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M. Srinivasulu Reddy and K. V. Ramana Rao

Division of Toxicology, Department of Marine Zoology, S.V. University P.G.
Centre, Kavali 524 202, India

Chemical »ollution bv pesticides has been increasing
in a large scale due to their vast usage for eradi-
cation of various pests and insects and to protect
agricultural crops (Matsumura et al. 1972). Pesti-
cides, even in very low concentrations have been
reported to interfere with basal metabolism (Lal &
Singh 1986; Reddy & Rao 1987). The consensus is

that intoxication deranges intermediary metabolism
(Reddy 1986). Most of the information regarding

the effects of peslicides on crustaceans restricted
to the survival test, growth rate assessment, fecun-
dity and reproductive activity (Khorram & Knight 1977:
Conklin & Ranga Rao 1978). Organochlorines and organo-
phosphates are known to alter the lipid metabolism in
non-target organisms. Except for the reports of
Murthy and Devi (1982) in Channa punctatus and Madhu
(1983) in Tilapia mossambica, apparently no study on
lipid metabolism in response to pesticides is availa-
ble. Practically little attention has been made
towards the understanding of comprehensive account of
lipid metzbolism in response to pesticides. Since
linids undergo rapid breakdown, resynthesis and
interconversion in response to different stimuli, it
is essential thot various lipid fractions in diffe-
rent tissues be considered simultaneously to provide
a clear picture of lipid metabolism in response to
pesticides. Therefore, in the present investigation
an attempt has been made to determine the impact of
an organopnosphorous=-phosphamidon and methylparathion
and an organochlorine-lindane, on the lipids and its
derivatives in the selected tissues of the penaeid
prawn, Metapenaeus monoceros. This prawn is consi-
dered to be a gensitive indicator of marine and
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estuarine pollution (Butler 1966) and also forms one
of the commercially important fisheries of India.

MATERIALS AND METHODS

Penaeid prawn, Metapenaeus monoceros (Fabricius)
with an average weicht of 2,5 4+ 0.5 g and length of
75 + 5 mm were collected from the Buckingham Canal
near Xavalli seacoast, Andhra Pradesh, India. Prawns
were acclimatized to laboratory conditions for one
week prior to experimentation under constant salinity
of 15 4+ 1 ppt, pH 7.1 + 0.2 and temperature of

23 4+ 29C. They were fed ad lib diet of cil cake
powder (Fish and Prawn feed suppliers, Madras) and
fresh prawn muscle pieces. The media in which they
were onlaced changed for every 24 h,

Technical grade phosphamidon (92% w/v: 0,0-dimethyl-

0- (l-methyl-2-chloro-2-diethyl-carbomoyl-vinyl)
phosphate; CIBA-GEIGY, RBombay), methylparathion

(80% w/w; 0-0-dimethyl, O-4-nitrophenyl thiophosohate;
Bharat Pulverising Mills Pvt. Ltd., Bombay) and
lindane (99.8% w/v; gamma-Hexachlorocyclohexane:;
Pesticides India, Udaipur) were used as test chemicals.
A stock solution of 1000 ppm (1 mg/l ml) and aoprom-
priate working concentrations were prepared by dilution
with seawater. Toxicity evaluation studies were
conducted in static bioassay system (Doudoroff et al.
1951) and the results were tabulated. ILCgg values
were found to be 1.2 ppm for phosvhamidon, 0.12 ppm
tor methylparathion and 0,005 ppm ror lindane to the
intermolt prawn for 48 h exposure. Laboratory accli-
matized prawns were exposed to sublethal concentrations
of phosvhamidon (0.4 ppm), methylparathion (0.04 ppm)
and lindane (0.0015 ppm) rtor 72 h in the present

study and aerated twice a day. The tissues like
midgut gland, muscle and gill were isolated from
control, phosphamidon exposed (PE), methylparathion
exposed (ME) and lindane exposed (LE), prawns and

used for biochemical analysis.

The lipids were isolated by repeated extraction with
a mixture of chloroform and methanol (2:1 v/v).

Their amcunts were determined gravimetrically accord-
ing to the procedure of Folch et al (1957). The

free fatty acids and total cholesterol were estimated
by the method of Natelson (1971). Lipase activity
levels was estimated as per the method outlined by
Colowick and Xaplan (1965). Glycerol by the method
of Lambert and Neish (1950). The protein content was
estimated by Lowry et al (1951) using bovine serum
albumin as standard. The statistical correlations
between control and experimental values were conducted
using student 't' test (Bailey 1965).
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RESULTS AND DISCUSSION

In all the three control tissues studied, the levels
ot total lipids remained higher in midgut gland,
when compared to muscle and gill tissues. Midgut
gland of crustaceans is the principle site of linid
accumulation (Chang & O'Connor 1983). There is a
general decrease in the total lipnids and glycerol
levels in prawns exnosed to phospnamidon, methyl-
parathion and lindane (Table 1), while the free
fatty acids and total cholesterol showed a signifi-
cant increase in all the PE, ME and LE prawn tissues
(Table 2). This suggests the mobilization of cnergy-
rich linids for production of energy during toxic
stress caused by pnesticides. Genserally under any
type of stress condition the animals are bound to
spend extra energy to overcome the stress through
the oxidation of either carbohydrates or proteins

or livid constituents (Hochachka & Somero 1973).

The decrease in total lipids correlates with the
incressed activity levels of lipase, the enzyme
responsible for the breakdown of lipids into free
fatty acids and glycerol. The elevated levels of
livase activity agrees with the enhanced tissue

free fatty acid levels, since the later forms one

of the products of 1ivid hydrolysis (West et al.
1967). The mobilization of lipid reserves testifies
the imposition of high energy demand under pesticide
toxicity. Since lipids form the rich energy reser-
ves whose caloric value was revorted to be twice
than that of an egquivalent weight of carbohydrates
or proteins (0Oser 1979), the mobilization of 1linid
reserves testifies tc the imposition of high energy
demands.

Sterols are necessary for membrane synthesis and

for the synthesis of many other metabolic compounds.
In the present study, the increase in quantitative
levels of cholesterol might be due to the increased
diversion of acetyl-CoA to acetoacetate Formation
for cholesterol biosynthesis. Increased levels of
acetoacetate and P ~hydroxybutyrate have been shown
in the insecticide administered animals (Domschke

et al, 1971)., Since TCA cycle enzymes are inhibited
during insecticide stress (Reddy & Rao 1987), the
accumulation of acetyl-CoA is likely to cause that
diversion, The acetyl-CoA, produced through aug-
mented P oxidation and glycolysis (Reddy & Rao
1988) will produce more ketone bodies, particularly
acetoacetate, which then act as precursors for the
synthesis of cholesterol. The metabolic orientation
of lipids and its derivatives can be represented in
figure 1. All these pathways are well established
in crustacean species including prawns (Chang &
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O ‘'Connor 1983).

From the results, it is evident that the effect
produced by lindane was always greater than that

by phosphamidon and metnylparathion, indicating the
higher toxicity of organochlorine insecticides than
organophosphorous compounds, which might be attribu-
ted to the nossibility of more specific action and
guicker penetration of organochlorines than organo-
phosphates. Similar tyve of findings are also avai-
lable on organochlorine compound wenetration through
biological membrane and causes derangement in the
linid metabolism (Madhu 1983; Lal & Singh 1986:; Singh
& Singh 1980). Among the tissues selected the
changes were more pronounced in the midgut gland,
when compared to muscle and gill tissues. Since the
midgut gland which simulates in function with the
liver of vertebrates, is the center of lipid metabo-
lism, the higher levels of free fatty acids can be
expected in this tissue than in other tissues as
evidenced in the present study. Since metabolically
active tissues have been selected, it can be sugges-
ted that the tree fatty acids and glycerol formed
by the breakdown of lipids might be diverted to
vield energy to mitigate the toxic stress due to
sublethal concentrations of phosphanidon, methyl-
parathion and lindane.
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FPigure 1. Metabolic orientetion of lipnids and its
derivatives during pesticide treatment. ® indicates
increased and <4 indicates decreased levels during
pesticide treatment.

The target action of the organophosphorous (phos-
phamidon and methylparatnion) and organochlorine
(lindane) insecticides are the enzymes acetylcholi-
nesterase and adenosinetriphosphatase, respectively.
Thus, the changes in the lipid metabolism observed
in the present study represents a secondary mani-
festation.
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