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ABSTRACT 

Intensive use of Chlorpyrifos (CPF) especially in developing countries for crop protection 

and improve yield has been reported to cause neurodegenerative diseases in animal models 

and humans. Therefore, there is a need to assess the phytotherapeutic potentials of Moringa 

oleifera in CPF-induced neurotoxicity. This study was conducted to evaluate the ameliorative 

efficacy of ethanol leaf extract of Moringa oleifera (EEM) on CPF -induced hippocampal and 

dentate gyrus neurotoxicity using histological methods. Thirty Wistar rats were categorized 

into five (5) groups with six rats in each group. The control group received Soya oil (2 

ml/kg), another group received EEM (200 mg/kg), another group administered CPF (52.6 

mg/kg), and two other groups were administered CPF (52.6 mg/kg) and subsequently treated 

with EEM (200 mg/kg) and Vitamin C (100 mg/kg), respectively. Treatments were via the 

oral route and lasted for fourteen days, while CPF administration was once on the first day of 

experimentation.  On day 15, rat brains were harvested and fixed in Bouin’s fluid, and 

histological assessment was conducted using Hematoxylin and Eosin (H&E) stains for 

routine histological analysis. Histopathological examination revealed normal histological 

architecture of neurons in the control and EEM groups, while CPF (52.6 mg/kg) group 

revealed distorted histoarchitecture of the hippocampal and dentate gyrus regions. While CPF 

(52.6 mg/kg) + EEM (200 mg/kg) group showed improved histoarchitecture. In conclusion, 

ethanol leaf extract of Moringa oleifera possesses potential neuroprotective properties against 

chlorpyrifos-triggered neurodegenerative changes in the hippocampal and dentate gyrus 

regions of Wistar rats.  
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INTRODUCTION 

Exposure to environmental pollution and 

substances including chemicals, heavy 

metals, herbicides and pesticides have been 

reported to have adverse effects on the 

health status and normal brain functioning 

of humans and animals1,2,3. Pesticides are a 

diverse group of chemicals designed for the 

prevention and elimination of destructive 

plants, insects, rodents and fungi4,5. 

Intensive use of pesticides has been reported 

to have serious environmental problems due 

to their slow biodegradability5,6. 

Chlorpyrifos (CPF), a broad-spectrum 

organophosphate insecticide, is one of the 

most used organophosphate insecticides in 

domestic and industrial applications all over 

the world7. 

There are reports associating CPF with 

endocrine disruption, cardiovascular 

diseases and neurological disease 

conditions8,9,10. Exposure to CPF is mainly 

through inhalation, dermal absorption or 

ingestion of residues in the diet11. The 

neurotoxic pathophysiology of CPF is via 

acetylcholinesterase (AChE) inhibition at 

cholinergic synapses and neuromuscular 

junctions12 resulting in cholinergic toxicity 

with nicotinic and muscarinic effects13. 

Additionally, CPF has been reported to 

induce oxidative stress in rodents14,15. An 

epidemiology study reveals performance 

impairment in a neurobehavioral study 

among fifty-seven CPF applicators for the 

cotton crop16. Neurological studies in 

rodents have identified the hippocampal 

region as a target for the neurotoxic effects 

of CPF exposure17,18,19. 

Oxidative stress is a mechanism of CPF 

neurotoxicity and its main target is the 

hippocampus which is one of the most 

vulnerable brain regions to oxidative 

damage20,21,22. The hippocampus is a 

complex brain structure embedded deep in 

the temporal lobe of the cerebral cortex, it 

has a major role in learning and memory, 

spatial navigation, emotional behaviour and 

the regulation of hypothalamic 

functions23,24. Cornu ammoni (CA: CA1, 

CA2, CA3) and dentate gyrus are the two 

major divisions of the hippocampal 

formation. These parts are separated by the 

hippocampal sulcus and curve into each 

other25. Alteration in the basic structure of 

the hippocampus as a result of exposure to 

potential neurotoxicants such as CPF had 

been linked to neurological and psychiatric 

disorders including Alzheimer's disease 

(AD), epilepsy and, Parkinson’s disease 

(PD)25,26. 

Moringa oleifera is one of the most 

commonly researched medicinal plants 

because of its pharmacological properties 

beneficial to human health. Moringa is 

reported to provide seven times more 

vitamin C than oranges, ten times more 

vitamin A than carrots, seventeen times 

more calcium than milk, nine times more 

protein than yoghurt, fifteen times more 

potassium than bananas and twenty-five 

times more than spinach27. The potential 

neuroprotective properties of M. oleifera 

had been connected to its antioxidant 

activities28,29. The neurotoxic effects of CPF 

exposure are moderately established in 

animal models. There is a need to assess the 

phytotherapeutic potentials of this plant, M. 

oleifera, in CPF-induced neurotoxicity. This 

study, therefore, assessed the 

neurotherapeutic properties of M. oleifera 

on CPF-induced hippocampal and dentate 

gyrus histoarchitectural distortion in rats. 
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MATERIALS AND METHODS 

Plant Materials: Moringa oleifera leaves 

were collected from a Local Market in 

Sokoto, Sokoto State, Nigeria, and provided 

with a Voucher Specimen Number: 

UDUH/ANS/0225 after identification in the 

Herbarium Unity, Botany Department, 

Faculty of Biological Sciences, Usman 

Danfodiyo University Sokoto (UDUS), 

Sokoto, Nigeria. The maceration method 

described by Sidhuraju and Becker,[30] for 

the extraction of ethanol leaves extract of M. 

oleifera (EEM) was adopted. 

Experimental Animal: Thirty (30) 

apparently healthy male Wistar rats (180 to 

200 g) were procured from the Animal 

House, Department of Biochemistry, 

Faculty of Sciences, UDUS, Sokoto. The 

rats were housed in wired cages, before the 

commencement of the study, and the rats 

were allowed to acclimatize for two weeks. 

The housing was according to standard 

laboratory conditions, light and dark cycles 

of 12 hrs provided and fed, rat chow and 

water ad libitum. 

CHEMICALS AND DRUGS 

Chlorpyrifos (CPF): Commercial grade 

CPF (liquid, 20% EC, Termicot®, Sabero 

Organics, Gujarat limited, India) was 

obtained from a certified agrochemical store 

in Sokoto, and used as a neurotoxin in this 

study. It was prepared by reconstituting in 

soya oil (Grand Cereals and Oil Mills Ltd., 

Jos, Nigeria). 

Vitamin C: Ascorbic acid (Vitamin C) 

tablets were obtained and used as a 

reference drug to evaluate the therapeutic 

property of EEM. The product is 

manufactured by Emzor Pharmaceutical 

Industries Ltd, Lagos, Nigeria. 

Ketamine: Ketamine (Ketamine 

Hydrochloride injection USP, 50 mg/ml) 

was obtained and used for anaesthesia. The 

product is manufactured by Swiss Parenteral 

PVT Ltd, Gujarat, India. 

Experimental Design: Thirty Wistar rats 

were categorized into five (5) groups with 

six rats in each group. The control group 

was administered Soya oil (2 ml/kg), 

another group was administered EEM (200 

mg/kg), another group administered CPF 

(52.6 mg/kg), and two other groups were 

administered CPF (52.6 mg/kg) and 

subsequently treated with EEM (200 mg/kg) 

and Vitamin C (100 mg/kg), respectively. 

Treatments were via the oral route and 

lasted for fourteen days, while CPF 

administration was once on the first day of 

experimentation.  

At the end of the experiment, the rats were 

euthanised using Ketamine (75 kg/mg i.p31) 

anaesthesia, and the rats were decapitated 

and skulls dissected to remove the brain. 

Harvested brains were fixed in Bouin’s fluid 

for histological processing. 

Histological Studies: Fixed brain samples 

were processed using histological 

techniques by making sagittal sections to 

target the hippocampus. The hippocampal 

regions: dentate gyrus, CA3, CA2, and CA1 

were primarily examined under a light 

microscope (Optical Microscope; HM-LUX, 

Leitz Wentzler, Germany). Histological 

paraffin sections were stained with 

Haematoxylin and Eosin (H&E) stains for 

demonstration of histoarchitecture in the 

Histopathology Laboratory, Usman 

Danfodiyo University Teaching Hospital, 
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Sokoto, Nigeria. Microscopy and 

micrography (using a digital microscopic 

camera, MA 500 AmScope®, USA) were 

conducted in the Microscopy and 

Stereology Research Laboratory, 

Department of Human Anatomy, Ahmadu 

Bello University, Zaria, Nigeria. 

RESULTS 

In this study, histology examination of the 

hippocampal regions (dentate gyrus, CA3, 

CA2, CA1) of Wistar rats were examined 

and the following features were observed: 

The dentate gyrus of the control showed 

normal histoarchitectural features with well-

defined pyramidal neurons and granule cell 

layer. Relative to the control, the section of 

the EEM (200 mg/kg)-treated group 

revealed relatively normal histoarchitectural 

features of the dentate gyrus, while the CPF 

(52.6 mg/kg)-treated group showed 

neurodegenerative changes as 

histoarchitectural distortion: pyknotic 

neuron, chromatolysis.  CPF (52.6 mg/kg)- 

and EEM (200 mg/kg)- treated group 

showed mild distortion of the 

histoarchitectural as vacuolation when 

compared to the control, also the CPF (52.6 

mg/kg)- and Vitamin C (100 mg/kg)-treated 

group showed distortion of the 

histoarchitectural features of the Dentate 

gyrus as vacuolation and chromatolysis. 

Section of the hippocampal CA3 region of 

the control group showed normal 

histoarchitectural features with well-

preserved pyramidal neurons. The CA3 

region of the EEM (200 mg/kg)-treated 

group also revealed relatively normal 

histoarchitectural features when compared 

with the control while CPF (52.6 mg/kg)-

treated group revealed severe distortion of 

the histoarchitectural features as pyknotic 

neurons and perinuclear vacuolation. The 

CPF (52.6 mg/kg)- and EEM (200 mg/kg), 

and CPF (52.6 mg/kg)- and Vitamin C (100 

mg/kg)-treated groups showed slight 

histoarchitectural distortion as perinuclear 

vacuolation when compared with the 

control.  

CA2 region of the hippocampus in the 

control group revealed normal 

histoarchitectural features with well-

preserved pyramidal neurons, also, relative 

to the control there were relatively normal 

histoarchitectural features in the EEM (200 

mg/kg)-treated group. CPF (52.6 mg/kg)-

treated group revealed severe 

histoarchitectural distortion as pyknotic 

neurons, chromatolysis and perinuclear 

vacuolation. CPF (52.6 mg/kg)- and EEM 

(200 mg/kg)-treated group showed 

relatively normal histoarchitectural features 

of the CA2 region while CPF (52.6 mg/kg)- 

and Vitamin C (100 mg/kg)-treated group 

showed slight histoarchitectural distortion as 

chromatolysis 

CA1 region of the hippocampus in the 

control group revealed normal 

histoarchitectural features with well-

preserved pyramidal neurons, EEM (200 

mg/kg)-treated group also revealed 

relatively normal histoarchitectural features 

with well-preserved pyramidal neurons. 

CPF (52.6 mg/kg)-treated group showed 

severe histoarchitectural distortion as 

pyknotic neurons, chromatolysis, and 

perinuclear vacuolation. The CPF (52.6 

mg/kg)- and EEM (200 mg/kg), and CPF 

(52.6 mg/kg)- and Vitamin C (100 mg/kg)-

treated groups showed relatively normal 

histoarchitectural features of the CA1.  
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Figure 1: Micrograph of dentate gyrus of Wistar rats. 

A. Control group (soya oil (2 ml/kg): P: Pyramidal neurons; g: granule cell layer. B. EEM (200 

mg/kg): P: Pyramidal neurons; g: granule cell layer. C. CPF (52.6 mg/kg): K: Pyknotic neuron 

and perinuclear vacuolation; B: Blood vessel. D. CPF (52.6 mg/kg) + EEM (200 mg/kg): K: 

Pyknotic neuron and perinuclear vacuolation; B: Blood vessel. E. CPF (52.6 mg/kg) + Vitamin 

C (100 mg/kg): K: Pyknotic neuron and perinuclear vacuolation (x250)  

  

Figure 2: Micrograph of CA3 of Wistar rat 

A. Control group (soya oil 2 ml/kg): P: Pyramidal neurons. B. EEM (200 mg/kg): P: Pyramidal 

neurons. C. CPF (52.6 mg/kg): K: Pyknotic neuron and perineuronal vacuolation; D. CPF (52.6 
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mg/kg) + EEM (200 mg/kg): K: Pyknotic neuron and perineuronal vacuolation. E. CPF (52.6 

mg/kg) + Vitamin C (100 mg/kg): K: Pyknotic neuron and perineuronal vacuolation (x250) 

 

Figure 1: Micrograph of CA2 of Wistar rat.  

A. Control group (soya oil 2 ml/kg): P: Pyramidal neurons. B. EEM (200 mg/kg) P: 

Pyramidal neurons. C. CPF (52.6 mg/kg): C: Pyknotic neuron; V: Pyknotic neuron and 

cytoplasmic Vacuolation. D. CPF (52.6 mg/kg) + EEM (200 mg/kg): Relatively normal 

histoarchitectural features. E. CPF (52.6 mg/kg) + Vitamin C (100 mg/kg): Relatively 

normal histoarchitectural features  

 Figure 1: Micrograph of CA1 of Wistar rats 

A. Control group (soya oil 2 ml/kg) P: Pyramidal neurons. B. EEM (200 mg/kg) P: 

Pyramidal neurons. C. CPF (52.6 mg/kg): K: Pyknotic neuron; V: Perinuclear vacuolation. 
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D. CPF (52.6 mg/kg) + EEM (200 mg/kg): Relatively normal histoarchitectural features. E. 

Group 5 CPF (52.6 mg/kg) + Vitamin C (100 mg/kg): Relatively normal histoarchitectural 

features. 

DISCUSSION 

This study assessed the ameliorative 

properties of ethanol leaf extract of Moringa 

oleifera on the hippocampal regions of 

Wistar rats exposed to chlorpyrifos-induced 

neurotoxicity using histological assessment. 

Pathological changes have been associated 

with neurodegeneration in different regions 

of the brain in animal models resulting from 

exposure to environmental 

neurotoxicants32,33. Neurotoxins are 

common risk factors for chronic 

neurodegenerative changes, although 

molecular mechanisms engaged in the 

pathogenesis of diseases are still indistinct, 

oxidative stress, excitotoxicity, 

inflammation and apoptosis have been 

associated with neurodegenerative diseases 

including AD, epilepsy and PD in which 

clinical hallmarks comprise cognitive and 

motor impairments34. 

Exposure to organophosphorus insecticides 

like CPF can induce both acute toxicity and 

long-term neurological deficits35,36,37. In this 

study, neurodegenerative features observed 

presented as histoarchitectural distortion 

including chromatolysis, perineuronal 

vacuolation, pyknotic nuclei and pyknotic 

necrosis in the hippocampus following CPF 

treatment are suggestive of CPF-induced 

neurotoxicity. The findings are in agreement 

with previous studies.  

Kaur et al.38 and Mahmoud et al.39 reported 

neurodegeneration in different regions of 

the brain including a decrease in cell 

density, pyknotic, degenerated neuron and, 

perineuronal vacuolation thereby reflecting 

chlorpyrifos-induced neurotoxicity. 

Pyknotic neurons of the pyramidal cells of 

the hippocampal region (dentate gyrus CA3, 

CA2 and CA1) of the hippocampus were 

histoarchitectural distortion observed in the 

CPF-treated group40. Exposure to CPF can 

induce both acute toxicity and long-term 

neurological deficits35,36,37. Several 

mechanisms by which exposure to CPF 

induces neurotoxicity include inhibition of 

acetylcholinesterase enzyme (AChE) in 

synaptic junctions of the nervous system41 

and through the generation of oxidative 

stress15,42. As a result of acetylcholinesterase 

enzyme inhibition, acetylcholine 

accumulated in the synapse causes repeated 

and uncontrolled stimulation of the post-

synaptic axon leading to the death of the 

animal43. Chlorpyrifos induces oxidative 

damage through the generation of free 

radicals that result in oxidative damage, 

alteration of mitochondrial complex I in 

neurons and, lipid peroxidation resulting in 

cytotoxicity and cytoarchitectural 

distortion42. Neurological tissue has a high 

rate of oxidative metabolism, consuming 

about 20% of the cardiac output. Since CPF 

is polyunsaturated fatty acid (PUFAs), the 

brain is especially vulnerable to oxidative 

stress44,45. 

This study observed mild distortion to 

relatively normal histoarchitectural features 

of the hippocampus and dentate gyrus 

regions treated with CPF and EEM relative 

to the control is suggestive of ameliorative 

properties against CPF-induced 

neurodegenerative changes. The findings in 
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this study are in line with the previous 

report on the neuroprotective properties of 

M. oleifera following neuropathological 

changes associated with environmentally-

induced neurotoxicity. Mahmoud et al.46 

reported ethanol leave extract of M. oleifera 

attenuated neuroinflammation, oxidative 

stress and apoptosis in the hippocampus and 

cerebral cortex of the hepatic 

encephalopathy experimental model. In an 

earlier study, M. oleifera pre-treatment 

mitigated sub-chronically exposed CPF-

induced oxidative damages in rats. Moringa 

oleifera alleviated cypermethrin-induced 

neurotoxicity by reducing mitochondrial 

dysfunction, apoptotic markers, and 

increased acetylcholinesterase activity47.  

Several natural agents, especially of plant 

origin, have been known to be advantageous 

in the improvement of xenobiotic-induced 

neurotoxicity. Moringa oleifera leaves 

extracts have been reported to have a 

neuroprotective impact by progressing 

neuronal survival and neurite outgrowth48. 

The leaves extract had a defensive impact 

against Alzheimer’s disease by adjusting the 

neuronal monoamine levels and electrical 

impulses49. Furthermore, it was reported 

that another potential neuroprotective 

activity is through its, saponins, and 

flavonoids phytochemicals in the leaves50. 

Giacoppo et al.,51 reported protection 

against neurodegeneration due to the 

glucosinolates, which offer protection to 

neurons from cytotoxicity and oxidative 

stress through the prevention of reactive 

oxygen species, DNA crumbling and, 

membrane rupture. 

In conclusion, ethanol leaves extract of 

Moringa oleifera possesses potential 

neuroprotective properties against 

chlorpyrifos-triggered neurodegenerative 

distortion in the hippocampus and dentate 

gyrus of Wistar rats. This study focused on 

histoarchitecture following treatments in 

rats. Thus, the need for further investigation 

on the efficacy and potentiality of M. 

oleifera leaves using other methodologies of 

assessment, like neurobehaviour, 

immunohistochemistry, stereology and 

molecular studies. 

Financial support and sponsorship: Nil. 

Conflicts of interest: There are no conflicts 

of interest. 

REFERENCES 

1. Huang X, Cui H, Duan W. Ecotoxicity 

of chlorpyrifos to aquatic organisms: A 

review. Ecotoxicology and 

Environmental Safety. 2020 Sep 

1;200:110731. 

2. Huang Y, Zhang W, Pang S, Chen J, 

Bhatt P, Mishra S, Chen S. Insights into 

the microbial degradation and catalytic 

mechanisms of chlorpyrifos. 

Environmental Research. 2021 Mar 

1;194:110660.. 

3. Edobor HD, Musa SA, Umana UE, 

Oderinde GP, Agbon AN. 

Neuroprotective effect of phoenix 

dactylifera (date palm) on paraquat 

triggered cortico-nigral neurotoxicity. 

The Journal of Neurobehavioral 

Sciences. 2021 Sep 1;8(3):199. 

4. Jones DC, Miller GW. The effects of 

environmental neurotoxicants on the 

dopaminergic system: A possible role in 

drug addiction. Biochemical 

pharmacology. 2008 Sep 1;76(5):569-

81. 

5. Akande MG, Aliu YO, Ambali SF, Ayo 

JO. Taurine mitigates cognitive 



Moringa oleifera Ameliorates Chlorpyrifos -Induced Hippocampal Region  Histoarchitectural Changes in Wistar rat 

The Journal of Anatomical Sciences 2023 Vol. 14 No. 1 252 | P a g e  

 

impairment induced by chronic co-

exposure of male Wistar rats to 

chlorpyrifos and lead acetate. 

Environmental toxicology and 

pharmacology. 2014 Jan 1;37(1):315-25. 

6. Mehta A, Verma RS, Srivastava N. 

Chlorpyrifos induced alterations in the 

levels of hydrogen peroxide, nitrate and 

nitrite in rat brain and liver. Pesticide 

biochemistry and physiology. 2009 Jun 

1;94(2-3):55-9. 

7. Mesallam D, Omar A, Abass M, Gawish 

M. Possible Protective Role of Propolis 

and Nigella Sativa Oil against the Toxic 

Effects of Chlorpyrifos on the Liver and 

Testes of Adult Albino Rats. Ain Shams 

Journal of Forensic Medicine and 

Clinical Toxicology. 2016 Jan 

1;26(1):16-34. 

8. Eaton DL, Daroff RB, Autrup H, 

Bridges J, Buffler P, Costa LG, Coyle J, 

McKhann G, Mobley WC, Nadel L, 

Neubert D. Review of the toxicology of 

chlorpyrifos with an emphasis on human 

exposure and neurodevelopment. 

Critical reviews in toxicology. 2008 Jan 

1;38(sup2):1-25.. 

9. Rahman HU, Asghar W, Nazir W, 

Sandhu MA, Ahmed A, Khalid N. A 

comprehensive review on chlorpyrifos 

toxicity with special reference to 

endocrine disruption: Evidence of 

mechanisms, exposures and mitigation 

strategies. Science of The Total 

Environment. 2021 Feb 10;755:142649. 

10. Hites RA. The rise and fall of 

chlorpyrifos in the United States. 

Environmental science & technology. 

2021 Jan 23;55(3):1354-8. 

11. Testai E, Buratti FM, Di Consiglio E. 

Chlorpyrifos. In: Krieger R, editor. 

Hayes Handbook of Pesticide 

Toxicology. Vancouver: Elsevier Inc.; 

2010. p. 1506-1525. 

12. Oruç EÖ. Oxidative stress, steroid 

hormone concentrations and 

acetylcholinesterase activity in 

Oreochromis niloticus exposed to 

chlorpyrifos. Pesticide biochemistry and 

physiology. 2010 Mar 1;96(3):160-6. 

13. Ojha A, Yaduvanshi SK, Srivastava N. 

Effect of combined exposure of 

commonly used organophosphate 

pesticides on lipid peroxidation and 

antioxidant enzymes in rat tissues. 

Pesticide biochemistry and physiology. 

2011 Feb 1;99(2):148-56. 

14. Ojha A, Yaduvanshi SK, Srivastava N. 

Effect of combined exposure of 

commonly used organophosphate 

pesticides on lipid peroxidation and 

antioxidant enzymes in rat tissues. 

Pesticide biochemistry and physiology. 

2011 Feb 1;99(2):148-56. 

15. Onimisi BO, Zagga AD, Okolo RU, 

Abubakar MS, Usman Z, Akor J, Idris 

SB. Moringa oleifera Ameliorates 

Chlorpyrifos Induced Oxidative Stress 

in Male Wistar Rats. Indian Journal of 

Forensic Medicine & Toxicology. 2022 

Oct 10;16(4):357-63. 

16. Khan K, Ismail AA, Rasoul GA, Bonner 

MR, Lasarev MR, Hendy O, Al-

Batanony M, Crane AL, Singleton ST, 

Olson JR, Rohlman DS. Longitudinal 

assessment of chlorpyrifos exposure and 

self-reported neurological symptoms in 

adolescent pesticide applicators. BMJ 

open. 2014 Mar 1;4(3):e004177. 

17. Terry AV, Stone JD, Buccafusco JJ, 

Sickles DW, Sood A, Prendergast MA. 

Repeated exposures to subthreshold 

doses of chlorpyrifos in rats: 

hippocampal damage, impaired axonal 

transport, and deficits in spatial learning. 

1,4Onimisi BO, 1Zagga AD, 2Okolo RU, 3Abubakar MS, 4*Oderinde GP, 1Usman Z, 5Akor J, 1Ahmed AM and 6Idris SB 

 



Moringa oleifera Ameliorates Chlorpyrifos -Induced Hippocampal Region  Histoarchitectural Changes in Wistar rat 

The Journal of Anatomical Sciences 2023 Vol. 14 No. 1 253 | P a g e  

 

Journal of Pharmacology and 

Experimental Therapeutics. 2003 Apr 

1;305(1):375-84. 

18. Wang T, Zhao L, Liu M, Xie F, Ma X, 

Zhao P, Liu Y, Li J, Wang M, Yang Z, 

Zhang Y. Oral intake of hydrogen-rich 

water ameliorated chlorpyrifos-induced 

neurotoxicity in rats. Toxicology and 

applied pharmacology. 2014 Oct 

1;280(1):169-76. 

19. Seth E, Chopra M. Neuroprotective 

efficacy of berberine following 

developmental exposure to chlorpyrifos 

in F1 generation of Wistar rats: 

Apoptosis-autophagy interplay. Science 

of The Total Environment. 2022 Aug 

15;834:155292. 

20. Eronat K, Sağır D. Protective effects of 

curcumin and Ganoderma lucidum on 

hippocampal damage caused by the 

organophosphate insecticide 

chlorpyrifos in the developing rat brain: 

Stereological, histopathological and 

immunohistochemical study. Acta 

Histochemica. 2020 Oct 

1;122(7):151621. 

21. Aboubakr M, Elshafae SM, Abdelhiee 

EY, Fadl SE, Soliman A, Abdelkader A, 

Abdel-Daim MM, Bayoumi KA, Baty 

RS, Elgendy E, Elalfy A. Antioxidant 

and anti-inflammatory potential of 

thymoquinone and lycopene mitigate the 

chlorpyrifos-induced toxic neuropathy. 

Pharmaceuticals. 2021 Sep 

20;14(9):940. 

22. Seth E, Chopra M. Neuroprotective 

efficacy of berberine following 

developmental exposure to chlorpyrifos 

in F1 generation of Wistar rats: 

Apoptosis-autophagy interplay. Science 

of The Total Environment. 2022 Aug 

15;834:155292. 

23. Stella F, Cerasti E, Si B, Jezek K, 

Treves A. Self-organization of multiple 

spatial and context memories in the 

hippocampus. Neuroscience & 

Biobehavioral Reviews. 2012 Aug 

1;36(7):1609-25. 

24. Koehl M, Abrous DN. A new chapter in 

the field of memory: adult hippocampal 

neurogenesis. European Journal of 

Neuroscience. 2011 Mar;33(6):1101-14. 

25. Anand KS, Dhikav V. Hippocampus in 

health and disease: An overview. Annals 

of Indian Academy of Neurology. 2012 

Oct;15(4):239. 

26. Gilbert PE, Brushfield AM. The role of 

the CA3 hippocampal subregion in 

spatial memory: a process oriented 

behavioral assessment. Progress in 

Neuro-Psychopharmacology and 

Biological Psychiatry. 2009 Aug 

1;33(5):774-81. 

27. Rockwood JL, Anderson BG, Casamatta 

DA. Potential uses of Moringa oleifera 

and an examination of antibiotic 

efficacy conferred by M. oleifera seed 

and leaf extracts using crude extraction 

techniques available to underserved 

indigenous populations. International 

Journal of Phytotherapy Research. 2013 

Jan;3(2):61-71. 

28. Kirisattayakul W, Wattanathorn J, Tong-

Un T, Muchimapura S, Wannanon P, 

Jittiwat J. Cerebroprotective effect of 

Moringa oleifera against focal ischemic 

stroke induced by middle cerebral artery 

occlusion. Oxidative medicine and 

cellular longevity. 2013 Dec 3;2013. 

29. Gopalakrishnan L, Doriya K, Kumar 

DS. Moringa oleifera: A review on 

nutritive importance and its medicinal 

application. Food science and human 

wellness. 2016 Jun 1;5(2):49-56. 



Moringa oleifera Ameliorates Chlorpyrifos -Induced Hippocampal Region  Histoarchitectural Changes in Wistar rat 

The Journal of Anatomical Sciences 2023 Vol. 14 No. 1 254 | P a g e  

 

30. Siddhuraju P, Becker K. Nutritional and 

antinutritional composition, in vitro 

amino acid availability, starch 

digestibility and predicted glycemic 

index of differentially processed mucuna 

beans (Mucuna pruriens var. utilis): an 

under-utilised legume. Food chemistry. 

2005 Jun 1;91(2):275-86. 

31. Kurdi MS, Theerth KA, Deva RS. 

Ketamine: current applications in 

anesthesia, pain, and critical care. 

Anesthesia, essays and researches. 2014 

Sep;8(3):283. 

32. Henry R, Agbon AN, Yakubu U, Simon 

D, Shuaib YM, Sule H, Mahdi O. 

Neurobehavioral and microscopic 

assessments of methanol fruit extract of 

Phoenix dactylifera on lead acetate-

induced cerebellar changes in Wistar 

rats. J Anat Sci. 2021;12:95-108 

33. Eze SM, Musa AS, Umana UE, Sadeeq 

AA, Agbon AN, Peter AS. Evaluation of 

the effects of water melon seed oil 

(Citrullus lanatus) on cadmium induced 

cerebral toxicity in male Wistar rats. J 

Anat Sci. 2021;12(2):59-68. 

34. Khalatbary AR, Ghaffari E, 

Mohammadnegad B. Protective role of 

oleuropein against acute deltamethrin-

induced neurotoxicity in rat brain. 

Iranian Biomedical Journal. 2015 

Oct;19(4):247. 

35. Roy TS, Sharma V, Seidler FJ, Slotkin 

TA. Quantitative morphological 

assessment reveals neuronal and glial 

deficits in hippocampus after a brief 

subtoxic exposure to chlorpyrifos in 

neonatal rats. Developmental brain 

research. 2005 Mar 22;155(1):71-80. 

36. Slotkin TA, Ryde IT, Levin ED, Seidler 

FJ. Developmental neurotoxicity of low 

dose diazinon exposure of neonatal rats: 

effects on serotonin systems in 

adolescence and adulthood. Brain 

research bulletin. 2008 Mar 

28;75(5):640-7. 

37. Rush T, Liu XQ, Hjelmhaug J, Lobner 

D. Mechanisms of chlorpyrifos and 

diazinon induced neurotoxicity in 

cortical culture. Neuroscience. 2010 Mar 

31;166(3):899-906. 

38. Kaur S, Singla N, Dhawan DK. Neuro-

protective potential of quercetin during 

chlorpyrifos induced neurotoxicity in 

rats. Drug and chemical toxicology. 

2019 Mar 4;42(2):220-30.  

39. Mahmoud SM, Abdel Moneim AE, 

Qayed MM, El-Yamany NA. Potential 

role of N-acetylcysteine on chlorpyrifos-

induced neurotoxicity in rats. 

Environmental Science and Pollution 

Research. 2019 Jul 1;26:20731-41. 

40. Latuszynska J, Luty S, Raszewski G, 

Przebirowska D, Tokarska-Rodak M. 

Neurotoxic effect of dermally applied 

chlorpyrifos and cypermethrin. 

Reversibility of changes. Ann Agric 

Environ Med. 2003;10(2):237-242. 

41. Solomon KR, Williams WM, Mackay 

D, Purdy J, Giddings JM, Giesy JP. 

Properties and uses of chlorpyrifos in 

the United States. Ecological risk 

assessment for chlorpyrifos in terrestrial 

and aquatic systems in the United States. 

2014:13-34. 

42. Elsharkawy EE, Yahia D, El-Nisr NA. 

Sub-chronic exposure to chlorpyrifos 

induces hematological, metabolic 

disorders and oxidative stress in rat: 

attenuation by glutathione. 

Environmental toxicology and 

pharmacology. 2013 Mar 1;35(2):218-

27. 

43. Timchalk C. Organophosphorus 

insecticide pharmacokinetics. InHayes' 

1,4Onimisi BO, 1Zagga AD, 2Okolo RU, 3Abubakar MS, 4*Oderinde GP, 1Usman Z, 5Akor J, 1Ahmed AM and 6Idris SB 

 



Moringa oleifera Ameliorates Chlorpyrifos -Induced Hippocampal Region  Histoarchitectural Changes in Wistar rat 

The Journal of Anatomical Sciences 2023 Vol. 14 No. 1 255 | P a g e  

 

Handbook of Pesticide Toxicology 2010 

Jan 1 (pp. 1409-1433). Academic Press. 

44. Dominah GA, McMinimy RA, Kallon S, 

Kwakye GF. Acute exposure to 

chlorpyrifos caused NADPH oxidase 

mediated oxidative stress and 

neurotoxicity in a striatal cell model of 

Huntington’s disease. Neurotoxicology. 

2017 May 1;60:54-69. 

45. Abdelghany EM, Amira EA, Hassan H. 

Beneficial effect of quercetin against 

dimethoate induced cerebellar cortex 

injury in adult male albino rat: 

histological and immunohistochemical 

study. The Medical Journal of Cairo 

University. 2019 Dec 

1;87(December):5121-34. 

46. Mahmoud MS, El-Kott AF, AlGwaiz 

HI, Fathy SM. Protective effect of 

Moringa oleifera Lam. leaf extract 

against oxidative stress, inflammation, 

depression, and apoptosis in a mouse 

model of hepatic encephalopathy. 

Environmental Science and Pollution 

Research. 2022 Nov;29(55):83783-96. 

47. Muhammed RE, El-Desouky MA, Abo-

Seda SB, Nahas AA, Elhakim HK, 

Alkhalaf MI. The protecting role of 

Moringa oleifera in cypermethrin-

induced mitochondrial dysfunction and 

apoptotic events in rats brain. Journal of 

King Saud University-Science. 2020 

Sep 1;32(6):2717-22. 

48. Hannan MA, Kang JY, Mohibbullah 

MD, Hong YK, Lee H, Choi JS, Choi 

IS, Moon IS. Moringa oleifera with 

promising neuronal survival and neurite 

outgrowth promoting potentials. Journal 

of ethnopharmacology. 2014 Feb 

27;152(1):142-50. 

49. Ganguly R, Guha D. Alteration of brain 

monoamines & EEG wave pattern in rat 

model of Alzheimer's disease & 

protection by Moringa oleifera. Indian 

Journal of medical research. 2008 Dec 

1;128(6):744-51. 

50. Bakre AG, Aderibigbe AO, Ademowo 

OG. Studies on neuropharmacological 

profile of ethanol extract of Moringa 

oleifera leaves in mice. Journal of 

ethnopharmacology. 2013 Oct 

7;149(3):783-9. 

51. Giacoppo S, Galuppo M, Montaut S, 

Iori R, Rollin P, Bramanti P, Mazzon E. 

An overview on neuroprotective effects 

of isothiocyanates for the treatment of 

neurodegenerative diseases. Fitoterapia. 

2015 Oct 1;106:12-21.  

 


