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Summary: The liver and the kidney are vital organs of the body. Drug-induced toxicity is one of the most common problems 

encountered by these organs. The search for an effective medicine to treat this toxicity without any side effects has led to the 

use of traditional-based medicine. This study evaluated the effect of ethanolic extract of Moringa oleifera seed oil on hepatic 

and renal markers in dimethyl 2, 2-dichlorovinyl phosphate (DDVP, known as dichlorvos)-exposed Wistar rats. Twenty-one 

male Wistar rats were randomly divided into three groups of seven animals each. Group A served as the negative control and 

was not exposed to dichlorvos. Group B served as the positive control and was exposed to dichlorvos for 2 minutes but 

received no extract. Group C was exposed to the dichlorvos and received 300mg/kg of extract (Moringa oleifera seed oil) 

for 7days before and 21days after exposure. Exposure to DDVP led to a significant increase in hepatic & renal markers, 

inflammatory markers, decrease in plasma protein and alteration of plasma electrolyte. Moringa oleifera seed oil regulated 

and significantly enhanced plasma protein, reduced elevated level of hepatic & renal markers, inflammatory markers in the 

study sample. In addition, histopathology observation showed that Moringa seed oil was able to regenerate the hepatorenal 

damage on exposure to dichlorvos. Moringa oleifera seed oil exhibited hepatoprotective, nephro-protective properties and 

could be explored in nutrition and health. 
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INTRODUCTION 
 

The liver and kidney are crucial organs required by the body 

to maintain gastrointestinal homeostasis and bodily 

function. Other functions of these organs include regulation 

of internal milieu such as detoxification and excretion of 

toxic exogenous and endogenous metabolites and drugs 

(Ferguson et al., 2008; Najafian et al., 2014). Thus, its 

optimal function is essential for health and diseases (Saleem 

et al., 2008). Various drugs and chemicals are used 

experimentally to induce liver and renal damage, which are 

assessed in the laboratory by physiological, biochemical, 

and pathological biomarkers. Hepatotoxin and Nephrotoxin, 

such as dichlorvos, malathion, gentamicin, acetaminophen, 

and Nickel, have been used for ages to cause hepatic and 

renal dysfunction in rats (Sohn et al., 2009; Adeyemi and 

Elebiyo, 2014; Sief et al., 2014; Dungca, 2016; Ajao et al., 

2017; Nwaichi et al., 2019). Potential hepatoprotective and 

nephroprotective agents are screened for efficacy and safety 

by observing their effects on these preclinical models, and 

their utility in clinical conditions is predicted (Sharma and 

Paliwal, 2012).  

 Dichlorvos, an organophosphate pesticide,is reported to 

cause toxicity tothe reproductive system (Joshi et al., 2003), 

pancreas (Hagar and Fahmy, 2002), kidney and spleen 

(Verma and Srivastva, 2003), liver and lung (Owoeye et al., 

2012), brain (Mogda et al., 2009; Diwivedi et al., 2010) and 

immune system (Neishabouri et al., 2004).The blood and 

other body fluids are the central transport system of the 

body, and any alteration caused by chemical intoxicant, 

pathogen, injury, and stress is reflected by changes in the 

blood picture and vital internal organs such as the liver and 

kidneys (Ihedioha et al., 2004; Poiout-Belissent and 

McCartney, 2010). Like another organophosphate, the 

mechanism of toxicity of dichlorvos is the inhibition of 

acetylcholinesterase (AchE), which is attributed to the 

accumulation of acetylcholine, thus leading to excess 

stimulation of parasympathetic nerves (Wang et al., 2004). 

This stimulation resulted in perspiration, nausea, 

lacrimation, vomit¬ing, diarrhea, excessive bronchial 

secretion and death (ATSDR, 1997). Other effects on 

skeletal muscles and the nervous system include muscle 

cramps, muscle fasciculation, muscle weakness, flaccidity, 

drowsiness, fatigue, mental confusion, headache, 

convulsions, coma, and even death (ATSDR, 1997). 

However, new methods and drug investigations are needed 

for protective clinical treatment against hepatorenal damage 

caused by organophosphorus pesticide toxication (Ihedioha 

et al., 2004). Several antidotes have been assessed for the 

regular treatment of organophosphorus pesticides poisoning 

(O.P.s), and the currently proposed drugs are atropine and 

pralidoxime chloride (Yadav et al., 2012). Atropine has 

been used as an antidote against O.P.s for ages, as it 

effectively blocks the muscarinic receptors, but not nicotinic 

http://www.njps.physiologicalsociety.com/
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receptors, against the toxic effects of AchE (Gunay et al., 

2010). Side effects of these drugs include headache, 

salivation, blurred vision, vomiting, etc. (CEPA, 1996). The 

need for effective medicine with minimal side effects has 

led to traditional-based treatment. 

 Medicinal plants have been essential in protecting the 

body system against harmful chemicals or drugs that may 

cause oxidative stress and alteration in antioxidant enzyme 

and non-enzymatic systems (Alabi et al., 2005). Among 

many plants, Moringa oleifera is one of the best known and 

most widespread tree species crop of the Moringaceae 

family. Moringa, commonly known as 'drumstick tree' and 

horseradish tree, is a multipurpose tree used for human food, 

medicine, and oil production (Anwer et al., 2007). It is 

cultivated in Africa, Central and South America, and South 

Asia (Ricardo, 2012). The leaves, flowers, roots, gums, 

fruits, and seeds are widely used in folk medicine for 

treating inflammation (Mahajan and Mehta, 2008), 

cardiovascular dysfunction, liver disease (Rao and Misra, 

1998), hematological, hepatic, and renal dysfunction 

(Mazumder et al., 1999). It is rich in phytochemicals such 

as kaempferol, rhamnetin, quercetin, chlorogenic acid, rutin, 

apigenin, ascorbic acid, and carotenoids (Anwar et al., 

2007; Karthivashan et al., 2013). Leaves of this plant have 

been traditionally reported to possess a wide variety of 

biological activities, including antimicrobial, anti-

inflammatory, anti-cancer, anti-diabetic, antispasmodic, 

stimulant, cough expectorant, and diuretic agent (Anwar et 

al., 2007; Mbikay, 2012). 

 Several works of literature exist on the protective effects 

of the leaf, seed, and pod extract of Moringa oleifera against 

tramadol-induced nephrotoxicity,7,12-dimethyl 

benzylanthracene (DMBA) induced renal cancer, and the 

GENT-induced nephrotoxicity, (Sharma and Paliwal, 2012; 

Ouédraogoet al., 2013; Nafiu et al., 2019). However, no 

scientific report is available on the protective effects of 

Moringa oleifera seed oil on liver and kidney toxicity. 

Hence, the present study was designed to investigate the 

protective effect of ethanolic extract of Moringa oleifera 

seed oil on dichlorvos-induced toxicity inthe liver and 

kidney of male Wistar rats.  

 

 

MATERIALS AND METHODS 

 

Animals: For this experiment, healthy male adult Wistar 

rats with weights ranging from 160-190g were bought from 

a private animal breeder around Taki in Ogbomoso North 

L.G.A, Oyo state. They were kept in well-ventilated plastic 

cages and housed in the animal house of the Department of 

Physiology, Faculty of Basic Medical Sciences, 

LAUTECH, Ogbomoso, Oyo State. 

 

Treatment: The 21 rats were randomly divided into three 
groups as follows: 
Group I: Negative control; consists of 7 rats that received 

only feed and clean water for 28 days. 

Group II: Positive control (DDVP treated group); consists 

of 7 rats exposed to dichlorvos via inhalation at a dose of1ml 

per rat daily and feed and water for 28 days. 

Group III: DDVP and Moringa oleifera treated group; 

consists of 7 rats pretreated with Moringa seed oil at a dose 

of 300mg/kg body weight for 7days before and 21days after 

exposure to the dichlorvos. 

They were exposed to dichlorvos via inhalation at a dose of 

1ml per rat daily and Moringa seed oil at a dose of 300mg/kg 

body weight for 21 days in addition to feed and water. 

 

Plant Materials and Preparation of Ethanolic Extract: 

The oil of M.oleifera seed was extracted as Ogushina et al. 

(2014) previously reported with some modifications. 

Briefly, Moringa oleifera seeds used in the study were 

purchased at the New Waso market in Ogbomoso, identified 

and approved in the Department of Pharmacology and 

Therapeutics, Bowen University Teaching Hospital 

(BUTH), Ogbomoso, Oyo state. The husks of the seeds were 

crushed on a hard surface to obtain the sources. The seeds 

obtained were pounded into smaller particles using mortar 

and pestle. The particles obtained after hitting were poured 

inside a cone-shaped filter paper and then placed inside the 

extractor. 97% ethanol was run on the Moringa oleifera seed 

particles, and with the extractor being operational, at 78ºC 

temperature, the oil in the seed was extracted and collected 

inside a beaker. The extract's cup is then placed inside an 

incubator at 37ºC for preservation. 

 

Drugs and Chemicals: The trade name of the local 

pesticide used for this study is sniperTM. DDVP, containing 

1000g/liter of 2,3-dichlorovinyl dimethyl phosphate 

(DDVP); manufactured by (Forward (Beinaj) Hepu 

Pesticide Co. Limited, China, for Saro Agrosciences 

Limited, Oyo State, Nigeria) was used. The pesticide, which 

contains dichlorvos as the active ingredient, was purchased 

from New Waso market, Ogbomoso, Oyo State. 

 

Exposure to DDVP: Group B and C animals were exposed 

to 98.54g/m3 of DDVP via inhalation, as Saka et al. (2020) 

reported. In addition, 1ml of the pesticide was soaked in 

cotton wool and placed in a desiccator. The rat was also 

placed inside the desiccator and allowed to inhale the 

dichlorvos for 2 minutes daily for 28 days to induce liver 

and kidney toxicity. 

 

Phytochemical analysis of Moringa oleifera seed oil: 

Qualitative phytochemical analysis of M.oleifera seed oil 

was performed and reported as previously documented by 

Chitravadivu et al. (2009). 

 

Saponins: 5ml of the seed oil was boiled in 20ml of distilled 

water in a water bath and filtered. Approximately 10ml of 

the filtrate was mixed with 5ml of distilled water and shaken 

vigorously to obtain a stable, persistent foam. The resulting 

foam was then mixed with three drops of olive oil and 

shaken vigorously. The formation of emulsion indicated the 

presence of saponin  

 

Alkaloids: 1ml of the seed oil was stirred with 5ml of 1% 

(v/v) aqueous HCl on a steam bath and filtered when hot. 

Distilled water was added to the residue, and then 1ml of the 

filtrate was treated with a few drops of Mayer's reagent, 

Wagner's reagent, and Dragendoff's reagent. Alkaloids were 

confirmed by forming a yellow color with Mayer's reagent, 

red precipitate with Dragendoff's reagent, and reddish-

brown precipitate with Wagner's reagent  

 



 Niger. J. Physiol. Sci. 37 (2022): Saka et al 

Moringa oleifera seed oil ameliorates dichlorvos-induced toxicity in rats 

121 

Terpenoids: 5ml of the seed oil was added to 2ml of 

chloroform. 3ml of concentrated H2SO4 was then carefully 

added to form a layer. Reddish-brown discoloration of the 

interfaced was observed, indicating the presence of 

terpenoid. 

 

Steroids: 2ml of acetic anhydride was mixed with 2ml of 

the seed oil, followed by the addition of 2ml of concentrated 

H2SO4. A color change confirmed the presence of steroids 

from violet to blue or green. 

 

Glycosides: 5ml of the seed oil was mixed with 2ml of 

glacial acetic acid containing one drop of ferric chloride 

solution. This was then underplayed with 1ml of 

concentrated sulphuric acid. The presence of glycoside was 

confirmed by forming a violet-green ring below the brown 

circle. 

 

Flavonoids: One milliliter (1ml) of 10% (w/v) NaOH was 

added to 3ml of the seed oil. The formation of yellow color 

confirmed the presence of flavonoids. 

 

Tannins: One millimeter (1ml) of the seed oil was boiled 

with 20ml of distilled water in a test tube and filtered. Three 

drops of 0.1% ferric chloride were added to the filtrate. The 

formation of green color confirmed the presence of tannin. 

 

Anthraquinones: Five millimeters (5ml) of the seed oil was 

mixed with 10ml of benzene and filtered. Five millimeters 

(5ml) of 10% NH3 solution was added to the filtrate. The 

presence of anthraquinones was established by developing 

red color in the ammoniacal (lower) phase. 

 

Sample collection and Preparation of Tissue 

Homogenate: Animal sacrifice was performed using 

cervical dislocation, and the blood sample was obtained 

from the animal by cardiac puncture and collected into plain 

bottles (Saka et al., 2011). Serum was obtained by 

centrifuging at 3000r.p.m for 15 minutes to obtain 

supernatant for biochemical assay.  

 

Biochemical Assay 

 

Estimation of hepatic markers: Alkaline phosphatase 

(A.L.P.), alanine aminotransferase (A.L.T.), aspartate 

aminotransferase (A.S.T.), albumin, globulin, and total 

protein were measured using standard laboratory kit 

according to manufacturer's guide. 

 

Estimation of renal markers: Serum sodium, potassium, 

and calcium levels were determined using the Flame 

photometry method (410 flame photometer, Chiron 

Diagnostics) following the manufacturer's guidelines 

(Akhigbe et al., 2008). Serum bicarbonate, chloride ion, 

urea, and creatinine were determined using the standard 

assay kit following back titration, electrometric method, 

diacetylmonoxime, and alkaline picrate methods. 

 

Estimation of Inflammatory markers: Tumor necrosis 

factor-alpha (TNF-α) and interleukin 6 (IL-6) markers of 

inflammation were assayed using ELISA kits (Elabscience 

Biotechnology Co, Ltd, U.S.A.) following the manufacturer 

protocols. At the same time, Myeloperoxidase (M.P.O.) was 

determined using colorimetric methods (Akhigbe and Ajayi, 

2000). 

 

Histopathological examination: The organs (i.e., kidney 

and liver) were also excised, and the excised organs were 

washed using standard saline solution and later fixed in 10% 

formalin solution. A paraffin embedding technique was 

carried out, and sections were taken at 5mM thickness. 

Hematoxylin and eosin solutions were used to stain the cut-

out tissue sections and then examined microscopically for 

histopathological changes (Preece, 1972). 

 

Ethical considerations: Animals used for the research were 

treated humanely according to the institution's guidelines 

and criteria for humane care by the National Institute of 

Health Guidelines for the care and use of Laboratory 

Animals. 

 

Statistical Analysis 

Results obtained were expressed as mean ± standard error 

of the mean (n=7). In addition, the data were subjected to a 

one-way analysis of variance (ANOVA), and differences 

between samples were determined by Tukey multiple 

comparison test using the Graph Pad Prism 5 (GraphPad 

Software Inc., San Diego, CA). While the level of 

significance used for the analysis was set at p<0.05nt.  

 

RESULTS 

 

Table 1 shows the findings of the qualitative phytochemical 

studies. Moringa oleifera seed oil extract contained 

saponins, terpenoids, steroids, tannin, and antiquinones in 

varying concentrations. 

 
Table 1:  

Phytochemical analysis of Moringa seed oil 

Phytochemicals Presence 

Saponins + 

Alkaloids - 

Terpenoid ++ 

Steroids ++ 

Glycoside - 

Flavonoids +++ 

Tannins + 

Anthraquinones ++ 

-not detected; + presence in low concentration;++ present in 

moderate concentration; +++ present in high concentrations. 

 

Body weight changes: The effects of dichlorvos and 

ethanolic extract of Moringa oleifera seed oil on body 

weight changes is depicted in Figure 1. Administration of 

dichlorvos decreased the weight of rats when compared to 

control. However, treatment with Moringa oleifera seed oil 

increased weight of the rats as compared to dichlorvos-

induced rats. 

 

Estimation of Hepatic markers: The effects of dichlorvos 

and ethanolic extract of Moringa oleifera seed oil on hepatic 

markers are summarized in Table 2. Administration of 

Dichlorvos induced extensive damage to the liver tissues, 

evident by the significant increase in alanine 

aminotransferase (A.L.T.), aspartate aminotransferase 

(A.S.T.), alkaline phosphatase (A.L.P.) and a corresponding 

decrease in albumin, globulin and total protein in the 
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pathogenic rats (Group B) when compared with control rats. 

On the other hand, treatment with ethanolic extract of 

Moringa oleifera seed oil (Group C) significantly decreases 

A.L.T., A.S.T.& A.L.P. In addition, it elevates the plasma 

protein level compared with the dichlorvos-induced rats. 

 

 

 
Figure 1 

Effect of Ethanol Extract of Moringa oleifera on weight gain male 

Wistar rats. 

 

 
Table 2:  

Effects of ethanolic extract of Moringa oleifera seed oil on 

hepatic markers in experimental rats. 

GROUPS I II III 

AST (U/L) 82.03  

± 7.91 

97.29 

± 2.64a 

82.71 

± 7.02b 

ALT (U/L) 27.33  

± 1.59 

54.44  

± 3.50ª 

32.16  

± 3.36b 

ALP (U/L) 31.31  

± 1.68 

55.53  

± 0.49a 

32.23  

± 0.57b 

Albumin (g/dl) 1.74  

± 0.09 

1.08  

± 0.04a 

1.68  

± 0.05ᵇ 

Globulin (g/dl) 1.32  

± 0.16 

0.57  

± 0.07a 

1.14  

± 0.14ᵇ 

Total protein (g/dl) 2.70  

± 0.18 

1.95  

± 0.11a 

2.50  

± 0.18ᵇ 

Values are expressed in Mean ± S.E.M. (n=7) 

Groups with different superscript(s) are significantly different 

from other at p≤0.05. ªRepresent significant difference when 

compared with negative control. ᵇRepresent statistical significance 

when compared with positive control. 

Group I = Negative control; Group II = Positive control; Group III 

= DDVP +300mg/kg of Moringa oleifera seed oil. 

 

Estimation of serum urea and creatinine: The effects of 

dichlorvos and ethanolic extract of Moringa oleifera seed 

oil on serum urea and creatinine are summarized in Table 3. 

Dichlorvos administration induced extensive damage to 

kidney tissue. As a result, serum creatinine and urea 

significantly increased in the pathogenic rats (Group B) 

when compared with control rats (P<0.05). Similarly, there 

was a significant decrease in the elevated levels of serum 

creatinine after treatment with ethanolic extract of Moringa 

seed oil (Group C) (P=0.017) and urea (P=0.02) when 

compared with dichlorvos-induced rats. 

 

Table 3:  

Effects of ethanolic extract of Moringa oleifera seed oil on 

renal markers in experimental rats. 

Group I II III 

Creatinine (mg/dl) 0.44  

± 0.07 

0.96  

± 0.06ª 

0.62  

± 0.10ᵇ 

Urea (mmol/L) 9.08  

± 1.08 

16.65  

± 1.27ª 

11.02  

± 1.63b 

Sodium (ppm) 214.76 

±27.91 

494.12 

±19.42a 

340.98 

±57.50b 

Potassium (ppm) 2.62  

± 0.10 

0.65  

± 0.06a 

2.10 ± 

0.17b 

Calcium (ppm) 14.63  

± 0.46 

10.84  

± 0.75a 

14.16  

± 0.26b 

Bicarbonate (mEq/L) 1.22  

± 0.09 

0.88  

± 0.07a 

1.02  

± 0.05 

Chloride (mEq/L) 142.67 

± 7.18 

170.67  

± 4.52a 

150.00  

± 3.33b 

Values are expressed in Mean ± S.E.M. (n=7) 

Groups with different superscript(s) are significantly different 

from other at p≤0.05; ªRepresent significant difference when 

compared with negative control. ᵇRepresent statistical significance 

when compared with positive control. 

Group I = Negative control; Group II = Positive control; Group 

III = DDVP +300mg/kg of Moringa oleifera seed oil. 

 

 
Figure 2 
Effect of Ethanol Extract of Moringa oleifera on inflammatory 

markers in male Wistar rats. 

 

Estimation of inflammatory markers: Exposure of male 

rats to DDVP led to a significant increase in M.P.O., TNF-

α, and IL-6 compared to the control. However, treatment 

with Moringa oleifera seed oil significantly reduced 

elevated levels of these markers compared to DDVP-

induced rats. 

 

Estimation of serum electrolytes: The result (Table 3) 

showed a significant decrease in potassium, calcium, and 

bicarbonate ions (P<0.05) in the test group after 
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administration of dichlorvos as compared to the control rats. 

However, treatment with Moringa seed oil shows a 

significant increase in potassium ion, calcium ion (P<0.05), 

and a non-significant increase in bicarbonate ion (P>0.05) 

when compared with the dichlorvos-induced group. Also, 

there was a significant increase in sodium and chloride ions 

(P<0.05) in the test rats compared to control rats. On the 

other hand, treatment with Moringa seed oil significantly 

decreases sodium and chloride ions compared to dichlorvos-

induced rats (P<0.05). 

 

Histology: Photomicrograph of the liver section (Plate 1) of 

the standard control group (group A) showed normal central 

venules without congestion (white arrow), and the 

morphology of the hepatocytes appeared normal (blue 

arrow). In addition, the sinusoids seemed to be normal and 

not infiltrated (slender arrow); no pathological lesion was 

seen. Still, a photomicrograph of the liver section of group 

B induced with dichlorvos revealed a non-congested central 

venule with degenerated cells and macrophage within its 

lumen (white arrow), portal tracts with dilated portal 

venules seen (black arrow), the hepatocytes show 

hypochromic and severe necrosis (blue arrow),the focal area 

with degeneration and destroyed liver plates seen within the 

parenchyma (green arrow). Finally, a photomicrograph of 

the liver section of group C pre-treated with 300mg/kg of 

Moringa oleifera seed oil before administration of 

dichlorvos showed mildly congested central venules (white 

arrow), the morphology of the hepatocytes appeared normal 

(blue arrow), the sinusoids appear mildly dilated but not 

infiltrated (slender arrow). 

 A photomicrograph of kidney sections of the standard 

control group (group A) showed typical kidney architecture, 

renal cortex with normal glomeruli, mesangial cells and 

capsular spaces (white arrows), normal renal tubules (blue 

arrow), and common interstitial spaces (blue arrow) but a 

photomicrograph of kidney section of group B induced with 

dichlorvos showed poor architecture, renal cortex with 

sclerotic glomeruli and widened capsular spaces (white 

arrow), collapsed renal tubules (blue arrow) and severe 

atrophic mesangial cells (black arrow). 

 A photomicrograph of the kidney section of group C 

pre-treated with 300mg/kg of Moringa oleifera seed oil 

before administration of dichlorvos shows the moderate 

architecture, renal cortex with normal glomeruli, mesangial 

cells and capsular spaces (white arrow), normal interstitial 

spaces (slender arrow) and attenuated renal tubules (blue 

arrow) when compared with DDVP-induced group 

 
Plate 1:  

Histopathological examination of the liver 

A: Control, B Dichlorvos-induced only, C: Moringa oleifera seed oil (300mg/kg) 

 

 
Plate 2:  

Histopathological examination of the kidney 

A: Control  B: Dichlorvos-induced only  C: Moringa oleifera seed oil (300mg/kg). 
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DISCUSSION 
 

The continuous use of pesticides has increased human 

exposure to environmental pollutants that may have acute 

and chronic adverse effects on health. In addition, synthetic 

chemicals in pesticides may contribute to long-term impacts 

on the environment. Humans are concomitantly exposed to 

insecticides whose toxicity profiles have not been delineated 

in homes. Dichlorvos, a highly hazardous chemical 

classified by the WHO as (Class I) (WHO, 1992), 

accumulate in humans and cause toxic effects in the various 

organ of the body (Tsitsimpikoua et al., 2013). These organs 

are either affected by direct or indirect exposure to 

dichlorvos (Sheiner et al., 2003). The effects of Moringa 

oleifera seed oil on dichlorvos-induced toxicity in liver and 

kidney organs of male Wistar rats were investigated in the 

study. This is done by assessing the liver enzyme activities, 

renal function tests, and inflammatory markers, which serve 

as the biomarkers for liver and kidney function, 

respectively. 

 The results of the acute exposure clearly show that 

dichlorvos has the potential to promote hepatic and renal 

damage. This was evident in the study by significant 

increases in hepatic and renal markers (Table 2;4). Hepatic 

impairment is characterized by an elevation in serum liver 

enzymes viz A.L.T., A.L.P., and A.S.T. A.S.T. and A.L.T. 

are the most common because they are readily released into 

the extracellular space by the hepatocytes (Ozer et al., 

2008). A.S.T. is a highly sensitive hepatocellular marker 

than A.L.T. (Al-Mammary et al., 2002). However, the 

concentration of A.L.T. in the body is more than A.S.T. as 

the body generates more A.L.T. than A.S.T. (Mayne, 1996). 

Thus, the high levels of A.S.T., A.L.T., and A.L.P. observed 

in this study (Table 2) indicate the hepatoxic effect of 

dichlorvos. This was in tandem with the previous report by 

Celik et al. (2009) and Garbaet al. (2013), who suggested 

that dichlorvos causes liver damage in rats. Creatinine and 

urea are known biochemical markers of acute and chronic 

nephrotoxicity (Naggayi et al., 2015). Thus, serum 

creatinine and urea levels are often considered reliable 

predictors of renal function (Yaman & Balikci, 2010; 

Naggayi et al., 2015). The significant elevation is seen in 

the plasma level of urea, creatinine, and other renal markers 

in the untreated rats could be attributed to the nephrotoxic 

effect of dichlorvos, which further suggest impairment of 

the glomerular function and tubular damage of the kidneys 

(Gross et al., 2005; Adeyemi and Akanji, 2012). This is 

consistent with the findings of Edelstein (2008), who 

posited elevated levels of the renal marker in dichlorvos 

exposed population. The degeneration and destruction 

observed in the hepatic and renal tissues can be linked to the 

generation of reactive oxygen species (R.O.S.) initiated by 

dichlorvos (Sharma and Singh, 2012). 

 It is a fact that excessive R.O.S. generation and 

oxidative stress may trigger an inflammatory response and 

vice versa. Oxidative stress usually enhances a variety of 

cell signaling pathways involved in inflammation (Khalil et 

al., 2019). Exposure to DDVP led to marked increased 

inflammatory markers such as TNF-α, IL-6, and M.P.O., 

which play a central role in the development and 

progression of liver and kidney dysfunction. This aligns 

with previous reports, which confirm that although DDVP 

acts via permanent binding and inhibition of 

acetylcholinesterase activity, most of its harmful biological 

effects are oxidative-stress mediated (Burke et al., 2016;  

Pearson et al., 2016; Wang et al., 2016; Imam et al., 2018). 

 The toxicity of dichlorvos did not spare the tissues 

(kidney and liver) under examination, as revealed by the 

histopathological results. Dichlorvos induced histological 

alterations in the liver of rats ranging from degenerated 

venules to necrotic hepatocytes. This might indicate hepatic 

damage, as Abdelhalim and Jarrar (2012) reported. Also, the 

histopathological examination of the renal tissue attacked by 

dichlorvos revealed many alterations ranging from tubular 

degeneration (distorted renal tubules) and atrophy of the 

glomeruli (glomeruli with obliterated capsular spaces) to 

congestion of renal blood vessels. This was in tandem with 

the report of Elhalwagy et al. (2008), Kalender et al. (2007), 

Sulak et al. (2005), and Mohnsen (2001) that pesticides 

cause various histopathological changes in the liver and 

kidney tissues of experimental animals. 

 From this study, Moringa oleifera seed oil has shown 

its potential in reducing and controlling stress response and 

played an enormous role in protecting the organs affected 

by dichlorvos exposure, as demonstrated by the 

photomicrograph histopathology results. However, it may 

require more time for complete recovery. This ability of 

Moringa seed oil to regulate the activities of these 

biomarkers can be attributed to the presence of bioactive 

compositions such as phenols, flavonoids, terpenoids, and 

saponins (Bharali et al., 2003; Anwar et al., 2007; 

Karthivashan et al., 2013). These compounds scavenge 

R.O.S., chelate metal ions, and regenerate membrane-bound 

antioxidants. This finding agrees with Kumar and Pari, 

(2003) and Arabshahi et al. (2007). which demonstrated the 

antioxidant activity of Moringa extract. Furthermore, 

reports have shown that saponins possess tumor-inhibiting 

activity in vivo (Akindahunsi & Salawu, 2005). Thus, its 

presence can control human cardiovascular disease and 

reduce blood cholesterol. Other bioactive compounds found 

in Moringa seed oil are high pro-vitamin A, vitamin C, 

tocopherols, carotenoids, and anthocyanins, which explain 

their mode of action in the induction of antioxidant profiles 

in the present investigation. However, the underlying 

process is yet to be elucidated. 

 Moringa seed oil also contains the bioactive agent β-

carotene, which supports healthy liver and kidney 

functioning, as well as flavonoids, shown to have anti-

inflammatory, anti-cancer, anti-diabetic, antispasmodic, 

stimulant, cough expectorant, and diuretic agent (Bharali et 

al., 2003; Anwar et al., 2007; Kumar et al., 2010; Mbikay, 

2012; Minaiyan et al., 2014). These features might have 

resulted in the observed hepato-protection against 

homeostatic imbalance imposed by dichlorvos exposure. 

Moreover, the maintenance of normal levels of serum 

electrolytes by Moringa oleifera seed oil is consistent with 

reported medicinal potential, including the improvement of 

the health of renal tissues and general well-being (Anwar et 

al.,2007; Ndong et al., 2007). The efficacy of Moringa seed 

oil in improving plasma protein, lowering elevated liver 

enzymes (A.S.T., A.L.T., and A.L.P.), and renal biomarkers 

(electrolyte, urea, and creatinine) were observed. All this 

may be attributed to phytochemicals present in the plants. 

The consumption of this plant oil may provide health 

benefits in terms of hepatoprotective, nephroprotective, and 
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anti-inflammatory  effects (due to the presence of ꞵ-

carotene, flavonoid, tannins, alkaloids, etc.) and scavenging 

of free radicals in the body (due to the presence of 

tocopherols, phenolics, and carotenoids) (Karthivashan et 

al., 2013;Bhatnagar and Krisna, 2013) 

 In conclusion, this study revealed the harmful effect of 

dichlorvos exposure on liver and kidney organs. This 

wasconfirmed by the assay of liver and renal biomarkers, 

inflammatory markers, and histopathological examination 

of the organs. The Moringa seed oil also showed its 

regenerative potential in recuperating the damaged organs. 

Thus, Moringa seed oil possesses both hepatoprotective and 

nephroprotective potential, which depends on its bioactive 

compounds. This study has shown that Moringa seed oil can 

regulate and reduce impaired cellular integrity expressed in 

hepatic and renal markers in individuals that are constantly 

exposed to household pesticides (i.e.,dichlorvos) and could 

be explored in the treatment of hepatic and renal conditions 

and also, in the protection of the hepatorenal integrity from 

some oxidative stress. Future studies are required to fully 

evaluate the contents of Moringa oleifera responsible for the 

protection against hepatotoxic and nephrotoxic agents. 
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