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Organotin compounds a r e  w i d e l y  u s e d  a s a d d i t i v e s  i n  P V C
stabil izers,  and antifoul ing paints,  and as biocides (fungicides
and bactericides). T h e  u s e  o f  a n t i f o u l i n g  p a i n t s  c o n t a i n i n g
organotin compounds in recent years has resulted in enormously
elevated levels ( Beaumont and Neuman 1986) of  these compounds
b e i n g  r e p o r t e d  i n  a r e a s  o f high pleasure-craft a c t i v i t y .
Tributyltin oxide (TBTO) compounds a r e  g e n e r a l l y  l i p o p h i l i c  i n
c h a r a c t e r  a n d  h a v e  a  l o w  s o l u b i l i t y  i n  s e a w a t e r . Since many
estuaries are shal low with restricted circulation, it is only
natural that estuarine animals would be more impacted by TBT
compounds than marine life from other enviromen ts. Therefore, the
biochemical and physiological maasures of toxicant-induced stress
w o u l d  b e  u s e f u l  a s  s e n s i t i v e ,  s p e c i f i c  p r e d i c t o r s  o f  e f f e c t s  o f
the toxicant at the level of whole animals.

Molluscs have been widely employed in toxicity evaluation and
water quality management program in view of their acknowledged
role as bioindicators of  toxicity levels. S t u d i e s  r e f e r e n c e d  i n
Europe an effects of  tr ibutylt in anti foul ing coatings have shown
molluscs to be among the most sensitive non-target groups. TBTO
concentrations as low as 0.10 µg L -1 h a v e  a  s i g n i f i c a n t  e f f e c t  o n
b o t h  d e v e l o p m e n t  a n d  s u r v i v a l  o f m u s s e l s  ( V a l k i r s  e t  a l .
1987).

Although the general awareness o f  t h e  h a z a r d  o f  e n v i r o n m e n t a l
pollution had resulted in an upsurge of  interest in toxicological
studies pertaining to a tropical  estuary, t h e  a c t u a l  m e t a b o l i c
effects of  TBTO have received l i t t le, i f  a n y , inquiry. This
m o t i v a t e d  t h e d e s i g n  o f laboratory-oriented sublethal
chemotoxicity tests to probe into the changes undergone at  the
molecular level:  e.g., m e t a b o l i c  r a t e  ( o x y g e n consumption) and
energy content (variat ions in the glycogen, l ipid and lactic acid
c o n t e n t ) .  Consequently, the estuarine clam Villorita cyprenoides
var c o c h i n e n s i s  was exposed to the stress of tributyltin oxide to
study such changes.
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M A T E R I A L  A N D  M E T H O D S

T h e  c l a m s  c o l l e c t e d  f r o m Cochin backwaters, I n d i a ,  w e r e
acclimatized to the laboratory test  condit ions (sal inity = 10 %;
pH = 7.2 ± 0.03; dissolved oxygen = 7.8 ± 0.2 mg L-1 ; temperature

= 2 9 ± 2 ° C ) .  C l a m s  o f  2 0 ± 2  m m  w e r e  c h o s e n  f o r  t h e  t o x i c i t y

studies. The test animals were fed (with unicellular Synechosistis
species)  during the accl imation period but were not fed during
the course of the experiment.

One g of tributyltin oxide (TBTO; Aldrich, 99%), was dissolved in
1000 ml acetone to obtain a 1000 mg L - 1 s t o c k  s o l u t i o n .  T h e
appropriate test c o n c e n t r a t i o n s  w e r e  p r e p a r e d  f r o m  t h e  s t o c k
solution by di lut ing with tr iple dist i l led water.

The 96-hr LC50 value for TBTO was 0.080 mg L -1 (Sujatha 1992). The
sublethal concentrations of TBTO chosen for physiological studies
were 0.006,  0.008 and 0.010 mg L-1 .  After the 1-wk acclimation,
ten animals each were transferred to separate 10-L prewashed
glass troughs f i l led with the water of  experimental  sal inity and
w e r e  d o s e d  w i t h  t h e  r e s p e c t i v e  t e s t concentrations of TBTO.
Triplicate experiments were performed for each concentration of
TBTO. Appropriate controls were also maintained. To the central
was added the same quantity of  acetone that was present in the
respective test concentrations of TBTO. The water was changed
daily and the biocide added to the the experimental  troughs (96
hr) daily. Mortality of the organisms was noted every 12 hr.

During the sublethal tests, no mortality was observed and animals
w e r e  f o u n d  t o  b e  a c t i v e l y  f i l t e r i n g  t h r o u g h o u t  t h e  d u r a t i o n  o f
the experiment.  Six sets of  animals (control  and experimental ly
e x p o s e d )  w e r e  w i t h d r a w n  f r o m  e a c h  o f  t h e  t r o u g h s  f o r  t h e
determination of the metabolic rate and biochemical constituents
(glycogen, l ipid and lactic acid).

0xygen uptake of the animals was measured in Erlenmeyer f lasks
u s i n g  W i n k l e r  t e c h n i q u e s  ( S t r i c k l a n d  a n d  P a r s o n s  1 9 7 2 ) .  T h e
biochemical isolation of glycogen was fol lowed by the method of
H a s s i d  a n d  A b r a h a m  ( 1 9 5 7 ) .  L a c t i c  a c i d  w a s q u a n t i t a t i v e l y
converted to aldehyde by heating with c o n c e n t r a t e d  s u l f u r i c  a c i d
and complexed with p-hydroxy diphenyl reagent (Barker 1957). the
l i p i d  c o n t e n t  i n  t h e  t i s s u e  s a m p l e  w a s  d e t e r m i n e d  b y  t h e
sulphophospho vanillin method described by Barnes and Blackstock
(1973). All spectrophotometric readings were taken on a Hitachi
1 5 0 - 2 0  U V - V I S  s p e c t o p h o t o m e t e r .  T h e  r e s u l t s  w e r e  a n a l y s e d
s t a t i s t i c a l l y ;  t h e  s i g n i f i c a n t difference between experimental
groups and control groups were determined using Students-t test.

RESULTS AND DISCUSSION

TBTO caused a pronounced decline in the oxygen consumption of the
clams (Table 1). TBTO-exposed animals consumed well below a tenth
of the oxygen censured by the control  animals. The percentage
deviation (from control values) of oxygen consumption in animals
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exposed to the TBTO is shown in Figure 1.

The respiratory system of the aquatic animals s e e m s  t o  b e  t h e
prime target of  most pol lutants,  and the respiratory potential  is
an important physiological parameter that can be used to assess
the toxic stress. The oxygen c o n s u m p t i o n  i s  a  p r o d u c t  o f  t w o
important factors,  namely venti lat ion volume and the quantity of
gas withdrawn from each l i ter  of  water.  Therefore,  changes in
oxygen uptake from water by the animals and variations i n  t h e
a m o u n t  o f  w a t e r  p r o p e l l e d  t h r o u g h  t h e g i l l s r e s u l t e d  i n
fluctuations in oxygen consumption. Animals exposed to TBTO showed
t h e  l e a s t  u p t a k e  o f  o x y g e n  a n d t h i s  d e p l e t i o n  i n  o x y g e n
consumption was >90% for the three sublethal concentrations of
TBTO as compared with the control  animals.  Decreased oxygen
consumption produces metabolic stress which could enhance the
vulnerability of the organism to the toxicants. T h e  d s c r e a s e  i n
t h e  o x y g e n  u p t a k e  h a s  a l s o  b e e n  a t t r i b u t e d  t o  v a l v e  c l o s u r e ,
d e c r e a s e d  c i l i a r y  a c t i v i t y  a n d  f i l t r a t i o n r a t e  o r direct
impairment of  the metabolic activity (Shapiro 1964).  The drastic
suppression in the rates of oxygen consumption may be due to the
c o n s i d e r a b l e  -  i n f l i c t e d  u p o n  t h e  g i l l  t i s s u e  a n d  t o  t h e
format ion of m u c u s  l a y e r s  o v e r  i t ,  w h i c h  r e s u l t  i n  a  d e c r e a s e d
flow of water onto the gill  surface and lead to a reduced oxygen
intake. Similarly, the oxygen consumption of Labeo rohita exposed
to Fenitrothion progressively decreased with increasing concen-
tration of  the insecticide (Murty et al. 1 9 8 3 ) .

Table 1. Influence o f  s u b l e t h a l concentrations of T B T O  o n  t h e
oxygen consumption rate of V. cyprenoides for varying exposure
periods* (n=6).

Variat ions in the glycogen level  of  the test  species exposed to
d i f f e r e n t concentrations of TBTO for varying periods of time are
given in Table 2. The glycogen c o n t e n t  i n  t h e  t i s s u e  o f  t h e  c l a m
d e c r e a s e d  w i t h  p r o g r e s s  o f  t i m e .  T h i s  r e d u c t i o n  w a s  m o r e
pronounced in the animals treated with the highest concentration
of TBTO (0.01 mg L -1). Deviations of glycogen content (expressed
as percentages) from the control values are depicted in Figure 1.
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Figure 1.  Percentage deviation (from control)  of  metabolic rate
and biochemical constituents to varying sublethal concentrations
of   TBTO   for   designated    period   of   time   (24      ; 48      ; 72       and

96 hr)

Table 2. Influence of sublethal c o n c e n t r a t i o n s  o f  T B T O  o n  t h e
g l y c o g e n  c o n t e n t  o f  V . c y p r e n o i d s  f o r  v a r y i n g  e x p o s u r e
p e r i o d s  ( n = 6 ) .

*  Al l  values signif icantly  dif ferent from control  (P < 0.005)

A l l  d e v i a t i o n s  e x c e e d e d  5 0 % ,  a n d  a  d i r e c t  p r o p o r t i o n a l i t y  w a s
observed between e x p o s u r e  c o n c e n t r a t i o n s  a n d percentage
deviations. The maximum reduction (85%) in oxygen content was
detected for the highest sublethal concentration of TBTO.

A decrease in glycogen content appears to be a manifestation of
the adaptive response o f  a n  o r g a n i c  e x p o s e d  t o  b i o c i d a l  s t r e s s .
Generally, the increased energy demand associated with the stress
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disturbs the carbohybdrate metabolism and causes glycogen depletion
which activates glycogenolysis. T h u s ,  t h e  o v e r a l l  i n c r e a s e  i n
glycogen content observed in the present investigation is a clear
r e f l e c t  i o n  o f  t h e  a b o v e  e f f e c t  a n d  i s  w e l l  s u p p o r t e d  b y  t h e
r e s u l t s  o f several  earl ier  investigations (Tabche et al. 1 9 9 1 ) .  I n
a l l ,  t h e  s u b l e t h a l concentrations of TBTO, the secondary energy
source,  l ipid,  was found to be signif icantly lower in content in
animals exposed to toxicants than in control a n i m a l s  ( T a b l e  3 ) .

Table 3. Influence of sublethal concentrations of TBTO on the
lipid content of V. cyprenioides for varying exposure periods (n=6).

*Al l  values signif icantly  dif ferent from control  (P<0.05)

T h i s  d e m o n s t r a t e s  t h e  i m p o r t a n t  r o l e  o f  l i p i d  a s  e l e m e n t a r y
energy reserves,  which are uti l ized in the absence o f  o r  w h e n
there is a shortage of the primary metabolite, the carbohydrate.
At the low concentration of  TBTO, a 24-hr exposure resulted in
l o w e r i n g  t h e  l i p i d  c o n t e n t  t o  o n e  h a l f  o f  t h e  c o n t r o l  v a l u e .
Deviations of  l ipid contents (expressed as percentages from the
c o n t r o l  v a l u e s  a r e  d e p i c t e d i n  F i g u r e  1 . At the low TBTO
concentration, the percentage deviation observed at 48 hr remained
u n c h a n g e d  u n t i l  7 2  h r  a n d  r e c o r d e d  a  f u r t h e r  i n c r e a s e  o n l y
thereafter. However ex p o s u r e  o f  t h e  a n i m a l  t o  t h e  i n t e r m e d i a t e
concentration for periods longer than 48 hr , did not produce any
f u r t h e r  v a r i a t i o n s  i n  i t s  l i p i d  c o n t e n t .  H i g h concentration of
TBTO, produce changes in the l ipid content only during the f irst
half of the experiment, and the percentage deviation from control
remained unchanged after 72 hr.

Next to carbohydrates,  fats are the best energy source of  the
body. Therefore under condit ions of  stress,  the bivalves uti l ise
lipid and protein reserves to meet the increased energy demands
a n d  c o n s e q u e n t l y  e n t a i l  a  d e p l e t i o n  o f  t h e i r  l i p i d  l e v e l s .  T h e
c o n s i d e r a b l e  d e c r e a s e  i n  t o t a l  l i p i d s  m i g h t  b e  a  s e q u e l  t o  t h e
e f f o r t s  o f  t h e  o r g a n i s m  t o  r e p l e n i s h  a n y  g l y c o g e n  d e f i c i e n c y
(caused by any extraneous r e a s o n )  a n d / o r  t o  m i t i g a t e  t h e
multifarious toxic effects of the TBTO present in the animal. The
decrease in total phospholipids observed when Oncorhynchus kisutch
and Oreochromis m o s s a m b i c u s  were exposed to PCBs and Methyl
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p a r a t h i o n  ( L e a t h e r l a n d  e t  a l . 1 9 7 9 ;    R a o  a n d  R a o 1984)
respectively, could be attributed to their use of energy to resist
a stress.  Quantitat ive comparisons of t h e  e f f e c t s  o f  v a r i o u s
sublethal c o n c e n t r a t i o n s  o f  T B T O  u s e d  i n  t h e  p r e s e n t  s t u d y
d i s c l o s e d  t h a t  a d m i n i s t r a t i o n  o f  p e s t i c i d e s  i n  t h e  b o d y  o f
organism has been shown to alter the l ipid metabolism and this
l e a d s  t o  t h e  d e p l e t i o n  o f  t o t a l  l i p i d  c o n t e n t  ( C o g l i a n e s e  a n d
Neff 1982).

E x p o s u r e  t o  T B T O ,  r e s u l t e d  i n augmenting the l a c t i c acid
c o n c e n t r a t i o n s  ( T a b l e  4 ) .  I n t e r m e d i a t e  a n d  h i g h sublethal
c o n c e n t r a t i o n s  o f  T B T O  ( 0 . 0 0 8  a n d  0 . 0 1 0  m g  L- 1) , resulted i n

Table 4. Influence of sublethal c o n c e n t r a t i o n s  o f  T B T O  o n  t h e
l a c t i c  a c i d  c o n t e n t  o f  V .  c y p r e n o i d e s  f o r  v a r y i n g  e x p o s u r e
periods* (n--6).

producing maximum elevations in lactic acid content. However, at
the low c o n c e n t r a t i o n I the increase in lactic acid concentration
was exposure d e p e n d e n t  u p  t o  7 2  h r .  A l t h o u g h ,  t h e  p e r c e n t a g e
deviations from control  (Figure 1)  general ly increased with the
increasing concentrations of TBTO, maximum d e v i a t i o n s  w e r e
observed for the 48-hr exposure. The effect of  the 96-hr exposure
to the low c o n c e n t r a t i o n  w a s  p e c u l i a r  i n  t h a t  i t  r e s u l t e d  i n  a
signif icant lowering of  the lactate content.  The 72-hr responses
were always less than the 48- and 96-hr responses.

A n  o v e r a l l  e l e v a t i o n in  lactic  acid  content  in tissue  is
suggestive of the inadequate oxygen supply in the cells which is
characteristic of the anaerobic lactate metabolism, hence the high
p e r s i s t e n c e  o f tissue l a c t a t e  i n b i v a l v e s  e x p o s e d  t o
biocicide–stress. Mohan et al. ( 1 9 8 7 )  a l s o  a t t r i b u t e d  t h e  h i g h
l a c t i c  a c i d  c o n t e n t i n  t h e  f r e s h  w a t e r  m u s s e l Lamellidens
m a r g i n a l i s  t o  p e s t i c i d e - i n d u c e d  g l y c o l y s i s .  W e d m e y e r  e t  a l .
(1984) reported that short term stresses caused rapid depletion of
blood glucose and glycogen and an increase in lactic acid content.
Elevated concentrations of  lactate were reported in the blood of

308



I n d i a n  c a t f i s h  e x p o s e d  t o  a  m i x t u r e  o f  A l d r i n  a n d  F a r m i t h i o n
(Srivastava and Sing 1981).

T h e  T B T O - i n d u c e d  l a c t i c  a c i d e l e v a t i o n  o b s e r v e d  i n t h i s
investigation pointed out that the bivalves were under respiratory
s t r e s s  a n d  t h a t  t h e anaerobic breakdown of sugars was more
e f f e c t i v e  t h a n  t h e  a e r o b i c  p a t h w a y .  A  s i m i l a r  i n h i b i t i o n  o f
pyruvate dehydrogenase coupled with enhanced lactic dehydrogenase
h a s  b e e n  r e p o r t e d  b y  G o e l  e t  a l .  ( 1 9 8 4 )  i n  f i s h  c h r o n i c a l l y
exposed to pesticides.
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