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Sub - lethal effect of phytopesticide nimbecidine on biochemical changes in the
adult male insect Sphaerodema rusticum (Heteroptera: Belostomatidae)
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ABSTRACT

Carbohydrate, protein and lipid are the major components of the body playing important role in the body con-
struction and energy metabolism. Effect of sub -lethal concentration (0.00028 ppm 1/10" of LCsq) of the phytopes-
ticide nimbecidine was studied on Sphaerodema rusticum for 7, 14 and 21 days of exposure. A significant decline
in the contents of glycogen, protein and lipid and an increase of glucose and amino acid contents of fat body, tes-
tis and seminal vesicle were observed. It was observed that the biochemical changes in the nimbecidine treated
(7, 14 and 21days) fat body, testis and seminal vesicle were significantly differed than control.
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INTRODUCTION

More informations about the environmental pollution
on aquatic animals have been obtained from mortality
studies. Very little information is available about the
damages to different organs or about the disturbed
physiological and biochemical processes in an organ-
ism. A better understanding of biochemical changes
will focus the stress responses in animals exposed to
toxicant (Nammalvar, 1984), the understanding of
these mechanisms is necessary if we want to predict
the potential harmfulness of various chemicals to the
environment (Akelarsen et al., 1976). Physiological
responses like changes in behaviour, biochemical con-
tents, feeding, survival, growth and reproduction to
sub-lethal concentration of pesticides, effluents and
other chemicals are used as indices of pollution by var-
ious workers (Carlson, 1972; Grant and Mehrle 1973
and Jabakumar and Jayaraman, 1988). The indiscrimi-
nate use of synthetic pesticides has caused environ-
mental contamination and toxicity to living organisms.
This has necessitated the use of ecofriendly products.
Ecofriendly biopesticide agents are available abundant-
ly in nature (Swaminathan, 1992). Neem is the most
promising potential source of biopesticide of botanical
origin (Schmutterer, 1995)

Neem products have also been reported to suppress
reproduction (Ludhum and Sieber, 1988). Azadirachtin
has antifeedent, anti-ovipositional, growth disrupting
and fecundity reducing properties on different insects
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(Schmutterer, 1990). The environmental hazards posed
by synthetic chemical insecticides have necessitated
the search for some alternative source of natural origin
for applying ecologically viable pest control strategies
(Kulkarni and Joshi, 1997). The natural products of phy-
topesticides can be used for the purpose of controlling
insect pests and also have a number of advantages
over the conventional chemical insecticides. Carbohy-
drate, protein and lipid which are the major compo-
nents of the body play an important role in the body
construction and energy metabolism. These constitu-
ents are affected by many factors especially by pesti-
cide (Jabakumar and Jayaraman, 1988). Investigations
on the effects of pesticides have revealed their interfe-
rence with carbohydrate metabolism in different spe-
cies (Ajai Mansingh, 1972 and Babu et al.,, 1988). In
most insects carbohydrates reserves are present as
glycogen and trehalose which can be readily converted
into glucose (Islam and Ray, 1981).

Proteins are the known biological compounds which
regulate and integrate several physiological and meta-
bolic processes in the body through hormones, en-
zymes and nucleoproteins. The protein plays a major
role in the synthesis of microsomal detoxifying en-
zymes and helps to detoxify the toxicants when enter-
ing into the animals (Wilkinson, 1976). Wigglesworth
(1979) has stated that the fat body in insect is the main
site for protein synthesis as well as the intermediating
metabolism of amino acids, which are utilized for the
production of hormones and enzymes and the compo-
sition of protein in the body as a whole may be greatly
modified (Wigglesworth, 1979).

Lipids are the chief form in which energy is stored in
insects. The ability to synthesize lipids for storage is
widespread, but except for specific item as small
amounts, they are not usually essential constituents of
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the diet. Insects utilize lipids and can also synthesize
from protein and carbohydrates. Insect growth hor-
mones, pheromones and sex attractants are lipoidal in
nature (Gilbert, 1967) and they are also important con-
stituents of cell membrane (Robbins et al., 1971). It has
been established that lipids provide the energy reserve
which can be used during starvation periods or in some
insects such as Schistocerca gregaria for sustained
flight activity (Chapman, 1982). In this context sub-
lethal effect of phytopesticide nimbecidine on the bio-
chemical constituents of the fat body, testis and se-
minal vesicle of aquatic insect Sphaerodema rusticum
has been studied to assess the pesticide pollution.

MATERIALS AND METHODS
Insects

The insects collected from the local ponds and streams
were maintained in plastic troughs at the laboratory
temperature of 28 + 3°C with a relative humidity of 80
+ 39C percent. The insects were daily fed with mosqui-
to larvae, pieces of earthworm and aquatic plants and
the insects were survived well on these feeds. The
troughs were cleaned properly every alternative day
and the water was renewed. Adult male insects were
collected from rearing troughs and vivisected in insect
Ringer solution (Ephrussi and Beadle, 1936). Nimbeci-
dine, a neem oil based formulation of Azadirachtin
(0.03% EC) of T. Stanes and company Ltd., was pur-
chased from local pesticide agency in Chidambaram.

The following biochemical estimations were made in
the tissues of fat body, testis and seminal vesicle. The
colorimetric method of Kemp and Kits Van Heijninger
(1954) was employed for the quantitative estimation of
glucose and glycogen. The colorimetric method of Lo-
wery et al (1951) was employed for the quantitative
estimation of protein. The colorimetric method of
Moore and Stein (1954) was adopted for the quantita-
tive estimation of total free amino acids and lipid con-
tent was estimated by the semi micro determination
method of Pande et al.,, (1963). Data were analysed
using Analysis of Variance (ANOVA), and means sepa-
rated by Duncan’s Multiple Range Tests (DMRT).

RESULT

In the present study, the significant changes in the con-
tent of carbohydrate, protein and lipid of fat body,
testis and seminal vesicle have been observed in the
insects treated with sub-lethal concentration 0.00028
ppm (7, 14 and 21 days) of phytopesticide, nimbeci-
dine. The glycogen content of fat body, testis and se-
minal vesicle of control insects were 8.3 +0.5, 7.0 £ 0.4
and 7.3 = 0.3 pug/mg respectively. Likewise after 7, 14
and 21 days of exposure of insect to nimbecidine, the
amount of glycogen content in the fat body, testis and
seminal vesicle were about 6.5 + 0.5, 5.6 + 0.6, 5.9 +
0.5;43+04,39+0.7,36+05and 2.3+0.3,2.0¢
0.6, 2.2 + 0.4 pg/mg, respectively. Glycogen content
appears to be gradually decreased in the treated in-
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sects than compared to control insects (Table 1). The
values of mean glycogen content of the fat body, testis
and seminal vesicle of treated insects were significantly
differed than the control.

The glucose content of fat body, testis and seminal
vesicle of control insects were 1.1 £ 0.2, 0.7 £ 0.2 and
0.5 + 0.2 ug/mg respectively. Likewise after 7, 14 and
21 days of exposure of insect to nimbecidine, the
amount of glucose content in the fat body, testis and
seminal vesicle were about 1.9 + 0.4, 0.9 £+ 0.2, 0.7 +
0.1;21+03,1.0+03,1.0+02and 3.0+0.3,1.7
0.3, 1.7 + 0.4 pg/mg, respectively. Glucose content
appears to be gradually increased in the treated insects
than compared to control insects (Table 1). The values
of mean glucose content of the fat body, testis and
seminal vesicle of treated insects were significantly
differed than the control. In the present study, it has
been observed that the quantity of glycogen content
gradually decreased after 7, 14 and 21 days of nimbe-
cidine exposed fat body, testis and seminal vesicle and
the quantity of glucose were increased than the con-
trol insects. It indicates possible break down of glyco-
gen into glucose in order to meet the requisite energy
demand during the sub-lethal concentration of nimbe-
cidine intoxication.

The protein content of fat body, testis and seminal
vesicle of control insects were 42.0 + 2.3, 26.1 + 3.2
and 31.7 £ 3.3 pg/mg respectively. Likewise after 7, 14
and 21 days of exposure of insect to nimbecidine, the
amount of protein content in the fat body, testis and
seminal vesicle were about 35.3 + 3.1, 21.0 + 1.3, 29.1
+1.8;258+3.6,19.6+3.5,224+27and 18.7 £ 2.1,
14.3 + 2.8, 15.6 + 2.4 ug/mg, respectively. Protein con-
tent appears to be gradually decreased in the treated
insects when compared to control insects (Table 1).
The values of mean protein content of the fat body,
testis and seminal vesicle of treated insects were signif-
icantly differed than the control. The quantity of pro-
tein in all the tissues gradually decreased after 7, 14
and 21 days of the sub-lethal concentration of nimbe-
cidine exposed insects which may be due to intensive
proteolysis to meet the extra energy demand when the
insects are subjected to nimbecidine stress.

The amino acid content of fat body, testis and seminal
vesicle of control insects were 49.4 + 6.1, 39.8 + 3.8
and 44.2 + 4.9 ug/mg respectively. Likewise after 7, 14
and 21 days of exposure of insect to nimbecidine, the
amount of amino acid content in the fat body, testis
and seminal vesicle were about 61.6 + 4.9, 41.6 + 4.8,
50.2+4.9;64.8+6.5,49.0+3.8,57.6 6.8, and 70.6 +
3.0, 57.8 + 6.1, 64.8 + 5.5 pg/mg, respectively. Amino
acid content appears to be gradually increased in the
treated insects than the control (Table 1). The values of
mean amino acid content of the fat body, testis and
seminal vesicle of treated insects were significantly
differed than the control. It is believed that the high
level of amino acids formed by proteolysis in the tis-
sues are transported into the haemolymph and then to
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Table 1: Changes in the level of total carbohydrate, protein and lipid content in the tissues of Sphaerodema
rusticum (pg/mg wet. wt) exposed to sub-lethal concentration (0.00028 ppm) of nimbecidine

Parameters Tissue Control Sub-lethal exposure duration (Days) ug/mg
pg/mg ug/mg 7 14 21
Fat body 8.3+0.5 6.5+ 0.5 (-21.69) 43+0.4 (-48.19) 2.3+0.3 (-72.29)
Glycogen Testis 7.0+0.4 5.6+0.6 (-20.00) | 3.9+0.7 (-44.29) | 2.0+0.6 (-71.42)
Seminal vesicle 7.3+0.3 5.9+0.5 (-19.17) 3.6+ 0.5 (-50.69) 2.2+0.4 (-69.87)
Fat body 1.1+0.2 1.9 +0.4(72.72) 2.1+0.3(90.90) 3.0£0.3(172.72)
Glucose Testis 0.7+ 0.2 0.9+0.2(28.58) | 1.0+0.3(42.86) 1.7 £0.3 (142.86)
Seminal vesicle 0.5%0.2 0.7+0.1(40.00) | 1.0+0.2(100.00) | 1.7 +0.4(240.00)
Fat body 42.0+23 |353+3.1(-15.96) | 25.8+3.6(-38.58) | 18.7 £2.1(-55.48)
Protein Testis 26.1+3.2 | 21.0+1.3(-19.54) | 19.6 £3.5(-24.90) | 14.3 +2.8 (-45.21)
Seminal vesicle 31.7+£3.3 29.1+ 1.8 (-8.20) 22.4+2.7(-29.33) 15.6 £ 2.4 (-50.79)
Fat body 49.4+6.1 61.6+4.9 (24.70) | 64.8+6.5(31.18) | 70.6+3.0(42.91)
Amino acid Testis 39.8+3.8 41.6+4.8(4.52) | 49.0+3.8(23.11) | 57.8+6.1(45.22)
Seminal vesicle 442 +49 50.2+4.9(13.58) | 57.6+6.8(30.31) 64.8 + 5.5 (46.60)
Fat body 145+2.7 12.3+2.6(-15.17) | 11.0+£3.2(-24.13) 8.7 £2.6 (-40.00)
Lipid Testis 12.2+2.3 11.1+1.8(-9.01) | 11.0+3.2(-22.96) | 7.6+1.1 (-37.70)
Seminal vesicle 8.9+0.7 82+0.9 (-7.87) | 6.6+0.7 (-25.84) | 4.6+0.7 (-48.31)

Values in parenthesis indicate percentage change over control. Values are significantly different at p <0.05

the metabolic pathway by the pyruvate, which directly
enter into the TCA cycle in the form of keto-acids to
provide extra energy during the stress period.

The lipid content of fat body, testis and seminal vesicle
of control insects were 14.5+2.7,12.2+2.3and 8.9 +
0.7 pug/mg respectively. Likewise after 7, 14 and 21
days of exposure of insect to nimbecidine, the amount
of lipid content in the fat body, testis and seminal ve-
sicle were about 12.3+2.6,11.1+1.8,8.2+0.9; 11.0+
32,94+16,6.6+0.7,and 8.7+26,7.6+1.1,46 +
0.7 pg/mg, respectively. Lipid content appears to be
gradually decreased in the treated insects when com-
pared to control insects (Table 1). The values of mean
lipid content of the fat body, testis and seminal vesicle
of treated insects were significantly differed than the
control. In the present study, it has been observed that
lipid contents in the fat body, testes and seminal ve-
sicle were gradually decreased in the sub-lethal con-
centration of nimbecidine exposed insects than the
control. This finding reveals that lipid content may be
utilized for the energy production during nimbecidine
stress.

DISCUSSION

Fat body in insects apart from serving as the seat of
metabolism also serves in the synthesis of protein, lipid
and carbohydrate that serves as precursors for meta-
bolism in other tissues (Keeley, 1985). Kilby, (1963) has
reported that carbohydrate, lipids and amino acids are
oxidized and utilized for the energy supply. Glycogen is
an important nutrient reserve in animal tissue and it is
used as an immediate energy source when required by
any animals. Therefore, glycogen is an essential com-
ponent of the normal metabolism (Thunberg and Man-
chester, 1972). Chattoraj and Sharma (1988) have re-
ported that the pesticide R-20458 when administered

to the larvae of Spodoptera littura, the carbohydrate
was decreased. Dimethoate application also caused
decrease in the glycogen content in Odontopus vari-
cornis (Jayakumar, 1988). Prakash et al. (1990) have
reported that the quantity of carbohydrate in the ovary
and fat body was decreased in the endosulfan treated
Poecilocerus pictus. However, the increased glycogen
content has been observed in the fat body as well as
haemolymph of Laccotrephes ruber when exposed to
monocrotophos (Ravichandran, 1996). Grant and
Schoettger, (1972) have shown that the carbohydrate
metabolism is impaired due to various pollutants. The
changes appeared may be due to transportation of
glucose from the storage organ namely the fat body,
which is one of the most fundamental requirements
needed for various metabolic activities (Boell, 1965).

Proteins are the most important organic constituents
of animal tissues and play an important role in energy
production. Normally, tissue proteins in aquatic ani-
mals under toxic stress are known to play a role in the
activation of compensatory mechanism (Wigglesworth,
1972 and Downer, 1982). The decrease in protein level
in liver and muscle might be due to diversion of energy,
when animals were under toxic condition (Baskaran,
1980; Manoharan and Subbiah, 1982). Cadmium chlo-
ride has been shown to decrease the protein content
on the fat body of Chrysocoris stolli (Islam and Roy,
1983). Another possible reason is that the protein syn-
thesis is highly inhibited as a result of non-availability
of energy for protein synthesis (Saxena et al., 1989 and
Singh et al., 1993). Shanmugavelu (1963) has reported
that a decline in protein content in the fat body of My-
labris pustulata when treated with heavy metal cad-
mium. Jayakumar (1988) has reported that the protein
content was decreased in the tissues of testes, acces-
sory reproductive glands and fat body of Odontopus
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varicornis when treated with dimethoate. Pazhanicha-
my (1997) has reported a sudden depletion of protein
content and increased amino acid content in Lacco-
trephes ruber when exposed to heavy metal mercury.
Vijayaprabha (1990) has also reported that the protein
content was decreased and amino acid content was
increased in the brain, fat body and haemolymph of
Catacanthus incarnatus when exposed to the sub-
lethal concentration of dimethoate.

Lipids play an important role in maintaining integrity of
cell structure and functions. Normally all animals de-
pend upon the lipid content to overcome the physio-
logical stress caused by toxicants or environmental
contamination (Prakash et al., 1990 and Jamil and Hus-
sian 1992). Sastry and Siddiqui (1984) reported some
biochemical and histohemical changes in the fresh wa-
ter teleost Channa punctatus exposed to sublethal
concentrations of quinolphos. Fluctuation of lipid con-
tent in different species of insects treated with differ-
ent toxicants has been reported by several investiga-
tors. Copuzzo and Lancaster (1981) have shown a sig-
nificant decrease of lipid content in the fat body of
Homarus americanus when exposed to toxicants. The
same trend has been observed in carbohydrate, pro-
tein and lipids by Aspongopus janus when treated with
nimbeciline (Thiruvasagam, 1994), Periplaneta ameri-
cana when treated with Pongamia glabra leaf extract
(Ramanathan, 1995) and Laccotrephes ruber when
treated with monocrotophos (Ravichandran, 1996),
Gryllotalpa africana when treated with endosulfan
(Sumathi, 2001), Laccotrephes ruber when treated with
zinc (Ramesh Kumar, 2004), Sphaerodema rusticum
when treated with mercury (Rajathi, 2004).

ACKNOWLEDGEMENT

The authors are very grateful to the authorities of
Annamalai University and to the Head, Department of
Zoology for providing all necessary facilities to com-
plete this work.

REFERENCES

Ajai Mansingn, 1972. Effect of Faresyl methyl ether on
carbohydrate and lipid metabolism in the tent cater-
pillars, Malacosoma pluviale. J. Insect Physiol., 18:
2251-2263.

Akelarsen, B.E., Eangtson, Saventes. 1976. Some hae-
matological and biochemical aspects of cadmium on
fish. In: effects of pollutants on aquatic organism
(Ed) A.P.M. Lock wood, Society for experimental bi-
ology seminar series. 2 Cambridge University Press,
U.K. 36-45.

Babu, P.R.A., G.R. Reddy, G.R.V. Babu and C.S. Chetty,
1988. Glycolitic oxidation in freshwater fish, Sarothe-
rodon mossambicus during benthiocarb exposure.
Curr. Sci., 57: 591-594.

Shoba V et al,, Int. J. Res. Pharm. Sci., 2(1), 2011, 12-17

Baskaran, R., 1980. Biological studies on a chosen
thermoconformer Channa straitus. Ph.D. Thesis.,
Madurai Kamaraj University.

Boell, E.J. 1965. Eanergy exchange and enzyme devel-
opment during embryogenesis, In: Analysis of devel-
opments, W.B. Saundersco, Philadelphia. (Benjamin,
H.P. Willier, A. Weiss and Viktor Humbinger Eds).
Pp.520-555.

Carlson, A.R. 1972. Effect of long term exposure to car-
baryl (Sevin) on survival, growth and reproduction of
fath head minnow Pronephalcus promeles. J. Fish.
Res. Bd. Can., 29: 583-587.

Chapman, R.F., 1982. The insects structure and func-
tion, third edition. Hodder aris, Stoughton, Hong-
kong.

Chattoraj, A.N. and R. Sharma, 1988. Effect of JHA, R-
20458 on carbohydrate content of Spodopetera litu-
ra (Bolsd). J. Exptl. Bio., 26: 649-650.

Copuzzo, M. and B.A. Lancaster, 1981. Physiological
effects of south Louisianna crude oil to American
lobster (Homarus americans): Hydrocarbon accumu-
lation interference with lipid metabolism. In: Physio-
logical mechanism of marine pollutants toxicity Eds.
Vernberg, M.B., Galbrease, A., Thurnberg, F.P. and
Vernberg, E.J., New York, Academic Press.

Downer, R.G.H., 1982. Fat body and metabolism. In:
The American Cockroach (Bell, W.J. and K.G. Adiyodi,
Eds) Chapman and Hall London.

Ephrussi, B. and G.W. Beadle, 1936. A technique of
transplantation for Drosophila amer., Nat., 10: 218-
225.

Gilbert, L.I., 1967. Changes in Lipid content during the
reproductive cycle of Leucophaea maderae and ef-
fects of the juvenile hormone on lipid metabolism in
vitro. Comp. Biochem. Physiol., 21: 237-287.

Grant, B.F. and R.A. Schoettger, 1972. The impact of
organochlorin contamination on physiological func-
tions in fish. Proc. 19" Annual meeting. Ins. of Envi-
ron. Sci., p. 245.

Grant, F.B. and Mehrle, P.M. 1973. Endrin toxicoisis in
rainbow trout Salmo gairdnevi. ). Fish. Res. Bd. Can-
ada, 30: 31-40.

Islam, A. and Ray, S, 1981 Quantitative changes of car-
bohydrates, lipid and protein during the post em-
bryonic development and metamorphosis of Tribo-
lium castaneum and Tribolium confusum. Proc. In-
dian Natn. Sci. Acad. 47; 313-320.

Islam, A. and S. Roy, 1983. Effect of cadmium chloride
on the quantitative variation of carbohydrate, pro-
tein, aminoacids and cholesterol in Chrysocoris stolli.
(Insect: Hemiptera). Curr. Sci., 52(5): 215-217.

Jabakumar, S.R.D. and Jayaraman, F.A.Z. 1988. Changes
in protein, lipid and carbohydrate content in fresh

©Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 15



water fish, Lepidocephalicythys thermalis during
short-term sublethal exposure of malathion. Annals.
Zool., 26: 82-89.

Jamil, K and Hussain S, 1992. Biotransfer of metals to
the insect Neochetina eichhornae via aquatic plants.
Arch. Environ. Cotam. Toxicol., 22(4): 459-463.

Jayakumar, C. 1988. Effect of dimethoate (roger) on
the accessory reproductive gland, testis, fat body,
haemolymph, neuro secretory cell and corpus alla-
tum in Odontopus varicornis (Dist) (Hemiptera: Pyr-
rhacoridae) Ph.D. Thesis, Annamalai University.

Keeley, L.L. 1985. Physiological and biochemistry of the
fatbody. In: Comprehensive Insect Physiology, Bio-
chemistry and pharmacology, vol.l. Embryogenesis
and reproduction, pp. 211-242 (Ed. Kerkut, G.A. and
Gilbert, L.1.), Pergmon press, Oxford.

Kemp and Kits Van Heijninger A. and J.M. Andrienne
Kits Van Heijninger. 1954. A colorimetric method for
determination of glucose and glycogen in tissues. J.
Biochem, 56: 646-678.

Kilby B.A. (1963) The biochemistry of the insect fat
body Adv. Insect. Physiol. 1, 112-174.

Kulkarni, N. and K.C. Joshi, 1997. Insecticidal action of
some plant extracts against Albizia defoliator, Rhesa-
la imparata Walker (Lepidoptera: Noctuidae) Ento-
mon., 22(2): 135-139.

Lowery, O.H., N.J. Rosenbrough, A.L. Farr and R.J. Ran-
dall, 1951. Protein measurement with folin-phenol
reagent J.Biol. Chem., 193: 265-275.

Ludhum, C.T. and K.P. Sieber, 1988. Effect of azadirach-
tin on oncogenesis in Aedes aegypti. Physiol. Ento-
mol., 13: 177-184.

Manoharan, T. and G.N. Subbiah, 1982. Toxic and sub-
lethal effect of endosulfan on Barbus stigma. Proc.
Ind. Acad. Anim. Sci., 91(6): 523-532.

Moore, S. and W.H. Stein 1954. Method in enzymology
(Ed. Colowick and Kaplan). Academic Press, New
York, 2: 501.

Nammalvar, P. 1984. Biochemical changes resulting
from bioassay of pesticides DDT and BHC to astua-
rine mullet, Lize macrolepis (Smith). Proc. Symp. Eff.
Pest. Aquat. Fau. 139-145.

Pande, S.V., R. Parvinkhan and Venkitasubramanian.
1963. Micro determination of lipids and serum total
fatty acids. Anal. Biochem. J., 6: 415-423.

Pazhanichamy, K. 1997. Studies on the effect of heavy
metal (mercuric chloride) on histopathological and
biochemical changes in the selected tissues of the
adult male Laccotrephes ruber (Linn.) (Heteroptera:
Nepidae) M.Phil., Thesis, Annamalai University.

Prakash, D.S., A. Thangamani and Alfred Mohandoss,
1990. Toxicity of endosulfan on some biochemical of

Shoba V et al.,, Int. J. Res. Pharm. Sci., 2(1), 2011, 12-17

ovary, fat body and haemolymph of the painted
grasshopper, Poecilocerus pictus fabr. (Acrididae: Or-
thoptera). Anjac Journal, 10:55.

Rajathi, V., 2004. Studies on the impact of heavy metal
mercury in the adult male reproductive physiology of
Sphaerodema rusticum (Heteroptera: Belastomati-
dae) Ph.d. Thesis. Annamalai University.

Ramanathan, B. 1995. Studies on the effect of leaf ex-
tract of pongamia glabra (Vent) (Fabaceae) on histo-
logical and biochemical changes of testis and fat
body of the adult male Periplaneta americana (linn.)
(Orthoptera: Blattiodae). M.Phil., Thesis., Annamalai
University.

Ramesh kumar, T., 2004. Studies on the impact of
heavy metal zinc on certain selected tissues in the
adult male Laccotrephes ruber (Linn.) (Heteroptera:
Nepidae) in relation to reproduction. Ph.D. Thesis,
Annamalai University.

Ravichandran, S., 1994. Impact of phenol on protein
metabolism in the fresh water fish Oreochromis
mossambicus. ). Ecotoxicol. Environ. Monit., 4(1): 33-
37.

Robbins, W.E., J.N. Kaplains, J.A. Svobody and M.J.
Thompson, 1971. Steroid metabolism in insects. Ann.
Rev. Ent., 16: 53-72.

Sastry, K.V. and A.A. Siddiqui. 1984. Some haematolog-
ical, biochemical and enzymological parameters of a
fresh water teleost fish. Channa punctatus exposed
to sublethal concentration of quinalphos. Pestic. Bio-
chem. Physiol. 22, 8.

Saxena, P.K., V.P. Singh, J.K. Kondal and G.L. Soni, 1989.
Effects of some pesticides an in vitro lipid and pro-
tein synthesis by the liver of the freshwater teleost,
Channa punctatus (Bl.). Environ. Pollut., 58: 273-280.

Schmutterer, H. (1995). The Neem Tree Azadirachta
indica and other meliaceous plants, VCH verlagsge-
sellschaft, D-69451 Weinheim.

Schmutterer, H., 1990. Properties and potential of nat-
ural pesticides from the neem tree Azadirachta indi-
ca. Annu. Rev. Entomol., 35: 271-297.

Shanmugavelu, M., 1963. Effect of heavy metal on the
biochemistry of Mylabris pustulata (Fasect: colepte-
ra) Environ. Ecol., 11(2): 386-390.

Singh, A.K., Satya Sharma and S. Eltnheshamuddin, 1993.
Effect of malathion and BHC on body protein and
amino acids of adults Epilachna Vigincti, (Fabr.) (Coc-
cinellidae : Coleoptera). Comp. Physiol. Ecol., 18 (12):
56-59.

Sumathi, S., 2001. Studies on the impact of Endosulfan
on certain selected tissues of the adult male insect
Gryllotalpa africana (Palisot der Beauvois) (Orthop-
tera: Gryllotalpidae) in relation to reproduction.
Ph.d, Thesis, Annamalai University.

16 ©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences



Swaminathan, M.S. 1992. cultivating food for a devel-
opment world. Environmental Science and Technol-
ogy 26, 1104-1107 Schmutterer.H (Ed.), 1995. The
neem tree :source of unique natural products for in-
tegrated Pest management, Medicine, Industry and
other purposes Weinheim.

Thiruvasagam, M. 1994. Studies on the effect of nim-
beciline on the histology, histochemistry and bio-
chemistry of male accessory reproductive gland, fat
body and haemolymph in the adult male Aspongo-
pus janus (Fabr.) (Hemiptera: Pentatomidae). M.Phil.
Thesis., Annamalai University.

Thunberg, L.V. and K.L. Manchester, 1972. Effect of
denervation on the glycogen content and on the ac-
tivities of enzyme glucose and glycogen metabolism
in rat diaphragm muscle. Biol. J., 128-789.

Vijayaprabha, N., 1990. Influence of Dimethoate (ro-
gor) on protein and amino acid content in the ovary,
brain, fat body and haemolymph of Catacanthus in-
carnates (Spin). M.Phil Thesis, Annamalai University.

Wigglesworth, V.B., 1972. The principle of insect physi-
ology. Chapman and Hall London.

Wigglesworth, V.B., 1979. The principles of insect phy-
siology.
7" edition, Chapman and Hall.

Wikinson, C.F., 1976. Insecticide Biochemistry and Phy-
siology. Plennum, New York.

Shoba V et al,, Int. J. Res. Pharm. Sci., 2(1), 2011, 12-17

©Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences 17



