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ABSTR ACT: The non-enzymatic and enzymatic antioxidant defense systems play a major role in detoxification of pro-oxidant endobiotics and xenobi-
otics. The possible involvement of beetle non-enzymatic [α-tocopherol, glutathione (GSH), and ascorbic acid] and enzymatic [catalase (CAT), superox-
ide dismutase (SOD), peroxidase (POX), and polyphenol oxidase (PPO)] antioxidant defense system on the insecticidal activity of synthetic insecticides 
(cypermethrin, 2,2-dicholorovinyl dimethyl phosphate, and λ-cyhalothrin) and ethanolic plant extracts of Tithonia diversifolia, Cyperus rotundus, Hyptis 
suaveolens leaves, and Jatropha Curcas seeds was investigated. 2,2-Dicholorovinyl dimethyl phosphate (DDVP; 200 ppm, LC50 = 13.24 ppm) and T. diver-
sifolia (20,000 ppm) resulted in 100% beetle mortality at 96-hour post-treatment. The post-treatments significantly increased the beetle α-tocopherol 
and GSH contents. Activities of CAT, SOD, POX, and PPO were modulated by the synthetic insecticides and bioinsecticides to diminish the adverse 
effect of the chemical stresses. Quantitative and qualitative allelochemical compositions of bioinsecticides and chemical structure of synthetic insecti-
cides possibly account and for modulation of their respective enzyme activities. Altogether, oxidative stress was enormous enough to cause maladaptation 
in insects. This study established that oxidative imbalance created could be the molecular basis of the efficacy of both insecticides and bio-insecticides. 
Two, there was development of functional but inadequate antioxidant defense mechanism in the beetle.
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Introduction
Cowpea [Vigna unguiculata (L.) Walp.] is a leguminous crop 
and a source of revenue that is popularly grown in various parts 
of tropical and subtropical regions of Africa. Seeds of the crop 
serve as a source of dietary protein to naturally and nutrition-
ally complement starchy cereals and tuber crops where the per 
capital daily intake of animal proteins is low, thus alleviating 
protein malnutrition in humans.1,2 The green parts of the plant 
can be used as vegetables or as fodder for cattle. Cowpea is 
susceptible to many insect pests both on the field and during 

storage.3 The major constraint facing effective and efficient 
storage of the grain legume is the insect pest depredation. 
Cowpea storage beetle (CSB), Callosobruchus maculatus (Fabr.) 
(Coleoptera: Chrysomelidae), is a principal storage pest of 
cowpea and poses a great challenge to the process of assuring 
food security in developing tropical countries like Nigeria.4,5 
Infestation by this insect begins from the field when mature 
adults lay eggs on drying cowpea pods or seeds. The eggs 
hatch into larvae, which use their mouthparts to penetrate 
the pod wall or the seed testa. This feeding process ultimately 
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reduces the weight of the seeds and enhances mold growth, 
poor germination viability, and hampered seed marketability.6 
The post-harvest loss could be 100% within two to three 
months after harvest. Tropical temperatures and humidity are 
reported to be responsible for rapid increase in the number 
of insect population.7 Unfortunately, Cowpea genome lacks 
insect resistant gene loci to be induced to produce insect-
resistant cultivar.8

Over the years, diverse methods have been used to pro-
tect the stored cowpea against the pulse beetle (CSB). Her-
metic storage, synthetic insecticides and/or plant materials 
application, gamma irradiation, and freezing and heating the 
beans are some of the documented control methods.9,10 Sub-
stantial progress has been made on the effective and efficient 
control of this pulse beetle, which focused on the use of syn-
thetic insecticides and plant products.5,11 The use of insecti-
cides remains the most effective means of controlling beetle 
in large-scale storages. Indiscriminate and misguided use and 
undesirable side effects have limited the usage of synthetic 
insecticides. Currently, plant materials as bioinsecticides have 
also proven their efficacy as insecticides.12,13 The responses of 
the pulse beetle (CSB) to insecticides and bioinsecticides have 
been informative on ovicidal and oviposition effects, adult 
emergence, and avoidance and repellence to insecticides and 
the bioinsecticides. All these have not provided useful base-
line information for strategizing effective control and resis-
tance management. The main threat to the success of this 
control approach is the possible development of resistance to 
synthetic insecticides and bioinsecticides after prolong usage 
without prior and absolute understanding of the molecular 
basis of their respective efficacy. The current and reported 
understandings of the molecular basis of efficacy of the insec-
ticidal plants and some selected insecticides on CSB have been 
inadvertently scanty. In CSB, study of acetylcholine esterase 
(AChE),14 cytochrome P450,8 and glutathione (GSH) trans-
ferase15 is motivated by the perception that they have a role in 
insecticide or bioinsecticide toxicity.

The efficacy of the insecticidal plants and insecticides 
on the CSB could be based on several mechanisms to exert 
their toxic effect despite adaptive and compensatory responses 
that could be induced as a result of exposure. Some reports 
have posited that some pesticides and bergapten (an allelo-
chemical) cause oxidative stress, characterized by exposure to 
in vivo excessive reactive oxygen species (ROS).8,16,17 ROS is 
involved in the pathogenesis of some diseases. It is doubtful, 
however, in cowpea storage bruchid, if oxidative stress may be 
a consequence of detoxification enzymes’ inhibitions, a sepa-
rate effect, or a concurrent event. Inconsistent and preliminary 
results exist regarding this line of thought. Considerable work 
has been done on antioxidant enzyme systems and detoxifica-
tion systems in insects. There have been no linkages of insects’ 
antioxidant enzyme systems and detoxification enzymes.

Given the present suggestion that synthetic insecticides and 
plant-derived insecticides may cause oxidative stress, the  present 

study was undertaken to characterize their role in oxidative 
stresses and cellular antioxidant defense mechanism in their pos-
sible toxicity or otherwise. Ethanolic extracts of Tithonia diver-
sifolia, Cyperus rotundus, Hyptis suaveolens leaves, and Jatropha 
Curcas seeds as well as some selected synthetic insecticides on 
the bruchid non-enzymatic antioxidants contents and antioxi-
dant enzymes [superoxide dismutase (SOD), catalase (CAT), 
peroxidase (POX), and polyphenol oxidase (PPO)] was studied.

Materials and Methods
Materials. Catechol, 5,5-dithio-bis-2-nitrobenzoic acid 

(DTNB), Pyrogallol, and O-phthalaldehyde were purchased 
from Sigma-Aldrich Chemie GmbH. Bradford reagent (#500-
006) and BSA protein standard (#500-0206) were from Bio- 
Rad Laboratories. Cyperforce (Cypermethrin) was a product  
of Gharda Chemicals Ltd, and Master (λ-cyhalothrin) was pur-
chased from Sinochem Ningbo Ltd. Sniper (2,2-dicholorovinyl 
dimethyl phosphate; DDVP) was manufactured by Hubei 
Sanonda Co. Ltd and supplied by Saro AgroSciences Limited. 
All other chemicals were of analytical grade. Absolute ethanol 
was used as a solvent in the preparation of the pesticides and 
biopesticide samples.

Preparation of plant-derived insecticides. Mature fresh 
leaves of T. diversifolia, C. rotundus, and H. suaveolens; and 
the seeds of J. curcas were collected from the Teaching and 
Research Farm of the Federal University of Technology, Akure, 
Nigeria in July 2012. The climatic condition of the location 
is tropical sub-Sahara. The plant materials were rinsed with 
autoclaved distilled water, air-dried to constant weight, and 
then ground into fine powder. Chemical extraction was car-
ried out as described earlier.18 Extracts were stored at -20°C 
prior to use. Here, extracted plant materials were referred to as 
bioinsecticides.

Insect culture. C. maculatus adults used for the estab-
lishment of the insect colony were obtained from a local mar-
ket in Akure, Nigeria. The beetles were cultured on clean 
uninfested susceptible cowpea seeds in an ambient laboratory 
temperature of 25 ± 1°C, a relative humidity of 75 ± 5%, and 
a 12-hour photoperiod. New generation of CSB that was used 
for subsequent experiments was derived from the stock culture 
by infesting clean uninfested beans with 20 copulating pairs 
of teneral adult CSB.

Mortality response. In a typical mortality response 
study, disinfested cowpea seeds weighing 100  g put in ster-
ile petri dishes (9  cm diameter) were serially treated with 
2.0 mL of Cyperforce (cypermethrin), Master (λ-cyhalothrin), 
and Sniper (DDVP) at concentrations of 0, 50, 100, 150 and 
200 ppm. In another set of dishes, the seeds were thoroughly 
mixed with an aliquot of 2 mL of 5,000, 10,000, 15,000, and 
20,000 ppm ethanolic extracts of plant materials. The dishes 
were agitated manually for five minutes and then allowed to 
air-dry for four hours. Each experimental dish, prepared in 
triplicates, was infested with copulating adult beetle (20 males 
and 20 females). The mortality of the beetle because of the 
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insecticides and the bioinsecticides was monitored for four 
days. Here, the LC50 values were derived from the best-fit line 
obtained from regression equation (Y = % mortality; X = con-
centration) using Microsoft Excel (for Mac 2011).

Enzyme extraction and assays. Frozen 700 mg of whole 
insects were homogenized in ice cold buffer [50 mM potas-
sium phosphate buffer (pH 7.0) containing 1  mM EDTA] 
and centrifuged at 10,000 g for 20 minutes at 4°C. Protein 
contents were quantified by Bradford’s method, using bovine 
serum albumin as a standard.19 Unless otherwise stated, Shi-
madzu UV 1800 Double Beam Spectrophotometer was used 
for all colorimetric assays, while Hitachi F-4500 Fluorescence 
Spectrophotometer was used for fluorimetric assays.

Determination ascorbic acid content. Ascorbic acid con-
tent was estimated by following exact procedure described by 
Omaye et al20 where 1 g of insect was ground with 5 mL of 
10% trichloroacetic acid (TCA) and the mixture was centri-
fuged at 5,000 g for 20 minutes at 4°C. An aliquot of 1.0 mL 
of 2,4-dinitrophenyl hydrazine-thio-urea-CuSO4 (DTC) 
reagent was added to 0.5 mL of the supernatant, and the mix-
ture was allowed to stand for three hours at 37°C. The reaction 
was terminated with 0.75 mL of ice-cold 65% H2SO4. After 
incubation at 30°C for 30 minutes, absorbance was read at 
520 nm against blank. The result of the ascorbic acid content 
was expressed in milligrams per gram of fresh weight.

Determination reduced GSH content. The method of 
Ellman21 was used for the assay. In brief, 200 mg of insects was 
homogenized with 2 mL of 5% (w/v) TCA in 1 mM EDTA 
and then centrifuged at 10,000 g for 20 minutes at 4°C. One 
milliliter of the reaction mixture, containing 150 μL extract, 
800 μL of 0.1 M phosphate buffer (pH 8.0), and 50  μL of 
DTNB (0.01% in 0.1 M phosphate buffer, pH 8.0), was mixed 
thoroughly and then incubated at 25°C for 20 minutes. The 
absorbance of the reaction mixture was 412  nm. The GSH 
content was determined from a GSH standard curve, and the 
result was expressed in micrograms per gram of fresh weight.

Determination of α-tocopherol content. α-Tocopherol 
content was estimated as described elsewhere.22 2,2 Dipyridyl 
was used as chromophore, and absorbance was read at 520 nm. 
α-Tocopherol content was read from α-tocopherol standard 
curve and later expressed in micrograms per gram of fresh 
weight.

Determination of SOD activity. SOD activity was 
assayed according to the method of Fridovich,23 which uses 
a tetrazolium salt to detect superoxide radicals generated by 
xanthine and xanthine oxidase system. The absorbance was 
monitored at 550  nm. SOD activity was expressed in units 
per milligram of protein. One unit is defined as the amount of 
change in the absorbance by 0.1 hours-1 mg-1 proteins.

Determination of CAT activity. CAT activity was deter-
mined as modified by Aebi.24 The rate of H2O2 decomposition 
was spectrophotometrically monitored at 240  nm. Enzyme 
activities were calculated using 0.0394 mM-1 cm-1 as absorption 
coefficient at 240 nm. A unit of CAT activity is defined as the 

amount of enzyme required to decompose 1 mM of hydrogen 
peroxide in a minute. The CAT activity was expressed in units 
per milligram of protein.

Determination of POX activity. POX activity was 
assayed according to the protocol described by Kumar and 
Khan.25 The reaction mixture comprised 2.0  mL of 0.1  M 
potassium phosphate buffer (pH 6.8), 1.0 mL of 0.01 M Pyro-
gallol, 1 mL of 0.005 M H2O2, and 0.5 mL of enzyme extract 
prepared from whole insect homogenate. The amount of pur-
purogallin formed was determined by measuring the absor-
bance at 420 nm. The POX activity was expressed in units per 
milligram of protein. One unit is defined as a change in the 
absorbance by 0.1 minute-1 mg-1 protein.

PPO activity. The method of Kumar and Khan25 was 
used to estimate PPO activity in a reaction mixture contain-
ing 2  mL of 0.1  M potassium phosphate buffer (pH 6.0), 
1 mL of 0.1 M catechol, and 0.5 mL of enzyme extract. The 
purpurogallin formed was read at 495 nm. PPO activity was 
expressed as units per milligram of protein (U  =  change in 
absorbance by 0.1 minute-1 mg-1 protein).

Statistical analysis. All data obtained were subjected to 
one-way analysis of variance (ANOVA) using the SPSS ver-
sion 17.0 statistical software (SPSS). The means were separated 
using Duncan’s New Multiple Range Test (DNMRT) at 5% 
probability level where significant differences existed between 
them.

Results
Beetle mortality. The result of percentage mortality of 

bioinsecticides and the synthetic insecticides used in this study 
on the adult C. maculatus after four days post-treatment is pre-
sented in Table 1. ANOVA revealed the significant difference 
between the mortality of CSB in the control and the treated 
samples. Among the synthetic insecticides, DDVP is the most 
potent with 100% mortality at 96 hours post-treatment. In 
all, 100% mortality of C. maculatus was observed in the group 
treated with T. diversifolia leaf extract at a concentration of 
20,000 ppm, while H. suaveolens leaves have the least effect.

Ascorbic acid estimation. Information on the ascor-
bic acid content of the bruchid is presented in Table 2. 
Ascorbic acid content of all C. maculatus-treated groups 
decreased significantly (P    0.05) compared to the control 
group. C. rotundus- and H. suaveolens-treated groups showed 
an increased ascorbic acid content after an initial decrease; 
however, the concentration of ascorbic acid decreased further 
in C. maculatus treated with T. diversifolia and J. curcas as the 
concentration of the extracts increased. The ascorbic acid con-
tent of the insecticide-treated groups decreased as the sample 
concentrations increased for DDVP and cypermethrin but 
increased for λ-cyhalothrin.

Reduced GSH content. The reduced GSH content of the 
cowpea seed beetle is shown in Table 3. There was a signifi-
cant increase (P  0.05) in the GSH content of C. maculatus 
group treated with C. rotundus and H. suaveolens compared to 
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Table 1. Percentage mortality of adult Callosobrochus maculatus in cowpea seeds treated with some bio-insecticides and insecticides.

(A) BIO-INSECTICIDES

CONCENTRATION (ppm) MORTALITY OF C. Maculatus (%)

C. Rotundus T. Diversifolia H. Suavolens J. Curcas

0 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

5,000 75.00 ± 4.08a 90.00 ± 1.83a 16.25 ± 2.63a 86.25 ± 1.71a

10,000 85.00 ± 3.46b 93.75 ± 0.96a 17.50 ± 3.30b 87.50 ± 3.70a

15,000 88.75 ± 3.30b 96.25 ± 0.96a 21.25 ± 0.50c 91.25 ± 1.71a

20,000 91.25 ± 0.50c 100.00 ± 0.00b 22.50 ± 1.83d 95.00 ± 1.41b

(B) SYNTHETIC INSECTICIDES

CONCENTRATION (ppm) MORTALITY OF C. Maculatus (%)

DDVP CYPERMETHRIN λ-CYHALOTHRIN

10 45.25 ± 8.55a 33.75 ± 8.55a 38.75 ± 4.80a

50 61.75 ± 10.30a 46.25 ± 10.30a 51.25 ± 11.15a,b

100 79.50 ± 2.90b 66.25 ± 6.30b 63.25 ± 8.55b

150 92.00 ± 2.50c 83.75 ± 7.50c 81.25 ± 11.15b,c

200 100.00 ± 0.00d 95.00 ± 0.00d 92.50 ± 7.50c

LC50 ppm 13.24 56.93 48.22

Notes: the mean mortality values results were expressed as mean ± seM (three replicates) determined by via one way anoVa followed by Duncan’s new Multiple 
Range Test (DNMRT). The mean values, in the same column with different superscripts are significantly different P  0.05 while means with the same superscripts 
indicate non-significant changes.
Abbreviation: ppm, part per million.

the control. However, there was an initial decrease in the GSH 
content at 5,000 ppm in the group treated with T. diversifolia 
before the increase as the exposure concentration increases. The 
exogenous application of DDVP increased GSH content of 
the beetle.

α-Tocopherol estimation. The result shown in Table 4 
represents the effect of varied concentrations of bioinsecticides 

and synthetic insecticides on the α-tocopherol content of 
C. maculatus. C. maculatus group treated with 20,000  ppm 
C. rotundus had a 3% increase in α-tocopherol content 
compared with the control. This was after an initial decrease 
in the α-tocopherol content. C. maculatus group treated 
with H. suaveolens and T. diversifolia extracts had a signifi-
cant increase (P   0.05) in α-tocopherol content at 5,000, 

Table 2. effect of insecticides and bio-insecticides on ascorbic acid content of adult Callosobrochus maculatus.

BIO-INSECTICIDES CONC. (ppm) ASCORBIC ACID CONTENT (mg g-1 FRESH WEIGHT)

C. Rotundus T. Diversifolia H. Suavolens J. Curcas

0 29.71 ± 0.10a 29.71 ± 0.10a 29.71 ± 0.10a 29.71 ± 0.10a

5,000 5.013 ± 0.10e 22.20 ± 0.60b 4.54 ± 0.10e 16.32 ± 0.50b

10,000 5.82 ± 0.50d 19.62 ± 0.60c 10.66 ± 0.40d 13.69 ± 0.50c

15,000 11.23 ± 0.10c 18.19 ± 0.90d 12.55 ± 0.50c 11.56 ± 0.40d

20,000 12.65 ± 0.60b 17.24 ± 0.10d 15.08 ± 0.10b  9.87 ± 0.20e

INSECTICIDES CONC. (ppm) ASCORBIC ACID CONTENT (mg g-1 FRESH WEIGHT)

DDVP CYPERMETHRIN λ-CYHALOTHRIN

0 29.71 ± 0.10b 29.71 ± 0.10b 29.71 ± 0.10a

10 31.60 ± 0.40a 31.86 ± 0.50a 21.10 ± 1.00c

50 23.14 ± 0.60c 22.27 ± 0.30c 21.37 ± 0.40c

100 20.85 ± 0.40d 21.31 ± 0.20d 22.78 ± 0.20b

150 18.17 ± 0.20e 19.24 ± 0.50e 22.54 ± 0.10b

200 16.14 ± 0.50f 18.34 ± 0.20f 23.22 ± 0.60b

Notes: the values were expressed as mean ± seM (three replicates) determined by via one way anoVa followed by Duncan’s new Multiple range test (DnMrt). 
The mean values, in the same column, with different superscripts are significantly different P  0.05 while means with the same superscripts indicate non-significant 
changes.
Abbreviation: ppm, part per million.
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15,000, and 20,000  ppm when compared with the control 
value. α-Tocopherol values of the insects group treated with 
DDVP and cypermethrin decreased with the increase in 
insecticide concentrations compared with the values of the 
control group.

SOD activity. Effect of varied concentrations of syn-
thetic insecticides and bioinsecticides on CSB SOD activity 
is presented in Figure 1. The result revealed a significant 

decrease (P  0.05) in SOD activities of C. maculatus groups 
treated with the various bioinsecticides compared with the 
control. SOD activity of C. maculatus group treated with 
20,000 ppm H. suaveolens (0.35 U mg-1 protein) was 32 fold 
lower than the value of the control. The enzyme activity for all 
the groups treated with synthetic insecticides increased with 
increasing concentrations of all the treatments. For the syn-
thetic insecticides, the SOD activity was enhanced at higher 

Table 3. effect of insecticides and bio-insecticides on reduced Glutathione content of adult Callosobrochus maculatus.

BIO-INSECTICIDES CONC. (ppm) GSH CONTENT (μg g-1 FRESH WEIGHT)

C. Rotundus T. Diversifolia H. Suavolens J. Curcas

0 47.53 ± 0.50e 47.53 ± 0.50d 47.53 ± 0.50e 47.53 ± 0.50d

5,000 83.11 ± 1.00b 13.27 ± 0.80e 58.90 ± 0.50d 120.67 ± 0.90a

10,000 120.90 ± 0.20a 64.73 ± 0.60b 61.44 ± 0.60c 107.83 ± 1.70b

15,000 71.70 ± 2.10c 56.30 ± 0.70c 76.91 ± 2.30b 25.67 ± 1.40e

20,000 65.47 ± 1.20d 83.30 ± 0.90a 80.95 ± 0.60a 56.34 ± 0.70c

INSECTICIDES CONC. (ppm) GSH CONTENT (μg g-1 FRESH WEIGHT)

DDVP CYPERMETHRIN λ-CYHALOTHRIN

0 47.53 ± 0.5d 47.53 ± 0.5e 47.53 ± 0.5f

10 49.8 ± 0.6c 58.8 ± 0.6a 58.33 ± 0.5a

50 52.53 ± 0.4b 58.40 ± 0.2a,b 56.03 ± 0.8b

100 54.53 ± 0.7a 57.70 ± 0.5b,c 52.33 ± 0.4c

150 54.53 ± 0.7a 57.23 ± 0.2c 49.90 ± 0.2d

200 54.53 ± 0.5a 56.33 ± 0.5d 48.63 ± 0.5e

Notes: the values were expressed as mean ± seM (three replicates) determined by via one way anoVa followed by Duncan’s Multiple range test (DnMrt). the 
mean values, in the same column, with different superscripts are significantly different P  0.05 while means with the same superscripts indicate non-significant 
changes.
Abbreviation: ppm, part per million.

Table 4. effect of insecticides and bio-insecticides on α-tocopherol content of adult Callosobrochus maculatus.

BIO-INSECTICIDE CONC. (ppm) α-TOC CONTENT (mg g-1 FRESH PROTEIN)

C. Rotundus T. Diversifolia H. Suavolens J. Curcas

0 33.37 ± 0.40b 33.37 ± 0.40c 33.37 ± 0.40c 33.37 ± 0.40b

5,000 19.93 ± 0.40c 33.87 ± 0.30c 39.20 ± 0.80b 35.67 ± 0.50a

10,000 13.37 ± 0.30d 12.47 ± 0.30d 13.93 ± 0.60d 33.90 ± 0.20b

15,000 20.50 ± 0.30c 37.07 ± 0.60b 40.97 ± 0.30a 24.23 ± 0.70c

20,000 34.36 ± 0.30a 41.13 ± 1.00a 41.83 ± 0.30a 33.27 ± 0.40b

INSECTICIDE CONC. (ppm) α-TOC CONTENT (mg g-1 FRESH PROTEIN)

DDVP CYPERMETHRIN λ-CYHALOTHRIN

0 33.37 ± 0.4e 33.37 ± 0.4d 33.37 ± 0.4e

10 62.23 ± 1.0a 60.77 ± 0.7a 125.60 ± 0.7d

50 57.50 ± 0.6b 59.17 ± 0.3b 127.87 ± 0.3c,d

100 56.17 ± 1.0b 58.33 ± 0.2b 128.90 ± 3.5c

150 44.03 ± 1.4c 58.10 ± 0.9b,c 132.43 ± 1.6b

200 37.40 ± 0.5d 57.17 ± 1.0c 138.00 ± 1.1a

Notes: the values were expressed as mean ± seM (three replicates) determined by via one way anoVa followed by Duncan’s new Multiple range test (DnMrt). 
The mean values, in the same column, with different superscripts are significantly different P  0.05 while means with the same superscripts indicate non-significant 
changes.
Abbreviation: ppm, part per million.
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concentration (100–200 ppm) of the insecticides. However, at 
a concentration of 10 ppm, the activity value was higher in the 
control than SOD activity value of the insects treated with the 
synthetic insecticides.

CAT activity. The effect of varied concentrations of syn-
thetic insecticides and bioinsecticides on CSB CAT activity is 
presented in Figure 2. A significant increase (P  0.05) was 
observed for C. maculatus groups treated with T. diversifolia 
and J. curcas extracts at 5,000 and 10,000 ppm. At 20,000 ppm, 
CAT activities of C. maculatus groups treated with C. rotundus 
(0.85  U  mg-1 protein), T. diversifolia (1.45  U  mg-1 protein), 
H. suaveolens (0.14 U mg-1 protein), and J. curcas (0.75 U mg-1 
protein) were 3.9, 2, 24, and 4.4 folds lower, respectively, com-
pared with the values in the control group. There was increase 
in CAT activity in all the synthetic insecticide-treated groups 

compared to the value of the control. The enzyme showed 
increased activity with increasing concentration of DDVP.

POX activity. Figure 3 shows the effect of varied concen-
trations of synthetic insecticides and bioinsecticides on CSB 
POX activity. C. maculatus group treated with 5,000  ppm 
T. diversifolia (3.65  U  mg-1 protein) had a 28% increase in 
activity, whereas the group treated with 20,000 ppm J. curcas 
(2.99 U mg-1 protein) had 13% increase in POX activity com-
pared with the control. The POX activity increased at higher 
concentrations of DDVP. Decrease in activity of the enzyme 
was obtained for cypermethrin-treated samples. The enzyme 
also exhibited increased activity in all concentrations of 
λ-cyhalothrin.

PPO activity. The result presented in Figure 4 shows the 
effect of varied concentrations of synthetic insecticides and 
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bioinsecticides on CSB PPO activity. It revealed a significant 
decrease (P  0.05) in PPO activities of C. maculatus for all 
bioinsecticide-treated groups compared with the control. 
C. maculatus group treated with 20,000  ppm C. rotundus 
extract (0.30 U mg-1 protein) had a 15.2 fold decreased PPO 
activity compared with the control. The enzyme activity in the 
insecticide-treated groups increased with increasing concen-
trations in all the samples.

Discussion
The results obtained in this study clearly demonstrate that bio-
insecticides and synthetic insecticides have distinct effects on 
the survival/mortality of the beetles. While DDVP was the 

most potent among the synthetic insecticides with an LC50 of 
13.43 ppm, the extract from T. diversifolia was the most potent 
among the bioinsecticides. Even though very high concentra-
tions of bioinsecticides are required for them to be as effec-
tive as the synthetic insecticides in causing mortality, they are 
equally promising as the synthetic insecticides in insect control. 
The differences in the efficacy of the bioinsecticides might be 
a result of qualitative and quantitative composition of the sec-
ondary metabolites that characterized the ethanolic extract.26–28 
Ascorbic acid is a water-soluble antioxidant that is capable of 
scavenging activated oxygen species such as O2

-, OH•, and 
H2O2.29 However, its efficiency in mopping up superoxide 
anions is an order of magnitude lower than that of SOD. The 
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decrease in ascorbic acid concentration may be ascribed to the 
increased usage of this non-enzymatic antioxidant to prevent 
the build-up of peroxides, which could have been generated in 
the insect in response to the bioinsecticides’ and the synthetic 
insecticides’ stresses. This result agrees with the work of Barbe-
henn et al30 who reported a decline in lumenal ascorbate levels 
in the posterior midguts of Malacosoma disstria larvae when 
fed diets containing tannic acid. A reduction in the ascorbic 
acid concentration was also observed in all the tested tissues 
of Aulocara ellioti after it was fed wheat plant.31 Ascorbic acid 
is also a substrate for redox enzyme ascorbate POX, a function 
that is particularly important in stress-resistant insects.32

GSH is a thiol group containing antioxidant that plays 
a very important role in the defense against ROS. GSH, 
together with ascorbate, participates in the protection against 
oxidative stress by its involvement in the ascorbate–GSH 
cycle, regulation of protein thiol-disulfide redox status, and 
reduction of H2O2 to water.32 The exposure to the bioinsec-
ticides might have brought about the induction of GSH syn-
thesis. The inverse correlation between GSH and ascorbic acid 
observed in this study indicates that the increase in GSH con-
tent may be to compensate for the decline in the level of ascor-
bic acid. This inverse correlation also shows that intracellular 
GSH level appears to be a major determinant of the oxidative 
stress between the two indicators—GSH and ascorbic acid. 
All these suggest the possibility of cytotoxicity being medi-
ated by oxidative stress. However, synthetic insecticides used 
do not appreciably alter the GSH content compared to bio-
insecticides. The effect of bioinsecticides could be a result of 
the medley of allelochemicals that characterized the ethanolic 
extracts.26 The response of the beetle GSH to the insecticides 
could demonstrate the insect sensitivity to xenobiotics and 
might be connected to enhance utilization of GSH as cosub-
strate for GSH transferase or cofactor for GSH POX.33

α-Tocopherols are lipid soluble antioxidants that play 
an important role in defense against oxidative stress. Their 
function is to interact with the polyunsaturated acyl groups 
of lipids, stabilize membranes, and scavenge and quench vari-
ous ROS and lipid soluble by-products of oxidative stress.34 
Various protective antioxidant roles of α-tocopherols have 
been documented in many species of organisms. In this study, 
the effect of T. diversifolia and H. suaveolens bioinsecticides 
on CSB α-tocopherols indicates a greater degree of protec-
tion that can allow the insect survive oxidative damage. How-
ever, the protection might not be adequate. The increase in 
α-tocopherols result agrees with the report of Barbehenn35 
who also observed an elevated α-tocopherols concentration in 
the midgut tissues of Melanoplus sanguinipes after being fed on 
diet containing 15% tannic acid. In some cases, the decrease in 
protection against oxidative stress was directly linked to lipid 
peroxidation and free radical formation.36

The change in (SOD activity at all concentrations of 
the bioinsecticides tested against CSB suggests that the 
bioinsecticides may possibly induce O2

- in vivo. Synthetic 

insecticides also enhanced SOD activity. The increase might 
not be unconnected to chemical structure of the synthetic 
insecticides. However, multivarious chemical components of 
bioinsecticides might have suppressed the SOD induction. 
SODs are the first line of defense against oxygen free radi-
cals. This enzyme removes superoxide radicals (O2

-) through 
the process of dismutation to oxygen and hydrogen peroxide 
(H2O2).37,38 The ability of SOD to scavenge O2

- is tempo-
rary and limited.39 SOD is an antioxidant enzyme that can 
protect normal cells from ROS. The ability of this enzyme to 
overcome the toxic effects of ROS in insects has been docu-
mented.40 It is also plausible to suggest that at higher con-
centration of the bioinsecticides, more O2

- are generated, 
which may accumulate to an extent that may overwhelm the 
scavenging ability of the SOD enzyme, hence decreasing the 
activity at higher concentrations of the plant extract and syn-
thetic chemicals. Decrease in activity of SOD could induce the 
accumulation of ROS, which in turn causes oxidative damage 
in the insecticide-stressed beetles. Decrease in SOD activity 
could also impair the O2

- scavenging ability of the cells, thus 
favoring the accumulation of O2

- and H2O2.41 SOD activity 
for all the insecticide-treated groups increases with increased 
concentration. The increased insecticides concentration in all 
the treated samples stimulated the synthesis of SOD, result-
ing in higher dismutation of superoxide anion (O2

-), thus pre-
venting the production of hydroxyl radical (OH-)—a highly 
reactive specie.

The possible reasons for the initial increase in the CAT 
activity of C. maculatus groups treated with T. diversifo-
lia and J. curcas at the initial low concentration of 5,000 and 
10,000 ppm compared with the control and later reduction in 
the activity at higher concentration are not clear. CAT has high 
turnover rate for hydrogen peroxide, and its activity is up-reg-
ulated by the H2O2 concentration;42 it catalyzes the conversion 
of hydrogen peroxide to water and molecular oxygen. A higher 
CAT activity after exposure to bioinsecticides may signify an 
enhanced H2O2 removal and, hence, prevention of oxidative 
damage. This consequently lowers the risk of hydroxyl radicals 
formation via Fenton reaction.43 CAT in the midgut of Lyman-
tria dispar larvae fed on an unfavorable plant showed similar 
results.44 Decreased activity of CAT was also detected because 
of high level of superoxide radical generation during oxidative 
stress in the acute stage of bacteriosis in Galleria mellonella.45 
CAT exhibited higher activity in all concentrations of DDVP, 
having activity as high as 91.7 U mg-1 protein at 200 ppm. This 
implied that beetles induce and utilize CAT as a major anti-
oxidant enzyme against ROS generation. High CAT activity 
in DDVP-treated samples may explain the increase in SOD 
activity in DDVP. Reduction in CAT activity obtained for the 
pyrethroids (cypermethrin and λ-cyhalothrin) may be because 
of inhibition of the synthesis of CAT and impairment of its 
activity. It is fairly well documented that insects possess POX 
activities46 in which POX breaks down H2O2 to oxygen and 
water.47 The significant increase (P  0.05) in the POX activity 
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obtained for C. maculatus groups treated with T. diversifolia, 
J. curcas, and C. rotundus extracts at various concentrations 
compared with the control (Fig. 3) might indicate increased 
chemical stress tolerance by the insects. Corona and Robin-
son48 had earlier observed a significant increase in POX activ-
ity of honey bee Apis mellifera L., after exposure to thermal 
stress. The majority of the other treatment groups, however, 
showed a decrease in POX activity. This is similar to the report 
of Fu-Xian et al49 after assessing the effect of thermal oxida-
tion on lipid peroxidation and antioxidant enzyme activities of 
oriental fruit fly, Bactrocera dorsalis. Activity of POX decreased 
with increase in the concentration of cypermethrin. This may 
imply that cypermethrin exhibits inhibitory effects on the syn-
thesis of POX. Unlike what was obtained for cypermethrin, 
POX has higher activity in samples treated with DDVP and 
λ-cyhalothrin, which may explain the higher activity values 
obtained for SOD in DDVP and λ-cyhalothrin, because POX 
catalyzes the decomposition of hydrogen peroxide.50

Measurable amount of PPO was found in stressed CSB 
in this study. PPO is an oxidoreductase that catalyzes the oxi-
dation of a wide range of phenolic compounds using molecular 
oxygen.51 PPO activity has been reported in insects, where 
they were found to be responsible for exoskeleton formation.52 
A decrease in PPO activities was observed for all the C. macu-
latus groups treated with all the bioinsecticides compared with 
the control. This suggests that the bioinsecticides inhibit PPO 
activity in C. maculatus. This is not unusual because all the 
allelochemicals that characterized both bioinsecticides and 
insecticides are made of phenolic rings. This result agrees with 
various reports of inhibition of PPO by substances from natu-
ral and non-natural sources. Isao et al53 reported the inhibi-
tion of the tyrosinase enzyme of the aphid, Melaphis chinensis 
by extract from the leaves of Rhus javanica plant. Isao and 
Ikuyo54 observed the inhibition of mushroom tyrosinase by 
anisaldehyde extracted from the seed of anise oil. Exoskeletons 
on the other hand serve to protect insects against desiccation 
and external injury. As this enzyme was significantly inhibited 
in this study, it may be postulated that body injury because of 
inhibition of exoskeleton production could be another possible 
explanation for the efficacy of these bioinsecticides against C. 
maculatus. Increase in the activity was also obtained for PPO 
in all the insecticide-treated samples. PPO functions in the 
oxidation of phenoxyl-end of pyrethroid insecticides.55 This 
explains the higher activity values obtained for λ-cyhalothrin 
and cypermethrin (both pyrethroid), and it had been reported 
that oxidase provides resistance for pyrethroid.56 PPO activ-
ity at 50 ppm λ-cyhalothrin was observed to be higher than 
activity at 100  ppm λ-cyhalothrin. Reason for this usual 
behavior is conjectural, but it can be assumed that the 50 ppm 
concentration favored the synthesis of the enzyme than situa-
tion obtained in the 100 ppm concentration.

Results of this study strongly support the hypothe-
sis that antioxidant systems are modulated as a response to 
cytotoxicity mediated by oxidative stress from bioinsecticides 

and insecticides. There is a possibility of the bruchid devel-
oping specific adaptive response mechanism to combat the 
stresses. However, the present and respective efficacy is based 
on the chemical constituent, structure, and composition of 
either the bioinsecticides or the insecticides.
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