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Al t hough a nunber of workers have studied the biochenical
conmponents of the tissues of crustaceans in relation to
pol lutant stress (Murti et al. 1984 :Ovrkar 1985: El unal ai
et al. 1977), no detailed information is available
regardi ng the enzyne changes during the ovarian
devel opment of crustaceans in response to chenical stress,
except the work of Victor and Sundar raj (1988).
Reproduction is the nmain energy demandi ng physi ol ogical
process. Sever al wor ker s have observed definite
fluctuation in t he hepat opancreatic reserves of
crustaceans correlated to ovarian maturation (Anilkumar
and Adiyodi 1980: Bal asubranmani an and Subranoni am 1987).
However an understandi ng of the enzyme systens that attend
to the synthesis and breakdown of the substrate in the
hepat opancreas, their nobilization via haenolynph and
their resynthesis (or) direct accumulation in the ovary is
meagr e.

It is, therefore, of interest to study changes in protein
and carbohydrate in the hepatopancreas and ovary of nmarine
edi bl e crab, Scylla serrata with reference to pollutant
stress. Also to assess the quantitative differences of
phosphatases with reference to vitellogenesis since these
enzynes play a significant role in carbohydrate nmetabolism
(Goodman and Rothstein 1957). Naphthalene is one of the
prom nant 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 nmore persistent in water (Rand and
Petrocelli 1985). PAHs are rapidly accurmul ated by aquatic
organi sms reaching levels higher than those in the anbient
medi um and affect normal function of the aquatic life
(Kul karni and Masurekar 1984). Hence, naphthal ene was
selected as a toxicant in the present investigation.

MATERI ALS AND METHODS
Female Scylla serrata were collected from Pulicate |ake

near Chennai, Tam| Nadu. They were acclimted to the
| aboratory tenperature (28 £+ 1°C) in large glass aquaria
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for one week, adjusting the Ilevel of water to keep them
just subnerged. The water was changed daily. They were fed
with flesh fresh prawns and divided into two groups. Crabs

belonging to group | were reared in naphthalene free
seawater and treated as a control. Crabs belonging to
group Il were exposed to naphthalene at 0.020 ng/L

concentration. The treatments were continued up to 96 hr.

After the exposure to naphthal ene, the ovarian stages were
classified based on the criteria expl ai ned by
Bal asubr amani an and Subranoni am (1987). The hepat opancreas
and ovary were separated from the exposed and control
crabs. The total carbohydrate was determ ned by the nethod
of Roe (1955), using glucose as standard. Acid and
al kaline phosphatases were estimated as described by
Bal asubramani an et al. (1983), using p-nitrophenyl

phosphate as substrate. The enzyme activities were
expressed as ng p-nitrophenol/nmg protein/hr. Protein was
estimated according to the nethod of Lowy et al. (1951),

usi ng bovine serum albunmin as standard. Each experinment
was replicated five tines and the data were subjected to
Student's 't' test (Zar 1984).

RESULTS AND DI SCUSSI ON

The effect of naphthalene on protein and carbohydrate
| evel 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 | to V. On the otherhand in stage Il 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 |V and V indicates intense
vitellogenic activity during this period as suggested by
Bal asubr amani an and Subramoni am (1987). A decline in the
organic reserves in stage Il may therefore be due to heavy
water intake occurring in the freshnoult stage. In the
present investigation, decrease in the protein content in
the hepat opancreas and the ovary are observed in
napht hal ene exposed S. serrata. The reduced content under
chemical stress nmay be due to the utilization of am no
acids in various catabolic reactions. The anino acids
through transamination and deam nation reactions m ght
have supplied necessary ketoacids to acts as precursors
for the nmintenance of carbohydrate netabolismto neet the
energy requirenents during chemcal 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 enzynes
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.
I n 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)

Carbohydrate Protein
stages (ny/1 G0 ny " wet tissue) (ng/1 00 ny wet tissue)
Hepat opancr eas Ovary Hepat opancr eas Ovary
1 c 4.82 + 1.18 4.55 + 1.27 8.03 + 1.16 8.56 + 1.67
(100) (100) (100) (100)
T 2.40 + 0.317 1.96 + 0.68"" 5.23 + 1.00""  5.44 % 1.13™"
(49.79) (43.07) (65.13) (63.55)
11 c 6.91 + 1.63 6.00 £ 1.44 6.89 + 1.25 6.05 + 0.82
(100) (100) (100) (100)
T 3.58 + 0.84"" 3.53 + 0.86" 3.67 £ 0.90" 3.58 + 0.82%"
(51.80) (58.83) (53.26) (59.17)
IIX c 7.18 £ 1.44 5.19 + 1.78 7.69 + 1.24 8.23 £ 0.91
(100) (100) (100) (100)
T 4.00 * 0.807" 2.90 + 0.68" 3.99 = 0.75""" 4.85 % 1.023"""
(55.71) (55.87) (51.88) (58.93)
v c 4.30 + 0.82 3.73 + 1.45 7.44 + 1.01 6.38 £ 0.90
(100) (100) (100) (100)
T 2.01 ¢ 0.66"" 1.17 + 0.63""  3.37 £ 0.61""* 3.68 + 0.38"*"
(46.74) (31.36) (45.29) (57.68)
\Y% c 8.09 + 1.45 2.80 + 0.71 8.31 % 0.83 9.93 + 1.67
(100) (100) (100) (100)
T 4.26 £ 1.33"" 0.85 % 0.078""" 5.30 * 0.92"" 5.49 % 0.91"""
(52.65) (30.35) (63.77) (55.28)
VI c 3.35 + 0.80 1.41 % 0.57 6.85 + 0.94 7.61 + 0.94
(100) (100) (100) (100)

T 1.47 + 0.54™ 0.61 + 0.078" 2.69 * 1.031""* 4.57 + 1.11*"
(43.88) (43.26) (39.27) (60.05)

Val ues are expressed in nmeans * SD of 5 observations.
Val ues in paraentheses are percentage change from contro
(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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was high at the stage V of ovarian nmaturation. Wich was
declined in the spent stage VI. Carbohydrate content of
control crab was high only during vitell ogenesis. This was
suddenly dropped at stage VI (spent). In the present
investigation a decrease in carbohydrate content in
hepat opancreas and ovary was observed in naphthalene
exposed S. serrata. Dhavale and Masurekar (1986) state
that decreased Ilevel of carbohydrate in tissues of
t oxi cant exposed ani mal s suggest a typical stress response
confirmng the prevalence of hypoxic condition at the
ti ssue I evel, since anoxia or hypoxi a i ncreases
carbohydrate consunption (Dezwaan and Zandee 1972),
thereby creating a sort of stress on animals even at
subl ethal level resulting in extra expenditure of energy
(Kell er and Andrew 1973).

The effect of naphthal ene on acid and al kal i ne phosphat ase
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 hi gh only in initial stages of
vitell ogenesis. The high activity declined in the spent
stage VI. However, the ovarian alkaline phosphatase
activity was high only in stage Il and I1V. which declined

in spent stage VI. The hepatopancreas acid and alkaline
phosphat ases activity gradually increased upto |V stage
and then declined in the spent stage VI. Acid phosphatase
activity was always maintained at a higher |evel than that
of al kal i nephosphatase and that the hepatopancreas was
rich in total acid and alkaline phosphatases activity.

H gh ovarian acid phosphatase activity in stage Il and IV
was related to oogoni al proliferation and active
vitel |l ogenesis. A steep increase in phosphatases activity
in the hepatopancreas during stage IV was related to the
hydrol ysis of organic reserves during vitellogenesis. In
the present investigation a rise in acid phosphatase
activity in hepatopancreas and ovary observed in
napht hal ene exposed S. serrata. It nmay be recalled that
acid phosphatase has been established as a marker for
| ysosones thus, it is |ogical that the enzynme is
hydrolytic in its function and acts as one of the severa

acid hydrolases in the autolysis process of the cell after
its death (Novi koff, 1961). The increased acid phosphat ase
activity in the female S. serrata nmay be due to the toxic
ef fect of naphthal ene by which the cellular and |ysosonal

menbranes m ght 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
napht hal ene exposed S. serrata. This is in accordance with
the findings of Elumalai et al. (1997). The decrease in
phosphatase activity nmay be due to the wuncoupling of
phosphoryl ation by the naphthalene stress. It is well

known that al kaline phosphatases are known to be involved
in carbohydrate nmetabolism growh and differentiation
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Tabl e 2.
activity of

Ef fects

of napht hal ene

hepat opancreas and ovary of
various stages of

on

aci d

phosphat ase

Scylla serrata in

ovarian maturation (C = Control; T =
Tr eat ed)
‘Acid Phosphat ase
Stages (nmg P-nitrophenol/ng protein/hr)
Hepat opancr eas Ovary
1 c 0.0758 % 0.0093 0.0240 % 0.0080
(100) (100)
T 0.157 + 0.047"" 0.0497 + 0.0085""
(207.12) (207.08)
1T c 0.0972 % 0.017 0.0378 % 0.0088
(100) (100)
T 0.163 + 0.045" 0.0652 + 0.010%"
(167.69) (172.48)
IIT c 0.176 % 0.039 0.0175 % 0.0037
(100) (100)
T 0.281 * 0.078" 0.0401 + 0.0080"""
(159.65) (229.14)
v c 0.343 * 0.059 0.0326 + 0.010
(100) (100)
T 0.592 * 0.054™" 0.054 + 0.011"
(172.59) (165.64)
v c 0.225 + 0.072 0.0192 * 0.0051
(100) (100)
T 0.423 * 0.030""" 0.0411 # 0.010""
(188) (214.06)
vI c 0.190 + 0.0094 0.015 * 0.0042
(100) (100)
T 0.285 + 0.039""" 0.0320 + 0.0098*"
{(150) (213.33)
Val ues are expressed in means SD of 5 observations.

Val ues in paraentheses are percentage change from contro
(100% . Asterisks indicate values which are significantly
from controls (Student's

di fferent

* P < 0.05,

P < 0.01,
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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 =
Tr eat ed)

Al kaline Phosphatase
Stages (nmg P-nitrophenol/ng protein/hr)

Hepat opancr eas

Ovary

0.0812 + 0.010
{100)

0.0358 + 0.0058"""
(44.08)

0.0454 % 0.0094
(100)

0.025 % 0.0049""
(55.06)

II 0.100 + 0.013 0.104 + 0.015
(100) (100)
0.0538 + 0.0081™"" 0.0316 £ 0.0069™*"
(53.8) (30.38)
IIT 0.151 * 0.026 0.0424 * 0.012
(100) (100)
0.0606 + 0076 0.0135 + 0.0011*"
(40.13) (31.83)
v 0.267 + 0.046 0.182 + 0.038
(100) (100)
0.0784 £ 0.014""" 0.0834 + 0.018"*"
(29.36) (45.82)
\Y% 0.162 + 0.032 0.0539 + 0.010
(100) (100)
0.076 + 0.013™"" 0.0211 + 0.0051%*"
(46.91) (39.14)
VI 0.0972 £ 0.017 0.0268 + 0.0078

{100)

0.0406 + 0.0066""
(41.76)

(100)

0.0126 * 0.0011%*
(47.01)

Values are expressed in neans = SD of 5 observations.
Val ues in paraentheses are percentage change from contro
(1009% . 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 enzynes, secretary
activity and transport to phosphorylated internediates
across the menbranes (Onkar 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
hepat opancreas and a noderate amunt in the ovary in
S. serrata suggests that they may be involved in various
netabolic events occurring sinmultaneously. The reduced
| evel s of protein, carbohydrate and inportant enzynmes of
car bohydrate nmetabolism might be due to introduction of
napht halene into the circulatory system and interference
with the function of fenale reproductive system Hence it
can be concl uded t hat napht hal ene affects t he
vitell ogenesis of S. serrata.
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