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Represen ta t ives  of  the  class bivalvia a re  very impor t an t  for eva lua t ing  
the  level  of the pollution of given a r ea  because  the group compr i ses  
seden ta ry  f i l ter  feeders  which can a c c u m u l a t e  x e n o b i o t i c s  f r o m  t h e  
e n v i r o n m e n t .  They a re  suspension feeders  in the  p r imary  s tages  o f  
food cha in  and  i n f l u e n c e  t h e  o r g a n i z a t i o n  and  f u n c t i o n i n g  of  t h e  
e c o s y s t e m  (Mane e t  al. 1986). Mussels a c c u m u l a t e  heavy meta l s  like 
copper ,  zinc, iron, and lead ( H u n t e r  e t  al.  1987; King and  D a v i e s  
1987). Global mussel  policy es tabl ished in 1978, in terna t ional  mussel  
watch  p r o g r a m m e  in India (1986), and s a t e l l i t e  s y m p o s i u m  in Bhopal  
(1986) on biomoni tors  and biopurif iers  highlighted the role of bivalves 
in biopuri f icat ion,  b i o i n d i c a t i o n ,  and  b i o m o n i t o r i n g .  A m m o n i a  has  
r e c e i v e d  i n c r e a s e d  a t t e n t i o n  over  the past  few years  as po ten t ia l ly  
impor t an t  pol lutant  in aquatic  sys tems .  A n i m a l  f e e d  lo t s ,  oil sha l e  
re tor t ing ,  and coal  gas i f ica t ion  are  some of the sources  for a m m o n i a  
pollution in aquatic  e c o s y s t e m s .  The n i t r o g e n  f e r t i l i z e r s  i n c l u d i n g  
a m m o n i u m  s u l f a t e  which  a re  not  c o m p l e t e l y  used up by the  c rops  
washed i n t o  n e a r b y  ponds  and l a k e s  t h r o u g h  s t r e a m s  c o n t r i b u t i n g  
a m m o n i a  t o x i c i t y  to a q u a t i c  fauna .  I n f o r m a t i o n  per ta in ing to  the  
e f f e c t s  of  a m m o n i u m  s a l t s  on v a r i o u s  a n i m a l s  is we l l  d o c u m e n t e d  
(Ram and Singh 1988; Subhadra and Bha t t acha rya  1989). The present  
study was under taken to inves t iga te  the  e f f e c t  of ammonia  on glucose 
ut i l iza t ion by f reshwate r  mussel (Chet ty  and Indira (in press)). 

MATERIALS AND METHODS 

T h e  f r e s h w a t e r  m u s s e l s ,  b e l o n g i n g  to  t h e  s p e c i e s  L a m e l l i d e n s  
m a r g i n a l i s  we igh ing  30 + 2 g w e r e  c o l l e c t e d  f r o m  the  ponds o f  
n e i g h b o r i n g  v i l l a g e  Karakambadi .  Animals were  washed under running 
t ap  wa te r  and main ta ined  in large c e m e n t  aquaria  under  12:12 l ight :  
dark period. The phys icochemica l  cha r ac t e r i s t i c s  of tap  wa te r  in which 
animals  were  main ta ined  are  as follows: t e m p e r a t u r e  26 + 2~ pH 
7.0 + 0.2; hardness, 61 m g / L  (as HCO~) and dissolved oxygen, 5.38 + 
0 . 7 2 - m L / L .  The animals  were  fed ad Hbi tum on f r e shwate r  p lankton  
and a c c l i m a t e d  to  l abora to ry  condit ions for a period of 15 d. 

The t o x i c i t y  tests  were conducted using s ta t i c  wate r  bioassay as 
suggested by Doudorof f  e t a [ .  (1951). Batches of 10 an imals  were 
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exposed to dif ferent concentrations of ammonium sul fa te (purchased 
from E. Merk, India L im i ted ;  assay as dried substance ~ ranging 
from 1000 to 5000 mg/L with an intervai of 100 mg. After 48 hr the 
number of animals that died at each concentration was recorded. The 
animal was considered dead when the mant le edge was no longer 
responsive to touch and the animal failed to close the shell valves. 
Each experiment in the selected concentrations of ammonium sul fate 
was repeated six t imes. The m o r t a l i t y  in each concentrat ion was 
taken to determine the LCs0 (3528 mg/L) by graphical  plots of 
percent  mor ta l i t y ,  prob i t  m o r t a l i t y  against  log concen t ra t ion  of 
ammonium sulfate (Finney 1964). Two concent ra t ions  of ammonium 
sul fate,  10 mg/L (which approximates the ammonia concentration in 
natural pond water)  and t76 mg/L (sublethal  concent ra t ion)  were 
selected and six mussels were exposed to above two concentrations 
separately for 7 d. The con t ro l  animals were mainta ined under 
iden t i ca l  cond i t ions without ammonium sulfate in the medium. After 
the stipulated period, mantle, g i l l ,  foot,  and hepatopancreas were 
excised under cold condit ions (4~ and frozen immediately in liquid 
nitrogen and stored at -80~ for biochemical analysis. 

The to ta l  carbohydrate  content  was est imated by the method of 
Carrol et al. (I956) using tr ichloroacetic acid as homogenizing medium. 
The color developed by anthrone reagent was read at 620 nm in a 
spect rophotometer  against the reagent blank. For the estimation of 
glucose (Mendel e t  al. 1954) and glycogen (Kemp and Hejnigen 1954), 
g0% methanol was used as extract ing medium. Supernatant and residue 
were used for the estimation of glucose and glycogen respectively. The 
color developed with concentrated sulphuric acid was read at 520 nm 
in a s p e c t r o p h o t o m e t e r  a g a i n s t  t h e  r e a g e n t  b lank .  G l y c o g e n  
phosphorylase  a c t i v i t y  in the tissues was assayed by the method of  
Cori et  al. (I955) in the direction of glycogen synthesis by estimating 
the amount  of inorganic  phosphate formed from glucose-l-phosphate 
using amino naphthol sulfonic acid (ANSA) reagent.  Aldolase a c t i v i t y  
was assayed by the c o l o r i m e t r i c  d e t e r m i n a t i o n  of triosephosphates 
formed with 2,k-dinitrophenyl hydrazine following the method of Bruns 
and Bergmeyer  (1965). Glucose-6-phosphate dehydrogenase (Lohr and 
Waller 1965)and lactate  dehydrogenase (Srikanthan and Krishnamoorthy 
1955) were assayed using sucrose as homogenizing medium. For these 
enzyme assays (2=p-idophenyl)- 3 - (p -n i t rophenyl ) -  5- phenyl t e t r a z o l i u m  
chlor ide  (INT) was used.The enzyme assays were made a f t e r  due 
standardization of Optimal conditions. S ta t i s t i ca l  s ign i f i cance  of the  
d i f f e r e n c e  be tween  con t ro l  and exper imen ta l  values was calculated 
using student's 't ' test~ 

RESULTS A N D  DISCUSSION 

The changes in glucose metabolism in four tissues of freshwater mussel 
exposed to two d i f f e ren t  concent ra t ions  of ambient  ammonia are 
presented in Tables 1 and 2. The decrease in carbohydrates under 
ammonia stress (Tables 1 and 2) indicates their possible utilization to 
mee t  higher ene rgy  needs warranted by ammonia toxicity. Greater 
deple t ion  in to ta l  c a r b o h y d r a t e s  at  176 mg/L exposure  than a t  
10 mg/L suggests  tha t  the  c a r b o h y d r a t e  utilization depends on the 
concentration of ambient ammonium sulfate, Drop in glycogen content  
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was more  in the t issues a t  176 mg/L  concen t ra t ion  than a t  l0  mg/L 
excep t  in gill. Dec rease  in glycogen con ten t  might  be a t t r i bu ted  to the  
mobi l izat ion of the ene rgy  s u b s t r a t e  t h r o u g h  g l y c o l y s i s ,  s i n c e  bo th  
a ldolase  and phosphorylase "a" ac t iv i t i e s  were  s ignif icant ly  e l eva t ed  in 
all the t issues a t  176 mg/L. 

At I0 mg/L concentration all the tissues showed decrease in glucose 
levels. But there is signif icant increase of glucose in all the tissues 
at 176 mg/L concentration except hepatopancreas (Tables l and 2)~ 
since the hepatopancreas is involved in glycogen breakdown in to  
glucose moieties and the i r  t ranspor t  to other  t issues to meet the 
energy crisis during ammonia stress, The increase in glucose levels at 
176 mg/L exposure in mantle~ gi l l ,  and foo t  suggest e i ther  rapid 
turnover of these energy fuels by transportation from hepatopancreas 
or their lesser ut i l izat ion for energy format ion.  Glucose u t i l i z a t i o n  
through hexosemonophosphate shunt (HMP) was accelerated as evinced 
by elevated g lucose-6-phosphate dehydrogenase a c t i v i t y  in al l  the 
t issues at I0 rng/L and in mantle and hepatopancreas at 176 mg/L. 
However the decrease in glucoseo6-phosphate dehydrogenase and 
increase in aldolase act iv i ty  in gi l l  and foot at 176 mg/L concentration 
suggest that the glucose ut i l izat ion in these two tissues was through 
anaerobic glycolysis" Simi lar  t rend was observed during pest ic ide 
stress in Lamellidens marginalis (Swami et ak 1983). 

The s t a t i s t i c a l l y  s ign i f i can t  increase in phosphorylase "a" ac t iv i ty  
(Tables I and 2) in the tissues of mussels at 176 mg/L confirms the 
active breakdown of tissue glycogen for metabolic processes to meet 
augmented energy demand under stress conditions, Rapid conversion of 
the inactive "b" form into "a" form elevates phosphorylase "a" act iv i ty  
w i th  a consequent decrease in the phosphorylase "b" act iv i ty  in the 
tissues of experimental mussels under toxic stress (Tables I and 2). 

Aldolase ac t iv i ty  levels  were  found to inc rease  s ignif icant ly  (Tables l 
and 2) in the  t issues of am m on i a  t r e a t e d  f r e shwate r  mussels a t  both 
the concen t ra t ions  excep t  gill a t  10 m g / L  In both the concen t ra t ions  
f o o t  and m a n t l e  showed  m a x i m u m  e l e v a t i o n  in e n z y m e  a c t i v i t y  
indicat ing ac t ive  convers ion of hexoses to  t r i o s e s .  S ince  t h e s e  t w o  
m u s c u l a r  t i s s u e s  need  high e n e r g y ,  t h e s e  have g r e a t e r  po ten t ia l  t o  
ope ra t e  glycolysis  a t  higher r a t e s  to ove rcome  a m m o n i a  toxicity~ the 
toxic  e f f e c t s  a re  being coun te red  to  large ex ten t  in these  two t issues 
as c o m p a r e d  with gill and hepatopancreas"  

Decreased glycogen levels and elevated phosphorylase "a" and aldolase 
a c t i v i t y  in the t issues of mussels under ammonia stress indicated 
active operation of glycolyt ic pathway. On exposure to l0 mg/L and 
176 mg/L concentrations of ammonium sulfate, oxidation of lactate is 
decreased in all the tissues, except in foot at I0 mg/L concentration. 
The decreased LDH a c t i v i t y  suggests that conversion of lactate to 
pyruvate is not favored. In agreement wil% these studies increased 
lac ta te  and decreased LDH were observed in f reshwater  mussel, 
Larnellidens marginalis, under carbon tetrachloride (Santhakumari 1990) 
stress conditiom 

Act iv i ty  levels  of G-6-PDH as shown in Tables  1 and 2 increased  in 
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all the tissues of ammonium sulfate exposed animals except g i l l  and 
foot at 176 mg/L concentration. The elevated enzyme act iv i ty  in the 
experimental tissues indicates increased oxidat ion of glucose through 
HMP shunt in view of impaired oxidative metabolism to overcome the 
energy crisis caused by ammonia. Decreased G-6-PDH act iv i ty  in gi l l  
and foot at 176 mg/L concentration might be due to glucose oxidation 
through glycolysis ra ther  than HMP pathway. Kohl i  et aL (1975) 
suggested that NADPH plays a key role in the detoxif icat ion of toxic 
substances. In the present study, the NADPH generated through HMP 
shunt might  have been used p r imar i l y  for the de tox i f i ca t i on  of 
ammonia. Thus increased G-6.PDH might  appear as a metabol ic  
adaptat ion to p ro tec t  the animal  f rom ammonia t o x i c i t y  and to 
increase the survival chances of the animal in water w i th  e levated 
ammonia. 

The present findings demonstrate that  the ammonium sulfate exposure 
causes a s igni f icant  shif t  in glucose metabol ism from aerobic to 
anaerobic and pentosephosphate shunt in mantle and hepatopancreas to 
mitigate ammonia toxici ty,  
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