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Summary: Toxic metals such as lead cause severe liver damage in humans and animals, with oxidative stress prominently 

implicated in the pathogenesis of lead acetate‑induced liver injury. Azadirachta indica is hepatoprotective due to its 

antioxidative effect. This study investigated the antioxidative role of A. indica (AI) and its chemopreventive effect on lead 

acetate (LA)-induced hepatocellular dysfunction with seventy adult male rats classified into group A- Control (distilled 

water), group B 0.1% LA only, group C and D- 0.1% LA + 100 mg/kg and 0.1% LA + 200 mg/kg AI respectively, group E- 

0.2% LA, group F and G- 0.2% LA + 100 mg/kg and 0.2% LA + 200 mg/kg AI. Oxidative stress markers (MDA and H2O2), 
antioxidant parameters (GSH, SOD, CAT, GPx, GST), inflammatory markers (MPO and NO), alanine aminotransferase 

(ALT) and histopathological studies of the liver were evaluated. The results showed that LA administration caused a decrease 

in GSH, GPx, and GST while AI co-administration increased the activities of the antioxidants. Moreover, LA administration 

increased MPO, NO, MDA, and H2O2 levels whereas AI significantly reduced (P<0.05) these parameters. Histopathological 

examination revealed necrosis and mild infiltration by inflammatory cells in LA administered rats, whereas these lesions 

were absent in AI administered rats. In conclusion, A. indica demonstrates a protective role in lead acetate-induced 

hepatotoxicity, mainly via oxidative stress inhibition.  
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INTRODUCTION 
 

The tree, Azadirachta indica (AI) popularly called neem is 

widely grown in Africa primarily due to its numerous 

valuable properties for medicinal and agricultural uses as 

pesticide and insecticide among rural dwellers (Islas et al., 

2020). Various phytochemical constituents of A. indica 

including nimbin, nimbandiol, nimbiol, nimbolide and 6-

desacetylnimbinene are used medicinally for their 

chemopreventive and chemotherapeutic properties 

(Singaravelu et al., 2019). The aqueous leaf extract of A. 

indica reportedly is hepatoprotective against paracetamol-

induced liver necrosis in rats (Aneja et al., 2013). 

Furthermore, Arivazahagan et al. (2000) suggested that 

neem leaf extract exerts potential chemopreventive effects 

via the downregulation of lipid peroxidation, concurrently 

increasing the level of reduced glutathione (GSH) and GSH-

dependent enzymes. The antioxidant effect of neem relied 

primarily on the total phenolic compounds, such as the 

flavonoids. Increased serum ALT and AST levels indicate 

liver damage, and these have been shown to reduce 

significantly after administration of aqueous leaf extract of 

neem (Nwobodo et al., 2018).  

 Lead (Pb) is a persistent toxic pollutant of the 

environment with documented deleterious effects on the 

liver and most other parts of the digestive system 

(Andjelkovic et al., 2019).  Following ingestion, Pb is 

absorbed through intestinal membranes into the blood 

stream where it binds to the erythrocyte proteins, subjected 

to first pass metabolism in the liver, and subsequently 

undergoes systemic distribution (García-Niño and Pedraza-

Chaverri, 2014), where lead induces numerous 

macromolecular damages and eventually cell death 

(Abdelhamid et al., 2020). Oxidative mechanisms are 

actively involved in Pb-induced toxicity, since exposure to 

lead causes an imbalance between the antioxidant and 

prooxidant systems, leading to protein or DNA damage, 

mitochondrial impairment, and apoptosis (Dobrakowski et 

al., 2017).  Thus, this study was designed with the aim of 

investigating antioxidant and chemopreventive modulatory 

roles of A. indica on oxidative stress mediated hepatotoxic 

changes associated with lead exposure in male Wistar rats. 

 

MATERIALS AND METHODS 
 

Treatment groups: The first group (group A) which served 

as the control was administered water, which was replaced 

with corn oil after 8 weeks. Group B, C and D were dosed 

with 0.1% lead acetate (LA) orally and was withdrawn after 
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8 weeks. On withdrawal, group B received water, and 

groups C and D received 100 and 200 mg/kg of Azadirachta 

indica (AI) methanolic extract, respectively. Group E, F, 

and G were given 0.2% LA orally and was withdrawn after 

8 weeks. On withdrawal, group E received water while 

groups F and G were given 100 and 200 mg/kg of 

Azadirachta indica methanol extract. 

 

Preparations of tissues and sera for biochemical assay: 

The liver tissue was excised using scissors and forceps, 

rinsed in potassium chloride solution, blotted with filter 

paper and weighed. Thereafter, the tissues were 

homogenized in ice cold buffer before centrifugation to 

obtain the post mitochondrial fraction that was used for 

biochemical analysis. In order to obtain the sera, blood 

samples collected into plain haematological sample bottles 

were left in a standing position to allow clotting and 

separation of the serum, which was subsequently decanted 

into clean bottles and preserved.  

 

Biochemical assay: In this study, enzymes such as alanine 

aminotransferase (Reitman and Frankel, 1957), superoxide 

dismutase (Misra and Fridovich, 1972), Catalase (Sinha, 

1971), glutathione peroxidase (Beutler et al., 1963), and 

glutathione S-transferase were analysed using standard 

biochemical assay methods. Furthermore, the nonenzymatic 

antioxidant - reduced glutathione- was assayed as described 

by Beutler, et al. (1963), whereas protein concentration was 

analysed in accordance with the procedure reported by 

Gornal et al., (1949). Also in this study, markers of 

oxidative stress including malondialdehyde (Varshney and 

Kale, 1970), and hydrogen peroxide (wolff, 1994), were 

analysed. Moreover, the nitrite levels in the liver were 

evaluated as described by Olaleye et al. (2017), with optical 

density measured at 550 nm spectrophotometrically. 

 

Determination of Hydrogen Peroxide (H2O2): The level 

of hydrogen peroxide was determined according to the 

method by Wolff (1994). The concentrations of the standard 

were plotted against absorbance. 

 

Histopathological Studies: After treatment, the animals 

were euthanised and carefully opened up through the ventral 

abdomen to collect hepatic tissues of the control as well as 

the exposed animals. Before the assessment, the organ was 

stored in formalin solution, washed with ethanol (70%), 

dehydrated via a graded series of ethanol, and later sectioned 

serially in a rotary microtome. The fixed sections were 

stained with Hematoxylin and Eosin (H&E) and later 

viewed under a light microscope (Drury, 1976).  

 

Statistical analysis 

The data obtained from this study were expressed as Mean 

 Standard Deviation, and student’s t-test used to estimate 

the significance between two groups using GraphPad Prism 

software. Furthermore, the variances among more than three 

groups were analysed using ANOVA and Turkey’s 

comparison. Confidence limit was set at 95%.  

 

RESULTS  
 

Results in Table 1 show that the GSH level in group exposed 

to 0.1% LA + 200mg/kg of A. indica increased significantly 

relative to control. Also, a significant (p<0.05) increase in 

GSH level was observed in group exposed to 0.1% LA + 

100mg/kg of A. indica (4%) and in group exposed to 0.1% 

LA + 200mg/kg of A. indica (7%) when compared to group 

that received 0.1% LA only (Table 2). GPx activity 

decreased in group exposed to 0.1% LA (4%) and 0.2% LA 

(4%) only, while a significant (p<0.05) increase was seen in 

groups exposed to 0.1% LA + 200mg/kg of A. indica (5%) 

and 0.2% LA + 100mg/kg A. indica (5%) when compared 

to the control group. However, a significant (p<0.05) 

increase was observed in group that received 0.1% LA + 

100mg/kg A. indica (9%) and 0.1% LA + 200mg/kg A. 

indica (10%) when compared to group that received 0.1% 

LA only. Also, a significant (p<0.05) increase in GPx 

activity was observed in group that received 0.2% LA + 

100mg/kg A. indica (9%) and 0.2% LA + 200mg/kg A. 

indica (8%) when compared to group that received 0.2% LA 

only (Table 3). 
 

Table 1:  

The effects of Azadirachta indica on reduced glutathione (GSH) 

(µmole/g/tissue) 

GROUP MEAN ± SD 

A (Control) 42.08±0.29 

B (0.1% LA) 40.75±1.5 

C (0.1% LA + 100mg/kg neem) 42.25±0.5 b 

D (0.1% LA + 200mg/kg neem) 43.44±1.38a,b 

E (0.2% LA) 41.83±1.18 

F (0.2% LA + 100mg/kg neem) 42.5±1.34 

G (0.2% LA + 200mg/kg neem) 42.5±1.25 

LA- Lead acetate 

Values are presented as mean ± standard deviation. a indicates significant 

difference at p<0.05 with respect to group A, b indicates significant 
difference at p<0.05 in comparison with group B while c indicates 

significance difference at p<0.05 in comparison with group E. 
 

Table 2:  

The effects of Azadirachta indica on glutathione peroxidase (GPx) 

activity (units/mg protein) 

GROUP MEAN ± SD 

A (Control) 105.7±3.47 

B (0.1% LA) 101.2±2.39 a 

C (0.1% LA + 100mg/kg neem) 110.5±4.79 b 

D (0.1% LA + 200mg/kg neem) 111.4±1.94 a, b 

E (0.2% LA) 101.9±2.15 a 

F (0.2% LA + 100mg/kg neem) 110.9±1.04 a, c 

G (0.2% LA + 200mg/kg neem) 110.2±5.67 c 

LA- Lead acetate 
Values are presented as mean ± standard deviation. a indicates significant 

difference at p<0.05 with respect to group A, b indicates significant 

difference at p<0.05 in comparison with group B while c indicates 

significance difference at p<0.05 in comparison with group E. 
 

Table 3:  

The effects of Azadirachta indica on superoxide dismutase 

(SOD) (units/mg protein) 

GROUP MEAN ± SD 

A (Control) 13.04±0.7 

B (0.1% LA) 15.76±1.49 a 

C (0.1% LA + 100mg/kg neem) 15.35±0.6 a 

D (0.1% LA + 200mg/kg neem) 14.46±0.9 a 

E (0.2% LA) 15.77±0.6 a 

F (0.2% LA + 100mg/kg neem) 14.77±0.35 a, c 

G (0.2% LA + 200mg/kg neem) 14.86±1.25 a 

LA- Lead acetate 
Values are presented as mean ± standard deviation. a indicates significant 

difference at p<0.05 with respect to group A, b indicates significant 

difference at p<0.05 in comparison with group B while c indicates 
significance difference at p<0.05 in comparison with group E. 
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Table 4:  

The effects of Azadirachta indica on glutathione-S-transferase 

(GST) (Glutathione S-transferase; mmole1-chloro-2, 4-

dinitrobenzene-GSH complex formed/min/mg protein) 

GROUP MEAN ± SD 

A (CONTROL) 12.51±0.61 

B (0.1% LA) 11.58±1.21 

C (0.1% LA + 100mg/kg neem) 14.81±1.04 a, b 

D (0.1% LA + 200mg/kg neem) 15.01±0.76 a, b 

E (0.2% LA) 8.73±0.19 a, b 

F (0.2% LA + 100mg/kg neem) 14.67±0.61 a, c 

G (0.2% LA + 200mg/kg neem) 14.93±0.9 a, c 

LA- Lead acetate 

Values are presented as mean ± standard deviation. a indicates significant 
difference at p<0.05 with respect to group A, b indicates significant 

difference at p<0.05 in comparison with group B while c indicates 

significance difference at p<0.05 in comparison with group E. 

 

Table 5:  

The effects of Azadirachta indica on Catalase (mmoleH2O2 

consumed/min/mg protein) 

GROUP MEAN ± SD 

A (CONTROL) 38.1±1.94 

B (0.1% LA) 50.2±5.33 a 

C (0.1% LA + 100mg/kg neem) 45.1±1.74 a, b 

D (0.1% LA + 200mg/kg neem) 41.7±1.47 a, b 

E (0.2% LA) 47.2±1.20 a 

F (0.2% LA + 100mg/kg neem) 43.6±1.32 a, c 

G (0.2% LA + 200mg/kg neem) 46.9±1.45 a, c 

LA- Lead acetate 

Values are presented as mean ± standard deviation. a indicates significant 

difference at p<0.05 with respect to group A, b indicates significant 
difference at p<0.05 in comparison with group B while c indicates 

significance difference at p<0.05 in comparison with group E. 

 

 Increase in the activities of SOD in groups exposed to 

0.1% LA only (21%), 0.1% LA + 100mg/kg (18%), 0.1% 

LA + 200mg/kg (11%), 0.2% LA only (21%), 0.2% LA + 

100mg/kg (13%) and 0.2% LA + 100mg/kg (14%) when 

compared to the control group, was observed. Meanwhile, a 

significant (p<0.05) decrease was observed in group 

exposed to 0.2% LA + 100mg/kg (6%) when compared to 

group exposed to 0.2% LA only. 

 In table 4, there was a significant (p<0.05) increase in 

GST activities in groups exposed to 0.1% LA + 100mg/kg 

(18%), 0.1% LA + 200mg/kg (20%), 0.2% LA + 100mg/kg 

(17%) and 0.2% LA + 200mg/kg (19%), while increase in 

GST activities in groups to which 0.1% LA + 100mg/kg 

(28%), and 0.1% LA + 200mg/kg (30%) was given when 

compared to group that receives 0.1% LA only. GST 

activity increased significantly (p<0.05) in groups to which 

0.2% LA + 100mg/kg (68%) and 0.2% LA + 200mg/kg 

(71%) was given when compared to group that receives 

0.2% LA only. 

 Elevated activities were recorded for catalase in groups 

that receives 0.1% LA only (32%), 0.1% LA + 100mg/kg 

(18%), 0.1% LA + 200mg/kg (9%), 0.2% LA only (24%), 

0.2% LA + 100mg/kg (14%) and 0.2% LA + 200mg/kg 

(23%) when compared to the control group. Meanwhile, 

there was a significant (p<0.05) decrease in the catalase 

activity in groups that receives 0.1% LA + 100mg/kg (10%) 

and 0.1% LA + 200mg/kg (17%) when compared to group 

that receives 0.1% LA only. Also, there was a significant 

(p<0.05) decrease in groups that receives 0.2% LA + 

100mg/kg (8%) and 0.2% LA + 200mg/kg (1%) when 

compared to group that receives 0.2% LA only (Table 5). 

In figure 1, there was a significant (p<0.05) increase in the 

ALT activity in groups exposed to 0.1% LA only (788%), 

0.1% LA + 100mg/kg A. indica (767%), 0.1% LA + 

200mg/kg A. indica (797%), 0.2% LA only (897%), 0.2% 

LA + 100mg/kg A. indica (738%) and 0.2% LA + 200mg/kg 

A. indica (798%) when compared to the control group. 

Meanwhile, there was a significant (p<0.05) decrease ALT 

activity in group exposed to 0.1% LA + 100mg/kg A. indica 

(2%) when compared to group that received 0.1% LA only. 

Also, a significant (p<0.05) decrease in ALT activities was 

observed in groups that was exposed to 0.2% LA + 

100mg/kg A. indica (16%) and 0.2% LA + 200mg/kg A. 

indica (10%) when compared to group that received 0.2% 

LA only. 

 In figure 2, there was a significant (p<0.05) increase in 

MDA level in groups that receives 0.1% LA (21%) and 

0.2% LA only (34%), while a significant (p<0.05) decrease 

was observed in groups exposed to 0.2% LA + 100mg/kg A. 

indica (8%) and 0.2% LA + 200mg/kg A. indica (1%) when 

compared to the control group. Also, a significant decrease 

was observed in groups exposed to 0.1% LA + 100mg/kg A. 

indica (16%) and 0.1% LA + 200mg/kg A. indica (26%) 

compared to the group exposed to 0.1% LA only. 

 

 

 

 
 

Figure 1:  

The effects of Azadirachta indica 

(neem) on alanine aminotransferase 

(ALT) activity 

LA- Lead acetate.  

Values are presented as mean ± 

standard deviation. a indicates 

significant difference at p<0.05 with 

respect to group A, b indicates 

significant difference at p<0.05 in 

comparison with group B while c 

indicates significance difference at 

p<0.05 in comparison with group E. 
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Nitric oxide increased in groups that received0.1% LA 

(28%) and 0.2% LA only (67%). In comparison, a 

significant (p<0.05) decrease was observed in groups that 

receives 0.1% LA + 100mg/kg A. indica (15%), 0.1% LA + 

200mg/kg A. indica (2%), 0.2% LA + 100mg/kg A. indica 

(9%) and 0.2% LA + 200mg/kg A. indica (11%) when 

compared to the control group. A significant (p<0.05) 

decrease in the NO level was observed also in groups that 

receives 0.1% LA + 100mg/kg A. indica (34%) and 0.1% 

LA + 200mg/kg A. indica (34%) when compared to group 

that receives 0.1% LA only. Compared to group that 

receives 0.2% LA only, NO level decreased significantly in 

groups that receives 0.2% LA + 100mg/kg A. indica and 

0.2% LA + 200mg/kg A. indica (47%) (figure3). 

 In figure 4, there was a significant (p<0.05) increase in 

the hydrogen peroxide (H2O2) level in groups that was 

exposed to 0.1% LA only (12%) and 0.2% LA only (19%), 

while a significant (p<0.05) decrease in groups exposed to 

0.1% LA + 200mg/kg A. indica (14%) and 0.2% LA + 

200mg/kg A. indica (3%) when compared to the control 

group. A significant (p<0.05) reduction was seen in the level 

of hydrogen peroxide in group exposed to 0.1% LA + 

100mg/kg A. indica and 0.1% LA + 200mg/kg A. indica 

(12%) when compared to the group that receives 0.1% LA 

only. Also, a significant (p<0.05) decrease was observed in 

groups exposed to 0.2% LA + 100mg/kg A. indica (1%) and 

0.2% LA + 200mg/kg A. indica (18%) when compared to 

group that receives 0.2% LA only. 

 In Plate 1, following histopathological analysis, group 

(A) showed moderate periportal infiltration by 

inflammatory cells (black arrow), Group B showed focal 

areas of necrosis as well as moderate periportal infiltration 

by inflammatory cells (Black arrows). Groups C and D show 

mild congestion of the vessel (blue arrow), mild infiltration 

by inflammatory cells (Black arrows) and moderate 

microvesicular steatosis (orange arrow). Group E shows 

mild infiltration by inflammatory cells (Black arrows) and 

moderate disseminated steatosis (orange arrow). Finally, 

groups F and G showed very mild periportal infiltration by 

inflammatory cells (black arrows). 

 

 

Figure 2:  

The effects of Azadirachta indica (neem) on 

malondialdehyde (MDA)  

LA- Lead acetate  

Values are presented as mean ± standard 

deviation. a indicates significant difference at 

p<0.05 with respect to group A, b indicates 

significant difference at p<0.05 in comparison 

with group B while c indicates significance 

difference at p<0.05 in comparison with group E 

Figure 3: The effects of Azadirachta indica 

(neem) on nitric oxide (NO) content 

LA- Lead acetate  

Values are presented as mean ± standard deviation. 
a indicates significant difference at p<0.05 with 

respect to group A, b indicates significant difference 

at p<0.05 in comparison with group B while c 

indicates significance difference at p<0.05 in 

comparison with group E. 
 

Figure 4: The effects of Azadirachta indica 

(neem) on hydrogen peroxide (H2O2) generation 

(µmol/mg protein) 

LA- Lead acetate  

Values are presented as mean ± standard deviation. 
a indicates significant difference at p<0.05 with 

respect to group A, b indicates significant difference 

at p<0.05 in comparison with group B while c 

indicates significance difference at p<0.05 in 

comparison with group E. 

. 
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DISCUSSION 
 

Lead-acetate (LA) exposure, in this study, resulted in 

increased ALT activity, which is indicative of liver toxicity, 

with a corresponding high degree of hepatic histological 

alterations. The results of this study corroborate an earlier 

report of Abdelhamid et al. (2020), who reported the 

ameliorative effect of the antioxidant curcumin against lead 

acetate–induced hemato-biochemical alterations and 

hepatotoxicity in rats. Lead acetate reportedly depletes the 

antioxidant system and aggravates free radical generation 

(Laamech et al., 2017). The increased MDA level, observed 

in this study, indicates a compromised or damaged hepatic 

cellular membrane integrity. Results of this study is similar 

to an earlier report of Daggett et al. (1998), who attributed a 

2.5-fold increase MDA levels to acute lead acetate exposure 

in experimental rats. Increased MDA suggests heightened 

lipid peroxidation which modifies cellular membrane 

integrity and consequently leads to hepatocellular damage 

(Samarghandian et al., 2017). However, administration of 

A. indica significantly reduced the MDA level in a dose-

dependent manner. Also, the elevated level of nitric oxide, 

an inflammatory marker and hydrogen peroxide in the 

animal group administered with LA- only relative to those 

administered A. indica extract which has decreased NO 

levels at 100 and 200 mg/kg, confirms the antioxidant 

property of the plant extract.  

 The mechanism for lead hepatotoxicity is associated 

with decreased radical scavenging capacity of antioxidants 

in the liver. Observation of increased SOD and CAT levels, 

as seen in this study, may suggest an adaptive response to 

increased production of prooxidants, including superoxide, 

as well as hydroxyl radicals. Furthermore, from this study, 

LA-administration at different concentrations brought down 

the systemic levels of GPx, CAT and GST. However, 

administration of neem extract ameliorates this effect by 

increasing activities/ levels of the antioxidant enzymes and 

molecules. A slight difference observed in GSH level, after 

administration of A. indica was similar to the report of 

Chattopadhyay and Bandyopadhyay (2005) on the 

hepatoprotective activity of A. indica, where 

supplementation with A. indica increased its level. This 

could be adduced to the anti-lipid peroxidative effect of the 

extract (Nwobodo, 2017), thereby maintaining the cell 

membrane integrity. Therefore, the decrease in antioxidant 

enzyme activity with increased MDA levels suggest 

decreased antioxidant potential. Previous studies also 

revealed that LA induced toxicities may involve the 

modulation of delta-aminolevulinic acid (ALA) amassed in 

tissue as a response to ALAD (delta-aminolevulinic acid 

dehydratase) activity inhibition, as earlier reported by 

Kumar et al. (2017). In this study, LA exposure partially 

causes hepatic structural alteration, similar to the study of 

Abdelhamid et al. (2020) following histopathological 

research associated with increased liver biomarkers levels, 

which were moderately ameliorated by neem extract.  

From the observations in this study, it can be concluded that 

A. indica could increase enzymatic/ non-enzymatic 

antioxidants and thus has hepatoprotective effects on lead-

acetate exposed Wistar rats. 
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