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Fishes are poikilothermic vertebrates hence all the body 
functions including immunological defence may be susceptible 
to adverse changes in the aquatic environment. Environmental 
pollutants, especially heavy metals and pesticides are known 
to contribute to outbreaks of infectious bacterial diseases 
in f i s h e s  (Sniesako,  1974). Pes t i c i des  enter  the  aquat ic  
env i ronment  th rough i n ten t i ona l  a p p l i c a t i o n ,  a e r i a l  d r i f t  or  
runof f  f rom a p p l i c a t i o n s  or  acc iden ta l  re lease  and then become 
r a p i d l y  d i s t r i b u t e d .  Major  routes of  p e s t i c i d e  movement 
in to  wa te r  a re  a g r i c u l t u r a l  runof f  f rom f i e l d s  and graz ing 
lands ( L i ,  1975). Severa l  i n v e s t i g a t o r s  have eva lua ted  the  
to x i c i t  y of hexach lo roc  yc lohexane  ( HCH ) in f i s h e s  ( Gopal 
et a l . ,  1988; Watson et a t . ,  1983), however ,  on ly  spo rad i c  
o b s e r v a t i o n s  on the humoral  immune responses have been 
made. Cadmium has been demonst ra ted to a f fec t  the  immune 
system of te leos t  ( V i a l e  and Ca lamar i ,  1984). The e f fec ts  
of sub le tha l  concent ra t ions  of m e t h y l m e r c u r y  and copper  on 
the immune response of btue gourami ( T r i c h o g a s t e r  t r i c h o p t e r u s  
have a lso been s tud ied  (Roales and Pe r lmu te r ,  1977). A t tempts  
have been made to i n v e s t i g a t e  the  e f fec t  of the HCH and 
cadmium on the  humoral  immune responses to b a c t e r i a l  ant igen 
using H . f o s s i t i s  as tes t  spec ies.  A t tempt  i s  a lso made to 
eva lua te  the vascu la r  funct ion at s u b l e t h a l  doses. 

MATERIALS AND METHODS 

H. f o s s i l i s  obta ined f rom na tu ra l  resources were kep t  in 
91ass Aquaria, and allowed to acclimate in chlorine free tap 
wate r  at a tempera tu re  20 -+ 2~ fo r  a pe r i od  of two weeks,  
p r i o r  to heavy  metal  and p e s t i c i d e  exposure  (Gopal and M is ra ,  
1988). A pho tope r i od  of 12 h r  t i g h t ;  12 h r  da rk  was used 
and the  f i s h  were handfed on f resh  goat l i v e r .  Hea l thy  
i n d i v i d u a l s  of H . f o s s i l i s  20 -+ 5 g wt were d i v i d e d  in to  four  
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groups of 20 each. 1st group of f i shes  was exposed to 
sub le tha l  concentrat ions of cadmium (0.2 mg/L) and group 
2nd to HCH (1.3 rag/L).  Group 3rd was exposed to both 
of the compounds in i den t i ca l  quan t i t y .  Animals of the 
4th group served as cont ro l .  A I I  aquar ia  were aerated 
constant ly  and water  was maintained fo r  to ta l  hardness (206.9 
mg/L) ,  d i sso l ved  oxygen (8.2 rag/L),  pH (?.2)  and tempera-  
ture 20°C. Tests in t r i p l i c a t e  were ca r r i ed  out along w i th  
control. 

A. hydrophila isolated from the maintained culture in our 
Taboratory was grown in nutrient broth at 37°C for 48 hr 
and then heated at 60°C for 30 min. Subsequently the culture 
was centrifuged, pellet was washed with normal saline and 
reconstituted the same voIume. An equal volume of Freund's 
Complete adjuvant was added. Each fish was inocuIated 
intraperitoneaIly with 0.1 ml containing 10 ceils in Freund's 
adjuvant (FCA) two wk after exposure to cadmium and HCH. 
Further, injections of the same cell concentrations were 
given after 7, 14, 21 and 28 d. Blood was collected by 
caudal vein puncture from 5 fish, left overnight at I°C 
and the pooled sera was heat inactivated at 50°C for 30 
rain and kept at-20°C until required. O-antigen was extracted 
from the bacteria by heating at 60°C for 30 min. The treated 
bacteria were pelleted by centrifugation at 4000 x g for 
2 h r  and resuspended to g ive  a concentrat ion of 6~ ( w / v )  
in water .  Aqueous solut ion of phenoI (90~ w / v )  was added 
to t h i s  m ix tu re  at 65°C and s t i r r e d  fo r  5 min. The p repa r -  
at ion was centr i fuged at 2000 x g for  1 hr  at 0°C and the 
upper aqueous l a y e r  was d ia l ysed  for  48 hr  against running 
tap water ,  then poured into 10 volumes of cold acetone 
at -20°C. The l i popo l ysaccha r i de  p r e c i p i t a t e  was d isso lved  
in water  to g ive  3~ ( w / v )  solut ion which was co l lected 
by cent r i fugat ion (100,000 x g) fo r  4 hr .  The pe l le t  was 
resuspended in ha l f  of the o r i g i na l  volume of d i s t i l l e d  water 
and then hyd ro l ysed  w i th  1~ ( v / v )  acet ic acid at 100°C. 
A f te r  30 min cent r i fugat ion at 500 x g the supernate was 
d ia l ysed  at 4°C against d i s t i l l e d  water  for  48 hr  (Ta lwar ,  
1983). 

SRBC collected in Alsevier's solution from the sheep kept 
in ITRC animal house facility, were washed three times 
in normal saline and resuspended to give a 2.5~ suspension 
in phosphate buffer saline at pH 7.2. Equal volume of 
erythrocytes suspension and 1:20,000 tannic acid were mixed 
and incubated at 37°C for ten min. The ceils were washed 
with PBS and resuspended to original concentration. Coating 
of the cells was carried out by mixing I ml of tanned ceils 
(2.5~) to 4 ml of PBS at pH 6.4 and 1 ml pro te in  solut ion 
in sa l ine.  A f te r  incubation fo r  t0- t5 min at room temperature 
the ce l l s  were centr i fuged and washed w i th  PBS containing 
0.1~ normal r abb i t  serum and were f i n a l l y  suspended in 
the same buf fer  to o r i g i na l  volume. The test was performed 
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by add ing  0 .05 ml of d i l u t e d  an t i se rum and t he  s e t t l i n g  
pa t t e rn  was o b s e r v e d  a f t e r  2 h r  i n c u b a t i o n .  The a n t i b o d y  
t i t e r s  were  r e p o r t e d  as mean _+ the  s tanda rd  e r r o r  of  log 
2 a g g l u t i n a t i o n  t i t e r .  Resu l ts  were  eva lua ted  s t a t i s t i c a l l y  
us ing S t u d e n t ' s  ' t '  t es t .  

B lood was c o l l e c t e d  f rom t w e l v e  f i s h  in  each group f rom 
cauda l  ve i n .  The e r y t h r o c y t e  count ( pe r  ram) was de te rm ined  
us ing a Neubauer d o u b l e  hemacy tomete r  (Germany)  and hemo- 
g l o b i n  de te rm ined  by S a h t i '  s hematocy tomete r  (Ge rmany ) .  
The h e m a t o c r i t  was de te rm ined  w i t h  m i c r o h e m a t o c r i t  p i p e t t e  
(U.S.A.). Brains, gills, Liver, kidney, heart and spleen 
were removed, rinsed with physiological saline and immediately 
frozen for subsequent analysis. The tissues were homogenized 
in 2 vols of 25~ methyl alcohol/water. HCH and its isomers 
were extracted successively with I0, I0, 5, 5 and 5 ml 
of hexane. The total hexane extract was cleaned up on 
a florisil column by using small volume of hexane to complete 
the transfer (Litterest and Miller, 1975). 

So lven ts  were  concen t ra ted ,  d r i e d  w i t h  a n h y d r o u s  Na SO. 
and t r a n s f e r r e d  to 10 mI v o l u m e t r i c  f l a s k  w i t h  hexane 2an~ 
made up to the  vo lume.  A n a l y s i s  was c a r r i e d  out by  us ing 
Var ian  Ae rog raph  Ser ies  2400 GC e q u i p p e d  w i t h  an e l e c t r o n  
c a p t u r e  d e t e c t o r .  A g lass  column (6 x �88 in )  packed w i t h  
1.5~0 OV - 17 _+ 1.95~0 OF1 on a 100-120 mesh ch romoso rb  
GH/P was used.  The c a r r i e r  gas was n i t r ogen  at 60 m l / m i n .  
The i n j e c t o r ,  d e t e c t o r  and column t e m p e r a t u r e  were  ma in ta ined  
at 210, 210 and 190bC r e s p e c t i v e l y .  The  c h a r t _ ~ e e d  was 
0 .5  cm/min  and the  a t t enua t i on  was f i x e d  at 4 x 10 

For  the  e s t i m a t i o n  of  meta ls ,  wet  ac i d  d i g e s t i o n  of  t he  
t i s sues  was done and t he  concen t ra t i on  was de te rm ined  in  
a P e r k i n  E lmer  Model  5000 A tomic  A b s o r p t i o n  S p e c t r o p h o t o -  
meter .  The i ns t r umen t  was set up f o r  maximum s e n s i t i v i t y  
and a m i x t u r e  of a i r  and ace t y l ene  was used as a f ue l  w i t h  
o x i d i s i n g  f lame (Doy le  and P fander ,  1975).  

RESULTS AND DISCUSSION 

The peak a n t i b o d y  t i t e r  o b s e r v e d  in  f i s h  t r ea ted  w i t h  C6+ 
HCH were  found s i g n i f i c a n t l y  supp ressed  in  compar i son  to 
the  t i t e r s  of  f i s h  exposed  to Cd and HCH i n d i v i d u a l l y .  

The immunosupp ress ion  e f fec t s  of  t hese  c h e m i c a l s  even at 
low concen t ra t i on ,  i n d i c a t e  p o t e n t i a l  v u l n e r a b i l i t y  o f  f i s h  
f rom p o l l u t e d  h a b i t a t  to d iseases .  A n t i b o d y  responses among 
t r o u t  have  a lso  been e s t a b l i s h e d  ( Ingra in  and A l e x n a d e r ,  
1977, O'Neill, 1979). 

S i g n i f i c a n t  r educ t i on  of  RBC in  exposed  an ima ls  and t o t a l  
count of  l eucocy te  showed i m m u n o s u p p r e s s i v e  responses in  
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f i sh  t reated w i th  both compounds. S i m i l a r l y ,  hemoglobin 
and hematocr i t  vales showed a s ign i f i can t  reduct ion in the 
exposed f i sh .  However, to ta l  plasma prote in  d id  not ind icate 
any s ign i f i can t  prote in  loss when t reated i n d i v i d u a l l y  w h i l e  
i n h i b i t i o n  was recorded a f te r  syne rg i s t i c  exposure (Table 
1). The general pat tern of d i s t r i b u t i o n  shows that  HCH 
concentration was h igher  in l i v e r  and k idney of exposed 
animals (Table 2 ,3) .  Accumulation of cadmium was h igher  
in l i v e r  and g i l l  of exposed f i sh  (Table 4).  

Table 2. Dis t r i bu t ion  of HCH and i t s  isomers (ppm) in 
vital tissues of H.fossilis exposed to HCH and cadmium 
for  30 d 

Name of Alpha HCH Beta HCH Gamma HCH Total HCH 
organ ( ppm ) 

Brain 0.26• 0.40• 0.38• 1.04• 

Gill 0.70• 0.34• 0.25• 2.29• I ? 

L i v e r  6.53• 4.54• 2.19• 13.26• 

Kidney 3.37• 0.72• 3.29• 7.36• 

Heart 1.98• 2.91• 2.02• 6.91• 

Spleen 2.00• 3.33• 1.68• 7.01• 

Values are expressed as mean of s i x  f i sh  • S.'D. 

Cadmium has been found to be respons ib le  in reducing an t i -  
bodies which p lay  a s ign i f i can t  rote in the outbreaks of 
bac te r ia l  diseases (Jones et a l . ,  1971). Pb and Cd ions 
have high a f f i n i t y  for  s u l p h y d r y l  and h y d r o x y l  groups. 
This  d i rec t  action impa i r s  the a c t i v i t y  of ant ibody comple- 
ment (Hemphi t l  et a t . ,  1971) and in te r fe ron  (Gainer, 1974). 
Cadmium is  respons ib le  in reduct ion of the B - l i k e  ce l l s ,  
as we l l  as the toss of he lper  and memory ce l l  a c t i v i t y  
(Ph ipps,  1976). An i n i t i a l  f ind ing of neut ra l isa t ion  of 
serum ant ibody have been shown in Cd t reated f i s h .  Our 
f ind ings showed s ign i f i can t  reduct ion of ant ibody t i t e r s  
in animals exposed to hexachlorocyctohexane.  Instead of 
t h e i r  immunosuppressive responses they are also able to 
damage e r y t h r o p o i e t i c  t issues in spleen and k idney (Gardner 
and Yev ich ,  1970). Haemopoietic system of f i sh  have been 
found to be a target  fo r  other heavy metals (Chipmen et 
a t . ,  1958; Braker ,  1969; Rucker and Amend, 1969). Our 
observat ions ind icate  that  immunocompetent ce i l s  and e r y t h r o -  
po ie t ic  ce i l s  have been affected due to reduced l e v e l  of 
e r y t h r o c y t e s  leucocyte, hemoglobin, haematocri t  and plasma 
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T a b l e  3. D i s t r i b u t i o n  of  HCH and i t s  i somers  (ppm)  in  
v i t a l  t i s s u e s  of H . f o s s i l i s  exposed  to HCH f o r  
30 d 

Name of  A l p h a  HCH Beta HCH Gamma HCH To ta l  HCH 
organ (ppm)  

B ra in  0 .85•  0.70• 0 .40•  1.95• 

G i l l  0 .49•  O. 28• 0 .33•  1.11 •  

L i v e r  4 .24•  4 .08•  2 .39•  10.71•  

K idney  5 .08•  0 .32•  0 .90•  6 .30•  

Hear t  1 . 6 / •  0 .96•  0 .84•  3 .46•  

Spleen 0 .38•  0.11 e0.02 0 .68•  1 .17•  

Values are expressed as mean of six fish • S.D. 

T a b l e  4. D i s t r i b u t i o n  of  cadmium in  v i t a l  t i s sues  of  
H . f o s s i l i s  exposed  cadmium and I i ndane  f o r  
30 d 

Name of Control Cd (ug/gm) Cd+HCH 
organ (ug/Cd/gm) 

L indane  

B ra in  0 .81•  2 .08•  1 .03•  0 .29•  

Gill 0 .53•  52 .14•  11.73•  0 .42•  

L i v e r  2 .??•  49 .63•  27 .90•  0 .17•  

K i dney  1 .0?•  0 .59•  ? .56•  0 .39•  

Hear t  0 .14•  0 .03•  0.04• 0 .14•  

Spleen 0.05• 0.05• 0 .93•  0 .03•  

Values a re  e x p r e s s e d  as mean + S.D.  

protein concentration. A variability of hematological anoma- 
lies have been described in fresh water fish following expo- 
sure to copper (Christensen et aI., 1972). The continuous 
exposure of cadmium along with HCH resulted in the accumu- 
lation of hepatic cadmium and HCH due to low potentiation 
of various hepatic metabolizing enzymes in fresh water 
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te leost .  I t  is  suggested that  immune responses of f i sh  
may serve as a sens i t i ve  ind ica to r  fo r  chemical po l lu t ion  
of aquat ic hab i ta t .  Also, the immunotox ic i ty  leading to 
decreased resistance to diseases by low l eve l s  of po l lu tants ,  
should be taken into account wh i le  developing regula tory  
standards.  
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