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Although a number of workers have studied the biochemical
components of the tissues of crustaceans in relation to
pollutant stress (Murti et al. 1984 :Omkar 1985: Elumalai
et al. 1977), no detailed information is available
regarding the enzyme changes during the ovarian
development of crustaceans in response to chemical stress,
except the work of Victor and Sundar raj (1988).
Reproduction is the main energy demanding physiological
process. Several workers have observed definite
fluctuation in the hepatopancreatic reserves of
crustaceans correlated to ovarian maturation (Anilkumar
and Adiyodi 1980: Balasubramanian and Subramoniam 1987).
However an understanding of the enzyme systems that attend
to the synthesis and breakdown of the substrate in the
hepatopancreas, their mobilization via haemolymph and
their resynthesis (or) direct accumulation in the ovary is
meagre.

It is, therefore, of interest to study changes in protein
and carbohydrate in the hepatopancreas and ovary of marine
edible crab, Scylla serrata with reference to pollutant
stress. Also to assess the quantitative differences of
phosphatases with reference to vitellogenesis since these
enzymes play a significant role in carbohydrate metabolism
(Goodman and Rothstein 1957). Naphthalene is one of the
prominant diaromatic fractions of crude and refined oils
and it is a polycyclic aromatic hydrocarbon (PAH).
Generally PAHs are less sensitive to photooxidation and
therefore are more persistent in water (Rand and
Petrocelli 1985). PAHs are rapidly accumulated by aquatic
organisms reaching levels higher than those in the ambient
medium and affect normal function of the aquatic life
(Kulkarni and Masurekar 1984). Hence, naphthalene was
selected as a toxicant in the present investigation.

MATERIALS AND METHODS

Female Scylla serrata were collected from Pulicate lake
near Chennai, Tamil Nadu. They were acclimated to the
laboratory temperature (28 ± l°C) in large glass aquaria
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for one week, adjusting the level of water to keep them
just submerged. The water was changed daily. They were fed
with flesh fresh prawns and divided into two groups. Crabs
belonging to group I were reared in naphthalene free
seawater and treated as a control. Crabs belonging to
group II were exposed to naphthalene at 0.020 mg/L
concentration. The treatments were continued up to 96 hr.
After the exposure to naphthalene, the ovarian stages were
classified based on the criteria explained by
Balasubramanian and Subramoniam (1987). The hepatopancreas
and ovary were separated from the exposed and control
crabs. The total carbohydrate was determined by the method
of Roe (1955), using glucose as standard. Acid and
alkaline phosphatases were estimated as described by
Balasubramanian et al. (1983), using p-nitrophenyl
phosphate as substrate. The enzyme activities were
expressed as mg p-nitrophenol/mg protein/hr. Protein was
estimated according to the method of Lowry et al. (1951),
using bovine serum albumin as standard. Each experiment
was replicated five times and the data were subjected to
Student's 't' test (Zar 1984).

RESULTS AND DISCUSSION

The effect of naphthalene on protein and carbohydrate
level of ovary and hepatopancreas during vitellogenesis of
S. serrata is presented in Table 1. Protein content of the
ovary and hepatopancreas of control crabs increased from
stage I to V. On the otherhand in stage II and IV there
were reduction in the protein content. It is evident from
the present investigation that the protein content of
control crabs between stage IV and V indicates intense
vitellogenic activity during this period as suggested by
Balasubramanian and Subramoniam (1987). A decline in the
organic reserves in stage II may therefore be due to heavy
water intake occurring in the freshmoult stage. In the
present investigation, decrease in the protein content in
the hepatopancreas and the ovary are observed in
naphthalene exposed S. serrata. The reduced content under
chemical stress may be due to the utilization of amino
acids in various catabolic reactions. The amino acids
through transamination and deamination reactions might
have supplied necessary ketoacids to acts as precursors
for the maintenance of carbohydrate metabolism to meet the
energy requirements during chemical stress condition (Jha
1991). The loss of protein under naphthalene stress
noticed in the present study may be due to the reduced
synthesis of proteins or to the inhibition of the enzymes
involved in protein synthesis.

The carbohydrate content of ovary of the control crab was
high only during the initial stages of vitellogenesis.
This high content gradually dropped during vitellogenesis.
In hepatopancreas of control crab, the total carbohydrate
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Table 1. Effects of naphthalene on carbohydrate and
protein level of hepatopancreas and ovary of Scylla
serrata in various stages of ovarian maturation (C =
Control; T = Treated)

stages
Carbohydrate

(mg/lOO mg wet tissue)

Hepatopancreas Ovary

Protein
(mg/lOO mg wet tissue)

Hepatopancreas Ovary

Values are expressed in means ± SD of 5 observations.
Values in paraentheses are percentage change from control
(100%). Asterisks indicate values which are significantly
different from controls (Student's 't' test; Zar 1984).

* P < 0 . 0 5 , ** P < 0.01, *** P < 0.001
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was high at the stage V of ovarian maturation. Which was
declined in the spent stage VI. Carbohydrate content of
control crab was high only during vitellogenesis. This was
suddenly dropped at stage VI (spent). In the present
investigation a decrease in carbohydrate content in
hepatopancreas and ovary was observed in naphthalene
exposed S. serrata. Dhavale and Masurekar (1986) state
that decreased level of carbohydrate in tissues of
toxicant exposed animals suggest a typical stress response
confirming the prevalence of hypoxic condition at the
tissue level, since anoxia or hypoxia increases
carbohydrate consumption (Dezwaan and Zandee 1972),
thereby creating a sort of stress on animals even at
sublethal level resulting in extra expenditure of energy
(Keller and Andrew 1973).

The effect of naphthalene on acid and alkaline phosphatase
activity of the hepatopancreas and ovary of S. serrata in
various stages of ovarian maturation is presented in Table
2 and 3. In the ovary of control crabs, acid phosphatase
activity was high only in initial stages of
vitellogenesis. The high activity declined in the spent
stage VI. However, the ovarian alkaline phosphatase
activity was high only in stage II and IV. which declined
in spent stage VI. The hepatopancreas acid and alkaline
phosphatases activity gradually increased upto IV stage
and then declined in the spent stage VI. Acid phosphatase
activity was always maintained at a higher level than that
of alkalinephosphatase and that the hepatopancreas was
rich in total acid and alkaline phosphatases activity.
High ovarian acid phosphatase activity in stage II and IV
was related to oogonial proliferation and active
vitellogenesis. A steep increase in phosphatases activity
in the hepatopancreas during stage IV was related to the
hydrolysis of organic reserves during vitellogenesis. In
the present investigation a rise in acid phosphatase
activity in hepatopancreas and ovary observed in
naphthalene exposed S. serrata. It may be recalled that
acid phosphatase has been established as a marker for
lysosomes thus, it is logical that the enzyme is
hydrolytic in its function and acts as one of the several
acid hydrolases in the autolysis process of the cell after
its death (Novikoff, 1961). The increased acid phosphatase
activity in the female S. serrata may be due to the toxic
effect of naphthalene by which the cellular and lysosomal
membranes might have been ruptured (Murti et al. 1984). In
the present study a decline in alkaline phosphatase
activity in the hepatopancreas and ovary is observed in
naphthalene exposed S. serrata. This is in accordance with
the findings of Elumalai et al. (1997). The decrease in
phosphatase activity may be due to the uncoupling of
phosphorylation by the naphthalene stress. It is well
known that alkaline phosphatases are known to be involved
in carbohydrate metabolism, growth and differentiation,
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Table 2. Effects of naphthalene on acid phosphatase
activity of hepatopancreas and ovary of Scylla serrata in
various stages of ovarian maturation (C = Control; T =
Treated)

Acid Phosphatase
Stages (mg P-nitrophenol/mg protein/hr)

Hepatopancreas Ovary

Values are expressed in means ± SD of 5 observations.
Values in paraentheses are percentage change from control
(100%). Asterisks indicate values which are significantly
different from controls (Student's 't' test; Zar 1984).

* P < 0.05, ** P < 0.01, *** P < 0.001
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Table 3. Effects of naphthalene on alkaline phosphatase
activity of hepatopancreas and ovary of Scylla serrata in
various stages of ovarian maturation (C = Control; T =
Treated)

Alkaline Phosphatase
Stages (mg P-nitrophenol/mg protein/hr)

Hepatopancreas Ovary

Values are expressed in means ± SD of 5 observations.
Values in paraentheses are percentage change from control
(100%). Asterisks indicate values which are significantly
different from controls (Student's 't' test; Zar 1984).

** P < 0.01, *** P < 0.001
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protein synthesis, synthesis of certain enzymes, secretary
activity and transport to phosphorylated intermediates
across the membranes (Omkar 1985). The decline in alkaline
phosphatase activity may be due to the disturbance in any
one of above said processes.

In the present study high phosphatase activity in the
hepatopancreas and a moderate amount in the ovary in
S. serrata suggests that they may be involved in various
metabolic events occurring simultaneously. The reduced
levels of protein, carbohydrate and important enzymes of
carbohydrate metabolism might be due to introduction of
naphthalene into the circulatory system and interference
with the function of female reproductive system. Hence it
can be concluded that naphthalene affects the
vitellogenesis of S. serrata.
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