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Abstract

The dynamic nature of an increase in GDH activity is dertermined in the treated tissues than the control. These changes
suggest that the glutamate can be applied for the conversion of a-keto glutamate to meet an additional energy demand during
the stress period. On the basis of these observations made within the present examine it is obvious that the inhibition of SDH
and LDH activities and inspiration of MDH and GDH activities in all the target tissues reveals that metabolic pathway has
shifted in the direction of anerobic side effect than aerobic side to effect the increase in energy demand throughout the pygidial

secretion intoxication.
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Introduction

Enzymes are attractive as indicator because they are more
easily quantified than the opposite pointer. Metabolic under
pressure reflecting the changes for enzyme activities.
Glycolysis is known to yield pyruate and glycophosphate.
Pyruvate aside from being of amino acids such as serine,
alanine and cysteine. A-ketoglutarate is found as a preferred
energy substrate for the spermatozoa and as an accelerator
for sperm respiration in insects. In addition, energy
metabolism of reproduction of male insects has no longer
been an awful lot studied. Investigations have been made on
the TCA enzymes, SDH, GDH, LDH and MDH inside the
fats frame and the accessory reproductive gland of
Odontopus varicornis earlier than and after mating by
means of Ambika (2011) Bl A take a look at of oxidative
enzymes will screen whether pyruvate is being applied to
supply strength or from other pathways.

The Zoopesticide pygidial secretion acts as enzyme
inhibitors, leading to hyperexcitability of the nervous
systems. It can also purpose numerous side consequences,
e.g. change in DNA structure (Griffin and Hill, 1978) [€],
reason sperm malformations (Mathew et al., 1992) 24,
generate reactive oxygen species (Bagchi et al., 1995) [f],
and act as inducers of warmth shock protein (Bagchi et al.,
1996) [61. Zoopesticide pygidial secretion and different
xenobiotics may also growth the extent of free radicals
(Freeman and Crapo, 1982) and impact (mobilise) an
antioxidant defence machine in tissues and cells.
Antioxidants can so other neurotoxic results of insecticides
(Bagchi et al., 1993, 1996) [*. I,

However, cytochrome P450 mediated detoxification of
xenobiotics outcomes in stronger free radical content of
cells. Zoopesticide pygidial secretion can be broken down in
specific ways, that may cause distinct merchandise of a
better or decrease toxicity than the mom compound
(Brattsten et al., 1986, Chambers et al., 1994) [* 18 On
interest of superoxide dismutase (SOD) and catalase (CAT),
i.E. Vital enzymes, which protect cells in opposition to

loose radicals. Lactate dehydrogenase (LDH) is an
important glycolytic enzyme being present in really all
tissues (Kaplan and Pesce, 1996) [?4; it's also concerned in
carbohydrate metabolism and has been used as an indicative
criterion of exposure to chemical strain (Wu and Lam, 1997;
Carvalho et al., 2020) [0 11 even though, additionally it is
used as an index of anaerobic metabolism (Chamberlin and
King, 1998) 4. To display correlation between a few
enzyme interest and non-enzymatic compounds, the amount
of glucose and protein turned into measured. Lactate
dehydrogenase catalyzes the final step in glycolysis, as it
reduces pyruvate to lactate. Succinic dehydrogenase is the
energetic regulatory enzyme of the Tricarboxylic acid cycle.
Several studies have shown that metal trace elements are, at
the cellular level, often involved in oxidative stress, which
results from the production of reactive oxygen species
(ROS). ROS includes the superoxide radical (+O2-),
hydrogen peroxide (H202), and the hydroxyl radical (¢OH),
all of which affect mainly lipids, proteins, carbohydrates,
and nucleic acids (Damien et al., 2004) 1, The importance
of antioxidant enzymes is generally emphasized in the
prevention of oxidative stresses by scavenging of ROS.

The antioxidant system comprises several enzymes
including superoxide dismutase (SOD), catalase (CAT), and
guaiacol peroxidase (GPx). Superoxide radicals that are
generated are converted to H202 by the action of SOD, and
the accumulation of H202 is prevented in the cell by CAT
and GPx. It has been established that the activities of SOD,
CAT, and GPx are induced both in plant species
(Skorzynska-Polit et al., 2004 % and in animal species
(Sarkar et al., 1998) by some external factors, but less is
known about the activity of antioxidant enzymes in insects.
Superoxide radicals that are generated are converted to
H202 by using the action of SOD, and the accumulate of
H202 is avoided within the cellular with the aid of CAT and
GPx. It has been established that the activities of SOD,
CAT, and GPx are induce each in plant species (Lee and
Shin, 2003) B4 and in animal species (Rashed, 2001) 34
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through some outside factors, however much less is known
about the activity of antioxidant enzymes in insects.
Glutathione peroxidase (GPx) an enzyme with selenium
inside the shape of seleno cyseteine at its catalytic site
catalyses the reduction of hydrogen peroxides and
hydroperoxides to non poisonous merchandise. The
lowering equal of glutathione is used as a substrate to form
oxidized glutathione (Bruce et al., 2012) 1%,

Phosphatases had been include inside the listing of
detoxifying enzymes of pesticides; normally of
organophosphorus but, fenvalerate and cypermethrin
resistant larvae of Helicoverpa armigera (Hubner)
confirmed better activities of esterases, phosphatases and
methyl paraoxon hydrolase compared with prone larvae.
Ahmed et al, (2004) @ have additionally said the
adjustments within the level of phosphatases in moths of
Pectinophora gossypiella (Saund.) at some point of the
route of heavy steel poisoning. There are instances in which
phosphatases were now not handiest detected in pink flour
beetle, Tribolium castaneum, however additionally
modifications in stage of those enzymes upon publicity to
cypermethrin and bifenthrin insecticides have been
mentioned (Tufail et al., 2014) 39,

Material and Methods

Selection of insect

Sphaerodema rusticum a freshwater hemipteran insect is
chosen in the present investigation for the following
reasons. It acts as an effective indicator to assess the extent
of pollution in the aquatic environment. This species is
available in large numbers almost throughout the year in the
vicinity of Annamalainagar, Tamil Nadu. Sample of this
species are easily reared and maintained under laboratory
conditions. The size of the insect is suitable for dissection,
experimental and biochemical studies. It perhaps feeds on
mosquito larvae and controls mosquito population to some
extent. So, proper population of this species is necessary.
These insects are beneficial and also harmful to some
aquatic organisms. It has a short life cycle, hence facilities
the study of the development of insects.

Enzyme studies

Lactate dehydrogenase (LDH)

Lactate dehydrogenase (L-lactate: NAD + oxido reductase).
The enzyme LDH changed into assayed by using the
approach of King (1965) (2,

Succinate dehydrogenase (SDH)

Assay method

The enzyme SDH was assayed by Bernath and Singer
(1962) [l method.

Glutamate dehydrogenase (GDH)

L-Glutamate, NAD+ oxidereductase deamination.

The enzyme activity was assayed by the method of Stretcker
(1965) [=61,

Results

LDH, SDH, MDH and GDH activities in the fat body of
control and treated insect S. rusticum

The MDH and GDH sports activities within the fats body of
zoopesticide, pygidial secretion dealt with with bugs were
located to be progressed notably than that of manage
insects. In contrast, the LDH and SDH activities in the fat
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body of dealt with with bugs have reduced drastically than
that of manage bugs. The LDH pastime within the fats
frame of manage and treated insects of approximately 0.90
+ zero.056 to 0.12 + 0.01 pumoles/mg/protein. The SDH
activity in the fats frame of control and handled bugs of
approximately 18.Eighty two #0.Eighty two to 4.25 %
zero.60 umoles/mg/protein; The MDH and GDH pastime
within the fats frame of manipulate and handled with bugs
of approximately 17.04 + zero.1l to twenty-eight.38 +
zero.34; 729 + zero.23 to fourteend2 + 0.34
pumoles/mg/protein, respectively. The LDH, SDH, MDH and
GDH activities in the fat body of control and treated insects
are presented in Table 1 and Fig 1. The MDH and GDH
activities the fat body of zoopesticide, pygidial secretion
treated with insects have been observed to be improved
extensively than that of control insects. In comparison, the
LDH and SDH activities in the fat body of treated with
insects have reduced considerably than that of control
insects. The LDH activity inside the fats body of control and
treated insects of about 0.80 + 0.04 to 0.16 = 0.06
pumoles/mg/protein. The SDH activity within the fat body of
control and treated insects of about 19.73 £0.59 to 5.25 +
0.15 umoles/mg/protein; The MDH and GDH activity inside
the fat body of control and treated with insects of about
17.02 + 0.51 to 27.33 + 0.54; 8.26 + 0.33 to 15.42 + 0.46
umoles/mg/protein, respectively. The suggest LDH, SDH,
MDH and GDH content material of the fats body of
manipulate and treated with insects are compared for
significance of difference and that the t-values 32.80, 34.37,
-74.44, 66.53 and -43.49 are substantial at 0.05% ranges.
Therefore, it can be concluded that the LDH, SDH, MDH
and GDH in fat body of control and treated insects were
increased considerably. Similarly, the LDH and SDH 128
activities inside the fat body of treated with insects have
decreased significantly. But in the MDH and GDH activities
within the fats body of treated insects had been accelerated
considerably than that of control insect, S. rusticum.

Table 1: Enzymes activity fat body in control and treated male
insect S. rusticum

Fat Control Percentage |,,,

. Treated t’ value
Body | (umoles/mg/protein over control
LDH 0.80+0.04 0.16+0.06 -85.80 32.80*
SDH 19.73+0.59 5.25+0.15 -74.44 34.37*
MDH 17.02+0.51 27.33+£0.54 66.53 -75.54*
GDH 8.26+0.33 15.42+0.46 97.74 -43.49*

Data represent values are mean + S.D (n=6). *Significant at 0.05%
level.

30 -
25 -
20
15 - m Control
10 - m Treated

LDH SDH MDH GDH

Fig 1: Enzymes activity fat body in control and treated male insect
S. rusticum

LDH, SDH, MDH and GDH activities in the testis of

control and treated insect, S. rusticum
The LDH, SDH, MDH and GDH activities in the testis of
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control and treated insects are presented in (Table 2 and Fig.
2). The LDH and SDH in the testis of treated insects were
found to be comparatively less than that of the control
insects. But the MDH and GDH activities in the treated
insects were found to be comparatively more than that of
control insects. The LDH activities in the testes of control
and treated insects were 3.90 + 0.07 to 1.40 = 0.07
pmoles/mg/protein. The SDH activities in the control and
treated insects were 13.31 10.26 to 9.83 + 0.19
pmoles/mg/protein. The MDH activities in the control and
treated insects were 10.70 + 0.39 to 1419 + 0.42
umoles/mg/protein. The GDH activities in the control and
treated insects of about 16.16 + 0.32 to 18.27 + 0.54
umoles/mg/protein, respectively.

The mean LDH, SDH, MDH, and GDH activities in the
testis of control and treated insects were compared for
significance of difference. It is clear that the t-values, 26.97,
20.16, -14.38 and -12.35 were significant at 0.05% level.
Therefore, it may be concluded that the LDH, SDH, MDH
and GDH activities differ significantly in the testis of
control and treated insect, S. rusticum.

Table 2: Enzymes activity on testes in control and treated adult
male insect, S. rusticum
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The LDH and SDH activities in the vas deferens of treated
insects have decreased significantly than the control insects.
It is clear from the table that the t-values of vas deferens are
significant at 0.05% level. Therefore, it may be concluded
that the LDH, SDH, MDH and GDH activities in the vas
deferens of control and treated insects have been range
considerably.

Table 3: Enzymes activity on vas deferens in control and treated
adult male insect S.rusticum

Testes Control ) Treated _ | Percentage | ‘T
(umoles/mg/protein) |(umoles/mg/protein)jover control| value
LDH 3.90 £ 0.07 1.40 +£0.07 -56.47 | 26.97*
SDH 13.21 +£0.26 9.83+0.19 -23.71 | 20.16*
MDH 10.70 £0.39 1419+ 0.42 4293  |-14.38*
GDH 16.16 +£0.32 18.27 £ 0.54 20.35 |-12.35*

Data represent values are mean + S.D (n=6).
*Significant at 0.05% level.

20 4
18 4
16 1

14 -
12 4
10 m Control
1 I I B Treated
LDH SDH MDH GDH

Fig 2: Enzymes activity on testes in control and treated adult male insect,
S. rusticum

o N OB O

LDH, SDH, MDH and GDH activities in the vas deferens
of control and treated insects, S. rusticum

The LDH, SDH, MDH and GDH activities in the vas
deferens of control and treated insects are presented in Table
3 and Fig. 3. The MDH and GDH activities in the seminal
vesicle of treated insects were increased considerably than
the control insects. The LDH and SDH activities in the
seminal vesicle of treated insects were found to be
decreased than that of the control insects. The LDH, SDH,
MDH, and GDH activities in the seminal vesicle of control
and treated insects of about, 1.91 + 0.05 to 1.32 + 0.12;
12.07 £ 0.31 t0 8.48 £ 0.38 and 1.02 + 0.0.02 to 1.79 + 0.04
and 096 = 0.02 to 1.60 * 0.04 pmoles/mg/protein,
respectively.

The MDH and GDH activities in the vas deferens treated
insects have increased significantly than that of control
insects.

Vas Control Treated Percentage ‘t’
. \|(umoles/mg/prot
deferens |(umoles/mg/protein) ein) over control | value
LDH 1.98 £ 0.05 1.32+£0.12 -32.87 11.96*
SDH 12.07+0.31 8.48 +£0.38 -30.97 17.14*
MDH 1.02 £0.02 1.79 £0.04 64.76 35,35+
GDH 0.96 +0.02 1.60 £ 0.04 80.04 36.94%
Data represent values are mean £ S.D (n=6).
*Significant at 0.05% level.
14
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Fig 3: Enzymes activity on vas deferens in control and treated adult male
insect S.rusticum

LDH, SDH, MDH and GDH activities in the seminal
vesicle of control and treated insect, S. rusticum

The LDH, SDH, MDH and GDH activities in the seminal
vesicle of control and treated insects are presented in (Table
4 and Fig. 4).

The MDH and GDH activities in the seminal vesicle of
treated insects were increased considerably than the control
insects. The LDH and SDH activities in the seminal vesicle
of treated insects were found to be decreased than that of the
control insects. The LDH, SDH, MDH, and GDH activities
in the seminal vesicle of control and treated insects of about,
1.61 + 0.22 to 0.78 £ 0.02; 9.33 + 0.46 to 6.66 + 0.26 and
8.02+0.16 t0 12.20 £ 0.58 and 14.14 + 0.27 to 18.02 + 0.36
umoles/mg/protein, respectively. From the Table, it is clear
that the t were significant at 0.05% level. Therefore, it can
be LDH, SDH, MDH and GDH activities in the seminal
vesicle of control and treated insects have been range
significantly.

Table 4: Enzymes activity on seminal vesicle in control and
treated adult male insect, S. rusticum

Seminal Control Treated Percentage | ‘t’

vesicle |(umoles/mg/protein)|(umoles/mg/protein)| over control | value
LDH 1.61+0.22 0.78 £0.02 -52.61 8.36*
SDH 9.33 + 0.46 6.66 + 0.26 -29.68 14.57*
MDH 8.02 £ 0.36 12.20 £ 0.24 45.58 -14.04*
GDH 16.10 +0.32 18.02 +0.36 29.59 -12.93*

Data represent values are mean = S.D (n=6).
*Significant at 0.05% level.
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Fig 4: Enzymes activity on seminal vesicle in control and treated
adult male insect, S. Rusticum
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Discussion

The ectensive use of zoopesticide pygidial secretion has
amounted the biochemical and physiological changes which
can be of adaptive importance to the lifestyles of an animal.
Among that modification alteration in xenobiotics
metabolizing enzymes has dominated the toxicological
literature. Enzyme is a biocatalyst which speed organic
reactions. However the concept of biocatalyst is a totally
wide basis of enzymes used common in plant and animal
cells. Animal enzymes which might be used presently are
lipases, tripsin, rennin, and energy is derived from the three
most important assets particularly carbohydrates, proteins
and fats while they may be oxidized (Gilmour, 1965) 271,
Natural molecules principally by means of oxidation.
Biologically such electricity yielding oxidations are over
through the removal of hydrogen and electrons from the
substrates and their transfer to different acceptors within the
cellular (Gilmour, 1965) [*7],

In the present investigation, the activity of, MDH and GDH
inside the fat frame of dealt with insects were multiplied
than the control bugs. In comparison, the interest of LDH
and SDH within the take a look at tissues of treated insects
had been decreased than the manipulate insects. This remark
is in conformity with Jayanthi, (2001) [ for
Macrobrachium malcolmsonii, Sumathi, (2018) [ for
Gryllotalpa africana when uncovered to endosulfan;
Rajathi, (2004) for Sphaerodema rusticum exposed to heavy
metallic  mercury; Rameshkumar, (2015) [ for
Laccotrephus ruber exposed to zinc. This is supported
through the observations, indicating the formation of latest
protein inside the gland at some point of pressure. Thus, S.
rusticum not only depends on glycolytic pathway to release
energy but also derives its energy for the transfer of sperms
to the female by other path ways.

Based on those findings, it is suggested that in this insects,
energy may additionally probable be supplemented via the
oxidation of a-ketoglutarate because it has been shown for
other insects which include Apis mellifera (Blum, 1962) [€I;
Plebiogryllus guttiventries and Chrysocoris purpureaus
(Ranganathan, 1970) %; Aspongopus janus (Padmanabhan,
1992) [?81 Odontopus varicornis (Kumar, 2014) 231,

Lactate dehydrogenase (LDH) is an critical glycolytic
enzyme being present virtually in all tissues (Kaplan and
Pesce, 1996) [ it is also involved in carbohydrate
metabolism and has been used as an indicative criterion of
exposure to chemical pressure (Diamantino et al., 2001) [26]
and it's miles used as an index of anaerobic metabolism
(Chamberlin and King, 1998) 2. Activity level of lactate
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dehydrogenase in Culex after treatment with DDT,
malathion and cyfluthrin decreased 58.88%, 33.33% and
sixty six.66%, respectively Nathan et al., (2005) 28 have
confirmed that feeding of Spodoptera litura on Ricinus
communis L. Dealt with with azadirachtin and
nucleopolyhedrovirus decreases the quantity of this enzyme
in midgut that demonstrates low nutritional performance of
the larvae. Similar outcomes have been also discovered on
effectiveness of Melia azedarach on rice leaf folder
(Nathan, 2006) ?°1. Hence, using chemical compounds may
additionally lower pastime degree of LDH.

In the present study, the activity of LDH in the fat body,
testis, vas deferens and seminal vesicle of treated insects
were lower than the control insects. From these findings, it
may be suggested that the decreased LDH activity is
probably for the conversion of lactate to pyruvate. It is
inferred from the present study, that the LDH activity in
certain reproductive tissues, perhaps due to treatment with
the zoopesticide pygidial secretion suggested that these
changes might be due to the occurrence of more amount of
pyruvate and less amount of lactate in their tissues. It is
known that during intoxication, there could be oxygen dept
and accumulation of lactate in the muscle but not in other
organs; the pyruvate unutilized may be perhaps converted
into lactate during energy demand. Further, the enhanced
LDH in certain tissues with concomitant reduction of
pyruvate indicates the conversion of pyruvate to lactate.

In the present study, it has been observed that the SDH
activity levels showed inhibition in all the reproductive
tissues during treatment with the zoopesticide, pygidial
secretion than the control insects, suggesting that the
decreased amount of glycogen and increased level of
glucose signified their utilization for the energy requirement
during the period of stress.

Inhibition of oxidation of succinate or succinate
dehydrogenase by insecticides and heavy metals are well
known. DDT and other non-toxic DDT analogues inhibit the
succinate oxidation in housefly (Anderson et al., 1954) [,
Melathion inhibits succinate and pyruvate oxidation
O'Brien, (1956) [?7] has also reported a decreased succinate
dehydrogenase activity levels in the scorpion Heterometrus
falvipus after cyanide treatment.

In the present investigation, the decreased degree of SDH
has been determined in all the tissues of intoxicated insects.
It is thought that each cellular is based on several enzyme
catalysed to maintain its metabolism. As SDH is a key
enzyme inside the TCA cycle, it is logical to anticipate that
the inhibition of SDH interest, the metabolic pathway might
switch over from aerobic to anaerobic to meet the increase
energy demand for the duration of toxicity.

The SDH activity showed a decrease in the fat body which
indicates disturb in enzyme synthesis. The zoopesticide
pygidial secretion perhaps disturbs the mitochondrial
membrane of the fat body and all the reproductive tissues.
This rupture leads to a decrease in the activity of membrane
bound SDH. It is also suggested from the present study that
along with decreased activity of SDH, the oxygen carrying
capacity may be responsible for the decrease in the aerobic
respiration. These results are in concomitant with the works
of Sumathi, (2002) 51 who has reported for inhibition of the
activity of the dehydrogenase which may be due to the
activity of changes in the mitochondrial membrane function
in Gryllotalpa africana treated with the endosulfan.
Succinate dehydrogenase belongs to complex-1l  of
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respiratory chain and is present in inner mitochondrial
membrane. In the present study, the activity of succinate
dehydrogenase also decreased with 2,4-D treatment. Similar
decline in the succinate dehydrogenase activity with dimilin,
batex and K-othrine was observed in Diplonychus indicus
(Raja and Venkatesan, 2001); in 2,4-D herbicide in Lipophis
erysimi (Sohal et al., 2008; Rup et al., 2006). The inhibition
of SDH activity in S. rusticum may be followed due to the
reduction in O2 consumption level, suggesting that the
zoopesticide affects the TCA cycle, which leads to
disturbances in the respiratory metabolism of these insects.
In insects, two kinds of MDH cytosolic and mitochondrial
are well known (Sacktor, 1975). Cytosolic MDH is oxidized
into oxaloacetate by the action of cytosolic MDH, to yield
malate. The malate enters into the mitochondria via a carrier
and is oxidized there into oxaloacetate by the action of
mitochondrial MDH. It is evident that the gland is assured to
supply energy by the TCA cycle during energy demand
when insects are intoxicated with the zoopesticide pygidial
secretion. This suggested that more of the substrate either
malate to oxaloacetate is combusted to sustain the TCA
cycle.

In the current study it has been observed that the sample of
pastime of the respiratory enzyme, MDH is just like the
other respiratory enzyme SDH, that is found extended in all
the reproductive handled tissues than the control tissues.
This adjustment is probably due to the deliver of strength by
way of the TCA cycle for the handled insect which requires
energy at some stage in zoopesticide intoxication.

Similar results have been found by way of Sumathi, (2002)
371 for Gryllotalpa africana while exposed to endosulfan;
Rajathi, (2004) for Sphaerodema rustium exposed to heavy
steel mercury; Rameshkumar, (2004) for Laccotrephus
ruber while uncovered to zinc. Further, the results had been
extensively reduced in the activity stages of SDH and MDH,
within the fat body and different reproductive tissues and a
discount within the fee of oxidative metabolism on the
mitochondrial stage, because the heavy metals are
acknowledged to block the breathing centre of the tissues
main to a condition much like asphyxia (Rao et al., 1980).
Vijay Joseph and Jayantha Rao, (1991) have stated that
SDH, MDH and LDH inhibited consequently on exposure to
sublethal concentration of aldrin enhanced activities of
LDH. Glutamate is the only amino acid for which specific
and highly active dehydrogenase exists. This occurs
principally through the amino transferases completed with
the action of GDH (Smith et al., 1985). Schaefer, (1967) [
has reported that the formation of a-ketoglutarate from
glutamate in the flight muscles of house fly. Deamination of
amino acids by GDH is the major route of protein
metabolism.

In general, those are most important pathway for the
conversion of a-ammo acids to the corresponding L-keto
acids through the formation of different acids by using the
enzymes L-amino acid dehydrogenase. Glutamate can be
transformed into a-ketoglutarate by way of the transmission
with other keto acids. It is also regarded that deamination of
glutarate brought about the motion of GDH (NAD+based)
yields ammonia and o-ketoglutarate, Osanai et al. (1986)
have tested the similar metabolic pathway for power supply
to spermatozoa into spermatophore for Bombyx mori.

In the present study, it has been shown that the dynamic
nature of an increase in GDH activity in all the tissues of
treated insects suggesting that the glutamate may be utilized

www.entomologyjournals.com

for the conversion of a-ketoglutarate to meet out an extra
energy demand by S. rusticum during zoopesticide
intoxication. Similar results have been reported for
Melanoplus  sanguinipes (Chesseman et al., 1990);
Glutamate dehydrogenase is an enzyme that, in addition to
its role in the energy metabolism in mitochondria, is
involved in neuromuscular transmission for Drosophila
melanogaster. On the basis of the observations made in the
present study, it is evident that the inhibition of SDH and
LDH activities and stimulation of MDH and GDH activities
in all the target tissues of the reproductive system of S.
rusticum when intoxicated with zoopesticide pygidial
secretion. The metabolic pathway of this insect has shifted
towards anaerobic side rather than aerobic side to meet the
increase in energy demands during zoopesticide treatment.

Conclusion

Therefore it is competent to be concluded that the LDH,
SDH, MDH and GDH in fat body of control and treated
insects has been range considerably. Similarly the LDH and
SDH 128 activity inside the fat body of treated insects have
decreased significantly. But within the MDH and GDH
control in the fat body of treated with insects has been
multiplied significantly than that of control insect
S.rusticum.

References

1. 6. Bagchi D, Bagchi M, Hassoun E, Moser J, Stohs
SJ. Effect of carbon tetrachloride, menadione and
paraquat on the urinary excretion of malondialdehyde,
formaldehyde, acetylaldehyde and acetone in rats. J.
Biochem. Toxic,1993:8:101-106.

2. Ahmed Sohail, Ahmad Nisar, Khan RR. Studies on
population dynamics and chemical control of citrus
psylla, Diaphorina  citri. Int. J.  Agric.
Biol,2004:6(6):970-973.

3. Ambika A, Selvisabhanayakam V, Mathivanan V,
Vivekanandan T. Effect of Phytopesticide Vijay Neem
on the Fat Body of Adult Male Insect Odontopus
varicornis (Heteroptera: Pyrrhocoridae). Asian Journal
of Pharmaceutical & Biological Research (AJPBR),
2011, 1(3).

4.  Anderson TW, Darling DA. A test of goodness of fit.
Journal of the American statistical
association,1954:49(268):765-769.

5. Bagchi D, Bagchi M, Hassoun EA, Stohs SJ. In vitro
and in vivo generation of reactive oxygen species, DNA
damage and lactate dehydrogenase leakage by selected
pesticides. Toxicology,1995:104(1-3):129-140.

6. Bagchi D, Bhattacharya G, Stohs SJ. In vitro and in
vivo induction of heat shock (stress) protein (Hsp) gene
expression by selected pesticides.
Toxicology,1996:112(1):57-68.

7. Bernath PT, Singer P. Saccinate dehydrogenase. In:
Methods in enzymology, Vol. 4, 597 (Colowick, P. and
Nathan, O. Kaplan), Academic Press, Inc., Publishers,
New York, 1962, 4(597)

8. Blum MS, Glowska Z, Taber IlIS. Chemistry of the
drone honey bee reproductive system. Il. Carbohydrates
in the reproductive organs and semen. Annals of the
Entomological Society of America,1962:55(1):135-139.

9. Brattsten LB, Holyoke CW, Leeper JR, Raffa KF.
Insecticide resistance: challenge to pest management
and basic research. Science,1986:231(4743):1255-1260.

223



International Journal of Entomology Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Bruce T, Getu E, Jembere B, Tamiru A. Effect of
temperature and relative humidity on the development
and fecundity of Chilo partellus (Swinhoe)
(Lepidoptera: Crambidae). Bulletin of Entomological
Research,2012:102(1):9-15.

Carvalho SC, Junior PA, Pereira PS, Sarmento RA,
Farias ES, Lima CH et al. Spatial distribution of
Frankliniella schultzei (Thysanoptera: Thripidae) in
open-field yellow melon, with emphasis on the role of
surrounding vegetation as a source of initial infestation.
Journal of Economic Entomology,2020:113(6):2997-
3003.

Chamberlin ME, King ME. Changes in Midgut Active
lon Transport and Metabolism During the Fifth Instar
of the Tobacco Hornworm (Manduca sexta). The
Journal of Experimental Zoology,1998:280:135-141.
Chambers GM, Klowden MJ. Nutritional reserves of
autogenous and anautogenous selected strains of Aedes
albopictus (Diptera: Culicidae). Journal of medical
entomology,1994:31(4):554-560.

Cheeseman MT, Gillott C. Corpus al latum regulation
of copulatory behaviour in the male grasshopper,
Melanoplus sanguinipes. Physiological
entomology,1990:15(4):377-383.

Damien C, Chantal VH, Pirouz S, Zerimech FH,
Laurence J, Jean MH. Cellular impact of metal trace
elements in terricolous lichen Diploschistes muscorum
(Scop.) R. Sant. Identification of oxidative stress
biomarkers. Water Air Soil Pollut,2004:152:55-69.
Diamantino TC, Almeida E, Soares AM, Guilhermino
L. Lactate dehydrogenase activity as an effect criterion
in toxicity tests with Daphnia magna straus.
Chemosphere,2001:45(4-5):553-560.

Gilmour D. The metabolism of insects. The metabolism
of insects, 1965.

Griffin I1IDE, Hill WE. In vitro breakage of plasmid
DNA Dby mutagens and pesticides. Mutation
Research/Fundamental and Molecular Mechanisms of
Mutagenesis,1978:52(2):161-169.

Jayanthi R, Mukunthan N. Entomology and
nematology. Annual Report, Sugarcane Breeding
Institute, Coimbatore, 2001, 51-52.

Kaplan LA, Pesce AJ. Chemistry Theory, Analysis, and
Correlation, 1996.

Kaplan LA, Pesce AJ. Clinical Chemistry-theory
Analysis and Correlation. Mosby-Year Book, MO,
1996, 609-610.

King EW, Pless CD, Reed JK. An automatic sample-
changing device for light-trap collecting. Journal of
Economic Entomology,1965:58(1):170-172.

Kumar TR, lyyappan V. Research Article Impact of
Heavy Metal Zinc on the Male Accessoryre Productive
Glands of Odontopus varicornis (Heteroptera:
pyrrhocoridae), 2014.

Mathew G, Vijayalaxmi KK, Rahiman MA. Methyl
parathion induced sperm shape abnormalities in mouse.
Mutat. Res,1992:280:169-173.

Nathan R. Long-distance dispersal of
Science,2006:313(5788):786-788.

Nathan SS, Kalaivani K, Murugan K. Effects of neem
limonoids on the malaria vector Anopheles stephensi
Liston (Diptera: Culicidae). Acta
tropica,2005:96(1):47-55.

O'brien RD. The Inhibition of Cholinesterase and

plants.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

www.entomologyjournals.com

Succinoxidase by Malathion and its Isomer. Journal of
Economic Entomology, 1956, 49(4).

Padmanabhan P. Biochemical, enzymological and
immunological studies on the male reproductive gland
of  Aspongopus  janus  (Fabr.)  (Hemiptera:
pentatomidae) (Doctoral dissertation, Ph. D., Thesis.
Annamalai University), 1992.

Rameshkumar A, Poorani J. Additions to the
Encyrtidae and Mymaridae (Chalcidoidea) of India with
new distribution and host records for some species.
Biodiversity data journal, 2015, (3).

Ranganathan TB, Palaniswamy KM, Srinivasan V.
Rice-the quest  for high yield. Indian
Farming,1970:19(10):15-18.

Rashed A, Daugherty MP, Almeida RP, Perring TM.
Vector preference for hosts differing in infection status:
sharpshooter movement and Xylella fastidiosa
transmission. Ecological Entomology,2011:36(5):654-
662.

Sarkar N, Mukherjee A, Barik A. Attraction of
Epilachna dodecastigma (Coleoptera: Coccinellidae) to
Momordica charantia (Cucurbitaceae) leaf volatiles.
The Canadian Entomologist,2015:147(2):169-180.
Schaefer CW, Vanderberg JP, Rhodin J. The fine
structure of mosquito midgut muscle. The Journal of
cell biology,1967:34(3):905-911.

Shin W, Lee K, Park C. Spread of Japanese gall-
forming thrips, Ponticulothrips diospyrosi, in Korea.
Korean Journal of Applied
Entomology,2003:42(3):263-267.

Skorzynska-polit E, Drazkiewicz M, Krupa Z. The
activity of the antioxidantive system in cadmium-
treated Arabidopsis thaliana. Biol. Plant,2003-
2004:47(1):71-78.

Stretcker HJ. Glutamate dehydrogenase. In: Methods in
enzymology, I: (S.P. Colowick and N.O. Kaplan),
Academic Press Inc., New York, 1965, 467-477.
Sumathi E. Management of insecticide resistance in
Helicoverpa armigera (Hubner): Bioefficacy of
piperonyl butoxide and pongamia oil as synergists
(Doctoral dissertation, Tamil Nadu Agricultural
University Coimbatore), 2002.

Sumathi E, Manimaran R, llamaran M. Impact of
integrated pest management strategies for shoot and
fruit borer in brinjal. Journal of entomology and
zoology studies,2018:6(2):266-269.

Tufail M, Nagaba Y, Elgendy AM, Takeda M.
Regulation of vitellogenin genes in insects.
Entomological Science,2014:17(3):269-282.

Wu RSS, Lam PKS. Glucose-6-phosphate
dehydrogenase and lactate dehydrogenase in the green-
lipped mussel (Perna viridis). Possible biomarker for
hypoxia in the marine environment. Watewr.
Res,1997:31:138-142.

224



