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ABSTRACT 

Chinese hamster V 7 9  cells have been exposed to single metabolites 

and mixtures of metabolites of benzo(a)pyrene [B(a)P] and reproductive cell 

survival and certain aspects of cellular metabolism were measured. B(a)P 

trans-7,8-dihydrodiol plus B(a)P 1,6-quinone resulted in increased cell 

survival compared to what could be.expected from treatment with either 

metabolite alone, the mixture thus producing a neutralizing effect. If 

B(a)P 4,5-oxide is mixed with 3-HOB(a)P, increasing amounts of 3-HOB(a)P 

do not cause any additional cell toxicity compared to the toxicity due to 

B(a)P 4,5-oxide alone. 

Replicate cultures of V 7 9  cells were exposed to either B(a)P 

4,5-oxide or 6-HOB(a.)P for 4, 12 or 48 hours, and effects on cell growth and 

macromolecular synthesis were determined compared to control cultures. For 

both metabolites, there was an exposure-time-dependent delay in cell 

division, and the effect was most pronounced for 48 hour exposure to 6-HOB(a)P. 

After the division delay, cells resumed an apparently normal exponential 

growth rate. ' The. percent of cells' cycling and cell multiplication rate, as 

determined from long periods of DNA labelling with thymidine, indicated that 

a larger percentage of metabolite-treated cells were cycling after treatment, 

than was the.case with control cells, even though the exponential growth rate . '  

was similar in both sets. . ' 

RNA (probably mainly ribosomal) synthesis was found to increase above 

control levels after removal of the metabolite, particularly in the case of 

6-HOB(a)P. Protein synthesis was inhibited by 6-HOB(a)P addition, and afte'r . ' 

metabolite removal, increased to control levels concomitantly with RNA synthesis. 

The results suggest that metabolite treatment causes at least a temporary 



c e l l - c y c l e  de lay .  A f t e r  t h e  m e t a b o l i t e  i s  removed, p r o t e i n  s y n t h e s i s  

mechanisms rebound t o  i n c r e a s e  p r o t e i n  s y n t h e s i s .  
. . 



INTRODUCTION 

1 
Although it. is well-known that many metabolites of B(a)P exhibit 

varying degrees of cytotoxicity when cells are exposed to them in vitro, 

(3, '6, 13, 14), the mechanisms by which these cytotoxic effects occur 

are largely unknown. Many studies have shown that B(a)P metabolites, 

particularly the diol-epoxides, can covalently bind to intracellular macro- 

molecules, such as DNA, RNA, and protein (1,7). What effect this binding has 

on subsequent functioning of  the macroro~lecules is perhaps less well- 

characterized. The toxic effect -- in vitro of mixtures of B(a)P metabolites 

has not been extensively investigated, although for human in vivo exposure 

situations, a mixture of not only metabolites of a single chemical but 

multiple metabolites of several chemicals, is probably the common occurrence. 

Because of our task of assessing human health risks from coal-combustion 

processes, it became important to: (1) study the composite tox.i.cit.y of 

mixtures of metabolites compared to the toxicity of the individual components 

of the mixture, and (2) to investigate cellular macromolecular effects of 

toxic metabolites, in an effort to better,understand molecular mechanisms 

involved in toxicity. 

I The abbreviations used . are : B (a) P, benzo (a) pyrene ; B (a) P 4, !+oxide, benzo (a)- 
pyrene 4,5-oxide; 3-HOB(a)P, 3-hydroxybenzo(a)pyrene; 6-HOB(a)P, 6-hydroxy- 
benzo(a)pyrene,; B(a)P trans - 7,8-dihydrodiol; trans - 7,8-dihydroxy-7,8- 
dihydrobenzo(a)pyrene; B(a)P 1,6-quinone, benzo(a)pyrene, 1,6-quinone. 



MATERIALS AND METHODS 

Chinese hamster V79 c e l l s ,  k i n d l y  supp l i ed  by D r .  E. Huberman 

(Biology Div i s ion ,  Oak Ridge Nat iona l  Labora tory) ,  were grown and sub- 
. . 

c u l t u r e d  e s s e n t i a l l y  a s  descr ibed  by ~ube rman  -- e t  a1 ( 4 ) ,  a l though 

Dulbecco's mod i f i ca t ion  of Eag le ' s  minimal e s s e n t i a l  medium w a s  used a s  

t h e  c u l t u r e  medium. One day b e f o r e  a n  experiment was s t a r t e d ,  c e l l s  were 
. . 

seeded i n t o  a f l a s k  a t  r a t h e r  low d e n s i t y  and 'a l lowed t o  grow overn ight .  

These c e l l s  were then  used f o r  t h e  experiment.  Reproduct ive c e l l  s u r v i v a l  

was a s ses sed  by t h e  a b i . l i t y  t o  form co lon ie s  i n  60 mm P e t r i  d i shes ,  and the  

exper imenta l  procedure fol lowed t h a t  of Huberman e t  a1 (4)  except  d i f f e r e n t  

t i m e s  of exposure t o  t h e  B(a)P me tabo l i t e s  were used. Pe rcen t  c loning  

e f f i c i e n c y  f o r - m e t a b o l i t e - t r e a t e d  c e l l s  i s  de f ined  a s  t h e  number of co lon ie s  

i n  a t r e a t e d  d i s h  d iv ided  by t h e  number of co lon ie s  i n  an  ace tone  c o n t r o l  

d i s h  rimes 100. K e t a b o l i t e s  of B(a)P were supp l i ed  by t h e  I I T  Research 

I n s t i t u t e  through t h e  Nat iona l  Cancer I n s t i t u t e  Carcinogenesis  Research 

program (Dr. David Longfellow). Metabol i tes  were d i s so lved .  i n  ace tone  f o r  

a d d i t i o n  t o  t h e  c u l t u r e .  

C e l l  counts  i n  t r e a t e d  and c o n t r o l  c u l t u r e s  were determined us ing  

a hemocytometer, u s ing  Trypan Blue s t a i n i n g  t o  a s s e s s  v i a b l e  c e l l s .  Label ing 

of DNA, RNA and p r o t e i n  was accomplished us ing  a p p r o p r i a t e  r a d i o a c t i v e  

p r e c u r s o r s  ( thymidine,  u r i d i n e ,  and l e u c i n e  r e s p e c t i v e l y )  ob ta ined  from radio-  

chemical s u p p l i e r s  (New England Nuclear and Amersham/Searle). Usual ly 

3 5-10 p C i / m l  of H-labeled compound o r  0.05-0.10 pCi/ml of 14c-labeled chemical 

w a s  added t o  t h e  c u l t u r e  medium. The u s u a l  pe r iod  of l a b e l i n g  was f o r  

16-18 hours  immediately be fo re  t h e  c u l t u r e  was te rmina ted ,  except  i n  t h e  case  

of t h e  e a r l i e s t  4  hour exposure t ime-point ,. i n  which case  t h e  l a b e l i n g  was 



for 4 hours. All labeling experiments were carried out using replicate 

60 mm dishes (duplicate or triplicate). . Macromolecules were precipitated 
. . . . .  

by cold 10% trichloroacetic acid'and separated and prepared for counting 
1 

by standard techniques (10, 11). Amounts of. 'DNA, RNA, and protein in 

cell lysates were determined by colorimetric assays (diphenylamine [2] ;  

orcinol [8 ]  and Lowry procedures [9]  respectively). Results of the labeling 

studies were calculated' for metabolite-treated dishes as percent of labeling 

in contrul d i s l ~ e s ,  which wcrc treated in exactly the same manner, except no 

metabolite was added. 



RESULTS AND DISCUSSION 

B(A)P METABOLITE MIXTURES A. . . .  

Initial experiments were done to study the cytotoxic effect of 

varying the time the cells were exposed to a single B(a)P metabolite. The 

results for 3-HOB(a)P are shown in Fig. 1. There is an increasing cytotoxic 

effect with increasing time of exposure. There is not a direct quantitative 

agreement between cytotoxic effect and "dose" if "dose" is defined as 

concentration of .toxic material multiplied by time of exposure, but a . . 

general correlation is evident. Other metabolites.including B(a)P trans-7,8- 

' . dihydrodiol and B(a)P 4,5 oxide, showed similar effects, i.e. increasing 

toxicity with increased exposure times. ,Although.a number of investigators 

( 4 ,  13) have chosen quite brief exposure times (1-3 hrs) to measure toxicity, 

we selected an exposure time of 48 hours for the mixture experiments, since this 
I! 

may be more representative of in vivo situations.' One to three hour exposure. 

intervals would be short compared with a cell cycle time of 12 hours, and 

significant proportions.of the total cell population may not be sensitive 

if the lethal damage events occur in bnl$ one or two. phases of the cell cycle. 

The results of representative experiments in which a relatively 

non-toxic B(a)P metabolite [B(a)P trans-7,8-dihydrodiol] is mixed with a rather 

toxic metabolite [B(a)P 1,6-quinone] are shown in Figs. 2 and 3. Fig: 2 

illustrates the cytotoxic effect of an equimolar mixture of the two 

metabolites. The mixture is not as toxic as would be expected if the 

toxic effects of the individual components were the result of independent events 

[see the dotted 1,ines in Fig. 2: e.g. if the toxic effects were Independent, 

then net cell survival of mixture-exposed ceils at individual component 

concentrations of 7.5 pg/ml should be (20%) x (75%) = 15%]. In fact, the 



toxic.effect produced by the mixture seems to,be a large reduction in 

cytotoxicity compared to B(a)P 1,6-quinone alone and a small increase in 
. . 

cytotoxicity compared to B(a)P trans-7,8-dihydrodiol alone. Fig. 3 shows 

the cytotoxic effect of a mixture that contains 2 moles of B(a)P trans-7,8- 

dihydrodiol per mole of B(a)P 1,6-quinone. Only in the case of the highest 

mixture-concentration does the cytotoxicity of the mixture approach that 

' predicted from the product of the individual cytotokicities. At other 

concentrations the cytotoxic.ity of the mixture is less than would be . 

predicted. 

~nother mixture combination was tried, in which . increasing amounts 

of 3-HOB(a)P were added to two different concentrations of B(a)P 4,5-oxide 

(Fig. 4). In each case, the mixture produced the same degree of cyto- . 

toxicity as the B(a)P 4,5-oxide alone, [either 65% or 45% cell survival, 

depending on the concentration of B(a)P 4,5-oxide] no uatter what 

concentration of 3-HOB(a)P was added to the mixture [up to 3 pg/ml of 

3-HOB(a)P in the mixture]. These .results seem to suggest that B(a)P 

4,5-oxide is able to block effectively the toxic activity of 3-HOB(a)P, 

possibly by acting at intracellular sites that are the sensitive sites for 

3-HOB(a)P, although we have no experimental proof for this conjecture. 
. . 

The results with B(a)P trans-7,8-dihydrodiol and B(a)P 1,6-quinone 

mixtures suggest a neutralizing effect of the less cytotoxic component of the 

mixture ameliorating the toxicity of the more cytotoxic component. A 

protective effect of benzo(e)pyrene on 7,12-dimethylbenz(a)anthracene skin 

tumor-initiation in mice has been noted by Slaga -. et L-.n a1 (12) and these workers 

suggested this.effect could be due to modification of metabolism of the potent ' 

carcinogen by the very weak carcinogen, benzo(e)pyrene. In the case of our 



in vitro studies, these cells are not capable of further metabolizing the -- 
metabolites administered (5), so that the effects seen must occur at sub- 

cellular sites directly involved in cytotoxic mechanisms. The nature of these. 

sites is not known to us. 

B. MACROMOLECULAR EFFECTS OF TOXIC METABOLITES 

Two different metabolites, B(a)P 4,5-oxide and 6-HOB(a)P were used 
I 

I in these studies. These metabolites differ considerably in their toxicity, 

with B(a)P 4,5-oxide being much more cytotoxic and also much more mutagenic 

4 
(6). V79 cells were seeded at a rather low density (8 x 10 ) in 60 mm dishes, 

and the cells were exposed to the 2 aforementioned metabolites for varying 

' periods of time. The .celi number and uptake of radidactive precursors 

into certain macromolecules was determined over sequential intervals during 

and after the period in which the metabolite was in the culture medium. 

The effect of varying times of exposure to 6-HOB(a)P on subsequent 

cell growth is shown in Fig. 5. The effect of B(a)P 4,5-oxide is very similar 

to 6-HOB(a)P except in the case of 48 hour exposure, in which case the 

subsequent cell growth very closely parallels the growth of cells exposed for 

24 hours to 6-HOB(a)P. The fact that the growth curves for metabolite- 

treated 'cells, after an initial delay whose duration depends'upon length of 

exposure, all become more or less parallel to the growth curve for untreated 

cells, suggests that exponential phase growth rates for metabolite-treated 

cells are not grossly different from control values. One possible explanation 

for the shape of the cell-growth curves is thatthe B(a)P metabolite induces 

a delay in the cell cycle and that after the metabolite is removed, the cells 

. eventually recover the normal cycle kinetics. The difference in hours between 

the exponential growth phases of control and treated, cultures might provide an 



e s t i m a t e  of such a de lay .  For B(a)P 4,5-oxide, t e n t a t i v e  d e l a y s ' o f  6, 12 ,  

and 1 8  hours  can be  e s t ima ted  f o r  exposure t imes of 4, 12  and 48 hours ,  

. . .. . r e s p e c t i v e l y .  For 6-HOB(a)P, de l ays  of 4, 6 ,  18,  and 36 h o u r s c a n  be 

e s t ima ted  f o r  exposure t imes  of 4, 12 ,  24 and 48 hours .  

Another e f f e c t  must a l s o  be taken i n t o  account  i n  i n t e r p r e t i n g  

t h e s e  growth curves.  Treatment w i t h  me tabo l i t e  r e s u l t s  i n  some c y t o t o x i c i t y ,  

t h e  degree i n c r e a s i n g  w i t h  i n c r e a s i n g  exposure t imes. Reproductive c e l l  

s u r v i v a l  measurements were made a s  a p a r t  o f  t h i s  experiment and t h e  percent  

c e l l  s u r v i v a l  a s s o c i a t e d  w i t h  vary ing  exposure t i m e s  i s  g iven  i n  Fig.  5 

(Corresponding c e l l  s u r v i v a l  v a l u e s  f o r  4, 1 2  and 48 hour exposure t o  B(a)P. 

4,5-oxide were 73%, 58%, and 28% r e s p e c t i v e l y ) .  I f  t h e  t ime r equ i r ed .  f o r  t h e  

m e t a b o l i t e  t o  k i l l  and l y z e  c e l l s  i s  s h o r t  r e l a t i v e  t o  t h e  doubling t ime of t h e  

c e l l s  (approximately 1 2  hours )  t hen  t h e  v i a b l e  c e l l s  remaining might be i n  

exponen t i a l  growth a  s h o r t  t ime a f t e r  (or  even du r ing )  t h e  c y t o t o x i c  per iod .  

The apparent  c e l l  growth p l a t e a u  from the  s t a r t  of t h e  m e t a b o l i t e  a d d i t i o n  

t o  t h e  nex t  c e l l  count  might n o t  be a  genuine p l a t e a u  bu t  could c o n s i s t  of a 

r a p i d  dec rease  i n  c e l l  number, followed by exponen t i a l  growth of t h e  

su rv iv ing  c e l l s .  We. have n o t  determined such in t e rmed ia t e  . c e l l  counts  'on  

t h e  longe r  exposure t imes ,  and s o  cannot confirm o r  d i sp rove  t h i s  i n t e r p r e t a t i o n .  

I n  any case ,  t h i s  l a t t e r  e.xplanation cannot f u l l y  account  f o r  t h e  r e s u l t s  w i t h  

r e s p e c t  t o  t h e  6-HOB(a)P-treated growth curves  a s  t h e  c e l l  growth p l a t e a u  a t  

t h e  48 hour exposure i s  s o  long i n  d u r a t i o n  t h a t  some de l ay  i n  c e l l  cyc l e  t ime 

must be  invoked t o  e x p l a i n  t h e  da t a .  

I n  o r d e r  t o  f u r t h e r  i n v e s t i g a t e  t h e  ce l l - cyc l e  k i n e t i c s  of t h e  

me tabo l i t e - t r ea t ed  c e l l s ,  and t o  s tudy  t h e  e f f e c t s  of m e t a b o l i t e  t rea tment  on 

c e r t a i n  rnacromolecular s y n t h e s i s  processes ,  r a d i o a c t i v e  p r e c u r s o r s  f o r  DNA, 



. RNA, and p r o t e i n  were used. The r e s u l t s  of t h e s e  experiments  f o r  DNA are shown 

i n  Fig.  6. The long  l a b e l i n g  t imes  were chosen t o  g ive  inco rpora t ion  of 

l a b e l  t h a t  i s  p r o p o r t i o n a l  t o  t h e  pe rcen t  c e l l s  cyc l ing  and t h e  c e l l  

m u l t i p l i c a t i o n  r a t e  and. w i l l  n o t  provide  informat ion  about t h e  rare of 

DNA.synthesis. It can be seen  from Fig. 6 t h a t  s e v e r a l  d i f f e r e n t  e f f e c t s  are 

produced, depending on both  l e n g t h  of exposure and t h e  m e t a b o l i t e  used. 

B (a)P 4', 5-oxide shows no i n i t i a l  e f f e c t  (4 hour exposure) ; an  inc reased  

uptake  compared t o  c o n t r o l s  (12 hour exposure)  and an  i n h i b i t i o n  (48 hour 

exposure) .  The r e s u l t s  f o r  t h e  s h o r t e r  exposure t imes  sugges t  t h a t  m e t a b o l i t e  

t r ea tmen t  causes  an  i n c r e a s e  i n  p e r c e n t  of c e l l s  c y c l i n g  a t  some t ime a f t e r  

t h e  removal of t h e  m e t a b o l i t e  ( s e e  d a t a  p o i n t s  a t  72 hours) .  Since bo th  

4 and 1 2  hour-exposed c u l t u r e s  a r e  i n  appa ren t ly  normal exponen t i a l  growth 

, a t  t h i s  t ime,  t h e  i n c r e a s e  i n  DNA l a b e l i n g  compared t o  c o n t r o l s  is d i f f i c u l t  

t o  explair l  otherwise. .  For ty-e ight  hour exposures ,  on t h e  o t h e r  hand, r e s u l t  . '  

i n  an  i n h i b i t i o n  of.DNA l a b e l i n g  i n i t i a l l y  ( s ee  72 hour d a t a  p o i n t ) ,  fol lowed 

by an  i n c r e a s e  t o  w e l l  above c o n t r o l  l e v e l s .  These d a t a  a r e  c o n s i s t e n t  

w i t h  a s lowing o r  de lay  of t h e  c e l l  cyc le 'dur ing  t h e  long m e t a b o l i t e  exposure. 

The d a t a  f o r  6-HOB(a)P (Fig. 6 ) ' show t h a t  t h i s  m e t a b o l i t e  has  

d i f f e r e n t  e f f e c t s  on  t h e  c e l l - c y c l e  k i n e t i c s  t han  does B(a)P 4,5-oxide. 

The most d r a m a t i c . d i f f e r e n c e  i s  i n  t h e  uptake of p r e c u r s o r  i n t o  DNA by t h e  

4 hour-exposed c u l t u r e s .  I n  t h e  c a s e  of 6-HOB(a)P, t h e r e  i s  an i n i t i a l  

i n h i b i t i o n ,  fol lowed by a g r e a t l y  i nc reased  uptake. These r e s u l t s  a g a i n  

sugges t  a de l ay  o r  s lowing of t h e  c e l l  cyc l e ,  fol lowed b y . a  rebound which 

'causes an  i n c r e a s e  i n  pe rcen t  c e l l s  cycl3 .n~ compared t o  c o n t r o l s .  

S u r p r i s i n g l y ,  48 hour-exposed c u l t u r e s  show i n c r e a s e s  of up take  

. i n t o  DNA a t  a t ime ( s e e  72 'hour  d a t a  p o i n t )  when the cel l .  count  seems t o  be 



s t a t i c ,  a s  compared t o  t h e  c o n t r o l  c u l t u r e s ,  which a r e  i n  exponen t i a l  
. . . . 

growth. Such 'an  e f f e c t  might occur  i f  t h e  m e t a b o l i t e  induced a  m i t o t i c  

block. It may be  t h a t  some of t h e  uptake i n t o  DNA which we have measured 

. . i s  occu r r ing  as a r e s u l t  of DNA r e p a i r ,  b u t  i t  is  d i f f i c u l t  t o  d i s t i n g u i s h  

t h i s  r e p a i r ' i n c o r p o r a t i o n  from inco rpora t ion  i n t o  newly-synthesized DNA 

i n  growing c u l t u r e s .  

The r e s u l t s  of l a b e l i n g  FWA a r e  shown i n  F i g . 7 ,  The long 

l a b c l i n g  t imc uocd w i l l  moot l i l cc ly  r c o u l t  i n  t h c  bulk  of t h c  l a b c l  bcing 

inco rpora t ed  i n t o  r ibosomal  RNA, r a t h e r  t han  t h e  r a p i d l y  synthes ized  and 

degraded 'messenger RNA. Of course ,  . t r a n s f e r  FWA w i l l  a l s o  be l a b e l e d ,  
. . . . 

b u t  t h i s  i s  on ly  10-12% of t h e  q u a n t i t y  of r ibosomal  FNA. Rather  dramat ic  

d i f f e r e n c e s  are ev iden t  when t h e  r e s u l t s  from t h e  'two m e t a b o l i t e s a r e  

compared ( s e e  t h e  4 hour  and 48 hour exposure curves ,  p a r t i c u l a r l y )  . The 

. , .  

i n c r e a s e s  i n  i n c o r p o r a t i o n  i n t o  RNA, compared t o  c o n t r o l  c u l t u r e s ,  sugges t  . 

i n c r e a s e s  i n  s y n t h e s i s  of r ibosomal  M A ,  and t h e  most l o g i c a l  reason  f o r  

t h i s  response  t o  be e l i c i t e d  i s  i n  p r e p a r a t i o n  f o r  increased  p r o t e i n  syn thes i s .  

Indeed,  measurements of p r o t e i n a s y n t h e s i s  (Table 1 )  i n d i c a t e d  t h a t  

p r o t e i n  s y n t h e s i s  was i n c r e a s i n g  dur ing  t h e  same t ime i n t e r v a l s  a s  i nc reased  

RNA s y n t h e s i s  was seen.  For both  12  and 48 hour 6-HOB(a)P exposures ,  

p r o t e i n  s y n t h e s i s  w a s  i n i t i a l l y  i n h i b i t e d  fo l lowing  m e t a b o l i t e  removal and 

g r a d u a l l y  i nc reased  toward c o n t r o l  l e v e l s  a s  t h e  c e l l s  c o n t i n u e d . t o  grow. 

The observed i n h i b i t i o n  of p r o t e i n . s y n t h e s i s  could poss ib ly  be  due t o  slowed 

p r o t e i n  s y n t h e s i s  a s s o c i a t e d  wi th  t h e  slowing of t h e  c e l l  cyc l e ,  o r  i t  

could  be  a consequence of fewer c e l l s  i n  t h e  t r e a t e d  c u l t u r e s  (al though f o r  

t h e  1 2  hour exposure,  t h e  c e l l  k i l l i n g  is  only  25%), o r  m u l t i p l e  f a c t o r s  

may b e  involved.  



These studies have indicated that the effects of B(a)P metabolite 

addition to cells in culture are complex, affecting mani intracellular 

in different ways. Interpretation of how complex mixtures of chemicals 

react with cells will remain obscure until the most significant intracellular 

sites and processes for chemical interaction are identified. 
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Table 1 

P r o t e i n ,  RNA and DNA Syn thes i s  i n  V79 Cells Exposed t o  

6-HOB(a)P f o r  12  o r  48 Hours 

% Precu r so r  Inco rpo ra t i on  Compared t o  

Cont ro l  Cu l tu re s  1 

12  hour Exposure 48 hour  E x ~ o s u r e  

. . 
P r o t e i n  60 70 80 .50 55 100 

RNA 140 , 1 7 0  210 190 150, 315 

DNA 1 5 0 '  200 130 150 230 235 

1. Data de r ived  from d u p l i c a t e  d i s h e s .  The c o e f f i c i e n t  of v a r i a t i o n  was 
5-15%. 

2. A, B and C r e f e r  t o  t i m e  i n t e r v a l s  a f t e r  removal of 6-HOB(a)P from t h e  
c u l t u r e  medium o f  12 ,  3 6 ,  and 60 hours  and 0,  24, and 48 hours  f o r  t h e  12 
hour  exposed and 48 hour exposed c u l t u r e s ,  r e s p e c t i v e l y .  



FIGURE LEGENDS 

Fig. 1. The Effect of Increasing Exposure Time on the Cytotoxicity of 

B(a)P Metabolites. Reproduction Survival is defined in Materials and 

Methods. Error bars indicate one.coefficient of variation. 

Fig. 2. Cellular Cytotoxicity Caused by a Mixture of B(a)P Metabolites. 

Dotted lines show the cytotoxicity of the individual components of the .' . .  

mixture. Symbols ( 0 ,  A , @ )  indicate the overall concentration of the combined 

metabolites in the mixture, and the concentration of each individual metabolite 

that went into making up the sum total: e.g. for the s symbol, the cell survival 

produced by 15 pg/ml of the mixture.was 45%, while .the cell survival caused 

by 7.5 pg/ml of each of the two components contributing to the mixture was 

73% and .20%, respectively. 

Fig. 3. Cellular Cytotoxicity Caused by a Mixture of B(a)P Metabolites. 

See Legend for Fig. 2. 

Fig. 4. Cellular Cytotoxicity Caused by a Mixture of B(a)P Metabolites. 

Cells were exposed to either 0.6 or 0.8 m/ml of B(a)P 4,5-oxide (associated 

cell survivals were 60 or 45%, respectively) and increasing concentrations 

(1, 2 or 3 pg/ml) of 3-HOB(a)P: Dotted lines indicate the cytotoxic effect 

that might be anticipated if these increasing amounts of 3-HOB(a)P were added . 

. . 

to cells which had already been subjected to the level of cytotoxicity produced 

by the two concentrations of B(a)P 4,5-oxide. 

Fig. 5. Cell Growth Following Treatment with a B(a)P Metabolite. Duplicate 

. . plates were exposed for the times indicated. Control plates received acetone. 

All cell'counts indicate viable cells as counted by Trypan Blue Staining. 

Reproductive cell. survivals. associated' with exposure times of 4, 12, 24, and . .. 



48 hours were .87%, 75'%, 51%, and 31% respectively. 

Fig. 6. ~ncor~oration of 14c-~h~midine into DNA of Cells Exposed for 

Varying Times to B(a)P Metabolites. The labeling time, in all cases, was 

for 16-18 hours except in the c'ase of the first time point of 4'hour 

exposure, in which case the labeling time was 4 hours. All data points 

were calcu1ated.a~ cpm per pg of DNA, and normalized by dividing by the 

corresponding incorporation in control cultures. The * indicates the 
point at which metabolite-treated and control cultures were separated to 

start the experiment. 

Fig. 7. Incorporation of 3~-~ridine into RNA of Cells Exposed for Varying 

Times to B(a)P Metabolites. See Legend to Fig. 6 for details. All data 

points were calculated as cpm per pg of RNA, and normalized by dividing 

by the corresponding incorporation in control cultures. 
, , 


















