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Background: Many plants have been identified for their  insecticidal properties as alternatives to 

synthetic ones, which are toxic to untargeted organisms and environment. Ricinus communis (Castor) has been re-

ported to exhibit insecticidal properties against insect pests. Zonocerus variegatus (Grasshopper) is a notable pest of 

several crops, and has been linked with great economic losses to farmers. The present study investigates the in-vitro 

toxicity of R. communis seed kernel extract (RCSKE) on the activities of selected antioxidant and hydrolytic enzymes 

in nymph and adult Zonocerus variegatus (Grasshopper), using cypermethrin (CYPER-M) and chlorpyrifos (CPF) as 

standard conventional pesticides. 

Methods: Seed kernel of Ricinus com m unis (Castor) w as subjected to acidified aqueous extraction 

to obtain the extract (RCSKE). Crude enzyme preparations were obtained from nymph and adult Z. variegatus grass-

hoppers. The in-vitro effects of different concentrations (15, 30, 45, 60, 75, 90 and 105µg/ml) each of RCSKE, 

CYPER-M and CPF on the activities of superoxide dismutase (SOD), catalase (CAT), acetylcholinesterase (AChE) and 

carboxylesterase (CES) in crude enzyme preparations were estimated spectrophotometrically. The level of statistical 

significance was 0.05. 

Results: The RCSKE significantly reduced the in-vitro SOD activity (p < 0.05) in nymph Z. variegatus at all the 

concentrations, whereas both CYPER-M and CPF significantly reduced the activity only at certain concentrations. 

The CAT activity in the nymph was significantly decreased by RCSKE and CPF at all the concentrations, but CYPER-

M decreased it only at certain concentrations. In adult Z. variegatus, SOD activity was not significantly affected (p > 

0.05), while CAT activity was significantly increased (p < 0.05) by the three agents at all the concentrations. The 

AChE and CES activities in the nymph were significantly reduced by RCSKE, CYPER-M and CPF at all the 

concentrations. The RCSKE and CPF significantly increased the CES activity, while CYPER-M caused a significant 

decrease in the activity in adult Z. variegatus.  

Conclusion: The seed kernel extract of Ricinus comm unis is an effective pesticidal agent and hence, 

it could be a source of biopesticide alternative with greater potential than cypermethrin and chlorpyrifos. In addition, 

the antioxidant, acetylcholinesterase and carboxylesterase enzymes in the nymphs of Z. variegatus grasshoppers are 

more susceptible to the effect of the extract than in the adult grasshoppers. 
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1.0 INTRODUCTION 

Castor plant, Ricinus communis (L) whose origin has 

been traced to India, Southeastern Mediterranean Basin, 

and Africa has also been found to be widely distributed 

across the tropical and temperate regions of the world 

[1]. The tropical species of the plant grows as a perennial 

plant with heights ranging between 10m and 12m, while 

the temperate species are found as annual plant with 

heights within 1–3 m [2]. Castor beans, the seed 

produced by castor plant,  have been reported to be rich 

in oil (40-60%) that predominantly contain stearic acid, 

palmitic acid, linolenic acid, ecosanoic acid and 

dihydroxystearic acid [3, 4];  ricin, ricinine and ricinoleic 

acid [5]. Studies have also established the presence of 

phytochemicals such as, alkaloids [6], cardiac glycosides, 

tannins and flavonoids [7] in castor bean oil.  A typical 

toxic alkaloid, known as ricinine, together with castor 

bean allergen (CBA) has also been reported to be present 

in castor bean oil, although they are usually not extracted 

in the oil [8]. Ricin can enter the animal cells by several 

processes, and just one ricin molecule of this protein in 

the cell is capable of destroying the whole cell, by way of 

disrupting protein synthesis via inactivation of ribosomes 

[9,10].  

Certain monoterpenoids and sesquiterpenoids found in 

castor leaves have been reported to cause translocation of 

phosphatidyl serine molecule to the external membrane 

surface of tumor cells, thereby inducing apoptosis and 

death of the cell [10]. According to some studies castor oil 

has been widely applied in folklore medicine and 

manufacturing of lubricants, paints and cosmetics 

[11;12]. Certain studies have investigated the insecticidal 

effects of castor oil against several insects including 

termites [12], Cosmopolites sordidus [13], Musca 

domestica (housefly) [14], Spodoptera frugiperda [15,16] 

and Callosobruchus chinensis [17]. Furthermore, ricin 

[18], ricinine [19], epicatechin [20] and certain fatty acids 

[21] present in castor have been described to exhibit 

insecticidal properties against insects. 

Insect pests have greatly contributed to agricultural 

damage and losses, at the global level, and up to 31% 

reduction in corn production owing to insect pests [22]. 

Grasshopper is a polyphagous insect pest of food crops in 

the western and central regions of Africa. This group of 

insects exhibits a life cycle of incomplete metamorphosis, 

in which the nymph has a resemblance with the adult but 

lacks the reproductive potential. The grasshopper 

Zonocerus variegatus has been known to have a high 

capacity for destroying farm crops causing great 

economic losses to farmers [23]. Previous study has 

demonstrated the activity and kinetics of cellulase 

enzyme in the grasshopper Hieroglyphus banian [24].  

Furthermore, the activities of Catalase [25] and 

glutathione peroxidase (GPx) [26] in the grasshopper 

Chorthippus brunneus from Cadmium-polluted water 

environment were found to be significantly reduced, due 

to the presence of Cadmium metal. Another study on the 

desert locust Schistocera pregaria exposed to FeSO4-

containing fertilizer exhibited suppression of the 

activities of antioxidant enzymes including superoxide 

dismutase, (SOD), catalase, glutathione peroxidase (GPx) 

and glutathione reductase (GR), indicating that this 

fertilizer could generate oxidative stress in the insect  

[27]. The possibilities of certain plant chemicals 

generating oxidative stress in insects have also been 

demonstrated. For instance, exposures of graminivorous 

grasshoppers to phenolics [28], quinones [29] and 

tannins [30, 31] caused oxidative stress-induced mid-gut 

lesions in these insects. This oxidative stress triggered 

increased apoptosis and necrosis in the insects, leading to 

ulcer-like lesions [32, 33, 34].  

Although, synthetic insecticides have been in use for 

several years against insect pest, they are well known to 

affect untargeted animal species through environmental 

pollution, and also cause the targeted insects to develop 

resistance to these chemicals themselves. Against these 

challenges of the chemical insecticides, the use of 

alternative strategies based on biological entities is highly 

needed [35-38]. One of our recent studies indicated the 

presence of certain phytochemicals in castor seed kernel 

extract, including ricin, ricinine, recinoleic acid and some 

others, having pesticidal potential on two species of 

podagrica flea beetles [5]. Our search through literature 

noted a paucity of information on the effects of castor (R. 

communis) seed kernel extract on Zonocerus variegatus 

(Grasshopper). The present study was therefore designed 

to investigate the in-vitro effects of R. communis seed 

kernel extract on certain antioxidant and hydrolytic 

enzymes in both nymphs and adults of Zonocerus 

variegatus. 

 

2.0 METHODOLOGY 

2.1 Chemicals  

Para-nitrophenylacetate, para-nitrophenol, acetylthioch-

oline iodide and Adrenaline were purchased from Sigma 

Company (Germany). Dithionitrobenzoic acid, 

Ethylenediamine tetraacetic acid (EDTA) and Triton-X-

100 were purchased from the British Drug House 

Chemical Limited (Poole, UK). Commercial cypermethrin 
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and chlorpyrifos (Bichuan  Leschan Fuhua Tongda 

Agrochemical Technology Co. Ltd, China) were purchased 

from TJP Agrochemical store in Ogbomoso, Oyo State, 

Nigeria. Other chemicals were of good analytical grades 

and purest quality available. 

2.2 Acidified Aqueous Extraction of Castor Seed 

Kernel 

Fresh Castor (Ricinus communis) fruits were collected 

from Lagbedu-Orile near Ogbomoso, Oyo state, Nigeria in 

March, 2018. The fruits were identified by Dr. Olayioye A. 

(Department of Crop and Environmental Protection, 

Ladoke Akintola University of Technology, Ogbomoso, 

Nigeria). The fruits were air-dried at room temperature 

for 3 weeks, depulped and then pulverized.  The oily pasty 

substance obtained was defatted using n-Hexane at room 

temperature for 48 hours, after which the residue was 

subjected to acidified aqueous extraction method 

described by Walker and Negis [39] with modifications. 

The extract was concentrated using a rotary evaporator, 

and then dried in an oven at about 400oC to obtain dry 

Ricinus communis seed kernel extract (RCSKE), kept in 

an air-tight bottle at 4 0C until use. 

2.3 Collection and Homogenization of Insects 

Thirty each of nymph and adult grasshopper (Zonocerus 

variegatus) were collected in March, 2018, using a 

sweeping net on a maize farmland in Ogbomoso, Oyo 

State, Nigeria. The insects were confirmed by Dr. Olayioye 

A. (Department of Crop and Environmental Protection, 

Ladoke Akintola University of Technology, Ogbomoso, 

Nigeria). Each of the nymph and adult groups were 

divided into two portions (fifteen insects each) and then 

de-winged. One portion each of the insect groups was 

homogenized in phosphate buffer (pH 7.4) and 

centrifuged at 10000 x g for 10 minutes. The supernatant 

was kept at 40c until use.  

2.4 Biochemical Assays 

2.4.1 Protein Determination 

The protein levels of the insect homogenates were 

determined according to the method of Lowry et al [40] 

using bovine serum albumin as standard. 

2.4.2 Superoxide Dismutase (SOD) Activity  

Superoxide dismutase (SOD) activity in insect homoge-

nates was determined as previously described  [41]. Brief-

ly, an aliquot of 0.2 ml of the diluted insect homogenate 

was added to 2.5 ml of 0.05M carbonate buffer (pH 10.2) 

to equilibrate in the spectrophotometer. Then, 0.2 ml of 

the extract RCSKE (15, 30, 45, 60, 75, 90 and 105µg/ml) 

followed by 0.3ml of freshly prepared 0.3M adrenaline 

(substrate) were added to the mixture. Similar concentra-

tions of commercial cypermethrin and chlorpyrifos were 

separately used for comparison with the extract. The con-

trol mixture contained neither the extract nor the com-

mercial pesticides. The absorbance was measured spec-

trophotometrically at 480nm at an interval of 30 seconds 

for 150 seconds, and enzyme activity was calculated using 

the formula: 

taking molar extinction of SOD at 480nm (ε480nm) as 525 

M-1 cm-1   (SOD activity = Unit/mg protein) 

2.4.3 Catalase Activity 

The method described by Aebi [42] was used to determine 

the Catalase activity in the insect homogenates. The assay 

mixture contained 4 ml of hydrogen peroxide solution 

(0.2 M) and 5 ml of Phosphate buffer (0.01 M, pH 7.0) in 

a 10ml flat bottom flask. A 1.0 ml of properly diluted 

crude enzyme preparation (homogenate) was rapidly 

mixed with the reaction mixture by a gentle swirling mo-

tion and 0.3 ml of the extract RCSKE (15, 30, 45, 60, 75, 

90 and 105µg/ml) was added in separate test tubes at the 

room temperature. Similar varying concentrations of 

commercial cypermethrin and chlorpyrifos were separate-

ly used for comparison with the extract. The control mix-

ture contained neither the extract nor the commercial 

pesticides. An aliquot of the reaction mixture (1 ml) was 

blown into 2 ml of dichromate acetic acid reagent at 60 

seconds intervals, monitoring the change in absorbance at 

240nm for 180 seconds at an interval of 60 seconds. The 

enzyme activity was calculated using the formular: 

H2O2 consumed = 200 - H2O2 remained 

Catalase Velocity Constant (Ko) = H2O2 Consumed;= Ko/

mg protein 

 Catalase activity = Unit/mg protein 

 

2.4.4 Acetylcholinesterase Activity 

The activity of Acetylcholinesterase (AChE) in insect ho-

mogenates was determined following the methods de-

scribed by Ellman [43], and Nachmansohn and Neumann 

[44] with modification. The reaction mixture contained 

2.6 ml phosphate buffer (0.1M, pH 7.4), 0.1 ml Ellman’s 

reagent (DTNB), 0.4 ml insect homogenate and 0.3 ml of 

the extract RCSKE (15, 30, 45, 60, 75, 90 and 105µg/ml). 

This was followed by addition of 0.1 ml of acetylthiocho-

line iodide solution (substrate) to the reaction mixture, to 
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initiate the reaction. Similar concentrations of commer-

cial cypermethrin and chlorpyrifos were separately used 

for comparison with the extract. The control mixture con-

tained neither RCSKE nor the commercial pesticides. The 

rate of acetylcholinesterase activity was monitored spec-

trophotometrically by measuring the absorbance of the 

yellow product at 412nm for 10 mins at 2 minutes inter-

val. Acetylcholinesterase activity was calculated using the 

formula:  

taking the molar extinction to be 1.361x mmol-1 xmm-1: 

 AChE activity = U/mg protein 

 

2.4.5 Carboxylesterase Activity 

The activity of carboxylesterase (CES) enzyme was deter-

mined by using a method described by Clement and Er-

hardt [45], with modification.  Fifteen each of nymph and 

adult grasshoppers were dewinged and homogenized in 

ice-cold Tris-HCl buffer (0.1 M Tris-HCl, pH 7.8 with 1 % 

Triton X-100 at 250C) using a tissue homogenizer. The 

homogenate was centrifuged in a refrigerated centrifuge 

at 10,000 x g for 10mins at 4 0C. The supernatant (crude 

enzyme preparation) was diluted with distilled water in 

ratio 1:10. The reaction mixture contained 0.5 ml of dilut-

ed supernatant and 2 ml of the working buffer (0.1 M Tris

-HCl, pH 7.8, containing 2 mM EDTA at 25 0C), followed 

by 0.3 ml of RCSKE (15, 30, 45, 60, 75, 90 and 105µg/

ml). The mixture was incubated at 37 0C for 10minutes 

and the reaction was initiated by adding 0.2 ml of 50 mM 

paranitrophenyl acetate (in acetone) as a substrate. Simi-

lar concentrations each of cypermethrin and chlorpyrifos 

were used likewise. The control contained neither the 

extract nor the commercial pesticides. The change in ab-

sorbance was read spectrophotometrically at an interval 

of 1 min for 5 minutes, at 405nm. The blank reagent con-

tained 2 ml working buffer and 0.2 ml paranitrophenyl 

acetate. Paranitrophenol (50 mM) was used standard to 

evaluate the Carboxylesterase activity, using the formula 

below, expressing it in mmol/min/mg protein 

 

2.5 Statistical Analysis  

All values were expressed as the mean ± standard devia-

tion. Student’s t test and One-way analysis of variance 

(ANOVA) were used to determine differences in treat-

ments taken in duplicates. The level of significance was 

taken to be 0.05. 

 

3.0 RESULTS 

3.1 Antioxidant Enzymes 

The results in tables 1 and 2 shows the in-vitro effects of 

Ricinus communis seed kernel extract (RCSKE), 

Cypermethrin (CYPER-M) and Chlorpyrifos (CPF) on the 

superoxide (SOD) activities in the nymph and adult 

grasshoppers (Zonocerus variegatus). The RCSKE was 

found to significantly reduced (p < 0.05) at all the 

concentrations (15, 30, 45, 60, 75, 90 and 105µg/ml) 

used in this study, while CYPER-M and CPF were found 

to significantly reduce the activity of the enzyme only at 

certain concentrations (Table 1). In the adult Z. 

variegatus, the three agents were found to exert no 

significant effects (p > 0.05) on the SOD activity at all the 

concentrations as shown in table 2. The result in table 3 

depicts the effects of the three test agents on the Catalase 

(CAT) activity in the nymph insects, in which the activity 

was significantly decreased (p < 0.05) by both RCSKE 

and CPF at all the concentrations, whereas CYPER-M 

reduced it only at concentrations 15, 30, 45 and 75 µg/ml. 

However, in the adult Z. variegatus (Table 4), the CAT 

activity was found to be significantly elevated (p < 0.0p5) 

by RCKSE, CYPER-M and CPF at nearly all the 

concentrations used in the study  

3.2 Hydrolytic Enzymes 

The relative effects of RCSKE, CYPER-M and CPF on the 

in-vitro activities of two hydrolytic enzymes, 

acetylcholinesterase (AChE) and carboxylesterase (CES) 

in both nymph and adult Z. variegatus were also 

investigated in this study. In figure 1, the three test 

agents were found to significantly reduce (p < 0.05) the 

activity of AChE in the nymph insects at all the 

concentrations (15, 30, 45, 60, 75, 90 and 105µg/ml). 

However, the treatments were found to have no 

significant effects (p > 0.05) on the AChE activity in the 

adult insects (Figure 2). The result in figure 3 shows that 

the three agents significantly reduced (p < 0.05) the CES 

activity in the nymph Z. variegatus at all the 

concentrations used in the study. In figure 4, while both 

RCSKE and CPF were observed to increase the CES 

activity in the adult insects at concentrations 15, 30, 45, 

60, 75, 90, 105 µg/ml, CYPER-M was noticed to 

significantly reduce (p < 0.05) the activity at all the 

concentrations used except 60 µg/ml.  
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Table 1. Effects of RCSK E, Cyperm ethr in and 

Chlorpyrifos on Superoxide dismutase (SOD) activity of 

nymph Zonocerus variegatus  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Effects of RCSK E, Cyperm ethr in and 

Chlorpyrifos on Superoxide dismutase (SOD) activity of 

adult Zonocerus variegatus  

 

 

 

 

 

Table 3. Effects of RCSK E, Cyperm ethr in and 

Chlorpyrifos on Catalase (CAT) activity of nymph Zo-

nocerus variegatus  

 

Table 4. Effects of RCSK E, Cyperm ethr in and 

Chlorpyrifos on Catalase (CAT) activity of adult Zonoce-

rus variegatus  

Adeleke et al Pan African Journal of Life Sciences (2019): 3: 129-137 

Conc. 
(µg/ml)  

RCSKE 
(U/mg pro-
tein) 

CYPER-M 
(U/mg 
protein) 

CPF 
(U/mg pro-
tein) 

15 1.63 ± 0.21** 1.51 ± 0.11** 3.52 ± 0.73* 

30 1.18 ± 0.02**  0.88 ± 0.03** 1.32 ± 0.00** 

45 1.76 ± 0.65** 2.86 ± 0.34 2.42 ± 0.71 

60 1.32 ± 0.01** 2.86 ± 0.09 1.76 ± 0.19** 

75 1.61 ± 0.05** 3.08 ± 0.81 1.19 ± 0.11** 

90 1.92 ± 0.00** 2.86 ± 0.23 1.98 ± 0.2** 

105 1.87 ± 0.04** 3.08 ± 0.75 3.74 ± 0.25* 

Control 2.92 ± 0.22 (U/mg protein) 

Conc. 
(µg/ml)  

RCSKE 

(U/mg pro-

tein) 

CYPER-M 

(U/mg protein) 

CPF 

(U/mg pro-

tein) 
15 1.56 ± 0.12 1.19 ± 0.10 1.37 ± 0.21 

30 1.10 ± 0.41 1.56 ± 0.22 1.46 ± 0.11 

45 1.23 ± 0.03 2.38 ± 0.13 1.28 ± 0.31 

60 1.23 ± 0.02 1.38 ± 0.04 1.38 ± 0.10 

75 1.19 ± 0.00 1.65 ± 0.17 1.28 ± 0.01 

90 1.70 ± 0.01 1.28 ± 0.20 1.28 ± 0.13 

105 1.10 ± 0.03 1.28 ± 0.15 1.87 ± 0.08 

control                     1.35 ± 0.42 (U/mg protein) 

Conc.  
(µg/ml) 

RCSKE 
(U/mg pro-
tein) 

CYPER-M 
(U/mg 
protein) 

CP 
(U/mg pro-
tein) 

15 7.19 ± 1.90** 2.58 ± 0.88** 5.05 ± 1.09** 

30 6.21 ± 1.11** 6.79 ± 2.32** 3.94 ± 0.88** 

45 5.81 ± 0.98** 2.42 ± 0.21** 4.20 ± 0.99** 

60 6.77 ± 1.01** 8.54 ± 1.67 2.23 ± 0.22** 

75 2.99 ± 0.77** 6.95 ± 0.79** 4.25 ± 0.71** 

90 7.82 ± 1.00** 8.55 ± 0.98 5.86 ± 1.29** 

105 5.23 ± 1.07** 9.30 ± 2.03 4.75 ± 0.55** 

Control 9.87 ± 1.04 (U/mg protein) 

Conc. 
(µg/ml) 

RCSKE 
(U/mg pro-
tein) 

CYPER-M 
(U/mg 
protein) 

CPF 
(U/mg pro-
tein) 

15 7.52 ± 0.99 7.30 ± 0.71 10.86 ± 1.89* 

30 10.23 ± 0.99* 11.44 ± 0.32* 8.99 ± 1.08* 

45 10.68 ± 1.18* 5.61 ± 0.10 7.72 ± 0.20 

60 6.69 ± 0.90 12.90 ± 1.00* 6.51 ± 0.11 

75 11.20 ± 0.97* 10.12 ± 0.19* 11.62 ± 2.31* 

90 11.32 ± 1.90* 5.16 ± 0.48** 9.66 ± 0.32* 
  

105 9.09 ± 0.99* 5.23 ± 1.33** 11.08 ± 1.30* 

Control 6.98 ± 0.23 (U/mg protein) 
  

Data expressed as Mean ± Standard deviation. All activity values multiplied by 10-3 

RCSKE-Ricinus communis seed kernel extract;  CYPER-M- Cypermethrin; CPF- Chlorpyrifos 

*- Significantly high compared with control (p < 0.05);  **- Significantly low compared with control (p < 0.05) 
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Fig 1. Effects of RCSKE, Cypermethrin and Chlorpyrifos on Acetylcholinesterase activity in nymph Zonocerus variegatus  

 

 

 

 

 

 

 

 

 
 

Fig 2. Effects of RCSKE, Cypermethrin and Chlorpyrifos on Acetylcholinesterase activity in adult Zonocerus variegatus  

 

 

 

 

 

 

Fig 3. Effects of RCSKE, Cypermethrin and Chlorpyrifos on Carboxylesterase activity in nymph Zonocerus variegatus  

 

 

 

 

 

 

 

Fig 4. Effects of RCSKE, Cypermethrin and Chlorpyrifos on Carboxylesterase activity in adult Zonocerus variegatus  

 

 

Data expressed as Mean ± Standard deviation; RCSKE-Ricinus communis seed kernel extract 

CYPER-M- Cypermethrin; CPF- Chlorpyrifos 

*- Significantly high compared with control (p < 0.05);  **- Significantly low compared with control (p < 0.05) 
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4.0 DISCUSSION 

The results showed that the RCSKE extract significantly 

reduced SOD activity at all the concentrations used, while 

CYPER-M and CPF only reduced the activity at certain 

concentrations in the nymph grasshopper. Surprisingly, 

the three agents were found not to exert significant effects 

on the SOD activity in the adult grasshopper. The experi-

ment of the effects of RCSKE, CYPER-M and CPF on the 

activity of catalase enzyme in the nymph grasshopper re-

vealed that both RCSKE and CPF significantly reduced 

the activity at all the concentrations, whereas, CYPER-M 

only reduced the activity at certain concentrations. How-

ever, the RCSKE extract, CYPER-M and CPF all signifi-

cantly increased the catalase activity in the adult grass-

hopper (Z. variegatus), at all the concentrations under 

this study. Our findings at this point therefore indicate 

the possibilities that the three test agents could cause oxi-

dative stress-induced toxicity in the nymph grasshopper. 

The extract (RCSKE) has been found to be the most toxic 

candidate among the three agents, followed by CPF, and 

then CYPER-M.  Therefore, the fact that the three toxi-

cants caused no significant effects on SOD activity, cou-

pled with increase in catalase activity, as observed in this 

study, could be a resistance mechanism in the adult 

grasshopper against the oxidative stress induced by the 

three agents.  

This study also investigated the in-vitro effects of RCSKE, 

CYPER-M and CPF on the activities of both acetylcholin-

esterase (AChE) and carboxylesterase (CES) in the nymph 

and adult Z. variegatus grasshoppers. The three agents 

significantly lowered the activity of AChE in the nymph 

insects at all the concentrations. Surprisingly, there were 

no significant effects observed in the AChE activity in the 

adult insects. The hydrolytic activity of AChE enzyme is 

connected with the degradation of acetylcholine to cho-

line and acetate, after neurotransmission, in the synaptic 

junction [46]. The activity of AChE in insects has also 

been documented, including Drosophila melanogaster 

[47], grasshopper [48] and mosquitoes [49]. Our investi-

gation on the CES activity revealed that the RCSKE ex-

tract, CYPER-M and CPF significantly reduced it in the 

nymph of Z. variegatus at all the concentrations used in 

the study. In the adult Z. variegatus, while the CES activi-

ty was significantly lowered by CYPER-M, the activity was 

elevated by the extract and CPF at most of the concentra-

tions. This finding is an indication that the CES enzymes 

in nymph grasshoppers could not properly hydrolyze the 

three agents, suggesting a susceptibility of these insects to 

the toxic effects of the agents. On the other hands, the 

adult grasshoppers expressed significantly high activities 

of the CES enzymesagainst the extract and CPF, indicat-

ing a probable resistance mechanism in the adult insects 

against these agents. It is therefore noteworthy to suggest 

that there is a higher level of CES enzymes expression or 

production in the adult grasshoppers than in the nymphs. 

A report by Zhang et al [50] has suggested that CES could 

detoxify chlorpyrifos, but not carbaryl and deltamethrin 

in the migratory locust (Locusta migratoria). The in-vitro 

potentials of the three agents in reducing the activities of 

both AChE and CES enzymes in the nymph grasshopper, 

as observed in the present study, is an indication that 

these substances could reduce the ability of nymph to de-

toxify chemical toxins and cause neurotoxic changes, del-

eterious to this insect. On the other hands, the AChE ac-

tivity was not significantly affected by the three agents, 

while the CES activity was significantly increased by both 

extract and CPF in the adult Z. variegatus grasshopper. 

This indicates the ability of the adult insects to adequately 

detoxify the extract and CPF, preventing their possible 

neurotoxic effects. We have recently noted that Ricinus 

communis seed kernel extract significantly reduced the 

activity of CES with increase in that of AChE, in both Po-

dagrica sjosdteti and Podagrica uniforma, flea beetles 

[5]. In conclusion, our present study has indicated that 

the seed kernel extract of Ricinus communis contains 

substantial amounts of phytochemicals, and could there-

fore be a source of biopesticide alternative more effective 

than cypermethrin and chlorpyrifos, which are known 

commercial pesticides. Furthermore, the antioxidant, ac-

etylcholinesterase and carboxylesterase enzymes in the 

nymphs of Z. variegatus grasshoppers are more suscepti-

ble to the effect of Ricinus communis seed kernel extract 

than in the adult grasshoppers. 
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