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ABSTRACT: The possible cellular involvements of cowpea storage bruchid (Callosobruchus maculatus (Fab.) [Coleoptera: Chrysomelidae]) glutathione
and its related enzymes system in the cellular defense against insecticides (Cypermethrin and A-cyhalothrin) and bio-insecticides (ethanolic extract of
Tithonia diversifolia, Cyperus rotundus, Hyptis suavolens leaves, and Jatropha curcas seed) were investigated. The results showed that the effect of insecticides
and bio-insecticides on the C. maculatus is a function of oxidative and nitrosative stresses generated in vivo. A significant (p < 0.05) increase in carbonyl
protein (CP) and lipid peroxidation (LPO) contents in bio-insecticides and insecticides exposed groups compared to the control indicates the extent of vital
organs damage. These stresses caused similar and significant increase of glutathione peroxidase and glutathione synthetase in response to insecticides and
bio-insecticide exposure in a dose-dependent manner. There was no post-translational modification of glutathione transferases expression induced. The
alterations of the insect glutathione-dependent antioxidant enzyme activities reflect the presence of a functional defense mechanism against the oxidative
and nitrosative stress and are related firmly to the glutathione demands and metabolism but appear inadequate by the significant reduction in glutathione
reductase (GR) activity to prevent the damages. Exogenous application of reduced glutathione (GSH), to complement the in vivo demand, could not protect
against the onslaught.
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Introduction pest, is the principal pest of cowpea and chick pea. It plagues

Cowpea, Vigna unguiculata L. (Walp.), is the most economi-
cally and nutritionally important indigenous African grain
legume crop in west and central Africa.l? Cowpea is rich in
protein and constitutes a staple food for people in rural and
urban areas. Cowpea is also an important cash crop in the
region with potential for entering commerce.? Cowpea mar-
keting and trade is severely hampered by storage insects, espe-
cially the cowpea weevil.?

The cowpea storage bruchid, Callosobruchus maculatus
(Fab.) [Coleoptera: Chrysomelidae], a coleopteran storage

cowpea in the storage granary and destroys the harvested
grains.* The bruchids lay eggs on the seed surface. The lar-
vae feed and develop inside the seeds and emerge as adults.
Even with a minor infestation at harvest, the high reproduc-
tive capacity, short life cycle, and continuous generations of
the bruchid can lead to complete loss of stored grains in a few
months. Traditional breeding to introduce insect resistance
into cowpea cultivars has largely failed, mainly because the
cowpea gene pool lacks useful resistance genes.” However,
successful management of stored grain insects is the final
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component of the struggle to limit insect losses in agricultural
production. To protect the stored beans against C. maculatus,
many methods can be used. There has been reported usage of
synthetic insecticides and plant materials as bio-insecticides,
in the quest to protect this agricultural product against this
insect pest.®’ These commercial and traditional methods
to control the bruchid have restricted value because of cost,
labor, and potential toxicity. Although diverse measures have
been employed to control these species, the use of insecti-
cide remains the main and most effective means of control-
ling them in large-scale storage®~1° but it is difficult to design
chemicals, which act specifically toward a given group of
target insects.!! Synthetic insecticides have been used for the
control of Callosobruchus species for over four decades, with
little concern about the development of resistance.®

However, understanding the diversity of cowpea storage
bruchid family (C. maculatus) responses to chemical pressures
(eg, bio-insecticides and insecticides) in their ecological con-
text would represent a key challenge in developing durable
pest-control strategies.'>!% The responses (oviposition, adult
emergence, and growth performances) of the insects to the
bio-insecticides and insecticides exposure earlier reported by

various authors>’1

could be informative models for study-
ing molecular mechanism of toxicity and possible and even-
tual adaptation and resistance. Hypothetically, accumulated
physical and chemical stress acts first at the biochemical level,
and that linked responses are later reflected at higher levels of
biological organization.!*

With this, knowledge of the molecular mechanism of
toxicity to storage pest in response to various stresses becomes
imperative and urgent. Despite the notable plant protective
role, many herbivorous insects have evolved various resistance
strategies to evade plant defense and synthetic chemicals. The
chemical structure of some synthetic insecticides is compa-
rable to that of some plant-produced compounds; the intensity
of selection and the nature of insect resistance traits are likely
to differ between these two types of selection pressures.!?
These pressures are heterogeneously distributed through time
and space. Insects under these abiotic stresses produce some
defense mechanisms to protect themselves from the harmful
effect of oxidative stress generated through cytochrome P-450
metabolism of these xenobiotics.!” Reactive oxygen species
(ROS) scavenging is one of the common defense responses
against abiotic stresses.!® ROS scavenging depends on the
detoxification mechanism provided by an integrated system
of glutathione metabolism and enzymatic antioxidants.'” The
major ROS scavenging activities include complex glutathione
system—glutathione reductase (GR), glutathione peroxidase,
glutathione transferases, and glutathione synthetase.!® Glu-
tathione levels are regulated by several enzymes,?° but mainly
depend on the balance between glutathione synthesis rate,
conjugation rate, oxidation rate, and reduction rate.

Given the salient roles of glutathione and gluathione
systems in cellular defense against oxidative stress and its

potential utility to provide the evidence and mechanism of
toxicity to xenobiotics, involvement and response of the GSH
and its associated enzymes may underscore selective efficacy
and possible and consequent adaptation to chemical stress.
Lately, no unarguable direct evidence linking the glutathione
antioxidant defense system and free radicals of cowpea stor-
age bruchid has been provided. Therefore, good knowledge of
status and response of glutathione antioxidant defense system
of cowpea storage bruchid (C. maculatus) to chemical pres-
sures (eg, bio-insecticides and insecticides) in their local eco-
logical context would be needful. This would represent a key
challenge in developing durable pest-control strategies and
therefore add to the growing body of literature addressing the
central questions of how and to what extent the glutathione
antioxidant enzymatic defense system is altered in response to
the insecticides and bio-insecticides exposure in C. maculatus.

Materials and Methods

Materials. 2,4-Dinitrophenylhyrazine (DNPH), reduced
glutathione (GSH), oxidized glutathione (GSSG), N-ethyl-
maleimide (NEM), N-(1-naphthyl) ethylenediamine dihy-
drochloride, 5,5-dithiobis-2-nitrobenzoic acid (DTNB),
metaphosphoric acid, NADPH, nitroblue tetrazolium salt
(NBT), and O-phthaldehyde (OPT) were purchased from
Sigma-Aldrich, Chemie GmbH, Germany. Bradford reagent
and BSA as a protein standard were obtained from Bio-Rad
Laboratories, Hercules, CA, USA. Cyperforce (Cypermethrin)
was a product of Ghada Chemical Ltd, China and Masters
(A-cyhalothrin) was purchased from Sinochem Ningbo Ltd,
China. All other chemicals were of analytical grade. Absolute
ethanol was used as a solvent in the preparation of the insecti-
cides and bio-insecticides samples.

Insect culture and maintenance. The storage bruchid
used in this study was derived from field infested cowpeas
bought from Oba Market in Akure, Nigeria in September
2012. This was reared in the laboratory in clean uninfected
Kilner jars containing uninfected Sokoto white cultivars of
cowpeas at 28 £ 2°C with ambient relative humidity (50-80%)
and a 12-hour photoperiod for two months. The Kilner jars
were covered with muslin cloth, held tightly in place for
adequate aeration of the culture, and precluded entry or exit
of insects. New generations of bruchids were derived from
this stock culture by infesting clean un-infested beans with
10 pairs of teneral adult bruchids.

Plant extract preparation and biological testing. The
matured plant materials (Tithonia diversifolia leaves, Cype-
rus rotundus leaves, Hyptis suavolens leaves and Jatropha cur-
cas seed) were collected from the school farm of The Federal
University of Technology, Akure, Nigeria in June 2012. They
were properly identified, cleaned, and air-dried, and ethanolic
extracts were prepared as described elsewhere.?! The distil-
late was stored at 4°C in a closed vials until used. It should
be noted that ethanol used as solvent did not show any effect
on insect development at the dose applied (control group).
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Here, all the ethanolic extracts were conveniently and jointly
referred to as bio-insecticides.

Disinfested cowpea seeds weighing 100 g, initially kept
at —20°C for 72 hour later cooled to room temperature, were
serially treated with various distillates of plant extracts (0,
5,000, 10,000, 15,000, and 20,000 ppm). Cypermethrin
and A-cyhalothrin concentrations used were 50, 100, 150,
and 200 ppm. The cowpeas were thoroughly coated with the
extract using a glass rod and then allowed to air-dry for about
three hours prior to infestation with a-day-old 40 adult bru-
chids. Each experimental plate was prepared in triplicate. The
response of the bruchid was observed for four days.

Enzyme extractions and assays. Frozen insects were
ground in liquid nitrogen with a mortar and pestle. Crude
enzyme extract for assay was prepared by the method of
Hwang et al>> Whole insect was homogenized in three vol-
ume s of cold 100 mM sodium acetate, pH 5.5 containing
1 mM EDTA. The homogenate was centrifuged at 10,000 ¢
for 15 minutes at 4°C. 'The supernatant was used for various
assays. Protein concentrations were determined using Bio-Rad
protein assay kit (Bio-Rad, Hercules, CA, USA,) based on the
method of Bradford?® with BSA as a standard. All spectro-
photometric assays were monitored using Shimadzu UV 1800
double beam UV-visible spectrophotometer.

Oxidative stress and redox potential. The GSH and
GSSG status was assessed fluorimetrically using OPT as
a fluorophore. For GSH, 100 puL of supernatant was incu-
bated with 100 uL of the fluorophore (0.1% in methanol) and
800 nL of 0.1 M phosphate buffer (pH 8.0) for 15 minutes
at room temperature in dark. A spectrofluorometer (Hitachi
F-4500) was used to perform the fluorescence measurements.
For the assay, the excitation wavelength was set at 350 nm and
fluorescence data was collected at 420 nm at 5 nm bandwidth.
For GSSG estimation, it was measured the same way except
at pH 12 NEM. NEM was added to complex with GSSG to
prevent interference of GSH with the measurement of GSSG.
The values were expressed as nmol/mg of protein.

Putative oxidative stress was calculated as described by

Boehme et al?*

Oxidative stress index = (2 x GSSG)/*GSH) x 100

where #GSH is the sum of GSSG and GSH.

Redox potentials (E£,) of the glutathione redox couple
were calculated using Nernst equation from experimentally
determined concentrations of GSH and GSSG.? Insect
homogenate nitrite and nitrate were estimated by the method
of Yokoi et al?® with slight modifications using Griess reagent,
which relies on a colorimetric reaction between nitrite, sul-
phanilamide, and N-(1-naphthyl) ethylene diamine dihydro-
chloride to produce a pink azo product, which was measured
at 520 nm. For the nitrate estimation, prior to the addition of
Griess reagent, all nitrates were converted to nitrite using cad-
mium sulfate and copper sulfate. Concentrations were deter-

mined by comparison to a standard solution of sodium nitrite.
'The levels of nitrate were obtained by subtracting the value of
nitrite (nitrate converted to nitrite) from total nitrite content.
The levels of nitrite and nitrate were expressed as imol/mg
protein.

Lipid peroxidation and protein carbonyl content. The
lipid hydroperoxides assay kit (Cayman Chemical, Ann Arbor,
MI, USA, Cat No 705002) was used to measure lipid hydro-
peroxide directly utilizing the redox reactions with ferrous ions
to produce ferric ions, which are detected with the aid of chro-
mogen at 500 nm. Lipid hydroperoxide concentration was cal-
culated as described in the kit protocol manual and expressed as
nmol/mg protein.

The protein carbonyl content was measured by the
amount of 2 4-dintirophenylhydrazone formed from reac-
tions of proteins with 2,4-dintrophenylhydrazine (DNPH) as
described by Lushchak et al.?” A molar extinction coefficient of
22 mM™! ecm™ was used to calculate the change in absorbance
at 370 nm.

Glutathione-dependent antioxidant enzymes assay.
Glutathione peroxidase was monitored based on the rate of
NADPH oxidation at 340 nm according to the method of
Lawrence and Burk.?® Briefly, in the glutathione peroxidase
assay, the reaction mixture of 3 mL contained in the final
concentration 0.2 mM NADPH, 1 mM GSH, GR, and
0.25 mM H,0,. The amount of GSSG generated was mea-
sured as a change in absorbance at 340 nm caused by the GR-
dependent oxidation of NADPH coupled to GSSG reduction.
All reactions proceeded at 25°C. The results were expressed as
pumol/minute/mg protein.

GR was assayed as reported elsewhere.?’ The assay
mixture (3.0 mL) consisted of final concentration of 0.1 M
potassium phosphate buffer (pH 7.4), 1 mM EDTA, 1 mM
GSSG, 0.16 mM NADPH, and 30 mL of the enzyme
source. NADPH oxidation was monitored at 340 nm for
three minutes at 25°C and the enzyme activity was expressed
as nmol/minute/mg protein. Activity was read from a stan-
dard curve constructed from pure GR.

Glutathione synthetase activity was monitored spec-
trophotometrically by measuring the formation of ADP at
340 nm for one hour at room temperature.3® One unit of
enzyme is defined, after calculation, as the amount that cata-
lyzes the formation of 1 umol of product/minute/mg protein
(€=6.22mM™* cm™).

Glutathione transferase activities were determined as
described by Habig and Jakoby.’! The reaction volume of
3.0 mL contained a final concentration of 100 mM sodium
phosphate buffer (pH 6.5), 1 mM GSH, and 1.0 mM 1-chloro-
2,4-dintrobenzene (CDNB) (dissolve in ethanol to a final
concentration less than 4%). Glutathione transferase (GST)
activity was initiated by the addition of 30 pL of enzyme
source. The appearance of thioether was monitored at 340 nm
for three minutes. An extinction coefficient of 9.6 mM™ cm™!
was used in all calculations.
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Western blotting. 12% SDS-PAGE and western blot
analyses were performed as illustrated by De Luca et al.3? Pro-
teins were transferred to immune-blot polyvinylidene fluoride
membrane and later probed with primary antibodies followed
by anti-mouse immunoglobulins. Immunoreactive bands were
detected using ECL reagents (Amersham Biosciences). Den-
sitometry was conducted on glutathione transferase protein
bands using Hp scanner Imager and quantified using Total-
Lab Software, Germany.

Statistical analysis. Experimental data were expressed
as mean * SD of the representative experiments; experiments
were repeated at least thrice. Statistical analysis was performed
using analysis of variance (ANOVA) followed by Duncan’s
multiple range test. The bivariate correlation was performed,
quoting the Pearson correlation coeficient and test of signif-
icance.’ P values =0.05 are to be considered as significant.
SPSS 16 (SPSS Inc., USA) software was used to test the sig-

nificance of the experiment data generated.

Results

Oxidative stress index and redox potential. The results
of oxidative stress index, redox potential, and nitrosative imbal-
ance induced by the different bio-insecticides and chemical
stresses on the cowpea storage bruchid reared on the cowpea
are shown in Table 1. Exposure to different concentrations of
insecticides and bio-insecticides brought about the significant
increase in the oxidative stress index compared with the con-
trol. The values of GSH and GSSG were used in the calcula-
tion of the oxidative stress index; its significant changes were
the reflection of the oxidative stress index and redox poten-
tial. Cypermethrin (at 200 ppm) caused the highest oxidative
stress of 36.42%. H. suavolens ethanolic extract among the
bio-insecticides extract has the lowest oxidative stress. GSH/
GSSG redox homeostasis was calculated using the Nernst
equation at 25°C (Table 1). The values are all negative, and
corresponding, more negative values indicate a more reduc-
ing state. The nitrates and nitrites were found to be higher
with insect sample subjected to bio-insecticides and chemical
stresses were higher compared to the control (Table 1). How-
ever, the nitrite and nitrates values (an indicator of nitric oxide
(NO) formation) were higher in chemical insecticides than
the bio-insecticides.

Lipid peroxidationand carbonyl proteins. Figures 1and 2
represent the value of lipid peroxidation (LPO) and formation
of carbonyl proteins (CPs) after exposure to different concen-
trations of bio-insecticides and insecticides, respectively. The
values of the LPO and CPs formations were significantly
higher than the control. The value varies in a dosage-depen-
dent manner. Generally, the insecticides produced more of the
LPO and CPs compared to the bio-insecticides used. The result
shows that insecticides’ stress was potent that bio-insecticides
in causing the oxidative and nitrosative stresses. The result of
the oxidative stress from LPO and CPs confirmed the extent
of putative oxidative stress index and altered redox potentials.

Glutathione-dependent antioxidant enzymes. The
level of glutathione peroxidase activity in the bruchid
exposed to different concentrations of bio-insecticides and
insecticides along with the control is shown in Figure 3.
The results, in general, showed a significant increase in the
activity of glutathione peroxidase among the insecticides
and bio-insecticides used, in comparison to their respec-
tive controls. The result also indicates that the insecticides
brought about a more significant increase in the activity of
the enzyme. Figure 4 presents the result of the effect of both
bio-insecticides and insecticides on GR activity. There was
an initial increase in the enzyme activity but the activity
of the enzyme gradually decreases as the concentration of
the insecticides and bio-insecticides increases. The exog-
enous application of 2 M reduced GSH to another group
of insects exposed to same and different concentrations of
the bio-insecticides and insecticides could not complement
the reduction GR activity (results not shown; no statistically
significant differences). Thinking that compromised mem-
brane integrity would allow unrestricted entry of the GSH,
and two GSH would complex with the insecticides and bio-
insecticides in vitro and thereby reducing their respective
toxic effects. This non-consequential effect showed that the
molecular basis of the toxic effect appears more complex
than addition of GSH. We came to a conclusion that GSH
must be enzymatically thiolated to be effective.

The result of the effect of the insecticides and
bio-insecticides on the bruchid glutathione transferases is
shown in Figure 5. There was an insignificant increase in
the activity of bruchid glutathione transferases as shown by
the result when compared with the control. The insect glu-
tathione transferases protein expressions were investigated
by western blotting to determine whether the increase in
GST was correlated with modulation of GST expression.
The polyclonal antibody raised to the bruchid glutathione
transferase gave a single band on western blots (Fig. 6).
There was an increase in the intensity of the band as the
concentration of the insecticides increases. It revealed an
upregulation of the enzyme and confirms and amplifies
that the change in GST assay was correct. The blot also
showed that there was no change in the molecular weight
of the bruchid GST, which indicates that induction and
expression are not connected to post-translational modi-
fication. It appears that the overexpression of GST is an
important means of cell protection. It might be plausible to
suggest that the bruchid detoxification function in response
to the oxidative and nitrosative stress.

'The effect on glutathione synthetase activity is shown in
Figure 7. There was a significant induction in the glutathione
synthetase activity in all bio-insecticides and insecticides used
compared with the control. The 200 ppm cypermethrin has the
highest glutathione synthetase activity of 5.55 uM/minute/mg
proteins. The 20,000 ppm 7. diversifolia has a value of
5.248 mM/minute/mg proteins.
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Table 1. Levels of oxidative stress index, redox potentials (E,), and NO levels in cowpea storage bruchid exposed to different concentrations
of bio-pesticides and pesticides.

CONC. (ppm) OXIDATIVE STRESS E, (mV) NITRITE NITRATES
INDEX (%) (M/mg protein) (LM/mg proteins)
Control 13.11 -270.13 1.09 £0.02¢ 2.31+£0.03¢
5,000 16.72 -268.56 1.27 £0.02¢ 2.48+0.01¢
10,000 17.41 -268.29 1.35+0.03¢ 2.59+0.12¢
C. rotundus
15,000 19.01 —267.69 1.48+£0.01° 2.68+0.11°
20,000 19.70 —267.46 1.54 +£0.022 2.87 +0.082
5,000 17.06 -268.43 1.33+0.06° 2.83+0.02¢
10,000 18.33 —267.96 1.43 £0.14¢ 3.05+0.04¢
T. diversifolia
15,000 20.02 —267.36 1.57+0.01° 3.25+0.12
20,000 23.24 -266.39 1.86 £0.032 3.38+0.032
5,000 1417 -269.64 1.08 +£0.03¢ 2.21£0.03¢
10,000 15.12 -269.23 1.16 £ 0.02¢ 2.27 £0.02¢
H. suavolens
15,000 15.62 -269.01 1.21+0.03° 2.42+0.02°
20,000 16.56 -268.63 1.28 £0.032 2.64+0.022
5,000 15.04 -269.20 1.14 +0.03¢ 2.35+0.01¢
10,000 17.72 -268.12 1.29+0.01¢ 2.53+0.01¢
J. curcas
15,000 19.90 -267.16 1.49+0.03° 2.70+0.03°
20,000 22.42 -266.28 1.57 £0.082 2.97+0.012
Control 13.10 -270.14 111+ 0.02f 2.88+0.01f
10 15.79 -268.83 1.32+£0.02¢ 3.03£0.02¢
50 18.09 -267.90 1.47 £0.2449 3.16 +0.02¢
Cypermethrin 100 22.21 —-266.43 1.78 £0.02° 3.36 £0.04¢
150 27.45 —264.63 2.09+0.01° 3.67 £0.07°
200 36.42 -261.78 2.46 +0.022 3.94 +0.06¢
10 14.64 -269.39 1.21+£0.02¢ 2.62+0.03¢°
50 17.33 -268.31 1.44 £ 0.044 2.85+0.05¢
A-cyhalothrin 100 20.20 -267.28 1.68 £0.02°¢ 3.39+£0.02¢
150 22.47 -266.31 1.79+0.02° 3.62+0.08°
200 30.04 -263.55 2.13+0.022 3.84+0.032

Notes: Redox potentials (E,) of the glutathione redox couple were calculated from experimentally determined concentrations of GSH and GSSG using Nernst
equation. E_ is the standard potential for the redox couple GSH/GSSG (-240 mV at pH 7). Oxidative stress index was calculated using glutathione redox couple
equation (oxidative stress index = ((2 x GSSG)/tGSH) x 100. The results were presented as mean + SEM (n = 3) and analyzed statistically by one-way ANOVA,
followed by Duncan’s multiple range test. The bivariate correlations analysis was performed, quoting Pearson correlation coefficient and test of significance using
SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Significance was accepted at P < 0.05.
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C. rotundus T. diversifolia H. suavolens J. curcas Cypermethrin A-Cyhalothrin

Figure 1. The level of lipid peroxidation (as quantified by malondialdehyde) in the whole tissue homogenate of C. maculatus exposed to different
concentrations of bio-pesticides (T. diversifolia, C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and A-cyhalothrin).
The values are mean + SD of triplicate determination of the results (nmol/mg proteins).
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Carbonyl proteins (nmol/mg protein)

Carbonyl proteins (nmol/mg protein)

-Cyhalothrin
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C. rotundus T. diversifolia H.suavolens J. curcas

Figure 2. Level of carbonyl proteins in the whole tissue homogenate of C. maculatus exposed to different concentrations of bio-pesticides (T. diversifolia,
C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and A-cyhalothrin). The values are mean + SD of triplicate
determination of the results (nmol/mg proteins).
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Figure 3. The Glutathione peroxidase level evaluated from the cowpea storage bruchid exposed to different concentrations of bio-pesticides
(T. diversifolia, C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and I-cyhalothrin). Each column represents
the mean + SEM of triplicate determinations. The value is LM/min/mg proteins.
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Figure 4. The glutathione reductase levels evaluated from the cowpea storage bruchid exposed to different concentrations of bio-pesticides
(T diversifolia, C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and A-cyhalothrin). Each column represents
the mean + SEM of triplicate determinations. The value is uM/min/mg proteins.

Discussion earlier reports®*® that insecticides are responsible for causing

The result showed that oxidative and nitrosative stresses were
detected in the whole-body homogenate of the bruchid exposed
to different concentrations of bio-insecticides and insecticides
(Table 1). This indicated generation and a significant positive
correlation between the oxidative stress and nitrosative stress.
It showed intoxication. These results are in agreement with

oxidative stress and nitrosative stresses. In this study, the com-
plex ratio of GSH-GSSG, an intracellular redox condition,
was used as index of oxidative stress.3¢=38 The nitrosative stress
was the measure of nitrates and nitrites contents, a major end
product of NO metabolism. The presence of GSSG and GSH

allows dynamic control of the redox state. Altered glutathione
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Figure 5. The glutathione transferase level evaluated from the cowpea storage bruchid exposed to different concentrations of bio-pesticides
(T. diversifolia, C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and A-cyhalothrin). Each column represents the
mean + SEM of triplicate determinations. The value is uM/min/mg proteins.
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Figure 6. Western blot showing protein level and expression of glutathione transferase in cowpea storage bruchid exposed to different concentrations
of Cypermethrin and A-cyhalothrin. Bar graphs of expressed C. maculatus glutathione transferase show band intensity. Each column represents the
mean + SEM of triplicate determinations.
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Figure 7. The glutathione synthetase level evaluated from the cowpea storage bruchid exposed to different concentrations of bio-pesticides
(T. diversifolia, C. rotundus, H. suavolens leaves, and J. curcas seed) and pesticides (Cypermethrin and A-cyhalothrin). Each column represents
the mean + SEM of triplicate determinations. The value is pM/min/mg proteins.
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homeostasis, in association with increased oxidative stress, has
been implicated in the pathogenesis of many diseases.’ The
increase in the oxidative stress, as shown in our results, is conse-
quent upon formation of GSSG. GSSG formation from GSH
brings about acceleration of oxidative process and consequently
altered the redox status homeostasis without a significant
change in total glutathione content. It seems that the bruchid
cannot preserve its redox homeostasis and this impaired glu-
tathione redox status could be responsible for the efficacy of
the insecticides and bio-insecticides used. It has been earlier
reported that cells resistant to apoptosis preserved high intra-
cellular pools of GSH by enhancing pathways for establishment
and maintenance of high intracellular redox potential.** With
these, however, a change in GSSG has a potential utility in pro-
viding biomarker that could be used in environmental monitor-
ing system.

The result also showed that NO was produced during
the oxidative burst triggered by the insecticides and bio-
insecticides. NO has been reported to be involved in protect-
ing membrane integrity and protecting lipid derived radicals,
and thereby, antagonizing oxidative stress.*’ However, the
simultaneous increase in both NO (Table 1) and LPO (Fig. 1)
values upon exposure could indicate that NO might not be
involved in signaling or in protection against LPO or the NO
might appear to be inadequate to cope with oxidative stress.
All these might suggest that the bio-insecticides and chemical
stress affect the metabolism, growth, and development*? of
the bruchid and its mortality. The signs of oxidative stress
could be extensive as shown by the result of CP and LPO
(Figs. 1 and 2). CPs formation is a result of protein oxida-
tion. ROS directly attack proteins and lead to the formation
of carbonyl.** These biotic stressed cowpea bruchids showed a
higher concentration of protein carbonyl, a measure of ROS
and reactive nitrogen species (RNS) mediated damage, and
a symptom of oxidative stress.** This could be a reflection of
steady oxidative stress. ROS directly attack the protein and
lead to the formation of protein carbonyl. It indicates that
the insecticides and bio-insecticides have elicited a toxic
effect at critical targets. The formation of protein carbonyl is
irreversible, causing conformational changes, compromised
catalytic activity of enzymes, and increased susceptibility to
protease action.® At various dosages of both insecticides and
bio-insecticides, detoxification processes might have been
activated early to avoid oxidative damage. However, cowpea
storage bruchids suffered membrane damage as shown by the
increase LPO because of inadequate protective mechanism.

In summary, the level of modified lipids, compromised
membrane integrity, and protein carbonylation are joint con-
sequent nitrosative and oxidative stress in cowpea storage
bruchid. All these reflect a severe disorder in metabolism.
These are accompanied by the modulation of the glutathione
system of antioxidant defense. Glutathione and glutathione-
dependent enzymes have been known to play a central role
in protection and detoxification of peroxides, hydroperoxides,

and xenobiotic and maintaining homeostatic dynamics of
GSH.1# These systems play a crucial role in protecting the
structure and functioning of the membrane system and main-
taining cellular redox state.*’ The possible linkage between
cowpea storage bruchid (C. maculatus) glutathione antioxi-
dant defense system and insecticidal efficacy of some reported
bio-insecticides and commercially available synthetic insec-
ticides was sought. The relevance of the glutathione system
in the defense against chemical stress is of importance to
give a thorough perspective of glutathione metabolism in the
stressed state, where the process is of fundamental importance
for the mechanism of toxicity, and also, to provide possible
path of adaptation evolvement and eventual compensatory
mechanism for the stressed condition. These alterations of
the insect glutathione-dependent and detoxification system
activities with insecticides and bio-insecticides reflect the
presence of a functional defense mechanism against oxidative
and nitrosative stresses related firmly to glutathione metab-
olism. The stimulation is important and could sustain the
defense mechanism.

GSH is a co-factor for glutathione peroxidase. Gluta-
thione peroxidase is known to detoxify a variety of organic
hydroperoxides produced in LPO to the corresponding
hydroxyl compounds, utilizing GSH and/or other reducing
equivalents.*® Glutathione peroxidase protects the cell against
a low level of oxidative stress.* The increase in glutathione
peroxidase activity (Fig. 3) could be from the increase in the
concentration of H,O, and organic hydroperoxides (ROOH)
as shown by the resulting oxidative stress. It appears that
oxidative stress was initiated within a short space of time of
exposure to the insecticides and bio-insecticides. This clearly
shows that there is a relationship between glutathione peroxi-
dase, redox homeostasis and lipid peroxidation. The glutathi-
one antioxidant defense induction appears to be inadequate
to avoid oxidative damage. The role of GR is to maintain the
cytosolic concentration of GSH. The inhibition of glutathi-
one peroxidase activity by the insecticides and bio-insecticides
used in this study may lead to GSH depletion, if the depletion
cannot be corrected by the synthesis of new glutathione.>* The
detoxification of possible ROS and hydroperoxides implies the
oxidation of GSH to GSSG by glutathione peroxidase. GSSG
is then reduced to GSH by GR at the expenses of NADPH.*!
The GR activity is compromised (Fig. 4). This statistically sig-
nificant negative correlation of Glutathione peroxidase (GPx)
and GR activities in the stressed bruchid followed the same
pattern in the insecticides and bio-insecticides and could be
interpreted as insufficient to meet ROS demands in these
chemical stress conditions. It might be an inadequate adap-
tive response to oxidative stress and the accumulation of ROS.
The low GR activity as shown in our result is unusual. Other
workers have reported elevated GR activity under a stress
condition.?>? However, despite the relevance of GR in the
tolerance to oxidative stress, its activity strictly depends on
NADPH availability.*
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GST catalyzes the conjugation of GSH with a vari-
ety of electrophilic metabolites. ‘The enzyme participates in
defense against oxidative stress by detoxifying endogenous
harmful compounds like hydroxylalkenal and base propenal
or DNA hydroperoxides and electrophilic xenobiotic, and
is known to provide protection against oxidative/nitrosative
stress by GSH mediated process of reactive products of
LPO.3%Similar to GPx, GST activity was induced and might
indicate an adaptive response to the oxidative stress. There
was an increase in GST activity. This suggests involvement
and activation of GST-dependent xenobiotic metabolism.
Our earlier results®** have demonstrated the involvement
of bruchid glutathione transferases to insecticides and bio-
insecticides toxicity. The induction of GST is considered
beneficial to handle environmental stress.”® The induction
of the insect GST was supported by the result from western
blotting (Fig. 6). Overexpression of GST could be an
important means of cell protection during physiological
stress as such posed by the bio-insecticides and insecticides.
The expression appears to be significant. It is probable that
the bruchid is overstressed by the exposure and this can
be the possible reason for GST expression. However, the
mortality might not be compromised by the induction of
the GST. With this, GST activity may not be among the
best explanatory variables of insecticides and bio-insecti-
cides mortality, although this enzyme is directly linked to
its detoxification. This could indicate that the role of glu-
tathione in extending survival would be more related to
the removal of free radicals than to the detoxification of
insecticides and bio-insecticides stresses. Alternatively, the
response of GST activity might be inadequate. The reduc-
tion in the activity might have shown that the disruption of
the compensatory mechanism will help the insect to detox-
ify the abiotic stresses.

Glutathione synthetase was specifically assayed to provide
insight into possible compensatory of possible depletion of GSH
during oxidative and nitrosative stresses. Our results showed that
glutathione synthetase was recruited when the bruchid is exposed
to either bio-insecticides or insecticides (Fig. 7). Its involvement
indicates the need to regulate glutathione steady-state levels and
demonstrate distinct compensatory responses in the glutathione
pathway following the stressed conditions to maintain the redox
homeostasis. The increase in activity might indicate induction of
de novo glutathione biosynthesis by glutathione synthetase; and,
is likely to play a crucial role. Our result is not unusual. Nitrosative
and oxidative stresses induced the glutathione synthetase gene
expression in Saccharomyces cerevisiae and Saccharomyces pamée.w
'The variable induction by the insecticides and the bio-insecticides
is a function of the nature and extent of the oxidative stress.

Altogether, these present data add to the growing
position of how and to what extent enzymatic antioxidant
defense of cowpea storage bruchid was altered in response
to insecticides and bio-insecticides application. The synergy
in the modulation of GPx, GST, and GS has supported

collaboration among these enzymes in the detoxification
mechanism of the insecticides and bio-insecticides and
maintaining GSH concentration for redox homeostasis.
The accumulation of ROS does not make the GSH-related
antioxidant systems lose their function but appears inad-
equate in terms of the inhibition of GR activity. The exog-
enous application of GSH to assuage in vivo GSH demand
could not assist.
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