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T h e  Ef fec t  o f  C i g a r e t t e - S m o k e  C o n d e n s a t e  on  t h e  

The exis tence of bonds  be tween  carcinogens and  macro-  
molecules (especially nucleic acids), which serves as a 
basis for mode rn  theories  of chemical  carcinogenesis,  has 
a l ready received numerous  exper imen ta l  conf i rmat ions  ~, a. 

Cigaret te  smoke has been  impl ica ted  di rec t ly  in the  
et iology of lung cancer.  Since it is no t  possible to show 
direct ly  how subs tances  as complex  as tobacco  ta rs  a t t a ch  
to DNA, it appea red  advan tageous  to us to d e m o n s t r a t e  
an interference be tween  these  subs tances  and  the  f ixa t ion  
of D N A  wi th  benzo(a)pyrene  metabol ized  by  microsomal  
sys tems.  

Male ~vVistar ra ts  f rom the C o m m e n t r y  s t ra in  were used 
in these exper iments .  They  received i.p. inject ions for 2 
consecut ive  days  in doses of e i ther  20 mg/kg  of MC dis- 
solved in corn oil or 20 mg/kg  of c igare t te  smoke  conden-  
sate  (SEITA,  Paris) dissolved in propylene-glycol .  The 
microsomes  were isolated according to  SCHNEIDER 4 and 
resuspended  so t h a t  microsomes  f rom 1 g of liver are 
conta ined  in 1 ml  of buffer.  P r epa ra t i on  of the  metabol i tes  
of B(a)P-~H was according to SIMS< 

A) The induction o/microsomal enzymes in vivo by ciga- 
rette smoke condensate. As MC is the  subs tance  mos t  of ten 
used to induce these  enzyme sys tems,  we used it as a 
reference. The ac t iv i ty  of the  enzymes  is eva lua ted  by  
the  impor t ance  of the  B(a )P -DNA bonds  obta ined.  W h e n  
the  animals  are in jec ted  wi th  c igaret te  smoke condensate ,  
the  abi l i ty  of the i r  microsomes to provoke  bonds  be tween  
B(a)P-aH and D N A  increases in a s imilar  fashion. In  

Table I. The stimulating effect on microsomes of rats treated with 
MC and the condensate on the fixation of B(a)P-SH on DNA in vitro 

Origin of the mierosomes ~zM B(a)P-aH/Mol, P-DNA 

Control 3.2 
Treatment with 3-MC 23.0 
Treatment with the smoke condensate 22.0 

The incubation medium, contains: 5 mg of DNA dissolved in 5 ml of 
0.05Mphosphage buffer (pH: 7.4) to which is added: 2.75 ~zM of dry 
NADPH, 500 ~zM of dry EDTA, 25 ~zg of B(a)P-3H in 0.05 ml ethanol 
and 0.2 ml of the mierosomal suspension. The incubations are for 
30 min at 37 ~ The mierosomes are removed by a 40-minute eentrifu- 
gation at 100,000 g. DNA is precipitated with 2 volume of cold 
ethanol in the presence of 0.5 ml of 2M MgC12 then dissolved in 3 mI 
of 5% PAS containing 1% of SDS and extracted in water-saturated 
phenol. The quantity of fixed B(a)P is estimated by radioactivity 
measurements and expressed in ~M of B(a)P-~H/Mol. P-DNA (moles 
of nueleotides). The quantity of DNA recovered is determined by 
optical density measurements at 260 nm. 

in  v i t r o  F i x a t i o n  of  B e n z o ( a ) P y r e n e  on  D N A  1 

Table I, one can see t h a t  wi th  MC t r e a t m e n t ,  the  n u mb er  
of molecules of B(a)P-aH f ixed to DNA increases f rom 
3.2. ~xMoles/nucleotide to  23; and  wi th  the  condensate ,  the  
n u m b e r  of ~zMoles f ixed also increase to 22. 

13) Interference of the smoke condensate with the fixation 
)9 (a) P-aH-DNA in vitro. The addi t ion  of smoke conden-  
sate  in the  incuba t ion  med ium inhibi ts  t he  f ixa t ion  of 
B (a) P to  DNA. The inhib i t ion  no ted  is f rom 30% to 60% 
respect ive ly  for the  2 concen t ra t ions  of I and 10 mg  of 
condensa te  and for 25 ~g of B (a) P (Table I I ) . ,  

C) Inter/erence o/ condensate with tke /ieation o/metabo- 
lites o~ B (a)P-all on DNA.  In  the preced ing  series, the  
incubat ions  were made  at  one t ime, the  produc t ion  of 
metabol i tes  of B (a) P-a l l  and the i r  f ixa t ion  to  D N A  were 
made  in the  presence  of microsomes  wi th  the  condensa te  
eventua l ly  added  direct ly  to the  medium.  

I t  is possible to proceed in several  stages. Dur ing  the  
first  incubat ion,  the  subs t ra te  is h y d r o x y l a t e d  by  micro- 
somal  enzymes.  The h y d r o x y l a t e d  metabo l i t es  are t h e n  
isolated and a s tudy  made  of the i r  f ixa t ion  to D N A  in the  
absence of microsomes  dur ing the  second incubat ion.  The 
advan tages  of using th is  procedure  include a be t t e r  def- 
ini t ion of the  metabo l i t es  effect ively .fixed and  a means  
to ob ta in  the in te rmedia te  complexes  (DNA-condensate) .  
As is shown in Table  I I I ,  the  incuba t ion  of DNA wi th  the  
B(a) P-a l l  metabol i tes  previously  formed gives a ra te  of 
f ixa t ion  comparab le  to t h a t  ob ta ined  by  incuba t ion  of 
B(a) P-aH in t he  presence of microsomes :  24 ~Moles 
13 (a) P-aH/nucleot ide.  

If  D N A  is replaced by  the  incuba t ion  produce  (DNA 
wi th  condensa te  formed in the  absence  of microsomes),  
the ra te  of f ixat ion of the  metabo l i t es  of B (a) P-~H is not  
modif ied:  24.6 and 26.6 ~zMoles. For  an inhib i t ion  to  oc- 
cur, i t  is necessary  to t r ea t  the  condensa te  wi th  the  micro- 
somes. The incubat ions  are conduc ted  as those  of B (a) P-~H, 
bu t  t he  metabo l i t es  are no t  f rac t iona ted  on TLC; we use 
the  whole incuba t ion  product .  I t  is therefore  possible  to  
prepare  the  complex  DNA-me tabo l i t e  of condensate .  In  
Table  IV, one can see t h a t  the  metabo l i t es  of B (a) P-3H 
are f ixed less readi ly  to  the  complexes  be tween  D N A  and 
condensa te  metabo l i t es  t h a n  on D N A  itself, 

1 Abreviati~ : B(a) P, benz~ CI, initial c~ ~ ciga- 
rette smoke ; NADPH, reduced nbotinamide adenine dinucleotide; 
MC, 3-methylcholanthrene. 
W. G, WiEST and C. H~IDELBERO~R, Cancer Res. 73, 246 (1953). 
P. BROOKES and P. D. LAWLEV, Nature, Loud, 202, 781 (1964). 
W. C. SCHNEIDER, J. biol. Chem. 776, 259 (1948).. 
P. SI~Is. Biochem, Pharmac. 79, 285 (1970). 

Table II. Interaction of benzo (a) pyrene-SH with DNA in the presence of the cigarette smoke condensate 

N DNA -b substances bM 13 (a) P-~H/Mol. P-DNA Inhibition ~zM B (a) P-~H/Mol. P-DNA 

3 B(a) P-~H 21.1 (19.8-22.4) 0 

3 B(a) P-all q- CI 1 mg 13.4 (12.2-14.6) 7.7 (36.5%) 

3 B(a)P-aH + CI 10mg 7.9 ( 7.2- 8.6) 13.2 (62.5%) 

2 B (a) P-~H without microsomes not measurable < 1 

N, number of experiments; B (a) P-~H -- 25 b~g; Microsomes -- 0.2 ml containing 2 mg of proteins. The mode of operation is the same as for 
Table I. 
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Table III. Interaction of the metabolites of B (a) P-SH on DNA pre-ineubated with cigarette smoke condensate 
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N Substances Interaction of metabolites 
with B (a) P on DNA 
(in ~xM of B (a) P-aH/Mol. 
P-DNA) 

Interaction of the 
metabolites of B (a) P-SH 
(in % of the controls) 

3 �9 Metabolites of B(a) P-SH 24.2 (23.5 25.8) 100 

3 b Metabolites of B(a) P-all + DNA pre-incnbated with 1 mg CI 24_6 (23.0-26.4) 100.2 

3~ Metabolites of B(a) P-all + DNA pre-incubated with 10 mg CI 26.2 (24.0 32.2) 108.2 

[nitiaI condensate not  incubated with mierosomes. N, number  of experiments. ~ 4 Mn  of metabolites of B (a) P-all are incubated 1 h at 37~ 
with 1 mg of DNA. At the end of the i~lcubation, the DNA complexes are precipitated, washed several times with ethanol, suspended over- 
night in ethanol washed with acetone, dried, their radioactivity measured and the number  of tzMoles of B (a) P fixed is deduced. ~ DNA is 
replaced by the complex prepared in the following manner:  1 mg of DNA is incubated 30 rain with 1 or 10 mg of condensate In 1 ml of phos- 
phate buffer (pH 7.4) containing 0.55 ~xM of NADPH. DNA complex is precipitated, washed and dried. It is then utilized for the second 
incubation as indicated above ~. 

Table IV. Interaction of the metabolites of B (a) P-3H with the complexes between DNA and metabolites of condensate 

N Substances Interaction of metabolites 
with B (a)P on DNA 
(in v M  of B (a) P-3H/Mol. 
P-DNA) 

Interaction of the 
metabolites of B (a) P-~H 
(in % of the controls) 

3~ 

3~ 

3 b 

Metabolites of B(a) P-3H + DNA (control) 25.7 (25 -27.4) 100 

Metabolites of B (a) P-3H + complex (laetabolites of 1 rug tar --  DNA) 15.3 {14.2-17.4) 59.5 

Metabolites of B (a) P-3H + complex (metabolites of 10 mg t a r - -  DNA) 16.6 (15.8-18.2) 64.6 

Condensate incubated with the microsomes. N, number  of experiments. ~ 1 mg of DNA or b 1 mg of the DNA-condensate complex prepared 
according to Table III are incubated with 4 nM of metabolites of B (a) P-3H for i h at 37~ Some 2 M  sodium acetate is added at the rate 
of 0.1 ml per ml in the incubation medium. The DNA precipitated by 2 volmne of ethanol is washed and dried. The radio-activity is measured 
and the fixation of B (a) P is deduced. 

Discussion.  B o n d s  b e t w e e n  t h e  c a r c i n o g e n  t3 ( a ) P  a n d  
t h e  D N A  m o l e c u l e  a r e  p o s s i b l e  in  v i t r o  w i t h  c e r t a i n  m e -  
t a b o l i t e s  of  c a r c i n o g e n  p r o d u c e d  b y  a r y l - h y d r o l a s e  l o c a t e d  
in  t h e  m i c r o s o m e s G ,  7. I n  o u r  e x p e r i m e n t s  t h e  c i g a r e t t e  
s m o k e  c o n d e n s a t e  is  a v e r y  s t r o n g  i n d u c e r  of  t h e  h e p a t i c  
m i c r o s o m a l  e n z y m e s .  

C o m p a r a b l e  r e s u l t s  h a v e  b e e n  r e p o r t e d  s h o w i n g  t h a t  
t h e  i n h a l a t i o n  o f  c i g a r e t t e  s m o k e  is  c a p , b i t  of  g r e a t l y  
s t i m u l a t i n g  t h e  e n z y m a t i c  o x y d a t i o n  of  B ( a ) P  i n  %he 
l u n g s  o f  r a t s  s. P h e n o m e n a  of  a s i m i l a r  o r d e r  h a v e  b e e n  
d e m o n s t r a t e d -  in  t h e  p l a c e n t a  of  p r e g n a n t  w o m e n  w h o  
s m o k e .  

T h e  s m o k e  c o n d e n s a t e  w h e n  i n c u b a t e d  w i t h  t h e  m i c r o -  
s o m e s  is a l so  c a p a b l e  of  f o r m i n g  c o m p l e x e s  w i t h  D N A .  A 
s e c o n d  i n c u b a t i o n  of  t h e  D N A - c o n d e n s a t e  c o m p l e x e s  w i t h  
t h e  m e t a b o l i t e s  ot  B (a) P - a l l  r e s u l t s  in  a m u c h  l ower  r a t e  
of  f i x a t i o n  o f  B (a) P .  

T h e  c i g a r e t t e  s m o k e  c o n d e n s a t e  c o n t a i n s  b e n z o p y r e n e  
b u t  in  q u a n t i t i e s  t o o  w e a k  to  c a u s e  a d i r e c t  i n t e r v e n t i o n :  
I nag of  c o n d e n s a t e  t h a t  i n h i b i t s  f i x a t i o n  ill t h e  o r d e r  of  
6 0 %  does  n o t  c o n t a i n  m o r e  t h a n  0 . 0 4 %  of B ( a ) P  a d d e d  
i n  t h e  m i d d l e  of  t h e  i n c u b a t i o n .  

I n  a d d i t i o n ,  we  m u s t  a d m i t  t h a t  i n  t h e  c i g a r e t t e  s m o k e  
c o n d e n s a t e  t h e r e  a r e  s u b s t a n c e s  d i f f e r e n t  t o  B (a) P t h a t  

c a n  o c c u p y  t h e  spec i f i c  s i t e s  of  f i x a t i o n  of  t h i s  B ( a )  P 
o n  t h e  D N A  m o l e c u l e 9 .  

Rdsumd. L e  c o n d e n s a t  de  f u m 6 e  de  c i g a r e t t e  i n d u i t  
in  v ivo ,  l ' a r y l  h y d r o l a s e  m i c r o s o m i a l e .  I1 e s t  c a p a b l e  de  
f o r m e r  a v e c  I ' A D N  des  c o m p l e x e s  q u i  d i m i n u e n t  le t a u x  
de  t i x a t i o n  u l t ~ r i e u r e  d u  B ( a )  P .  Ces  r ~ s u l t a t s  m o n t r e n t  
q u ' i l  c o n t i e n t  d e s  s u b s t a n c e s  d i~ f~ ren te s  d u  B ( a ) P  e t  
c a p a b l e  d ' e n t r e r  en  c o m p 6 t i t i o n  a v e c  Iui. 
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