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Normal  and malignant rodent f ibroblasts  differ in their sensi t ivi ty  to the toxic action of polycyclic 
carc inogenic  hydrocarbons [4, 10, 11, 13]: the cells  of s a r comas  induced by chemical  carc inogens ,  by 
cellophane discs ,  by polyoma and SV40 v i ruses  are  fa r  less sensi t ive to these agents than the homologous 
no rma l  cel ls .  The increase  in res i s t ance  to carcinogens is evidently connected with the acquisition of 
malignant proper t ies  by the cell  [1, 2]. 

The object of the present  investigation was to study the ra te  of metabol ism of the carcinogenic hydro-  
carbon benzpyrene 0BP) in cul tures  of normal  and malignant f ibroblasts  of mice and hams te r s .  Similar  
investigations were  also ca r r i ed  out with cul tures  of normal  human f ibroblasts ,  which a re  res i s tan t  to the 
toxic action of carcinogenic hydrocarbons [13]. 

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

Exper iments  were  ca r r i ed  out on embryonic  mouse,  hamste r ,  and human f ibroblasts  in the second 
subculture,  and also on a number of s t ra ins  of malignant hams te r  and mouse f ibroblasts  cultivated for  a 
long t ime {Table 1). 

F r o m  24-48 h af ter  the ceils  were seeded in Car re l  f lasks, the medium was changed with the addition 
of 10 ml medium No. 199 with 10% se rum to each flask.  In some cases  the carcinogen was added in 0.1 
ml acetone so that its concentrat ion in the medium was 0.1 # g / m l .  In other cases  the carcinogen was 
dissolved beforehand in s e rum,  in which case  its concentrat ion in the medium was 0.05-2.4 p g / m l  (Table 2L 
The flasks were  incubated for  between 30 rain and three days {Table 2). At the end of this t ime themedium 
was poured f rom each f lask into a separa te  tube, the cells were  removed with t rypsin and counted, and 
then t r ans fe r red  into the same tube. In the course  of the experiment  the number of cells in the culture 
var ied  considerably.  At the t ime of addition of BP i tva r i ed  f r o m  500, 000 to 1 million per flask, and later  
in the sensi t ive t issue it fell to 150,000 -200,000, while in the res is tant  t issue it rose  to 2-3 million. The 
cells  of some s t ra ins  (APO, No. 866) became detached f rom the glass towards the end of the experiment  
as the resul t  of monolayer  format ion.  For  this reason the quantity of des t royed carcinogen was de te r -  
mined per f lask and not in relat ion to a cer ta in  number  of cel ls .  

BP was extracted f r o m  the cul ture  medium and the cel l  mass  with normal  octane at 80 ~ with con-  
tinuous shaking. BP in the extract  was determined quantitatively by a f luorescence  spec t romet r i c  method 
in solutions in n-octane  f rozen  to -196" [5, 6, 8, 9]. 

In experiments in which the intensity of f luorescence  was determined by a microf luoromet r ic  method, 
the cells  were  cultivated in chambers  made f r o m  optically polished glass with paral lel  walls.  

The apparatus for  record ing  the intensity of f luorescence  of the BP penetrating into the cells con~ 
s is ted of three main par ts :  an ML-2 luminescence microscope ;  a type UM-2 monochromator ,  and a r e -  
cording sys t em consist ing of a type FI~U-17 photomultiplier,  on the photocathode of which fell  light f r o m  
the exit s l i t  of the monochromator ,  a d c  amplif ier ,  and a se l f -wri t ing ]~PP-0.9 potentiometer.  
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TABLE 1 

Strain Animal f r o m  which Carcinogenic agent Origin of s t ra in  
t issue obtained 

BHK-21 

L 

No. 866 
NO o 874 
SA-1 
PKh-128 
APO 

L e g e n d :  

Hamster  
Mouse 

Hamster 

Hamster 

Hamster 

Hamster 

Mouse 

Spontaneous malignant  change 
Methylcholanthrene or spontane-  

ous malignant change 
Polyoma virus 

u  SV40 
SV40 

Spontaneous malignant change 

[15] 
[14] 

I 
I 

[3] 
II 
[7] 

I) Strain obtained f r o m  I. S. Ir l in at the N. F. Gamaleya Institute of Mic ro-  
biology and Immunology; II) s t ra in  obtained f rom A. D. Al ' tshtein  at the L. A. Tarasev ich  
Control  Institute.  The authors are  grateful  to both. 
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Fig. 1. Changes in intensity of f luorescence  of 
benzpyrene 0BP} (4030 A) in a monolayer  of 
mouse f ibroblasts .  1) Chamber  in which medium 
containing BP in a concentrat ion of 1 # g / m l  was 
replaced after  1 h by medium without carcinogen;  
2) chamber  with medium containing BP in concen-  
t rat ion of 1 p g / m l .  A b s c i s s a - t i m e  (in hours) 
af ter  addition of carcinogen;  o rd ina te -conven t iona l  
units of f luorescence  (intensity of f luorescence  
of BP solution containing 1 �9 10 -7 p g / m l  in ben-  
zene taken as 50). 

Excitation was ca r r i ed  out with the u l t r a -  
violet  par t  of the spec t rum f r o m  a type DI{Sh-250 
lamp, selected with a type UFS-2 f i l ter .  

EXPERIMENTAL RESULTS 

Within a few minutes after its addition to the 

medium, BP began to accumulate in the cells. 

After 30 rain this accumulation in the cells ceased 
(see Fig. I). In the course of the first two hours 

after its addition to the medium, all the added BP 

(95-100 %) could be extracted f r o m  the muscle  
f ibroblasts  and the cul ture  medium. Later  the 
quantity of BP extractable  f r o m  the cul tures 
gradual ly diminished. The rate  of dec rease  of the 
BP concentration in cultures of mouse fibroblasts 

in experiments when 0.i ~g/ml was added re- 

mained approximately constant throughout the 

experiment: the quantity of BP in the culture was 

halved in the course of about 12 h. In experiments 

in which the intensity of fluorescence of BP in the 

cells was determined, this intensity also diminished 
gradually; if the medium with BP was replaced by 

a medium not containing this hydrocarbon, the 

intensity of BP fluorescence fell very rapidly (in 
the course of i h) to zero (see Fig. I). The amount 

of BP extractable f r o m  the cul ture  of mouse f ibroblasts  2-3 days af ter  its addition was only 3-710% of the 
initial quantity of hydrocarbon added (0.1 p g / m l ) .  In some experiments  the res idue af ter  extraction of the 
cul tures with octane was hydrolyzed at 80 ~ in a 4.5 N KOH for  20 h. The amount of BP obtained by a second 
extract ion of the hydrolysate  was less than 10% of the initial BP content in the cul ture.  

Similar  resul ts  were  obtained in experiments  with normal  hams te r  f ibroblasts  as in the experiments  
with mouse f ibroblasts  (Table 2). In cul tures  of human embryonic f ibroblasts  the dec rease  in the BP con-  
tent took place much more  slowly than in the experiments  with rodent  f ibroblas ts .  In cul tures of some 
malignant lines of mouse and hams te r  f ibroblasts  which were  tested,the BP content hardly changed at all 
during the three days of the experiment  (lines L and BHK), while in cul tures  of other tumors  it fell ,  a l -  
though much more  slowly than in cul tures  of the homologous normal  f ibroblasts  (Table 2). 

The BP added to cul tures of normal  rodent  f ibroblasts  was~ gradually converted into a compound not 
possess ing  the charac te r i s t i c  maximum of f luorescence  at 4030 A. Oxidative sys t ems  metabolizing BP a re  
found in the l iver cells  of var ious animals and also in cells  of the intestine and cer ta in  other t issues [12]. 
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T A B L E  2.  

Animals 
from 
which 
tissue 
obtained 

BP Metabolism in Cultures of Normal and Malignant Cells 

Tissue or strain BP concentra- 
tion (in gg/ml) 

Duration of experiment (in hours) 

residue of BP (in ~ of control) 

49-+5 21,6-+2,6 8---2,2 3 -  +1,3 
Normal 0,1 - -  11,74-1 <1 - -  
embryonic 0,09--0,12 22-+6 5-+6,5 <1 
fibroblasts 0,3--0,5 41-+3,3 - -  12,1_+4 

0,6--0,8 -- 32-+3 
1,6 

o L O, 1 - -  93+3 804-7 98-+ 13 

APO 0,1 - -  - -  904-0 76-+16 
0,6 - -  - -  89-+10 

Normal 
embryonic 
fibroblasts 0,1 - -  25+3 9,64-1 3+ 1 

0,1 - -  - -  994-1 1054-1 
BHK 0,6 - -  - -  884-15 

2,4 - -  994-11 

0,085 - -  - -  45_+6 - -  
PKh-128 0,7 - -  53__+7 

;~ l , o  - -  61 ~ - 1 0  - -  

N'.o 866 0,1 - -  - -  - -  38_+9 

0,05 - -  - -  74-+6 - -  
No 874 0,15 - -  85-+8 - -  

SA-1 0,075 - -  - -  654-13 - -  

Normal 
embryonic 
fibroblasts 

0,09 72-+6 

0,09 

110--+7 

844-0 

59• 

47--_6 

B P  i n  t h e s e  e x p e r i m e n t s  w a s  p r o b a b l y  t h e  r e s u l t  of a c t i v i t y  of t h e s e  s a m e  e n z y m e  s y s t e m s  p r e s e n t  

i n  t h e  c e l l s  of t i s s u e  c u l t u r e s  of r o d e n t  e m b r y o s .  T h e s e  c e i l s ,  a c t i v e l y  m e t a b o l i z i n g  B P ,  w e r e  h i g h l y  s e n -  

s i t i v e  to  t h e  t o x i c  a c t i o n  of t h i s  h y d r o c a r b o n .  H u m a n  e m b r y o n i c  c e l l s ,  a n d  a l s o  t h e  c e l l s  of  c e r t a i n  t u m o r s  

of m i c e  a n d  h a m s t e r s ,  w i t h  m u c h  l o w e r  s e n s i t i v i t y  to  c a r c i n o g e n i c  h y d r o c a r b o n s ,  h a r d l y  m e t a b o l i z e d  B P  

a t  a l l ,  o r  d i d  s o  m u c h  m o r e  s l o w l y  t h a n  n o r m a l  r o d e n t  c e l l s .  T h i s  c o r r e l a t i o n  b e t w e e n  t h e  r a t e  of B P  

m e t a b o l i s m  a n d  i t s  t o x i c  a c t i o n  s h o w s  t h a t  d u r i n g  m e t a b o l i s m  t h i s  h y d r o c a r b o n  m a y  b e  c o n v e r t e d  i n t o  a 

h i g h l y  t o x i c  d e r i v a t i v e .  T h i s  h y p o t h e s i s  r e q u i r e s  v e r i f i c a t i o n .  T h e  d i f f e r e n c e  i n  s e n s i t i v i t y  of v a r i o u s  

t y p e s  of c e l l s  i n  v i t r o  to  c a r c i n o g e n s  i s  p a r t l y  d u e  to  d i f f e r e n c e s  i n  t h e  r a t e  of m e t a b o l i s m  of t h e s e  c o m -  

p o u n d s .  P o s s i b l y ,  h o w e v e r ,  s e n s i t i v e  a n d  r e s i s t a n t  c e l l s  d i f f e r  n o t  o n l y  in  t h e  r a t e  of  m e t a b o l i s m  of c a r -  

c i n o g e n i c  h y d r o c a r b o n s ,  b u t  a l s o  i n  t h e  c h a r a c t e r  of  t h e  m e t a b o l i t e s  f o r m e d  a n d  a l s o  i n  t h e  c h a r a c t e r  of  

t h e  c e l l  c o m p o n e n t s  w i t h  w h i c h  t h e s e  m e t a b o l i t e s  i n t e r a c t .  
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