 100% and 3~ and after  application of 100 ttg DMBA alone they were 76% and 2.24. 
It is concluded that the difference between the effects of a combination of two true c a r -  
cinogens, on the one hand, and the effects of a combination of carcinogen and cocarc ino-  
pen, on the other hand, are  quantitative and not qualitative in charac te r .  The role of 
dose of the agents in the effects of their combined action is discussed.  

It has often been shown that the p rocess  of tumor development, when "star ted" by one carcinogen,  
can be "finished" by another [5, 14]o It has also been suggested [4] that the charac te r  of the effects of a 
combination of two carcinogenic agents is la rgely  dependent on their dose. With r a re  exceptions 113], the 
doses used in combinations of true carcinogens were very  large.  

The object of the present  investigation was to study the action of a combination of two carcinogenic 
polycyclic hydrocarbons given in the c lass ica l  2-stage scheme; a single application of ene of them, used 
in the ordinary  doses for " c a r c i n o g e n - c r o t o n  oil" experiments ,  followed by repeated application of the 
other carcinogen,  in a subcarcinogenic dose [2]. 

E X P E R I M E N T A L  M E T H O D  

Male F 1 (C57BL x CBA) mice weighing 25-30 g were used. Six drops of a solution of 7 ,12-dimethyl-  
benz(a)anthracene (BMBA), containing 30 or 100#g of the carcinogen,  were applied once to the skin on 
the an imal ' s  back in the res t ing phase of the hair cycle~ Daily application (two drops) of 0.001% of a 
solution of benz(a)pyrene (BP) in benzene was s tar ted  1.5 months later and continued for 1 year .  :Differ- 
ent combinations were used (five groups of animals):  1) 30 #g DMBA; 2) 30 #g DMBA + BP; 3) 100 #g 
DMBA; 4) 100 #g DMBA + BP; 50 0.001% benz(a)pyrene for 2 yea r s .  The mice in the f i rs t  four groups 
were sacr i f iced 52 weeks after  the beginning of BP application. 

E X P E R I M E N T A L  R E S U L T S  

The f i rs t  papil lomas appeared in groups 1 and 2, 27 weeks, in group 3, 22 weeks, and in group 4, 19 
weeks after  the beginning of BP application. The frequency of the tumors  and their latent periods are 
given in Table 1. 
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TABLE 1. F r e q u e n c y  of T u m o r s  and T h e i r  La t en t  P e r i o d  a f t e r  
S e p a r a t e  and  C o m b i n e d  App l i ca t i on  of DMBA and BP 

3- 

t- 

O 

!a..I Nu.mbr 
I ammals 
tumors 

30 gg 25 

DMBA 28 
30 ~tg 
DMBA + 
BP 29 
100 gg 
DMBA 

DpMBA + 1 0 0  gg ' 25 

0.001 ~0 BP 
for 2 years 30 

~fith 

42,8 --- 

79,4 0 01" [ 

76,0 

100,0 0,0251 

Number of papillomas 

per 
mouse P ~: 

24 0,86+--0,26 

72 2,48• O,OP 

56 2,24• 

33 3,32• 0,02 ~ 

Mean latent 
period (in weeks) 

~ all papil- '  

I 
1 t29'~ 41,6-= 1,82 

3 28,0 i 46,7• 

J 4 ] 23,3 

7 21,6 

41,8• 1,41 

41,6• 1,18 

*Value  of P c o m p a r e d  with  g roup  1. 
SValue  of P c o m p a r e d  with group  3. 

By the end  of the p e r i o d  of o b s e r v a t i o n ,  a f t e r  a p p l i c a t i o n  of 30 t tg DMBA alone  (group 1) t u m o r s  
we re  p r e s e n t  in 42.8% of a n i m a l s ,  bu t  when a s ingle  a p p l i c a t i o n  of DMBA was fo l lowed  b y  r e p e a t e d  a p p l i -  
c a t i o n s  of BP (group 2) t u m o r s  we re  p r e s e n t  in 79.4% of m i c e .  The mean  n u m b e r  of p a p i l l o m a s  p e r  mouse  
a l s o  was  i n c r e a s e d :  0.86 in g r o u p  1 and 2.48 in g roup  2. A f t e r  a s ing le  a p p l i c a t i o n  of 100#g DMBA (group 
3) t u m o r s  we re  found in 76% of m i c e ,  and  t h e i r  mean  n u m b e r  p e r  mouse  was  2.24.  With  a c o m b i n a t i o n  of 
100 tt gDMBA and BP (group 4) the c o r r e s p o n d i n g  f i g u r e s w e r e  100% and 3.32.  

R e g r e s s i o n  of the p a p i l l o m a s  was  m o r e  m a r k e d  in the g r o u p s  in which a h ighe r  dose  of DMBA was  
u s e d .  In t h e s e  g r o u p s  r e g r e s s i o n  of abou t  10% of a l l  the deve lop ing  p a p i l l m o a s  was  o b s e r v e d .  

The n u m b e r  of m a l i g n a n t  t u m o r s  was  s m a l l :  in g roup  2 one k e r a t o a c a n t h o m a  with c o n v e r s i o n  into 
c a r c i n o m a  was found, and in g roup  4 t h e r e  w e r e  one c a r c i n o m a  and two k e r a t o a c a n t h o m a s ;  in g r o u p s  1 
and 3 t h e r e  we re  only p a p i l l o m a s  m e a s u r i n g  1-3 m m  o r ,  o c c a s i o n a l l y ,  4 m m .  

R e p e a t e d  a p p l i c a t i o n  of B P  wi thout  p r e l i m i n a r y  a p p l i c a t i o n  of DMBA (group 5) did not  induce  t u m o r s  
for  1 y e a r  a f t e r  the beg inn ing  of t h e i r  a p p l i c a t i o n .  Not unt i l  the end  of the 2nd y e a r  ( a f t e r  24 months )  d id  
a k e r a t o a c a n t h o m a  a p p e a r  in one of the 16 mice  which s t i l l  r e m a i n e d  a l i v e .  

Dur ing  the p e r i o d  of o b s e r v a t i o n  five mice  in g roup  1 and four  mice  in g roup  2 d ied  f r o m  i n t e r e u r r e n t  
i n f ec t i ons  (between the 48th and 56th w e e k s  a f t e r  a p p l i c a t i o n  of DMBA); one mouse  d i ed  in e a c h  of g r o u p s  
3 a n d 4 .  

The r e s u l t s  show tha t  the p r o c e s s  of c a r c i n o g e n e s i s w a s  de f in i t e ly  s t i m u l a t e d  when the two agen t s  
we re  u sed  in con junc t ion .  The e f f ec t  o b s e r v e d  In these  e x p e r i m e n t s  can  e v i d e n t l y  be i n t e r p r e t e d  as  s y n e r g i c .  

C o m p a r i s o n  of the r e s u l t s  of th i s  e x p e r i m e n t  with the e f f ec t  of a " c a r c i n o g e n - c r o t o n  o i l "  c o m b i n a t i o n  
r e v e a l s  s i m i l a r i t i e s  and  d i f f e r e n c e s .  The s i m i l a r i t y  l i e s  in the ob ta in ing  of an e f f ec t  which  i s  much g r e a t e r  
than p u r e l y  a d d i t i v e : t h i s  a p p l i e s  both  to the n u m b e r  of a n i m a l s  with t u m o r s  and the mean  n u m b e r  of t u m o r s  
p e r  a n i m a l .  H o w e v e r ,  quan t i t a t ive  d i f f e r e n c e s  were  p r e s e n t  in th is  c a s e :  the mean  n u m b e r  of p a p i l l o m a s  
p e r  mouse  a f t e r  the c o m b i n a t i o n  of DMBA + BP was 2 -3 ,  w h e r e a s  a f t e r t h e  " c a r c i n o g e n - c r o t o n  o i l "  c o m -  
b ina t i on  mul t ip l e  p a p i l l o m a s  a r e  f r e q u e n t l y  o b s e r v e d  (7-10 o r  even  m o r e  p e r  a n i m a l ) .  

So f a r  a s  the f r e q u e n c y  of c o n v e r s i o n  of t u m o r s  into the m a l i g n a n t  f o r m  is  c o n c e r n e d ,  th i s  was  not  
s i g n i f i c a n t l y  a l t e r e d  by  the c o m b i n a t i o n  of the two c a r c i n o g e n s  by  c o m p a r i s o n  with the  f r e q u e n c y  of m a l i g -  
nan t  t u m o r s  i nduced  by  DMBA a lone .  Th is  l a r g e l y  r e s e m b l e s  the t y p i c a l  e x p e r i m e n t s  with the " c a r c i n o g e n -  
c r o t o n  oi l  (or  T w e e n -  60)" c o m b i n a t i o n ,  when the p a p i l l o m a s  in f ac t  r e m a i n e d  ben ign  o r  even r e g r e s s e d ,  and  
e v i d e n c e  of m a l i g n a n c y  d e v e l o p e d  on ly  in i s o l a t e d  c a s e s .  H o w e v e r ,  th is  index  i s  v e r y  r e l a t i v e  even  fo r  the 
" c a r c i n o g e n - c r o t o n  o i l "  c o m b i n a t i o n .  When c r o t o n  oil  was  u s e d  in su f f i c i e n t l y  high c o n c e n t r a t i o n s  and fo r  
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long enough [9, I0, 12, 13] a clear increase in the incidence of malignant tumors was observed. This was 
demonstrated most clearly by Roe and Clark [II]. The same result was observed when high doses of 

another weak carcinogen, Tween-60, was used [8]. 

Using highly active fractions of croton oil in combination with true carcinogens, Van Duuren [14] 

observed the appearance of malignant tumors in 40-60% of cases. 

Frequent regression of papillomas (up to 60%) is characteristic of weakly active fractions of croton 
oil [7]; strongly active fractions induce regression much less frequently (0--8% according to Van Duuren 
[14]). 

These r e su l t s ,  in conjunction with those of the p re sen t  invest igat ion,  suggest  that the c h a r a c t e r  of the 
combined effect  of two carc inogens  is l a rge ly  dependent on the dose of the agents  used. If the doses of the 
two agents  a re  high enough, an additive ef fec t  or even the absence  of ef fec t  of the weaker  carc inogen under 
the pa r t i cu l a r  expe r imen ta l  conditions used is more  probable .  If the doses of the agents a re  smal l ,  the 
p robabi l i ty  of a synergie  effect  i n c r e a s e s .  This  mus t  be borne in mind when the carcinogenic  r i s k  of 
pollution of the ex te rna l  env i romen t  is a s sessed~  

As r e g a r d s  the mechan i sms  of the synergic  effect  of a combination of two carc inogens  nothing more  
subtantial  than an hypothesis  is poss ib le  at p r e sen t .  A single application of DMBA may perhaps  induce 
changes in the skin as the r e su l t  of which each  subsequent dose of BP applied is re ta ined  for  longer,  as 
was demons t ra t ed  by Book [6] who applied BP seve ra l  days a f te r  DMBA or who applied BP to the prev ious ly  
i r r ad i a t ed  skin [1]. 

The effect  may  be produced by both morphological  and b iochemica l  changes at the site of application 
of the carc inogen,  when the c h a r a c t e r  of the changes depend on the dose.  Large  doses  give r i s e  to a m a r -  
ked toxic ef fec t  followed by g ros s  s t ruc tu ra l  changes ,  while smal l  doses  m e r e l y  change the c h a r a c t e r  or  
in tensi ty  of me tabo l i sm of the act ive compound, thereby affecting sensi t iv i ty  to the subsequent  application 
of carc inogens .  
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