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The i n d i s c r i m i n a t e  use o f  p e s t i c i d e s  in a g r i c u l t u r a l  o p e r a t i o n s  
a d v e r s e l y  a f f e c t s  the  a q u a t i c  environment  to  a ve ry  g r e a t  e x t e n t .  
This poses  a g r e a t  danger  to  f r e s h w a t e r  organisms i n c l u d i n g  f i s h e s .  
M a l a t h i o n  ( 0 , 0 - d i m e t h y l  p h o s p h o r o t h i o a t e  S-  ( 1 , 2  
d i c a r b e n t h o x y e t h y l ) ,  an organophosphorus  i n s e c t i c i d e  a c t s  as a 
n e u r o t o x i n  due to  i t s  a b i l i t y  to  b lock  n e u r o t r a n s m i s s i o n  by 
i n h i b i t i n g  the  enzyme, a c e t y l c h o l i n e s t e r a s e  (O 'Br ien  1960). In 
a d d i t i o n  to  o t h e r  changes ,  h e m a t o l o g i c a l  a b n o r m a l i t i e s  (Mukhopadhyay 
and Dehadrai  1980; Mishra and S r i v a s t a v a  1983) and changes in b lood 
serum p r o t e i n s  (Richmonds 1989) have a l s o  been observed  in f i s h e s  
exposed to  ma la th ion .  The purpose  o f  t h i s  s tudy  was to  s tudy  the  
changes in serum p r o t e i n s  and h e m a t o l o g i c a l  pa ramete r s  of  
He t e r opneus t e s  f o s s i l i s  exposed to  ma la th ion .  

MATERIALS AND METHODS 

Live specimens of  He t e ropneus t e s  f o s s i l i s  ( 2 8 . 0 - 3 2 . 0  g) were 
p rocured  from a swamp l o c a t e d  in North Bihar ,  I n d i a .  F ish  were 
a c c l i m a t e d  in the  l a b o r a t o r y  f o r  1 wk. F ish  were fed  wi th  chopped 
goa t  l i v e r .  B ioassays  to  de te rmine  the  96-hr  LCs0 were conducted  ( in  
p l e x i g l a s s  a q u a r i a )  employing the  t echn ique  as d e s c r i b e d  by American 
Pub l i c  Hea l th  A s s o c i a t i o n  (1981).  Mala thion c o n t a i n i n g  50% a c t i v e  
i n g r e d i e n t s  (Nor thern  Minera l s  L t d . ,  Haryana,  I nd i a )  was used in 
t h i s  s t udy .  The water  used in the  exper iment  had the  f o l l o w i n g  mean 
v a l u e s  f o r  the  water  q u a l i t y  c h a r a c t e r i s t i c s :  t empera tu re  28 ~C, pH 
7.35,  DO 7.5 mg/L, CO 2 4 =g/L, a l k a l i n i t y  115 mg/L as CaCo3, 
hardness2140 mg/L as CaCo 3. Groups o f  10 f i s h  (30 • 1.0 g) were 
exposed to  a s u b l e t h a l  c o n c e n t r a t i o n ,  1.2 mg/L, n e a r l y  o n e - t e n t h  o f  
the  96-hr  LCs0 va lue  (11.676 mg/L) f o r  24, 48 and 72-hr  in p l e x i g l a s s  
a q u a r i a .  C o n t r o l s  were t r e a t e d  under  i d e n t i c a l  c o n d i t i o n s  wi th  the  
same number o f  f i s h .  

F ish  were a n e s t h e t i z e d  wi th  100 mg/L t r i c a i n e  me thanesu l fona t e  (MS- 
222).  The caudal  peduncle  was cu t  o f f  wi th  a sharp  r a z o r  b lade  and 
f r e e  f lowing  blood was c o l l e c t e d  f o r  the  h e m a t o l o g i c a l  s t udy .  
Hemato log ica l  pa ramete r s  were e s t i m a t e d  by s t a n d a r d  methods as 
d e s c r i b e d  by B l a x h a l l  and D a i s l e y  (1973).  The RBC and WBC coun ts  
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were made by Neubauer hemocytometer. Hemoglobin % determination was 
performed by Sahli's hemometer. 

For the  e l e c t r o p h o r e t i c  s tudy  the  b lood samples were a l lowed to  
s t and  a t  room t empera tu re  f o r  1 hr .  The b lood  samples were 
c e n t r i f u g e d  a t  1000 x g f o r  15 min. The serum was removed and 
s t o r e d  a t  4~ I t  was used w i th in  24-hr  f o r  e l e c t r o p h o r e t i c  a s s a y s .  
Serum p r o t e i n s  were ana lyzed  by p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  
(Clarke  1964). Twenty m i c r o l i t e r s  of  serum and a few drops  of  
bromophenol b lue  were a p p l i e d  to  each tube .  The bromophenol b lue  
se rved  as the  t r a c k i n g  dye.  A c o n s t a n t  c u r r e n t  o f  5 mA/tube was 
a p p l i e d .  E l e c t r o p h o r e s i s  was t e r m i n a t e d  in 60 • 5 min, when the  
t r a c k i n g  dye was about  1 cm from the  bot tom of  the  tube .  A f t e r  
e l e c t r o p h o r e s i s  the  g e l s  were removed from the  t ubes .  The g e l s  were 
s t a i n e d  wi th  1% aqueous Coomasie B r i l l i a n t  Blue and d e s t a i n e d  with 
7% a c e t i c  a c i d  u n t i l  the  bands d i s p l a y e d  maximum s t a i n i n g  e f f e c t  
wi th  no background s t a i n i n g .  Gels were scanned wi th  LKB U l t r a s c a n  
XL d e n s i t o m e t e r .  Blood samples from 10 f i s h  were ana lyzed  fo r  each 
t ime pe r i od .  

RESULTS AND DISCUSSION 

The e l e c t r o p h e o r o g r a m  of  b lood serum from c o n t r o l  f i s h  showed nine  
(I to  IX) d i s t i n c t  f r a c t i o n s  (F ig .  1).  A f t e r  24-hr  exposure ,  
changes  were observed  in the  r e l a t i v e  p o s i t i o n ,  h e i g h t  and a rea  of  
some p r o t e i n  f r a c t i o n s  (Table 1).  A new f r a c t i o n  o f  p r o t e i n  (IA) 
was n o t i c e d  a f t e r  48-hr  exposure  (F ig .  3) .  In a d d i t i o n  to  t h i s  
f r a c t i o n ,  ano the r  new f r a c t i o n  o f  p r o t e i n  (IB) was observed  a f t e r  
72-hr  exposure  (F ig .  4) .  The r e s p e c t i v e  p o s i t i o n ,  h e i g h t  and a rea  
of  the  f r a c t i o n s  of  p r o t e i n s  changed from 24 to  74-hr  exposure .  All  
the  p r o t e i n  f r a c t i o n s  seemed to  slow down t h e i r  m o b i l i t y  and s h i f t e d  
t h e i r  r e l a t i v e  p o s i t i o n  in a d e c r e a s i n g  o r d e r  as compared to  
c o n t r o l ,  excep t  the  VII one. Most of  the  p r o t e i n  f r a c t i o n s  ( I I ,  IV, 
VI, VII and V I I I )  in 24-hr ,  YI, VI I ,  VI I I  and IX in 48-hr  and IV, 
VI, VI I ,  VI I I  and IX in 72-hr  were seen dec rea sed  in h e i g h t .  Some 
of  the  f r a c t i o n s  I I I ,  V and IX in 24-hr ,  I to  V in 48-hr  and I to  
I I I  and V in 72-hr  i n c r e a s e d  in h e i g h t  as compared to  c o n t r o l .  
Compared to  c o n t r o l  v a l u e s ,  the  a r e a  of  a l l  the  p r o t e i n  f r a c t i o n s  
dec rea sed  excep t  I and I I I  in 24 -h r ,  and I to  V and IX in 48-hr  
exposures .  A f t e r  72-hr ,  on ly  t h r e e  f r a c t i o n s  (I  to  I I I )  i n c r e a s e d ,  
whereas ,  s i x  p r o t e i n  f r a c t i o n s  (IV to  IX) dec rea sed  in t h e i r  a rea .  

The s lowes t  moving serum p r o t e i n  f r a c t i o n  from the  b lood of  golden 
s h i n e r ,  Notemigonus c r y s o l e u c a s  was i d e n t i f i e d  as e u g l o b u l i n  by 
Summerfelt  (1964).  This  au tho r  demons t ra t ed  a n t i b o d y  f u n c t i o n  in 
the  s lowes t  moving component o f  the  serum. Menze l ' s  (1970) 
e l e c t r o p h o r e t i c  s tudy  of  the  b lood  p r o t e i n s  o f  a f i s h ,  No t rop i s  
c y p r i n i d a e  r e s u l t e d  in the  i d e n t i f i c a t i o n  of  the  s lowes t  m i g r a t i n g  
f r a c t i o n  as a g l o b u l i n  f r a c t i o n .  Ney and Smith (1976) ana lyzed  the  
serum p r o t e i n s  o f  b l u e g i l l s  u s ing  p o l y a c r y l a m i d e  ge l  
e l e c t r o p h o r e s i s ,  and i d e n t i f i e d  the  s lowes t  moving f r a c t i o n  as a 
g l o b u l i n  f r a c t i o n .  According to  Pos t  (1966} who s t u d i e d  the  serum 
p r o t e i n s  and an t ibody  p r o d u c t i o n  in rainbow t r o u t ,  Salmo g a i r d n e r i ,  
s p e c i f i c  humoral a n t i b o d i e s  were found to  be p r e s e n t  in the  
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e l e c t r o p h o r e t i c a l l y  l e a s t  mobi le  p r o t e i n s .  Based on the  above 
f i n d i n g s ,  serum p r o t e i n  f r a c t i o n  I ,  in  t he  p r e s e n t  s t u d y  was 
c o n s i d e r e d  to  i n c l u d e  t h e  g l o b u l i n  f r a c t i o n .  The a p p e a r a n c e  o f  two 
new serum p r o t e i n  f r a c t i o n s  (IA and IB) o f  a v e r y  low m o b i l i t y  may 
be due t o  t h e  immune r e s p o n s e  o f  t h e  f i s h .  

Formation of a new fraction of protein may be due to the breakdown 
of red blood cells or other cellular components. Findings of our 
SEM study on respiratory organs (unpublished data) reveal broken 
microridges, loss of cell boundaries in gill filaments, beaded 
appearance and fusion of secondary lamellar surface. Richmonds and 
Dutta (1989) observed necrosis in the gills of bluegills, Lepomis 
macrochirus exposed to malathion. The differences in position, 
height and area observed in the sera of exposed fish may be due to 
the possible changes in the amount of different proteins caused by 
the necrosis of the cellular components. 

Previous studies on blood serum proteins have shown that under 
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Table 2. Hematological  changes in Heteropneustes  f o s s i l i s  on 
exposure to  Malathion (mean va lues)  

Trea ted  
Blood parameters  Control  24-hr 48-hr 72-hr 

Total RBC count 4.05 3.01 2.05 2.10 
(x 106/mm 3 ) 

Total WBC count 1.57 4.52 4.06 2.40 
(x 10{/ram 3) 

Hemoglobin (g/dl) 14.40 13.40 12.20 11.40 

conditions of stress (Bouck 1972) or heavy metal exposure (Qayyum and 
Gayazuddin 1978; Dutta et al. 1983; Rai 1987) the number of protein 
fractions either increased or decreased. Rai (1987) observed 
disappearance of some protein fractions and emergence of a new protein 
with a very low mobility in fish exposed to mercury. In the present 
study the protein fractions were not only affected, but also two new 
protein fractions of very low mobility appeared after exposure to 
malathion. 

Noticeable differences were observed in the hematological parameters of 
exposed H.. fo~silis (Table 2). In control fish the total RBC count was 
4.05 x 10~ ~. The total RBC count showed a decreasing trend with 
increasing exposure time. The reduction in RBC number may be due to 
microcytic or normocytic anemi~ (T~schiya 1979). In 24-hr exposure the 
WB~ c~unt increased (4.52 x 10 /mm ) as compared with control (1.57 x 
10~/m~), whereas, in 48-hr exposure there was a slight decrease in WBC 
count compared to 24-hr exposure. ~ This decreasing trend continued 
after 72-hr exposure (2.4 x 10"/mm~). The hemoglobin percentage in 
control was 14.40% which decreased to 13.40%, 12.20% and 11.40% during 
24, 48 and 72-hr exposures respectively. These findings in H. fossilis 
are in partial agreement with the results of other researchers (Dalela 
et al. 1981, Mishra and Srivastava 1983, Ei-Domiaty 1987, Gill et al. 
1991.) 

The increase in WBC count after 24-hr and 48-hr exposures may be 
attributed to the response of the fish to malathion exposure, where 
malathion may work as an antigen. A rise in the small lymphocyte count 
and a fall in the large lymphocyte count in fish exposed to both Cu and 
Pb have been observed by Gill et al. 1991. The reduction in the WBC 
count in 72-hr exposure compared to 24-hr and 48-hr exposures may be 
due to the malfunctioning of the hematopoietic system caused by 
malathion. Reduction in T-lymphocyte subpopulations following acute 
exposure to 4 ppm nitrogen dioxide was observed by Damji and Richters 
(1989). It has also been noted by Harvey et al. (1991) that 
deoxynivalenol (DON) induces changes in the hematopoietic system of 
chicks and alters immune responses. WBC are inextricably involved in 
the regulation of immunological function and a prolonged exposure of H. 
fossilis to malathion may inflict immunological deficiency. 

The present study reveals that malathion, an organophosphorus 
pesticide, randomly used all over the world has profound effect on 
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serum proteins as well as other blood parameters. 
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