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The a s s o c i a t i o n  w i t h  s m o k i n g  h a b i t s  o f  i n c r e a s e d  r i s k  
o f  d e v e l o p m e n t  o f  b r o n c h o g e n i c  c a r c i n o m a  ( l u n g  c a n c e r )  
among  p o p u l a t i o n s  o c c u p a t i o n a l l y  e x p o s e d  s a s b e s t o s  
h a s  b e e n  v e r y - w e l l  d o c u m e n t e d  i n  e p i d e m i o l o g i c a l  
studies (Selikoff et al., 1980, Mossman, 1988). 
Numerous experimental studies support the view that 
asbestos is a co-carcinogen or tumor promoter .and 
further indicated the synergistic action of these 
mineral fibres with the carcinogenic constituents of 
the particulate phase of cigarette smoke such as 
polynuclear aromatic hydrocarbons (PAHs) and 
nitrosamines in the induction of lung cancer (Salk and 
Vosamae 1975, Rosin, 1985). It has been proposed that 
asbestos varieties causing lung cancer act as carriers 
of certain carcinogenic PAHs, such as benzo(a)pyrene to 
cellular targets (Lakowicz et al., 1978; Lakowiez and 
Bewan, 1979),  thereby producing the carcinogenic 
effects. This proposal has not been accepted, as some 
of the non-carcinogenic particulate materials also 
transport these carcinogens (Harvey et al., 1984). 
Thus, the precise mechanisms by which these mineral 
fibres potentiate the development of lung cancer is 
still obscure. One of the possible mechanisms by which 
asbestos can enhance the development of lung cancer in 
smokers exposed to asbestos may be related s their 
effects on phase I and phase II drug metabolizing 
enzymes, as the.tissue levels of these enzymes are 
crucial for deciding the metabolic fate of the 
carcinogenic constituents of cigarette smoke and other 
chemical carcinogens (Minchin and Boyd, 1983). In the 
present paper, therefore, studies are presented 
concerning the effect of three varieties of asbestos 
namely, chrysotile, crooidolite and amosite, and of 
titanium dioxide, an inert non-asbestos dust, on the 
enzymes of phase I and phase II drug metabolism in 
isolated rat lung microsomes and post-microsomal 
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f r a c t i o n .  S i n c e  3 - m e t h y l c h o l a n t h r e n e  (3-MC)  i s  k n o w n  t o  
i n d u c e  c y t o c h r o m e s  P - 4 5 0  i n  t h e  IA f a m i l y  a n d  t h e i r  
a s s o c i a t e d  a c t i v i t y ,  b e n z o ( a ) p y r e n e  h y d r o x y l a s e  
( M i n c h i n  a n d  B o y d ,  1 9 8 3 ) ,  t h e r e f o r e ,  t h e  e f f e c t  o f  
t h e s e  m i n e r a l  f i b r e s  o n  c y t o e h r o m e  P - 4 5 0  a n d  
b e n z o ( a ) p y r e n e  h y d r o x y l a s e  i n  l u n g  m i c r o s o m e s  i s o l a t e d  
f r o m  3 - M C - t r e a t e d  r a t s  was  s t u d i e d .  

MATERIALS AND METHODS 

T h r e e  UICC s t a n d a r d  r e f e r e n c e  a s b e s t o s  s a m p l e s ,  
c h r y s o t i l e ,  c r o c i d o l i t e  a n d  a m o s i t e , p a r t i c l e  s i z e  b e l o w  
30 m i c r o n ,  w e r e  o b t a i n e d  a s  a g i f t  f r o m  Dr .  J . B .  
L e i n w e b e r ,  J o h n - M a n v i l l e  M i l l s ,  USA. A l l  t h e  c h e m i c a l s  
a n d  r e a g e n t s  w e r e  e i t h e r  p r o c u r e d  f r o m  S i g m a ,  USA o r  
S i s c o  R e s e a r c h  L a b o r a t o r y ,  I n d i a  a n d  w e r e  o f  a n a l y t i c a l  
g r a d e .  F o r  t h e  i n d u c t i o n  s t u d i e s ,  f e m a l e  a l b i n o  W i s t a r  
r a t s  f r o m  t h e  ITRC C o l o n y  w e i g h i n g  1 5 0 - 1 8 0  gm w e r e  
i n j e c t e d  w i t h  3 - m e t h y l c h o l a n t h r e n e  ( 3 - M C ) ,  d i s s o l v e d  i n  
0 . 5  ml o f  c o r n  o i l  ( 2 0  m g / k g  b o d y  w t . )  
i n t r a p e r i t o n e a l l y  f o r  f o u r  c o n s e c u t i v e  d a y s .  The  
c o n t r o l  a n i m a l s  r e c e i v e d  o n l y  v e h i c l e .  The  a n i m a l s  w e r e  
h o u s e d  i n  a n  a i r - c o n d i t i o n e d  r o o m  w i t h  t h e  a r r a n g e m e n t  
o f  12 h o u r s  d a r k  a n d  l i g h t  c y c l e s .  The a n i m a l s  w e r e  
m a i n t a i n e d  on  c o m m e r c i a l  p e l l e t  d i e t ,  s u p p l i e d  b y  
H i n d u s t a n  L e v e r  L t d . ,  I n d i a  a n d  t a p  w a t e r  ad  l i b i t u m .  
The r a t  l u n g  m i c r o s o m a l  f r a c t i o n  was  i s o l a t e d  by  t h e  
p r o c e d u r e  o f  J o h a n n e s e n  e t  a l .  ( 1 9 7 7 ) .  The m i c r o s o m e s  
w e r e  s u s p e n d e d  i n  i s o t o n i c  ( 0 . 1 5  M KC1) ,  0 . 0 5  M T r i s -  
HC1 b u f f e r ,  pH 7 . 4 ,  c o n t a i n i n g  2~ g l y c e r o l  a n d  0 . 1  mM 
EDTA. The  a n i m a l s  w e r e  s a c r i f i c e d  by  d e c a p i t a t i o n  
b e t w e e n  9 - 1 0  AM t o  e l i m i n a t e  d i u r n a l  v a r i a t i o n ( d o r i  e t  
a l . ,  1 9 7 1 ) .  

The a d s o r p t i o n  o f  c y t o c h r o m e  P - 4 5 0  a n d  i t s  3-MC- 
i n d u c i b l e  i s o z y m e s  o n  t h e  a s b e s t o s  f i b r e s  was  
m e a s u r e d  i n  t h e  r e a c t i o n  m i x t u r e s  c o n t a i n i n g  m i c r o s o m e s  
a n d  d u s t s  ( I  mg f i b r e s / m g  p r o t e i n ) .  F o l l o w i n g  1 h o u r  
i n c u b a t i o n  a t  37 o C , t h e  d u s t  was  r e m o v e d  b y  
c e n t r i f u g a t i o n  ( 3 0 0 0  x g ,  10 m i n u t e s )  a n d  t h e  
c y t o c h r o m e  P - 4 5 0  c o n t e n t  o f  t h e  s u p e r n a t a n t  was  
d e t e r m i n e d  b y  t h e  m e t h o d  o f  Omura  a n d  S a t e  ( 1 9 6 4 )  f r o m  
t h e  c a r b o n  m o n o x i d e - d i f f e r e n c e  s p e c t r a  o f  d i t h i o n i t e -  
r e d u c e d  m i c r o s o m e s ,  b a s e d  on  a n  e x t i n c t i o n  c o e f f i c i e n t  
o f  91 mW1rcm -1. T h e s e  v a l u e s  w e r e  c o m p a r e d  w i t h  t h e  
c o n t r o l s  c o n t a i n i n g  o n l y  m i c r o s o m e s  a n d  m i e r o s o m e s  w i t h  
s i m i l a r  a m o u n t  o f  i n e r t  d u s t ,  t i t a n i u m  d i o x i d e  ( T i C  2 ) .  
The  d i f f e r e n c e  b e t w e e n - c o n t r o l  a n d  d u s t  t r e a t m e n t  was  
t a k e n  a s  t h e  a d s o r p t i o n  o f  c y t o c h r o m e  P - 4 5 0  p r o t e i n s .  
F o r  t h e  heme r e l e a s e  s t u d i e s ,  t h e  i n c u b a t i o n  was  d o n e  
f o r  72 h o u r s  a t  3 7 ~  w i t h  o c c a s i o n a l  s h a k i n g  a n d  i n  
1 0 5 , 0 0 0  x g s u p e r n a t a n t  heme was  m e a s u r e d  a s  p y r i d i n e -  
h e m o c h r o m o g e n  ( F a l k ,  1 9 7 4 ) .  S u b s t a n t i a l  heme r e l e a s e  
was  o b s e r v e d  a t  72 h o u r s ,  b u t  n o t  a t  e a r l i e r  t i m e s .  
F o r  e n z y m e  a c t i v i t i e s ,  m i c r o s o m e s  a n d  c y t o s o l  w e r e  
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i n c u b a t e d  s e p a r a t e l y  w i t h  500 p g  d u s t / m g  p r o t e i n  a t  37 ~ 
C f o r  1 h o u r  w i t h  c o n s t a n t  s t i r r i n g .  D u s t s  w e r e  
s e p a r a t e d  o u t  b y  e e n t r i f u g a t i o n .  B e n z o ( a ) p y r e n e  
h y d r o x y l a s e  a c t i v i t y  i n  s u p e r n a t a n t  was  a s s a y e d  b y  t h e  
f l u o r o m e t r i c  t e c h n i q u e ,  u s i n g  3 - h y d r o x y - b e n z o ( a ) p y r e n e  
a s  s t a n d a r d  ( D e h n e n  e t  a l . ,  1 9 7 3 ) .  E p o x i d e  h y d r o l a s e  
a c t i v i t y  was  d e t e r m i n e d  b y  f l u o r o m e t r i c  t e c h n i q u e  
a c c o r d i n g  t o  t h e  m e t h o d  o f  D a n s e t t e  e t  a l .  ( 1 9 7 9 ) ,  
u s i n g  s t y r e n e  e p o x i d e  a s  a s u b s t r a t e .  G l u t a t h i o n e - S -  
t r a n s f e r a s e  a c t i v i t y  was  m o n i t o r e d  b y  t h e  
s p e c t r o p h o t o m e t r i c  p r o c e d u r e  ( H a b i g  e t  a l . ,  1 9 7 4 ) ,  
u s i n g  1 - c h l o r o - 2 , 4 - d i n i t r o b e n z e n e  (CDNB) a s  a 
s u b s t r a t e .  The  s e l e c t i o n  o f  t h e  d o s e  1 mg d u s t / m g  
p r o t e i n  f o r  t h e  a d s o r p t i o n  s t u d i e s  a n d  0 . 5  mg d u s t / m g  
p r o t e i n  i n  e n z y m e  s t u d i e s  i s  b a s e d  o n  o u r  u n p u b l i s h e d  
d o s e - r e s p o n s e  s t u d i e s  i n  w h i c h  maximum e f f e c t s  w e r e  
o b s e r v e d  a t  t h e s e  d o s e s .  P r o t e i n  was  e s t i m a t e d  
c o l o r i m e t r i c a l l y  b y  t h e  m e t h o d  o f  L o w r y  e t  a l .  ( 1 9 5 1 ) ,  
u s i n g  b o v i n e  s e r u m  a l b u m i n  a s  a s t a n d a r d .  

S t a t i s t i c a l  s i g n i f i c a n c e  was  d e t e r m i n e d  u s i n g  o n e -  
t a i l e d  s t u d e n t ' s  ' t '  t e s t  a n d  a v a l u e  o f  P < 0 . 0 5  was  
c o n s i d e r e d  t o  be  s i g n i f i c a n t .  

RESULTS AND DISCUSSION 

The p r e s e n t  s t u d y  show t h a t  a s b e s t o s  p r o d u c e s  
s i g n i f i c a n t  a l t e r a t i o n s  i n  some p h a s e  I a n d  p h a s e  I I  
d r u g  m e t a b o l i z i n g  e n z y m e s  o f  t h e  l u n g .  The  i n c u b a t i o n  
o f  r a t  l u n g  m i c r o s o m e s  w i t h  t h r e e  d i f f e r e n t  v a r i e t i e s  
o f  a s b e s t o s  u s e d  s e p a r a t e l y  a t  3 ~  C f o r  1 h o u r  n o t  o n l y  
r e s u l t e d  i n  t h e  a d s o r p t i o n  o f  c y t o c h r o m e  P - 4 5 0  a n d  i t s  
3 - M C - i n d u c i b l e  i s o z y m e s  ( T a b l e  1 ) ,  b u t  a l s o  i n h i b i t e d  
t h e  a c t i v i t y  o f  c y t o c h r o m e  P - 4 5 0 - d e p e n d e n t  
m o n o o x y g e n a s e  ( s u c h  a s  b e n z o ( a ) p y r e n e  h y d r o x y l a s e  
a c t i v i t y )  a s  r e c o r d e d  i n  T a b l e  2 .  On p r o l o n g e d  
i n c u b a t i o n  f o r  72 h o u r s  heme was  r e l e a s e d  b y  c h r y s o t i l e  
a n d  c r o c i d o l i t e  o n l y  f r o m  m i c r o s o m a l  h e m e - p r o t e i n s  
( T a b l e  1 ) .  T a k i n g  a l l  t h e s e  t h i n g s  t o g e t h e r ,  i t  s e e m s  
t h a t  s t r u c t u r a l  d a m a g e  t o  c y t o c h r o m e  P - 4 5 0  a s s e m b l y  may 
be  r e s p o n s i b l e  f o r  t h e  i n h i b i t i o n  i n  t h e  a c t i v i t y  o f  
b e n z o ( a ) p y r e n e  h y d r o x y l a s e .  The  i n h i b i t i o n  i n  t h e  
a c t i v i t y  o f  c y t o c h r o m e  P - 4 5 0 - d e p e n d e n t  m o n o o x y g e n a s e  
may a f f e c t  t h e  c l e a r a n c e  o f  t h e  c a r c i n o g e n i c  PAHs,  s u c h  
a s  b e n z o ( a ) p y r e n e ,  a u b i q u i t o u s  e n v i r o n m e n t a l  
p o l l u t a n t , w h i c h  r e q u i r e  m e t a b o l i c  a c t i v a t i o n  f o r  t h e i r  
m u t a g e n i c  a n d  c a r c i n o g e n i c  a c t i o n  ( G e l b o i n ,  1 9 8 0 ) .  
A s b e s t o s  f i b r e s  a l s o  i n h i b i t  t h e  a c t i v i t i e s  o f  
m i c r o s o m a l  e p o x i d e  h y d r o l a s e  a n d  c y t o s o l i c  g l u t a t h i o n e -  
S - t r a n s f e r a s e  ( F i g u r e  1 ) .  H o w e v e r ,  no  d i f f e r e n c e s  i n  
t h e s e  p a r a m e t e r s  c o u l d  be  r e c o r d e d  b e t w e e n  t h e  
u n t r e a t e d  c o n t r o l s  a n d  c o n t r o l s  i n c u b a t e d  u n d e r  t h e  
same e x p e r i m e n t a l  p r o t o c o l s  w i t h  a n  i n e r t  d u s t ,  
t i t a n i u m  d i o x i d e .  E p o x i d e  h y d r o l a s e  a n d  g l u t a t h i o n e - S -  
t r a n s f e r a s e  r e s p e c t i v e l y  c o n v e r t  P A H - e p o x i d e s  t o  
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T a b l e  2 E f f e c t s  o f  a s b e s t o s  f i b r e  o n  t h e  b e n z o ( a ) p y r e n e  
h y d r o x y l a s e  a c t i v i t y  i n  l u n g  m i c r o s o m e s  i s o l a t e d  f r o m  
u n t r e a t e d  a n d  3 M C - t r e a t e d  r a t s  

R e a c t i o n  m i x t u r e  
components 

B e n z o ( a ) p y r e n e  [ B ( a ) P ] h y d r o x y l a s e  
( p m o l e  3-OH B ( a ) P  f o r m e d / m i n / m g  
p r o t e i n )  

C o n t r o l  3-HC t r e a t e d  

Microsomes 

Hicrosomes + 
Titanium dioxide 

Microsomes + 

C h r y s o t i l e  

Microsomes + 

Crocidolite 

Microsomes + 
Amosite 

I I . 6 0 ~ 0 . 9 1  4 9 . 7 5 * 4 . 5 0  

I 0 . 5 0 ~ 0 . 9 4  5 0 . 4 2 ~ 4 . 9 0  

7 , 4 2 t 0 , 4 6  b 1 8 . 1 0 ~ 2 . 3 1  a 

7 . 8 5 + 0 , 5 2  b 2 2 . 3 0 ~ 2 . 5 3  a 

8 . 7 0 + 0 . 8 2  c 2 8 . 4 5 •  a 

The  e n z y m e  a c t i v i t i e s  in  m i c r o s o m e s  w e r e  d e t e r m i n e d  b y  
i n c u i b a t i n g  w i t h  500  p g  d u s t / m g  p r o t e i n  a t  37~  f o r  1 
h o u r  w i t h  c o n s t a n t  s t i r r i n g .  3 0 0 0  x g s u p e r n a t a n t  was  
u s e d  a s  e n z y m e  s o u r c e .  The v a l u e s  r e p r e s e n t  t h e  mean  o f  
s i x  e x p e r i m e n t s  r SE. L e t t e r s  a ,  b a n d  c r e p r e s e n t  t h e  
s t a t i s t i c a l  s i g n i f i c a n c e ,  when  c o m p a r e d  t o  c o n t r o l s ,  

ap < 0 . 0 0 1 ;  bp ( 0 . 0 1 ;  C p < 0 . 0 5  

d i h y d r o d i o l s  a n d  t o  m e r c a p t u r i c  a c i d  d e r i v a t i v e s  
( O e s c h ,  1 9 7 2 ;  h n d e r s  e t  a l . ,  1 9 8 8 )  a n d  t h u s ,  p r o v i d e  
f a s t  e x c r e t i o n / d e t o x i f i c a t i o n  o f  t o x i c  e x o g e n o u s  a n d  
e n d o g e n o u s  c o m p o u n d s  b e f o r e  t h e i r  t o x i c  m a n i f e s t a t i o n s  
b e c o m e  a p p a r e n t .  The  i n h i b i t i o n  i n  t h e  a c t i v i t i e s  o f  
t h e s e  e n z y m e s ,  t h e r e f o r e ,  may i m p a i r  t h e  m e t a b o l i c  
d i s p o s i t i o n  o f  t h e  u l t i m a t e  c a r c i n o g e n s  w h i c h  r e q u i r e  
h y d r o l y s i s  a n d  c o n j u g a t i o n  p r i o r  t o  t h e i r  e x c r e t i o n  
f r o m  t h e  l u n g .  The  a c c u m u l a t e d  r e a c t i v e  m e t a b o l i t e s  i n  
t h e  l u n g s  may t h e n  g e n e r a t e  a v a r i e t y  o f  t o x i c  e f f e c t s ,  
i n c l u d i n g  m u t a t i o n s  a n d  c a n c e r  ( G e l b o i n ,  1 9 8 0 ) .  
F u r t h e r m o r e ,  t h e  r e l e a s e  o f  heme f r o m  m i c r o s o m a l  h e m e -  
p r o t e i n s  by  a s b e s t o s  s u g g e s t  t h a t  t h e s e  s p e c i e s ,  b y  
g e n e r a t i n g  r e a c t i v e  o x y g e n  s p e c i e s  v i a  H a b e r - W e i s s ,  
F e n t o n - l i k e  r e a c t i o n ,  may p l a y  a r o l e  i n  t h e  p r o m o t i o n  
o f  t h e  m u l t i s t a g e  p r o c e s s  o f  c h e m i c a l  c a r c i n o g e n e s i s  
( R a b e r  a n d  W e i s s ,  1 9 3 4 ,  Y i s u n ,  1 9 9 0 ) .  The  m e c h a n i s m s  b y  
w h i c h  a s b e s t o s  d e a c t i v a t e s  c y t o e h r o m e  P - 4 5 0  a n d  
c a t a l y z e s  i t s  d e c o m p o s i t i o n ,  r e l e a s i n g  h e m e ,  a r e  n o t  
c l e a r .  H o w e v e r ,  i t  i s  p o s s i b l e  t h a t  a n  a s b e s t o s -  
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EPOXIDE HYDROLASE GLUTAT HIONE - S -TRANSF ERA SE 
ACTIVITY ACTIVITY 

150- 

125- 

lO0- 
z 
0 
o 

75- 

50- 

25- 
v 

c~ o .  
c~ 
v 

DUST 

2 

v 

F i g u r e  1 E f f e c t  o f  a s b e s t o s  f i b r e s  b o t h  o n  t h e  
a c t i v i t i e s  o f  m i c r o s o m a l  e p o x i d e  h y d r o l a s e  a n d  
c y t o s o l i c  g l u t a t h i o n e - s - t r a n s f e r a s e  i n  r a t  l u n g .  The  
d e t a i l s  o f  t h e  e x p e r i m e n t a l  p r o c e d u r e  i s  d e s c r i b e d  i n  
t h e  t e x t .  E a c h  v a l u e s  r e p r e s e n t  p e r c e n t  o f  c o n t r o l s .  
C o n t r o l  v a l u e s ,  mean  • SE (n  = 6 )  w e r e ,  e p o x i d e  
h y d r o l a s e  a c t i v i t y  0 . 0 3 5 •  f l u o r e s c e n c e  u n i t / m g  
m i c r o s o m a l  p r o t i e n / h o u r ,  g l u t a t h i o n e - S - t r a n s f e r a s e  
a c t i v i t y  1 2 6 . 2 •  n m o l e s  CDNB c o n j u g a t e  f o r m e d / m i n / m g  
c y t o s o l i c  p r o t e i n .  

m e d i a t e d  i n c r e a s e  i n  m i c r o s o m a l  l i p i d  p e r o x i d a t i o n ,  a s  
o b s e r v e d  i n  o u r  p r e v i o u s  s t u d i e s  ( R a h m a n  e t  a 1 . , 1 9 8 8 ) ,  
may be  i n v o l v e d  i n  t h e  d i s r u p t i o n  o f  m i c r o s o m a l  
m e m b r a n e ,  l e a d i n g  t o  t h e  d e a c t i v a t i o n  o f  t h e s e  
p r o t e i n s .  T h i s  i s  f u r t h e r  s t r e n g t h e n e d  b y  t h e  f a c t  t h a t  
t h e s e  f i b r e s  show a n a l o g o u s  d i f f e r e n t i a l  e f f e c t s  on  
p e r o x i d a t i v e  d a m a g e  t o  h e p a t o c y t e s  (Rahman  a n d  
C a s c i a n o , 1 9 8 5 ) .  I n  c o n c l u s i o n ,  t h e  r e s u l t s  o f  t h e  
p r e s e n t  s t u d y ,  s u g g e s t  t h a t  t h e  d i m i n u t i o n  i n  p h a s e  I 
a n d  p h a s e  I I  d r u g  m e t a b o l i z i n g  e n z y m e s  i n  p u l m o n a r y  
t i s s u e  by  a s b e s t o s  may i n c r e a s e  t h e  r e t e n t i o n  t i m e  o f  
t h e  r e a c t i v e  m e t a b o l i t e s  o f  t h e  c a r c i n o g e n i c  c h e m i c a l s  
o f  c i g a r e t t e  s m o k e  i n  l u n g s  a n d  t h u s  m i g h t  b e  
c o n t r i b u t i n g  t o  some e x t e n t  i n  t h e  i n c r e a s e d  r i s k  o f  
d e v e l o p m e n t  o f  l u n g  c a n c e r  i n  s m o k e r s ,  o c c u p a t i o n a l l y  
e x p o s e d  t o  a s b e s t o s ,  F u r t h e r  s t u d i e s  i n  t h i s  d i r e c t i o n  
t o  s u p p o r t  t h e  a f o r e s a i d  h y p o t h e s i s  a r e  i n  p r o g r e s s .  

A c k n o w l e d g m e n t s .  The  a u t h o r s  a r e  g r a t e f u l  t o  Dr .  P . K .  
R a y ,  D i r e c t o r ,  I n d u s t r i a l  T o x i c o l o g y  R e s e a r c h  C e n t r e ,  
L u c k n o w , f o r  h i s  i n t e r e s t  i n  t h e  w o r k .  One o f  t h e  
a u t h o r s  ( S . G .  K h a n )  i s  g r a t e f u l  t o  C o u n c i l  o f  
S c i e n t i f i c  & I n d u s t r i a l  R e s e a r c h ,  G o v t .  o f  I n d i a  f o r  
t h e  a w a r d  o f  S e n i o r  R e s e a r c h  F e l l o w s h i p .  
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