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Monocro tophos  i s  an o r g a n o p h o s p h o r o u s  p e s t i c i d e  which  is  
e x t e n s i v e l y  used in the  cot ton f i e l d s  in Ind ia .  It  has  been 
shown tha t  o r g a n o p h o s p h o r o u s  p e s t i c i d e s  cause a s ign i f i can t  
i n c r e a s e  in s i s t e r  c h r o m a t i d  exchanges  in mammalian ce l l  l ines  
(Chen et a1 .1981) .  A s ign i f i can t  i n c r e a s e  in exchanges  has  
been reported in flouriculturists who were exposed to 
organophosphorous pesticides and carbamates (Dulout et ai.1985). 
Workers occupationally exposed to pesticides showed a significant 
i n c r e a s e  of chromosomal  a b e r r a t i o n s  ( P a l d y  et a l .  1987). 

O r g a n o p h o s p h o r o u s  p e s t i c i d e s  l i ke  me thy l  p a r a t h i o n  and p h o r a t e  
showed mutagenic e f fec t  in r a t s  (Malhi and Grove r  1987).  In 
the  p r e s e n t  s t u d y  an a t t empt  has  been made to e v a l u a t e  the 
chromosomal  damaging e f f ec t s  of monocro tophos  in human l y m p h o -  
c y t e  c u l t u r e s .  

MATERIALS AND METHODS 

Intravenous blood was collected by heparinized syringe from 
healthy donor (male) under aseptic conditions. Lymphocyte 
cultures were initiated by adding 0.3 ml of wholeblood to RPMI 
1640 medium supplemented with 254 human AB serum, 0.54 phy- 
tohemagglutinin, 0.254 dicrysticin. Monocrotophos (364) was 
obtained from Khaitan ~ Co., Calcutta, India, and the cells 
were treated with 0.1, 0.2, 0.4 and 0.8 ug per 8 ml culture 
medium of monocrotophos for 24, 48 and 72 hrs of duration. 
Since monocrotophos is not soluble in water it was dissolved 
in 14 DMSO (Dimethylsulfoxide). Control cultures were maintained 
simultaneously with DMSO (control II) and without DMSO (control 
I). The cultures were terminated by adding 0.i ug/ml of col- 
chicine, two hours before harvesting the cultures, to arrest 
the cell cycle at metaphase. All the cultures were harvested 
by the method of Moorhead et al. (1960). A separate set of 
cultures were maintained for the study of sister chromatid ex- 
changes (SCEs). 3 ug/ml of bromodeoxyuridine (BrdU) was 
added to the cultures at the time of initiation. The cells were 
treated with the test compound for 24, 48 and 72 hours duration. 
The cells were allowed to complete at least two cell cycles 

Send r e p r i n t  r e q u e s t s  to D.S. Rupa at the  above  a d d r e s s .  
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in t he  p r e s e n c e  of BrdU.  The c u l t u r e s  were  t e r m i n a t e d  b y  
a d d i n g  c o l c h i c i n e ,  and the  s l i d e s  were  p r e p a r e d  a c c o r d i n g  to 
t he  me thod  d e s c r i b e d  e l s e w h e r e  (Moorhead  e t  a i . 1 9 6 0 ) .  T h r e e  
d a y  o l d  s l i d e s  were  p r o c e s s e d  a c c o r d i n g  to t he  s t a n d a r d  method  
( P e r r y  and Wolff 1974) fo r  d i f f e r e n t i a l  s t a i n i n g .  The e x p e r i m e n t  
was r e p e a t e d  t w i c e  f o r  ch romosoma l  a b e r r a t i o n s  and s i s t e r  c h r o -  
m a t i d  e x c h a n g e s .  

400 m e t a p h a s e s  were  s c o r e d  fo r  c h r o m o s o m a l  a b e r r a t i o n s  and 
50 m e t a p h a s e s  fo r  s i s t e r  c h r o m a t i d  e x c h a n g e s  fo r  e a c h  concen -  
t r a t i o n  and in  e a c h  e x p e r i m e n t .  The a b e r r a t i o n  f r e q u e n c i e s  
were  s i m i l a r  in  b o t h  t he  e x p e r i m e n t s .  Va r ious  t y p e s  of c h r o m o -  
somal  a b e r r a t i o n s  l i k e  c h r o m a t i d  g a p s ,  b r e a k s ,  d e l e t i o n s ,  e x -  
c h a n g e s ,  d i c e n t r i c s  and e n d o r e d u p l i c a t i o n s  were  r e c o r d e d .  C h r o -  
ma t id  gaps  were  not i n c l u d e d  in t he  t o t a l  number~ of a b e r r a t i o n s .  
S t a t i s t i c a l  a n a l y s i s  of t he  d a t a  was made us ing  X z t e s t  fo r  c h r o -  
mosomal a b e r r a t i o n s  and S tuden t  ' t '  t e s t  fo r  s i s t e r  c h r o m a t i d  
e x c h a n g e s .  

RESULTS AND DISCUSSION 

The r e s u l t s  on the  i n c i d e n c e  of ch romosoma l  a b e r r a t i o n s  a f t e r  
t he  t r e a t m e n t  w i th  0 .1 ,  0 . 2 ,  0 .4 ,  0 .8  ug of m o n o c r o t o p h o s  fo r  
24, 48 and 72 h r s  a r e  g iven  in t a b l e  1. The t y p e s  of a b e r r -  
a t i o n s  o b s e r v e d  a r e  c h r o m a t i d  b r e a k s ,  g a p s ,  d e l e t i o n s ,  f r a g -  
ments ,  e x c h a n g e s ,  d i c e n t r i c s ,  and e n d o r e d u p l i c a t i e n s .  T h e r e  
was a dose  d e p e n d e n t  i n c r e a s e  in the  f r e q u e n c y  of the  g a p s  
and b r e a k s  w i th  a c o r r e s p o n d i n g  i n c r e a s e  in  t h e  d u r a t i o n  of 
e x p o s u r e .  A s i g n i f i c a n t  i n c i d e n c e  of c h r o m a t i d  b r e a k s  man i f e s t  
t h a t  t he  c h e m i c a l  may ac t  m o s t l y  in t he  S and G 2 p h a s e  of 
t he  c e l l  c y c l e .  Even though  v e r y  few d i c e n t r i c s  were  o b s e r v e d  
in  h i g h e r  c o n c e n t r a t i o n s  most of t he  a b e r r a t i o n s  r e c o r d e d  a r e  
of c h r o m a t i d  t y p e s ,  t h i s  r e v e a l s  t h a t  t h e  c h e m i c a l  may ac t  
m o s t l y  on the  s y n t h e t i c  p h a s e  of t he  c e l l  c y c l e  t han  G. p h a s e .  
P r e s e n c e  of d e l e t i o n s ,  e x c h a n g e s  and f r agmen t s  a t  h i g h e r  • concen-  
t r a t i o n s  r e v e a l s  t he  i n c r e a s e d  mutagenic  p o t e n t i a l  of t h e  t e s t  
compound.  

A s i g n i f i c a n t  i n c r e a s e  in  t h e  SCEs at  a l l  c o n c e n t r a t i o n s  and 
at  d i f f e r e n t  t ime  i n t e r v a l s  ( T a b l e  2) r e v e a l s  t h a t  t he  c h r o m o -  
somes a r e  more s e n s i t i v e  fo r  damage c a u s e d  b y  t e s t  compound,  
as  SCEs i s  a more s e n s i t i v e  p a r a m e t e r  than  c h r o m o s o m a l  a b e r r -  
a t i o n s .  Even though  t h e  c h r o m a t i d  t y p e  of a b e r r a t i o n s  and 
SCEs a r e  two i n d e p e n d e n t  p a r a m e t e r s ,  t he  a b i l i t y  of t he  t e s t  
compound to cause  a s i g n i f i c a n t  p e r c e n t a g e  of a b e r r a t i o n s  in 
b o t h  t he  t e s t s  r e v e a l s  t h a t  monoc ro tophos  i s  c a p a b l e  o f  caus ing  
s i g n i f i c a n t  c h r o m o s o m a l  damage a t  h i g h e r  c o n c e n t r a t i o n s .  T h e r e  
were  a l s o  r e p o r t s  on the  p o s i t i v e  e f f e c t  of t h i s  compound in 
mammal ian  s y s t e m s  ( V a i d y a  and P a t a n k a r  1982) and in  human 
l y m p h o i d  c e l l s  ( S o b t i  e t  a i . 1 9 8 2 ) .  Monoc ro tophos  a l s o  showed  
p o s i t i v e  e f f e c t  in A m e ' s  t e s t  ( M o r i y a  et  a i . 1 9 8 3 ) .  A s i g n i f i c a n t  
i n c r e a s e  in  SCEs were  found in r a t  t r a c h e a l  e p i t h e l i a l  and 
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chinese hamster ovary cells when tested with monocrotophos 
(Wang et ai.1987). Endoreduplications were observed in BrdU 
cultures at 0.8 ug treatment after the 72 hours exposure. Exis- 
tence of endoreduplications were not completely understood. 
The present study reveals that monocrotophos causes chromosome 
damage in human lymphocyte cultures. 

Acknowledgments. D.S. Rupa is grateful to acknowledge the 
financial assistance by Department of Energy Environment Science 
and Technology, Andhra Pradesh. 

REFERENCES 

Chen HH, Hsuch TL, S i r ian i  SR, Huang CC (1981) Induc t ion  of 
SCE and ce l l  c y c l e  d e l a y  in cu l tu r ed  mammalian ce l l s  t r e a t e d  
wi th  8 organopl~osphorous  p e s t i c i d e s .  Mut Res 88: 307-316. 

Dulout FN, P a s t o r i  MC, O l ive ro  OA, Gonzaliz c id  M, Lor ia  D, 
Matos E, Sobel N, de Bujan EC, Albiano N (1985) S i s t e r  Chro -  
mat id  exchanges  and chromosomal  a b e r r a t i o n s  in a popu la t ion  
e x p o s e d  to p e s t i c i d e s .  Mut Res 143: 237-244. 

Malhi PK, Grover  IS (1987) Genotoxic e f f ec t s  of some o r g a n o p h o s -  
p h o r e u s  p e s t i c i d e s .  I I .  In v i v o  chromosomal  a b e r r a t i o n  b i o a s s a y  
in bone marrow ce l l s  in r a t ,  Mut Res 188: 45-51. 

Moorhead PS, Nowell PC, Mellman W J,  Ba t t i p s  DM, Hungerford  
DA (1960) Chromosome p r e p a r a t i o n s  of l e u c o c y t e s  cu l tu r ed  
from human p e r i p h e r a l  b lood .  Exp ce l l  Res 20: 613-616. 

Mor iya  M, Ohta T, Watanabe K, Miyazawa T, Kato K, Sh i r a su  
Y (1983) F u r t h e r  Mutagen ic i ty  s t ud i e s  on p e s t i c i d e s  in b a c t e r i a l  
r e v e r s i o n  a s s a y  s y s t e m s .  Mut Res 116: 185-216. 

P a l d y  A, Puskas  N, Vincze K, Hadhaz i  M, (1987) Cytogene t ic  
s t ud i e s  on r u r a l  popu la t i ons  e x p o s e d  to p e s t i c i d e s .  Mut Res 
187: 127-132. 

P e r r y  P, Wolff S (1974) New Giemsa method for  the  d i f f e r e n t i a l  
s ta in ing  of s i s t e r  c h r o m a t i d s .  Nature (London) 251: 156-158. 

Sebt i  RC, Kisshan  A, P f a f f e n b e r g e r  CA (1982) Cy tok ine t i c  and 
c y t o g e n e t i c  e f f ec t s  of some a g r i c u l t u r a l  chemica l s  on human 
l y m p h o i d  ce l l s  in v i t r o :  O r g a n o p h o s p h a t e s .  Mut Res 102: 
89-102. 

Va idya  VG, P a t a n k a r  N, (1982) Mutagenic e f fec t  of Monocro tophos :  
an i n s e c t i c i d e  in mammalian t e s t  s y s t e m s .  Ind J Medical  
Res 76: 912-917. 

Wang TC, Lee TC, Lin MF, Lin SY (1987) Induc t ion  of s i s t e r  
c h r o m a t i d  exchanges  b y  p e s t i c i d e s  in p r i m a r y  ra t  t r a c h e a l  
e p i t h e l i a l  c e l l s  and ch inese  h a m s t e r  o v a r y  ce l l s .  Mut Res 
188: 311-321. 

Rece ived  March 28, 1988; a c c e p t e d  May 5, 1988. 

741 


