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HCH ( 1 , 2 , 3 , 4 ,  5 , 6 - H e x a c h l o r o c y c l o h e x a n e )  i s  one of  the  
e x t e n s i v e l y  used  o r g a n o c h l o r i n e  p e s t i c i d e s  in India  and o t h e r  
deve lop ing  coun t r i e s .  The wide s p r e a d  use  of  HCH is  one of 
the  p r i m a r y  p r o b l e m s  to the  envi ronment  and consequen t ly  the  
human food cha in .  Th i s  o rgan ic  molecule  ha s  v a r i o u s  
s t r u c t u r a l  i s o m e r s ,  wi th  the  gamma- i somer  ( l indane)  being the  
most i n s e c t i c i d a l l y  a c t i v e  component of the  t e c h n i c a l  p r o d u c t  
(Metcalf  1955).  Lindane ha s  been shown to b ind  to 
macromolecu les  in mouse l i v e r  ( S a g e l s d o r f f  et al  1983; I v e r s o n  
et al  1984 ).  Lindane u n d e r g o e s  s e v e r a l  t y p e s  of 
b i o t r a n s f o r m a t i o n s  in mammals to y i e l d  s e v e r a l  m e t a b o l i t e s  such 
as c h l o r i n a t e d  benzenes  and pheno l s ,  t he  l a t t e r  being e x c r e t e d  
e i t h e r  in the  f r e e  form or  as  con juga tes  (Grove r  and Sims 
1965; Chadwick  et al  1983; Macholz and Kujawa 1985) .  
Mammalian l i v e r  microsomal  c y t o c h r o m e  P 450 med ia ted  mixed  
funct ion monooxygenase  a c t i v i t y  ha s  been shown to p l a y  a ro l e  
in the  metabol i sm of l indane  (Oesch et al  1982).  It  h a s  been 
shown t h a t  h e x a c h l o r o b e n z e n e  (HCB) and p e n t a c h l o r o p h e n o l  
(PCP) a r e  m e t a b o l i t e s  of  l indane  and t h e s e  a r e  formed by 
a roma t i za t ion  and o x i d a t i v e  d e c h l o r i n a t i o n  (Macholz and Kujawa 
1985; Gopalaswamy and A i y a r  1986).  

In t h i s  p a p e r ,  DNA binding  and mutagen ic i ty  of  l indane  and 
me tabo l i t e s  HCB and PCP were  s t u d i e d  wi th  a v iew to 
u n d e r s t a n d i n g  t h e i r  g e n o t o x i c i t y .  

MATERIALS AND METHODS 

Male Wistar  r a t s  100 - 125 g were~4maintained on a n u t r i t i o n a l l y  
a d e q u a t e  l a b o r a t o r y  s tock  d i e t .  C - l a b e l e d  l indane  ( s p e c i f i c  
a c t i v i t y  54 mCi p e r  mmole) and C - h e x a c h l o r o b e n z e n e  
( s p e c i f i c  a c t i v i t y  106 mCi p e r  mmole) were  ob ta ined  from M/s .  
Amersham In t e rna t iona l  L t d . ,  Amersham,  U.K. Calf  t hymus  DNA 
and NADPH were  from M/s.  Sigma Chemical  Co. ,  St. Louis ,  
U.S.A.  Lindane,  PCP and HCB were  from the  Env i ronmenta l  
P ro t ec t i on  Agency,  R e s e a r c h  Tr i ang le  P a r k ,  North Caro l ina ,  

C o r r e s p o n d e n c e  to C.K.K. Nair  at  the  a b o v e  a d d r e s s .  
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U.S.A.  A r o c h l o r  1254 was o b t a i n e d  from Monsanto Chemical  
Co. ,  St.  Louis ,  U.S .A.  All o t h e r  c h e m i c a l s  were  of a n a l y t i c a l  
g r a d e .  

For  in v i t r o  b ind ing  s t u d y ,  r a t s  were  k i l l e d  by  d e c a p i t a t i o n  
and l i v e r  mic rosomal  f r a c t i o n s  from con t ro l  r a t s  and r a t s  
mainta ined  on d r i n k i n g  wa te r  conta in ing  0.14 sodium 
p h e n o b a r b i t a l  fo r  two weeks  were  i s o l a t e d  (Shah and 
B h a t t a c h a r y a  1982) .  Microsomal  p r o t e i n  concen t r a t ion  was 
e s t i m a t e d  by  the  method of  Lowry  et al  (1951) .  

Binding of  l a b e l l e d  l indane  and HCB to DNA was ~ u d i e d  by  
incuba t ing  0 .5  mg Calf  t hymus  DNA with  0 .~4mCi  ~ -C- l i ndane  
( s p e c i f i c  a c t i v i t y  54 mCi p e r  mmole) o r  C-HCB ( s p e c i f i c  
a c t i v i t y  106 mCi p e r  mmole) and 1 .0  mg microsomal  p r o t e i n  in 
0 .1  M Tris-HC1,  pH 7.2 conta in ing 0.65 mM NADPH and 5 .0  mM 
MgCl^ in a to t a l  volume of 1 .0  ml at 37~ for  1 .0  h r .  Af te r  

* �9 

t he  incuba t ion ,  t he  r e a c t i o n  was s t o p p e d  by  r a p i d  cool ing on 
i ce .  From the  r e a c t i o n  mix tu re  the  DNA was p r e c i p i t a t e d  wi th  
a l coho l  a f t e r  two phenol  e x t r a c t i o n s .  The DNA was d i s s o l v e d  
in 0 .1  X s t a n d a r d  sa l ine  c i t r a t e  (SSC, 1 X = 0.15 M NaC1, 
0.()i5M sodium c i t r a t e ,  pH 7.0)  and r e p r e c i p i t a t e d  and washed  
t h r e e  t imes  wi th  a l c o h o l .  The DNA was f i n a l l y  d i s s o l v e d  in 
0.5 ml of 0 .1  X SSC. Al iquo t s  were  t aken  for  DNA es t ima t ion  
by  d i p h e n y l a m i n e  r e a c t i o n  or  by  measur ing  a b s o r b a n c e  at  260.0 
nm. For  measur ing  r a d i o a c t i v i t y ,  1 .0  mg DNA was counted in 
an LKB Rack Beta L iqu id  S c i n t i l l a t i o n  S p e c t r o m e t e r .  The 
s p e c i f i c  a c t i v i t y  i s  e x p r e s s e d  as  p i comoles  of compounds bound 
p e r  mg DNA14 Each e x p e r i m e n t  was done in t r i p l i c a t e .  The 
amount of C - l i ndane  or  C-HCB bound to DNA due to 
nonenzymat ic  r e a c t i o n  was s u b s t r a c t e d  from e x p e r i m e n t a l  
va lue s .  

For  in v i v o  s t u d i e s ,  r a t s  u n t r e a t e d  o~.  p r e t r e a t e d  ".~th 
4 

p h e n o b a r b i t a l  as  b e f o r e ,  were  a d m i n i s t e r e d  - C- l indane  or  "~C- 
HCB (25 mg/kg ,  i . p . ,  s p e c i f i c  a c t i v i t y  14.0  mCi p e r  mmole) in 
0 .1  ml r e f i ned  peanut  o i l .  The an imals  were  s a c r i f i c e d  24 h r  
p o s t - t r e a t m e n t  and the  l i v e r s  were  r e m o v e d .  The l i v e r  t i s s u e  
was homogenized  in ten vo lumes  of 0 .15 M NaC1-0.01 M EDTA, 
pH 8.0  conta in ing 1.096 sodium d o d e c y l s u l p h a t e .  The DNA was 
i s o l a t e d  by  the  p r o c e d u r e  d e s c r i b e d  by  Marmur (1961) and 
f u r t h e r  p u r i f i e d  f r e e  of t r a c e s  of  p r o t e i n s  wi th  p r o t e i n a s e  K 
t r ea tmen t .  The r a t i o  of a b s o r b e n c i e s  of  the  DNA so lu t ion  in 
0 .1  X SSC at 260 nm and 280 nm was = 1 .9 .  Es t ima t ions  of  
DNA and r a d i o a c t i v i t y  were  c a r r i e d  out as  d e s c r i b e d  e a r l i e r .  

The mu tagen ic i t y  of  l indane ,  HCB and PCP was examined  us ing 
the  m i c r o b i a l / l i v e r  microsomal  t e s t  s y s t e m  of Ames et a l  
(1975) .  Metabol ic  a c t i v a t i o n  was p r o v i d e d  by  l i v e r  p o s t -  
m i t o c h o n d r i a l  supe rna t an t  ($9) ob t a ined  from the  A r o c h l o r  1254- 
induced  r a t s .  The compounds  were  d i s s o l v e d  in ace tone  ( 5 0 0 ~  
p e r  ml) and a d d e d  at d i f f e r e n t  c o n c e n t r a t i o n s  to molten top 
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a g a r  a long w i th  0 .1  ml 1 X 107 c e l l s  of  t h e  t e s t e r  s t r a i n  of  
Sa lmone l l a  t y p h i m u r i u m  TA98 and 0 . 4  ml $9 r e a c t i o n  m i x t u r e  
con ta in ing  t h e  m i c r o s o m e s  and c o f a c t o r s .  The p l a t e s  w e r e  
i n c u b a t e d  a t  37~ fo r  48 h r s  and t h e  n u m b e r  of  r e v e r t a n t  
c o l o n i e s  we re  s c o r e d .  

RESULTS AND DISCUSSION 

In t h e  p r e s e n t  s t u d i e s ,  t h e  g e n o t o x i c  p o t e n t i a l  of l i n d a n e  and 
i t s  m e t a b o l i t e s  HCB and PCP was i n v e s t i g a t e d  b y  d e t e r m i n i n g  
the  c a p a c i t y  of  t h e s e  compounds  to b i n d  DNA ~ V_~o and i n  
v i v o .  The r e s u l t s  of t h e  in  v i t r o  s t u d i e s  on b i n d i n g  of  
l i n d a n e  and HCB to DNA a r e  p r e s e n t e d  in  T a b l e  1. The l e v e l  
of b i n d i n g  was h i g h e r  wi th  l i n d a n e  t han  t h e  m e t a b o l i t e  HCB in 
bo th  c o n t r o l  and p h e n o b a r b i t a l  i n d u c e d  m i c r o s o m e s .  

T a b l e  1. I n  v i t r o  b i n d i n g  of 1 4 C - l i n d a n e  and 14C- 
h e x a c h l o r o b e n z e n e  to c a l f  t h y m u y s  DNA - e f f e c t  of 
p h e n o b a r b i t a l  i n d u c e d  m i c r o s o m e s .  

P r e t r e a t m e n t  
of  a n i m a l s  Compound 

Binding  to DNA 
p moles / rag  DNA 

None L indane  22.43 -+ 0 .84  

None HCB 8.88 -+ 0 .49  

P h e n o b a r b i t a l  L indane  32.21 -+ 1 .18  

P h e n o b a r b i t a l  HCB 12.00  -+ 0 .66  

1 4 C - l i n d a n e  o r  14C-HCB bound a c t i v i t y  to DNA in v i t r o  i s  
e x p r e s s e d  as  p m o l e s  of  t h e  r a d i o a c t i v e  compound bound p e r  mg 
e x o g e n o u s l y  a d d e d  DNA. Va lues  a r e  means -+ S . E .  n = 8. 

The  r e s u l t s  of  t h e  in v i v o  s t u d i e s  a r e  l i s t e d  in T a b l e  2. 
T h i s  d a t a  a l s o  s h o w s  t h a t  t h e  b i n d i n g  to  DNA was l o w e r  in t h e  
c a s e  of  HCB a s  c o m p a r e d  to  t h a t  fo r  l i n d a n e .  The  in  v i v o  
DNA b i n d i n g  v a l u e s  of HCB and l i n d a n e ,  2 . 2 3 - 6 . 9 0  p m o l e s  p e r  
mg DNA, a r e  in a g r e e m e n t  w i th  t h e  v a l u e s  r e p o r t e d  fo r  l i n d a n e  
b i n d i n g  to DNA in mouse l i v e r  s y s t e m  ( S a g e l s d o r f f  e t  a l  1983; 
I v e r s o n  e t  a l  1984) .  The  low o r d e r  of  b i n d i n g  o b s e r v e d  in  
t h e  p r e s e n t  s t u d i e s  i s  a l s o  s i m i l a r  to t h o s e  r e p o r t e d  fo r  o t h e r  
o r g a n o c h l o r i n e  p e s t i c i d e s  such  a s  d i e l d r i n  and a l d r i n  w h i c h  
a l s o  h a v e  p r o d u c e d  h e p a t o c e l l u l a r  c a r c i n o m a  ( D e c l o i t r e  e t  a l  
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Table 2. in vivo binding of 14C-lindane and 14C- 
hexachlorobenzene to rat liver DNA - effect of phenobarbital 
pretreatment of animal 

Pretreatment Compound 
of animals 

Binding to DNA 
pmoles/mg DNA 

None Lindane 5.82 +- 0 .31 

None HCB 2.23 + 0.27 

P h e n o b a r b i t a l  Lindane 6.90 + 0.14 

P h e n o b a r b i t a l  HCB 3.56 -+ 0.18 

DNA. Values a r e  means +- S . E . ,  n = 8. 

1975; Wright  et  al  1977).  Lindane was h i g h l y  ca rc inogen ic  in 
r a t s  and mice and h a s  been shown to induce  benign and 
malignant  neop l a sms  (Reuber  1979) .  The c a r c i n o g e n i c i t y  could  
be due to t he  ac t ion  of  t he  m e t a b o l i t e s  of  l i ndane  in t he  
mammalian organism or  l indane  p e r  se .  HCB and PCP h a v e  
been r e p o r t e d  to a r i s e  from l indane  in r a t s  (Gopalaswamy and 
A i y a r  1986; Macholz  and Kujawa 1985) .  HCB h a s  been 
r e p o r t e d  to cause  t e r a t o g e n i c i t y  and c a r c i n o g e n i c i t y  in an imals  
(Khera  1974; Cabra l  et al  1977) .  

The r e s u l t s  of  s e v e r a l  e x p e r i m e n t s  on t he  mutagenic a c t i v i t y  of 
l indane ,  HCB and PCP in S .  ty.phimurium. TA98 a r e  p r e s e n t e d  in 
Tab le  3. These  compounds  e x h i b i t e d  weak mutagenic  r e s p o n s e ,  
and in a l l  c a s e s  a c t i v a t i o n  b y  r a t  l i v e r  mic rosomal  f r a c t i o n  
was n e c e s s a r y .  

An enormouse  b o d y  of l i t e r a t u r e  e x i s t s  to i n d i c a t e  some d e g r e e  
of  c o r r e l a t i o n  be tween  t he  c a r c i n o g e n i c i t y  of  a chemica l  and i t s  
cova len t  b ind ing  to DNA fol lowing in v i v o  a d m i n i s t r a t i o n  (Lutz  
1986) .  The p r e s e n t  s t u d i e s  h a v e  p r o v i d e d  e v i d e n c e  t h a t  
l indane  and i t s  m e t a b o l i t e s  b ind  c o v a l e n t l y  to DNA and p o s s e s s  
the  c h a r a c t e r i s t i c s  of a geno tox ic  agen t .  The metabo l i sm of 
l indane  in mammals i n v o l v e s  t he  fo rmat ion  of  o l e f in s  and a 
subsequen t  e p o x i d a t i o n .  The t o x i c i t y  of  h a l o g e n a t e d  
h y d r o c a r b o n s  could  a r i s e  from i r r e v e r s i b l e  b ind ing  of t he  
e p o x i d e  i n t e r m e d i a t e s  to c e l l u l a r  cons t i t uen t s  such as  DNA or  
mere b r a n e s .  

Lindane and i t s  m e t a b o l i t e s  cause  uncoupl ing  of  o x i d a t i v e  
p h o s p h o r y l a t i o n  in r a t  l i v e r  m i t o c h o n d r i a  (Gopalaswamy and 
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T a b l e  3. M u t a g e n i c i t y  of  l i n d a n e  and m e t a b o l i t e s  in 
Sa lmone l l a  t y p h i m u r i u m  TA 98 

Compound C o n c e n t r a t i o n  
ng p e r  p l a t e  

Number  of r e v e r t a n t s  
( p e r  p l a t e ) *  

-$9 +$9 

L indane  50 11 -+ 2 135 -+ 11 
100 9 -+ 1 158 + 18 

HCB 50 10 + 2 151 + 15 
100 7 -+ 1 178 -+ 19 

PCP 50 12 -+ 1 186 + 13 
I00  14 + 2 280 + 9 

The v a l u e s  a r e  mean -+ S . E . ,  n = 6 
*Spontaneous  r e v e r t a n t s  = 11-16 p e r  p l a t e .  

A i y a r  1984; Mas in i  e t  a l  1985) .  A l s o ,  a s t a t i s t i c a l l y  
s i g n i f i c a n t  i n c r e a s e  in c h r o m o s o m a l  a b n o r m a l i t i e s  h a s  been  
r e p o r t e d  in  c y t o g e n e t i c  s t u d i e s  on p e s t i c i d e - w o r k e r s  ( B h a t t  
1977) .  In v i e w  of t h e  mutagen ic ,  c a r c i n o g e n i c  and t e r a t o g e n i c  
p o t e n t i a l  and  DNA b i n d i n g  a b i l i t y  of  l i n d a n e  and m e t a b o l i t e s  
due cau t ion  s h o u l d  be  t a k e n  w h i l e  us ing  t h e s e  p e s t i c i d e s .  

A c k n o w l e d g e m ~ t s .  The a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  Dr.  K. 
Raghu fo r  c r i t i c a l  a p p r a i s a l  of t h e  m a n u s c r i p t .  
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