
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

An evaluation of the impacts of L-arginine on the  
hepato-renal indices of rats exposed to chlorpyrifos 
 

ABSTRACT 
Chlorpyrifos is an organophosphorus insecticide 
that is applied extensively for pest control. 
L-arginine is an α-amino acid that is crucial in 
protein biosynthesis. An investigation was carried 
out to determine the impacts of L-arginine on 
the hepato-renal indices of rats treated with 
chlorpyrifos. Thirty-five (35) rats were used and 
they were allocated into five groups of seven rats 
each. They received the following treatments by 
oral gavage for 28 days: distilled water, olive oil 
(1 ml/kg), chlorpyrifos (8.5 mg/kg), L-arginine 
(100 mg/kg), chlorpyrifos (8.5 mg/kg) and 
L-arginine (100 mg/kg). The rats were euthanized 
after the study ended and the hepatorenal indices 
were evaluated. The gamma glutamyl transferase 
activity of the chlorpyrifos group significantly 
increased (p < 0.05). Additionally, chlorpyrifos 
induced significant reduction in the activities 
of hepatic superoxide dismutase, renal catalase 
and renal glutathione peroxidase. Conversely, 
L-arginine significantly increased the activities of 
hepatic superoxide dismutase, renal catalase and 
renal glutathione peroxidase both alone and in 
combination with chlorpyrifos. From these results, 
it may be deduced that L-arginine has potential 
bioprotective and antioxidant effects against 
chlorpyrifos.  

KEYWORDS: L-arginine, chlorpyrifos, liver, 
kidneys, rats. 
 
1.   INTRODUCTION 
Pesticides are crucial in public health practices for 
the elimination of disease vectors [1]. However, 
pesticides are potentially toxic to other organisms 
and should be applied safely and discarded properly
[2]. Organophosphorus pesticides are commonly 
used to increase agricultural productivity [3].  
Chlorpyrifos (CF) is an organophosphorus pesticide
with a wide range of activities against insects and 
it is generally applied for pest control [4]. The 
core routes of CF exposure are ingestion, dermal 
absorption and inhalation [5]. Organophosphates 
such as CF are irreversible inhibitors of 
acetylcholinesterase [6] and acetylcholinesterase 
inhibition evokes symptoms of muscarinic and 
nicotinic intoxication such as diarrhoea, excessive 
salivation, lacrimation, and muscular weakness 
[7]. 
Inconsistent and undiscerning use of CF has been 
linked to increase in sickness and death rates 
in agricultural workers as a result of adverse 
conditions associated with acute and chronic 
exposure [8]. Moreover, biochemical parameters 
are negatively impacted in animals and humans 
exposed to CF, resulting in damage to various 
parts of the body [9, 10]. 

1Faculty of Veterinary Medicine, Department of Veterinary Pharmacology and Toxicology;  
2Faculty of Veterinary Medicine, Department of Veterinary Physiology and Biochemistry;  
3Faculty of Veterinary Medicine, Department of Theriogenology, University of Abuja,  
Abuja Airport Road, Federal Capital Territory, 900105, Nigeria. 
 

Motunrayo Ganiyat Akande1,*, Gbenga Michael Oladele1, Hudu Garba Mikail1,  
Lateef Ariyo Adeniran2 and Ijeoma Chika Chibuogwu3  

*Corresponding author: akande.ganiyat@uniabuja.edu.ng
 

Current Topics in 
Toxicology

Vol. 21, 2025



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Organophosphorus pesticides galvanize the 
production of reactive oxygen species (ROS) thereby
leading to oxidative damage [11]. Oxidative stress 
involves the unwarranted production of oxidant 
molecules that submerge the antioxidant defense 
system, thereby resulting in oxidative impairment
[12]. The oxidant molecules produced such as 
radicals and nonradicals may damage DNA, 
proteins, and lipids, thereby resulting in alterations 
in cellular functions or cell death [12]. In contrast, 
antioxidants scavenge ROS and prevent oxidative 
stress in cells [13]. L-arginine is an amino acid 
with antioxidant and bioprotective properties [14, 
15]. It is abundant in natural foods including 
dairy products, nuts, wheat, flour and seeds [16].
Besides, it is regarded as one of the essential 
amino acids in metabolism [17]. L-arginine protects
several organs of the body against assault by toxic 
substances [16, 18]. Therefore, L-arginine was 
chosen as the protective agent against CF toxicity 
in this study because of its reported antioxidant 
and bioprotective properties against toxicants such 
as carbon tetrachloride [18], monosodium glutamate
[16], dichlorvos [19] and fipronil [2] in scientific 
literature. 
It is essential to study CF, a widely used and 
preferred insecticide by farmers in most countries, 
and determine how its undesirable effects can be 
alleviated by the application of L-arginine for the 
protection of the health status of its users and for 
sustainable agricultural output.  
The aim of the proposed research was to explore 
whether the purported potent amino acid, 
bioprotective agent and antioxidant, L-arginine, can
counteract the subacute toxic effects of chlorpyrifos
on hepato-renal indices in male Wistar rats. 
 
2.  MATERIALS AND METHODS 
This research was conducted at the Experimental 
Animal House, Faculty of Veterinary Medicine, 
University of Abuja Main Campus, Federal 
Capital Territory, Abuja, Nigeria.   
The thirty-five (35) male Wistar rats used for the 
research were procured from the National Veterinary
Research Institute (NVRI) Vom, Plateau State, 
Nigeria. They were housed in suitable cages at 
23-25 ºC with a 12 hour/12 hour light/dark cycle 
at the Experimental Animal House, Faculty of 
Veterinary Medicine, University of Abuja, and 
were given free access to chow and water.  
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The investigation was endorsed by the University 
of Abuja Research Ethics Committee (Approval 
number: UAV-23-146). The animals were handled,
transported and cared for in harmony with the 
guiding principles of the National Institutes of 
Health Guide for the Care and Use of Laboratory 
Animals [20]. 

2.1. Chemicals 
Commercial grade chlorpyrifos (Chloview®, 20% 
emulsifiable concentrate) was procured from an 
agrochemical company in Abuja, Nigeria, and it 
was reconstituted in olive oil before administration
to the rats. Analytical grade L-arginine was 
purchased from Merck®, Germany (Chemical 
Abstract Service number: 74-79-3). L-arginine 
was reconstituted in distilled water to obtain a 
100 mg/ml solution before it was given to the rats 
on a daily basis.  

2.2. Subacute toxicological study 
The rodents were allocated arbitrarily into 
five groups (n = 7) after being weighed. The 
experimental groups and the treatments 
administered were as follows: distilled water 
(DT), olive oil at 1 ml/kg (LV), chlorpyrifos 
[CF, 8.5 mg/kg, 0.1 LD50], where the LD50 was 
calculated previously as 85 mg/kg, [21], L-arginine
at 100 mg/kg (AG), and chlorpyrifos (8.5 mg/kg) 
and L-arginine (100 mg/kg) (CF+AG).  
The treatments were administered to the rats once 
daily by oral gavage for 28 days and the rats were 
inspected for clinical signs of intoxication. After 
the study ended, the Wistar rats were humanely 
sacrificed. Additionally, liver and kidney samples 
were excised for histopathology. 

2.3. Laboratory investigations 

2.3.1. Assessment of serum biochemical 
parameters 
After the termination of the research, the rats’ 
blood samples (three millilitres) were placed in 
anticoagulant-free tubes. The blood samples were 
allowed to clot and were incubated for 30 minutes.
The samples were subsequently centrifuged at 
1000 x g for 5 minutes to obtain clear straw-
coloured serum samples for the estimation of 
biochemical parameters.  
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glutathione peroxidase activity was analysed using
a glutathione peroxidase (GPx) activity assay kit 
(EBI, Elabscience® Texas, USA). The basis of the 
analysis was the oxidation of reduced glutathione 
to form oxidized glutathione [26]. 

2.4. Data analysis 
The data derived from the research were presented 
as the mean+SEM (mean + standard error of the 
mean). The data were analysed by One-way 
Analysis of Variance (ANOVA) combined with 
Tukey’s post hoc test (GraphPad Prism version 
4.00 for Windows, California, USA). Values of 
P < 0.05 were considered significant. 
 
3. RESULTS  

3.1. Clinical observations 
The rats in the CF group manifested some signs 
of transient intoxication, such as anorexia, 
hypersalivation, hyperactivity and muscle tremors. 
However, these toxic manifestations were not 
detected in the animals in the other experimental 
groups.  

3.2. Effects of the treatments on the rats’ body 
weights  
The body weights of the rats did not markedly 
differ among the groups or between week 0 
(before the start of the research) and week 4 (when 
the investigation ended), as shown in Table 1.  

3.3. Effects of the treatments on the  
hepato-renal indices of the rats 
No notable alterations were detected in the levels 
of ALT, AST, urea and creatinine (Table 2). 
However, the GGT activity of the CF group 
substantially increased (p < 0.05) compared with 
that of the DT group (Table 2).  

3.4. Effects of the treatments on hepatic 
oxidative stress parameters in the rats 
The hepatic MDA (Table 3), hepatic CAT (Table
3) and hepatic GPx (Table 3) concentrations were 
not considerably different among the groups. The 
hepatic SOD activity was notably lower (p < 0.05) 
in the CF group than in the AG and LV groups 
(Table 3). 

2.3.2. Evaluation of hepato-renal indices  
The alanine aminotransferase, aspartate 
aminotransferase and gamma-glutamyl transferase 
(hepatic indices), urea and creatinine (renal indices)
concentrations were measured in the serum 
specimens. 

2.3.3. Preparation of tissue homogenates for the 
evaluation of oxidative stress parameters 
Physiological saline was used to clean the hepatic 
(liver) and renal (kidney) samples, which were then
dehydrated and weighed [21]. Some portions of 
the hepatic and renal samples were combined with 
phosphate-buffered saline (PBS) (1:10 weight/volume
at pH 7.4) and homogenized. The mixtures were 
kept in an ice bath and subsequently centrifuged 
to evaluate the levels of hepatic and renal 
oxidative stress indices (malondialdehyde (MDA), 
superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx)). 

2.3.4. Determination of malondialdehyde levels 
The malondialdehyde level, an indicator of lipid 
peroxidation, in the hepatic and renal samples was 
measured using a malondialdehyde assay kit 
(Elabscience Biotechnology Incorporation (EBI), 
Elabscience® Texas, USA). The method described 
by Draper and Hadley [22] was employed. The 
absorbance was measured using an ultraviolet (UV)
spectrophotometer (T80+ UV/Vis spectrometer®, 
Leicestershire, UK) at 532 nm. The 
malondialdehyde concentrations in the samples 
were computed using the absorbance coefficient 
of the malondialdehyde-thiobarbituric acid complex
(1.56 x 105/cm/M) and were expressed as nmol/mg
protein for the hepatic and renal samples. The 
protein contents of the supernatants were also 
assessed [23]. 

2.3.5. Assays of antioxidant enzyme levels  
The superoxide dismutase (SOD) level in the 
hepatic and renal samples was measured using an 
SOD assay kit (EBI, Elabscience® Texas, USA). 
The procedure is predicated on the autoxidation 
of haematoxylin [24]. A catalase (CAT) assay kit 
(EBI, Elabscience® Texas, USA) was used to 
assess CAT activity in the hepatic and renal 
samples. The method used was based on hydrogen 
peroxide substrate consumption [25]. The level of 
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Table 1. Effects of DT (distilled water), LV (olive oil), chlorpyrifos (CF) and/or L-arginine 
(AG) on the body weights of the rats.  

Treatments WK0 WK1 WK2 WK3 WK4 

DT 268.80±22.40 298.40±27.17 317.10±26.39 323.90±28.97 345.30±30.99 

LV 245.80±16.19 274.80±12.01 276.20±13.36 295.60±13.45 293±21.09 

AG 256.20±18.57 292.80±22.24 306.50±22.79 308.70±20.22 317.70±19.29 

CF 302.40±22.06 309.60±26.66 307.40±25.54 306.10±25.62 304.90±31.30 

CF+AG 285.30±30.92 321.70±28.87 315.60±36.78 307.40±32.20 272.80±25.71 

WK: Week. 
 

Table 2. Effects of DT (distilled water), LV (olive oil), chlorpyrifos (CF) and/or L-arginine (AG) 
on the levels of hepato-renal indices of the rats.  

PARAMETERS DT LV AG  CF  CF+AG 

ALT (U/L) 26.61±4.11 40.35±6.84 23.82±2.12  36.62±4.95  33.14±4.12 

AST (U/L) 37.91±4.50 51.25±1.59 44.43±4.03  41.39±2.95  36.32±8.10 

GGT (U/L) 9.38±1.67 19.72±5 15.35±2.38  27.25±2.25*  13.30±4.35 

Urea (mg/dl) 19.20±1.17 23.33±3.95 23.05±1.21  25.18±4.41  19.41±3.48 

Creatinine (mg/dl) 58.47±6.54 41.63±11.23 47.25±9.78  63.24±15.18  59.72±10.11 

*p < 0.05 CF group versus DT group. 
ALT (alanine aminotransferase), AST (aspartate aminotransferase), GGT (gamma glutamyl transferase). 

Table 3. Effects of DT (distilled water), LV (olive oil), chlorpyrifos (CF) and/or L-arginine (AG) on the 
levels of hepatic oxidative stress parameters of the rats.  

 
PARAMETERS DT LV AG  CF  CF+AG 

Hepatic MDA 
(nmol/mg protein) 

    90.20±8.03     86.22±3.75     79.74±3.03   105.5±25.49  101.2±18.97 

Hepatic SOD 
(IU/L) 

69±5.39 

 
79.33±2.76 82.13±2.37  58.02±6.67*  67.63±2.63 

Hepatic CAT 
(IU/L) 

188.3±22.04 168.6±45.81 

 
194.2±21.55  107.3±29.91  107.9±12.90 

Hepatic GPx 
(IU/L) 

60.60±1.54 

 
61.88±0.57 61.98±1.48  59.98±1.84  60.39±1.52 

*p < 0.05 CF group versus AG and LV groups. 
MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GPx: Glutathione Peroxidase. 
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Furthermore, the body weights of the rodents in 
the treatment groups were not substantially 
different. CF exposure resulted in elevated body 
weights of the rats through an improvement in 
their feed intake [30, 31]. Similarly, AG exposure 
resulted in an increase in the rats’ body weights 
by enhancement of their food consumption [32]. 
Conversely, Elbassuoni et al. [16] reported that 
AG reduced food ingestion and inhibited the 
increase in the body weights of rats, possibly 
through the induction of fat oxidation and 
decreased fat synthesis in tissues [33]. 
In this study, the levels of ALT, AST, urea and 
creatinine were not markedly altered among the 
groups. However, the GGT concentration was 
notably greater in the CF group than in the other 
groups. Saoudi et al. [34] reported increase in the
ALT, AST, urea and creatinine concentrations in 
rats treated by gavage with CF at 63 mg/kg. 
Conversely, oral AG administration (200 mg in 
1 ml/kg for two weeks) significantly decreased 
ALT, AST, urea and creatinine concentrations in an
investigation conducted by Elbassuoni et al. [16]. 
Our results revealed that CF markedly decreased 
the activities of hepatic SOD, renal CAT, and 
renal GPx. Althagafy et al. [35] noticed that CF 
administered at 10 mg/kg orally for 28 days 
substantially increased the MDA concentration 
and reduced the SOD concentration in rats. 
Similarly, CF significantly increased the hepatic 

 

 

 

 

 

 

 

 

 

 

 

3.5. Effects of the treatments on the renal 
oxidative stress parameters of the rats 
The renal MDA concentrations were not noticeably
different among the groups (Table 4). The renal 
CAT concentration was significantly elevated (p < 
0.05) in the AG group compared with the DT, LV 
and CF groups (Table 4). Additionally, the renal 
CAT level was substantially greater (P < 0.05) in 
the CF+AG group than in the LV, CF and DT
groups respectively (Table 4). Compared with 
those in the DT, LV and CF groups, the renal GPx 
level in the AG group was significantly greater (P 
< 0.05). The renal GPx level was notably lower (P 
< 0.05) in the CF group than in the CF+AG group.
 
4. DISCUSSION 
In the present study, the rats in the CF group 
manifested some evidence of toxicity, such as 
hypersalivation, tremor, hyperactivity and anorexia. 
The signs of toxicity were observed momentarily 
after daily treatment of the rats with CF. These 
signs may have been caused by the irreversible 
inhibition of cholinesterases and interruption of 
the cholinergic function of the rats by CF [7, 27].  
The documented median lethal dose (LD50) of CF 
ranges from 82−270 mg/kg [28]. CF is classified 
as a moderately toxic insecticide [29]. In this 
research, an LD50 of 85 mg/kg was used for CF 
[21], and the dosage of CF administered in the 
present study was 10% of the LD50 (8.5 mg/kg).  

Table 4. Effects of DT (distilled water), LV (olive oil), chlorpyrifos (CF) and/or L-arginine (AG) on the 
levels of renal oxidative stress parameters of the rats.  

PARAMETERS DT LV AG CF CF+AG 

Renal MDA 
(nmol/mg protein) 68.55±2.08 70.11±2.84 64.42±3.48 102.30±24.36 76.49±6.05 

Renal SOD  
(IU/L) 52.29±3.77 54.41±3.74 60.15±3.52 41.34±6.42 52.37±3.81 

Renal CAT 
(IU/L) 72.05±2.11 63.16±1.92 121.30±6.56* 61.89±1.13 102.40±14.80** 

Renal GPx 
(IU/L) 24.41±0.73 25.87±1.44 36.51±2.50* 22.61±0.70*** 30.56±1.56 

*P < 0.05 AG group versus DT, LV and CF groups. 
**P < 0.05 CF+AG group versus DT, LV and CF groups. 
***P < 0.05 CF group versus CF+AG group. 
MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase;GPx: Glutathione Peroxidase. 
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and renal lipid peroxidation levels (indicated by 
the MDA concentrations) and activities of SOD, 
CAT and GPx [34]. 
In the current study, AG augmented the hepatic 
SOD, renal CAT and renal GPx activities in the 
rodents. AG has been shown to increase the 
concentrations of SOD, CAT and glutathione, 
while diminishing the MDA level in rats [36].
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5. CONCLUSION 
In this study, chlorpyrifos evoked toxicity in 
the male Wistar rats by elevating the GGT 
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arginine was co-administered with chlorpyrifos. 
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attributed to its bioprotective and antioxidant 
properties. Therefore, L-arginine could be useful 
for mitigating chlorpyrifos toxicity.  
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