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Abstract

Due to its toxicity, dichlorvos—a common organophosphate pesticide—poses
significant risks to human health. This study utilized male Wistar rats to ex-
plore the potential protective effects of L-arginine supplementation against
dichlorvos-induced toxicity, focusing on cardiotoxicity, haematotoxicity and
oxidative stress. The rats were divided into four groups: Control, L-arginine
(L), Dichlorvos (D), and L-arginine + Dichlorvos (L + D). Dichlorvos was
administered to the D group, L-arginine (100 mg/kg) to the L group, and
both L-arginine and dichlorvos to the L + D group. The study evaluated various
parameters, including cardiovascular, oxidative stress markers, and haemato-
logical indices. Significant changes in haematological parameters such as hae-
moglobin (Hb), haematocrit (HCT), and red blood cell count (RBC) indi-
cated haematotoxicity after dichlorvos administration. Additionally, elevated
cardiac markers, including lactate dehydrogenase (LDH) and creatine ki-
nase-MB (CK-MB), suggested cardiotoxic effects. Exposure to dichlorvos also
resulted in decreased antioxidant enzyme levels and increased oxidative stress
indicators like malondialdehyde (MDA). Remarkably, L-arginine supple-
mentation mitigated the damage caused by dichlorvos. It normalized the al-
tered haematological parameters, demonstrating its protective effect against
haematotoxicity. The rise in cardiac markers was reduced with L-arginine
supplementation, indicating protection against cardiotoxicity. Moreover,
L-arginine significantly decreased oxidative stress, as evidenced by lower MDA
levels and restored antioxidant enzyme activity. In conclusion, L-arginine sup-
plementation in male Wistar rats showed promising protective effects against
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dichlorvos-induced cardiotoxicity, haematotoxicity and oxidative stress. This
suggests that L-arginine may offer a beneficial intervention to mitigate the
adverse effects of dichlorvos on blood and heart health, paving the way for
potential treatments for pesticide poisoning.

Keywords

Dichlorvos, L-Arginine, Cardiovascular Function, Haematological
Parameters, Oxidative Stress

1. Introduction

Dichlorvos, an organophosphate commercially available since 1961 [1], is exten-
sively used in agriculture, households, aircraft, and outdoor areas. Like other
pesticides, it can be absorbed through the skin, ingestion, or inhalation, leading
to neurotoxicity and various adverse impacts [2]. The primary mechanism of
organophosphate toxicity involves acetyl cholinesterase inhibition, resulting in
the accumulation of acetylcholine and subsequent symptoms of poisoning [3].
Chronic exposure to dichlorvos has been linked to health issues, including can-
cer and haematological disorders [4]. Dichlorvos is a widely used organophos-
phate insecticide that has drawn attention from all over the world because of its
detrimental effects on human health and the environment. Known by another
name, DDVP, this substance is used in agriculture, public health, and household
pest management. Its effects on ecosystems, biodiversity, and human health are
of concern [5]. Due to its poisonous qualities, there are serious dangers to hu-
man health and the environment. When ingested, inhaled, or exposed topically,
there may be acute or long-term health consequences. Due to its persistence and
bio accumulative nature in the environment, studies have connected dichlorvos
exposure to neurological diseases, respiratory conditions, and possible carcino-
genicity [6]. Furthermore, target pests have developed a resistance to pesticides
as a result of the extensive agricultural use of dichlorvos, which could worsen
environmental pollution [7]. International organizations have taken regulatory
measures to reduce the use of dichlorvos; nevertheless, effective enforcement is
still a challenge, especially in areas with weak regulatory frameworks [8]. Gov-
ernments, scientists, industry stakeholders, and civil society must work together
to address these issues, putting a focus on sustainable pest management tech-
niques and the search for safer alternatives [9]. In Nigeria, dichlorvos is com-
monly used as a household and agricultural pesticide under various names like
Nuvan, Sniper, and “Pia-pia” [10]. Despite its widespread use, there is a lack of
knowledge about the haematological impacts of dichlorvos exposure in Nige-
rians. Blood serves as a reliable medium for assessing health status, with various
parameters indicating physiological and pathological conditions in animals [11].
Cardiovascular diseases are a major global cause of death, and there is a need to
understand the chronic impacts of pesticide exposure, particularly on cardi-
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ovascular health [12]. Chronic exposure to pesticides, such as organochlorines,
has been associated with cardiovascular diseases through mechanisms like al-
tered lipid metabolism [12]. Electrocardiogram (ECG) changes, including pro-
longed QTec interval, sinus tachycardia, and other cardiac manifestations, have
been observed in acute organophosphate poisoning. Chronic pesticide exposure
has been linked to non-fatal myocardial infarction and arterial peripheral disease
[13]. L-arginine, an indispensable amino acid, plays a pivotal role in cardiovas-
cular function and exhibits potential therapeutic impacts in alleviating pesti-
cide-induced toxicity [14]. Beyond its cardiovascular contributions, L-arginine
serves various essential biological functions. It contributes to acid-base balance,
a clinically underappreciated aspect, as the urea cycle significantly consumes bi-
carbonate [15], playing a critical role in maintaining acid-base homeostasis [15].
This amino acid significantly influences the proper functioning of the cardi-
ovascular system (CVS). Clinical studies involving hypertensive, diabetic, and
healthy individuals suggest that L-arginine can regulate vascular haemostasis
[15]. Supplementation with L-arginine has been shown to ameliorate the pa-
thology of various diseases in clinical practice [14]. Vascular endothelial dys-
functions, considered pathological changes in the cardiovascular system, often
coincide with a reduction in nitric oxide (NO) synthesis [16]. The oxidative
stress observed in endothelial cells is associated with vascular endothelial dys-
functions and diminished NO synthesis, factors linked to the aetiology of nu-
merous pathological alterations in the cardiovascular system [17]. The impact of
L-arginine supplementation on haematological parameters, cardiovascular re-
sponse, and oxidative biomarkers in male Wistar rats exposed to dichlorvos is
crucial for several reasons. First, the commonly used pesticide dichlorvos has
been associated with haematotoxicity, emphasizing the need to understand and
mitigate its harmful impacts. Second, the potential of the essential amino acid
L-arginine to combat such toxicity remains an unstudied area. Third, this re-
search is related to the growing concern about pesticide exposure and the need
to identify protective measures to protect physiological functions. Fourth, the
incorporation of arginine has the potential to provide new perspectives on
toxicity mechanisms related to oxidative stress, cardiovascular, and haemato-
logical responses. It may also demonstrate protective effects via mechanisms
like enhanced nitric oxide bioavailability and decreased oxidative stress [18].
This study aims to investigate the impacts of L-arginine supplementation on
haematological parameters, cardiovascular biomarkers, and oxidative res-
ponses in rats exposed to dichlorvos. The research addresses a critical gap in
the literature and may contribute to developing strategies to mitigate the ad-
verse effects of pesticide exposure. The findings are expected to provide in-
sights into the protective role of L-arginine and inform future interventions

for pesticide-related health issues.

2. Materials and Methods

Forty (40) healthy male Wistar rats weighing between 220 - 250 g, obtained from
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a private breeder, were selected for the study. The use of Wistar rats in re-
search offers a balance between practical considerations, genetic stability, and
biological relevance, making them valuable models for a wide range of scien-
tific investigations. These rats had not undergone any prior experimental in-
terventions and were considered healthy based on the absence of stress or in-
fection indicators. Before initiating the experiments, the rats were individually
weighed after a period of acclimatization lasting two weeks. They were housed in
well-ventilated plastic cages at the animal facility of the Department of Physi-
ology, Faculty of Basic Medical Sciences, LAUTECH, Ogbomoso, Oyo State.
During the research, the animals were provided with both standard diet and
water under 12 hours light/12 hours dark cycle; temperature range; 25 = 2°C
and 60% - 65% humidity. The experimental protocols adhered to the guidelines
outlined in the National Research Council’s Guide for the Care and Use of La-

boratory Animals.

2.1. Arrive Statement

All animal experiments comply with the ARRIVE guidelines and carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and asso-
ciated guidelines, EU Directive 2010/63/EU for animal experiments and the
National Research Council’s Guide for the Care and Use of Laboratory Ani-

mals.

2.2. Ethical Approval

Ethical approval was sought and given to conduct this study from Ethics and Re-
view Committee of the Faculty of Basic Medical Sciences, Ladoke Akintola Uni-
versity of Technology, Ogbomoso with a reference number FBMS/AECP/092/23.

2.3. Dosage and Administration

A low dose of 100 mg/kg was used to determine the dose administered to each
animal [19] [20]. A low dose of 100 mg/kg was used to calculate the dosage given
to each animal. Based on the formula weight (g) x dosage (100 mg/1000 g), the
computation was performed with an average weight of 250 g for the rats. The
amount of L-arginine given was calculated based on the fact that one 500 mg
capsule of L-arginine includes ten rats totaling 2500 g in weight. The proportion
for 2500 g (x) of L-arginine was calculated using 1000 g containing 100 mg of
L-arginine. As a result, the group of 10 male Wistar rats received 250 ml of

L-arginine. Consequently, 25 mg of L-arginine were given to each rat.

2.4. Chemical

DDVP (°Sniper, containing 1000 g of DDVP/Litre; manufactured by Forward
(Beinaj) Hepu Pesticide Co. Limited, China from Saro Agrosciences Limited,
Oyo state, Nigeria) was used. Rats in DDVP group was exposed to 50 ml
DDVP/50 ml distilled water-Dichlorvos, as previously mentioned, was added to
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an open container to facilitate the odour’s easy dispersion into and out of it,
preventing caged animals from inhaling it. Inside a container was the metal cage
in order to avoid body contact, the container was positioned within the box at a

corner so that the animals could not pour out its contents [19] [20].

2.5. Determination of Body Weight

Rats were weighed before dosing and weekly during the experiment using a
scale. The weight of the animal is necessary to determine the dose of medicine

administered to the animal (Salter, England).

2.6. Grouping

They were divided into four groups of ten (10) animals each as follows:

Group A (control group): They received only food and water throughout the
study.

Group B (only dichlorvos): This group was exposed to dichlorvos by inhala-
tion for 10 minutes in a desiccator containing 2 ml of dichlorvos, which was
moistened daily for three weeks without treatment.

Group C (dichlorvos (DDVP) + L-arginine): This group was exposed to
dichlorvos in the same way as group B and treated with oral L-arginine for six
weeks.

Group D (only L-arginine): This group received only one supplemental dose
of L-arginine per day for six weeks.

Route of drug administration

Dichlorvos was administered by inhalation while L-arginine was given by oral

route.

2.7. Collection of Blood Samples

Rats were sacrificed using ketamine as a sedative [21]. Blood samples were
collected by cardiac puncture into plain bottles, allowed to clot at 40°C for 1 h,
and centrifuged at 3000 x g for 15 min to obtain serum samples for biochemi-
cal analysis. The obtained serum samples were stored at —20°C until assayed
[22].

2.8. Collection of Tissues

The animals were dissected; kidney and heart tissues were removed and washed
in an ice cold trichloroacetic acid and rinsed with 1.15% KCI and blotted [23].
The samples were stored in a standard bottle containing formalin and normal
bottles containing normal saline and were kept cold at —4°C before biochemical
analysis [23]-[25].

2.9. Haematological Parameters

The process followed the instructions provided in the Haematology Analyser

manual (Sysmex Kx21). Various blood parameters, such as total red blood cell

DOI: 10.4236/0japps.2024.147123

1890 Open Journal of Applied Sciences


https://doi.org/10.4236/ojapps.2024.147123

W. A. Saka et al.

(RBC) count (x 10/uL), hemoglobin content (Hb; g/dL), hematocrit (HCT; %),
total white blood cell (WBC) or leukocyte count (x 10/uL), lymphocyte count
(LYM; x 10/ul), and platelet (PLT) count (x 10/uL), were assessed. Additionally,
mean corpuscular volume (MCV; fL), mean corpuscular hemoglobin (MCH;
pg), and mean corpuscular hemoglobin concentration (MCHC; %) were calcu-

lated as part of the analysis.

2.10. Cardiovascular Parameters

Electrocardiography (ECG) on Male Wistar Rats

The rats underwent intramuscular anaesthesia using a combination of ketamine
and xylazine at 2.5 mg/kg, inducing muscle relaxation for several minutes. Sub-
sequently, the animals were carefully positioned in a supine posture on a clean
board. Wet gel was applied to the skin surface of both arms and legs, and elec-
trodes were meticulously affixed to these coated areas. The ECG amplifier was
then linked to the monitor, and the recorded data were repeatedly collected and
saved for all animals.

The trachea tube was then secured in place by wrapping two loops of thread
around it. The carotid artery was meticulously isolated from the vagus nerve,
exteriorized, and cannulated using a PE50 cannula filled with 1% normal sa-
line. The pressure transducer (model 7 d, grass instrument Massachusetts,
USA) was connected to the cannula via a 3-way tap, and the pressure trans-
ducer was then connected to a grass polygraph through a driver amplifier and
preamplifier, and finally to an ink writing stylus. A 10- to 15-minute rest pe-
riod was given to the animal before blood pressure measurements were made.
The diastolic pressure (DP) plus one-third of the pulse pressure (PP) (DP +
1/3PP) were added to determine the mean arterial pressure. The difference
between the diastolic and systolic pressures (measured in millibars) is known

as pulse pressure [26].

2.11. Lactate Dehydrogenase and Creatinine Kinase

Lactate dehydrogenase and Creatinine kinase were determined colometrically by
the method specified in AGAPPE kit, Switzerland.

2.12. Cardiac Troponin I

Cardiac troponin I was determined using rat cardiac troponin ELISA kit, Elabs-

cience, Wuhan, China with manufacturer’s instruction strictly followed.

2.13. Oxidative Stress Studies

Superoxide dismutase (SOD) activity was assayed in line with the protocol de-
scribed by [27], reduced glutathione (GSH) activity was assayed as described by
[27], Catalase (CAT) activity was determined by the protocol of [28] and Ma-
londialdehyde (MDA) level was assayed according to the protocol described by
[29].
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2.14. Statistical Analysis

Data were recorded as mean + standard error of the mean. Statistical differences
between means were determined by one-way analysis of variance. Turkey’s post
hoc test was used to identify differences between individual means. Confidence
intervals were set at 95%, and results with a value of p < 0.05 were accepted as
significant in all cases (Graph Pad Prism 5, Graph Pad Software, Inc., La Jolla,
CA, USA).

3. Results

3.1. Impact of L-Arginine on Haematological Parameters

3.1.1. Impact of L-Arginine on White Blood Cell (WBC(C)

A noteworthy elevation (p < 0.05) in white blood cell (WBC) count was ob-
served in rats exposed to DDVP as opposed to the control group. Nevertheless,
supplementation with L-arginine resulted in a substantial reduction (p < 0.05)
in WBC count compared to rats exposed to DDVP. Refer to Table 1 for de-

tails.

3.1.2. Impact of L-Arginine on Red Blood Cell (RBC)

The outcomes depicted in Table 1 indicate an insignificant decline in red blood
cell (RBC) count in rats exposed to DDVP compared to the control group. Non-
etheless, supplementation with L-arginine resulted in a non-significant elevation

(p > 0.05) in RBC count when compared to DDVP-exposed rats.

3.1.3. Impact of L-Arginine on Haemoglobin (HGB)

The findings presented in Table 1 reveal an insignificant reduction in haemo-
globin (HGB) levels in rats exposed to DDVP in comparison to the control
group. Nevertheless, the introduction and application of L-arginine led to a sig-
nificant increase (p < 0.05) in HGB levels when contrasted with DDVP-exposed

rats.

3.1.4. Impact of L-Arginine on Haematocrit (HCT)

The data depicted in Table 1 illustrates an insignificant reduction in haematocrit
(HCT) in rats exposed to DDVP as opposed to the control rats. However, the
administration of L-arginine resulted in a non-significant rise in HCT when

compared to rats exposed to DDVP.

3.1.5. Impact of L-Arginine on Mean Corpuscular Volume (MCV)

The findings presented in Table 1 indicate an insignificant decline (p > 0.05)
in mean corpuscular volume (MCV) in rats exposed to DDVP compared to
the control group. However, the administration of L-arginine resulted in a
non-significant increase (p > 0.05) in MCV when compared to DDVP-exposed

rats.

3.1.6. Impact of L-Arginine on Mean Corpuscular Haemoglobin (MCH)
The outcomes presented in Table 1 demonstrate a statistically significant reduction
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Table 1. Impact of L-arginine on haematological parameters of dichlorvos-exposed rats.

Parameters CONTROL DDVP ONLY L-ARG+DDVP L-ARG CONTROL
WBC (uL™) 4900 + 426.6 7875 + 377.3° 5900 + 228.0° 5740 + 370.9°
RBC (uL™) 8.34 x 10°+ 160799  7.75 x 10° + 477081 8.52 x 10° + 120277 8.72 x 10° + 231283
HGB (dL™) 11.72 £ 0.29 10.92 +0.43 11.78 £ 0.07 12.16 £ 0.27
HCT (%) 44.70 + 0.84 4295+ 191 43.70 £ 0.89 47.10 £ 0.83
MCV (1) 55.28 £0.74 52.70 £ 0.51 53.02 £0.31 52.24 £0.95
MCH (pg) 15.05 +0.27 13.65 £ 0.06* 13.78 £ 0.05* 14.33 £ 0.13*
MCHC (dL™) 27.03 +0.34 25.63 +0.13 26.23 +0.09 25.73 £0.17
PLT (uL™) 892000 + 18713 773500 *+ 27864 1.2 x 107 + 74818% 845750 + 24430°

Values are presented as Mean + SEM. *Indicate a noteworthy distinction when compared to the control at a signific-
ance level of p < 0.05. "Indicate a significant distinction when compared to rats exposed to DDVP at p < 0.05. “Indicate
a significant distinction when compared to rats exposed to DDVP + L-ARG at p < 0.05. DDVP-Dichlorvos L-ARG =

L-arginine.

(p < 0.05) in mean corpuscular haemoglobin (MCH) in rats exposed to DDVP
compared to the control group. Nevertheless, the administration of L-arginine
resulted in a significant increase (p < 0.05) in MCH when compared to
DDVP-exposed rats.

3.1.7. Impact of L-Arginine on Mean Corpuscular Haemoglobin
Concentration (MCHC)

The findings depicted in Table 1 reveal a statistically significant decrease (p < 0.05)
in mean corpuscular haemoglobin concentration (MCHC) in rats exposed to
DDVP compared to the control group. However, the administration of L-arginine

led to a non-significant increase in MCHC when compared to DDVP-exposed rats.

3.1.8. Impact of L-Arginine on Platelets (PLT) in Dichlorvos-Exposed
Rats

The outcome depicted in Table 1 indicates a statistically insignificant reduction
in platelet (PLT) levels in rats exposed to DDVP compared to control rats. Nev-
ertheless, the administration of L-arginine significantly elevated (p < 0.05) PLT

levels when compared to rats exposed to DDVP.

3.2. Impact of L-Arginine on Cardiovascular Function

3.2.1. Impact of L-Arginine on Systolic Pressure in Dichlorvos-Exposed
Rats

Rats exposed to DDVP exhibited a statistically insignificant increase (p > 0.05)

in systolic pressure compared to the control group. However, the administration

of L-arginine led to a significant reduction (p < 0.05) in systolic pressure com-

pared to rats exposed to DDVP, as depicted in Table 2.

3.2.2. Impact of L-Arginine on Diastolic Pressure in Dichlorvos-Exposed
Rats

Rats exposed to DDVP demonstrated a statistically significant increase (p < 0.05)
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in diastolic pressure compared to the control group. However, the administra-
tion and treatment with L-arginine resulted in a significant decrease (p < 0.05) in

diastolic pressure compared to rats exposed to DDVP, as illustrated in Table 2.

3.2.3. Impact of L-Arginine on Heart Rate in Dichlorvos-Exposed Rats

Rats exposed to DDVP exhibited a statistically significant increase (p < 0.05) in
heart rate compared to the control group. Nevertheless, the administration and
treatment with L-arginine led to a non-significant decrease in heart rate com-

pared to rats exposed to DDVP, as illustrated in Table 2.

3.2.4. Impact of L-Arginine on P-Wave in Dichlorvos-Exposed Rats

There was a non-significant decrease in the P-WAVE among rats exposed to
DDVP compared to control rats. However, the administration of L-arginine re-
sulted in a significant increase (p < 0.05) in the P-WAVE compared to rats ex-
posed to DDVP, as shown in Table 2.

3.2.5. Impact of L-Arginine on PR-Wave in Dichlorvos-Exposed Rats

Rats exposed to DDVP showed a significant increase (p < 0.05) in the PR-wave
compared to control rats. Nevertheless, the administration and treatment with
L-arginine led to a non-significant decrease in the PR-wave compared to rats
exposed to DDVP, as depicted in Table 2.

3.2.6. Impact of L-Arginine on the QRS-Wave in Dichlorvos-Exposed Rats
There was a non-significant increase in the QRS-wave among rats exposed to
DDVP compared to control rats. Nonetheless, the administration and treatment
with L-arginine significantly raised (p < 0.05) the QRS-wave when compared to
rats exposed to DDVP, as illustrated in Table 2.

3.2.7. Impact of L-Arginine on QT-Wave in Dichlorvos-Exposed Rats
There was a significant decrease (p < 0.05) in the QT-wave among rats exposed
to DDVP compared to control rats. However, the administration and treatment
with L-arginine significantly increased (p < 0.05) the QT-wave when compared
to rats exposed to DDVP, as depicted in Table 2.

3.2.8. Impact of L-Arginine on QTC-WAVE in Dichlorvos-Exposed Rats
There was a non-significant decrease in the QTC-WAVE among rats exposed to
DDVP compared to control rats. Additionally, the administration of L-arginine
resulted in a non-significant reduction in the QTC-WAVE when compared to
rats exposed to DDVP, as depicted in Table 2.

Table 2. Impact of L-arginine on cardiovascular parameters in dichlorvos-exposed rats.

Parameters CONTROL DDVP ONLY L-ARG + DDVP L-ARG ONLY
SBP (mmHg) 148.5 + 0.65 156.3 + 1.60 113.5 + 0.65% 92.25 + 4.87%¢
DBP (mmHg) 118.0 £0.71 127.0 +2.78° 102.4 + 1.60%° 93.00 + 1.44%¢
MAP (ms) 137.5 + 1.64 112.4 + 1.34° 102.1 + 1.94%® 106.6 + 1.86°
HR (bpm) 217.0 +5.51 264.3 + 6.40° 258.7 + 6.36° 248.3 + 4.84°
P-Wave (ms) 18.25 +2.50 16.00 + 0.82 29.25 +3.01%® 19.25 + 2.46°
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Continued

PR-Wave (ms)

QRS-Wave (ms)
QT-Wave (ms)
QTC-Wave (ms)

38.25+3.50 52.60 + 2.56 47.80 £ 2.52 46.80 £ 2.27
12.25 +1.03 12.75 £ 1.11 16.78 + 0.63™ 13.25 +0.85
77.75 = 3.88 59.50 + 2.06" 66.25 + 4.50 77.75 £ 2.10°
154.3 £ 5.54 124.5 + 2.10* 142.0 £9.90 154.3 + 6.40°

Values are presented as Mean + SEM. °Indicate a noteworthy distinction when compared to the control at a significance
level of p < 0.05. *Indicate a significant distinction when compared to rats exposed to DDVP at p < 0.05. “Indicate a signit-
icant distinction when compared to rats exposed to DDVP + L-ARG at p < 0.05. DDVP-Dichlorvos L-ARG =

L-arginine.

3.3. Impact of L-Arginine on Cardiac Troponin I in
Dichlorvos-Exposed Rats

The results depicted in Figure 1 demonstrate a significant increase in troponin I
levels in animals exposed to dichlorvos compared to the control group at p <
0.05. Furthermore, the administration of L-arginine led to a substantial decrease
in the troponin I levels of the rats compared to those exposed to DDVP at p <
0.05.

401
a Bl Control
= - @ DDVP
2 ab ab Bl Treated
=~ 3 L-ARG only
= 201
=
2
o 10
-
0_
L Q & 3
o"‘éo 004 @ég‘ OOQ
&
< "3-
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Values are presented as Mean + SEM. *Indicate a noteworthy distinction when compared
to the control at a significance level of p < 0.05, *Indicate a significant distinction when
compared to rats exposed to DDVP at p < 0.05. “Indicate a significant distinction when
compared to rats exposed to DDVP + L-ARG at p < 0.05. DDVP-Dichlorvos L-ARG=
L-arginine.

Figure 1. Impact of L-arginine on Troponin I of dichlorvos-exposed and L-arginine sup-
plemented rats.

3.4. Impact of L-Arginine on Some Glucometabolic Enzymes

3.4.1. Impact of L-Arginine on Lactate Dehydrogenase (LDH) in
Dichlorvos-Exposed Rats

The results illustrated in Figure 2 revealed a significant increase in lactate dehy-

drogenase (LDH) levels in animals exposed to dichlorvos compared to the con-

trol group at p < 0.05. Additionally, the administration of L-arginine led to a

non-significant decrease in the lactate dehydrogenase (LDH) levels of the rats

compared to those exposed to DDVP at p > 0.05.
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Figure 2. Impact of L-arginine on lactate dehydrogenase of dichlorvos-exposed and
L-arginine supplemented rats.

3.4.2. Impact of L-Arginine on Creatinine Kinase in Dichlorvos-Exposed
Rats

The results depicted in Figure 3 indicate a significant increase in creatinine kinase
levels in animals exposed to dichlorvos compared to the control group at p < 0.05.
Furthermore, the administration of L-arginine led to a significant reduction in crea-

tinine kinase levels in the rats compared to those exposed to DDVP at p < 0.05.
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Figure 3. Impact of L-arginine on creatinine kinase of dichlorvos-exposed and L-arginine
supplemented rats.

3.5. Impact of L-Arginine on MDA, CAT, SOD and GSH of
Dichlorvos-Exposed Rats

The results suggest that the exposure of animals to dichlorvos significantly in-
creased (p < 0.05) malondialdehyde levels compared to the control, as depicted
in Table 3. Furthermore, the administration of L-arginine led to a significant
decrease (p < 0.05) in malondialdehyde levels in rats when compared to those

exposed to dichlorvos Table 3.
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Table 3. Impact of L-arginine on MDA, CAT, SOD and GSH in dichlorvos-exposed rats.

Parameters CONTROL DDVP ONLY M-ARG + DDVP L-ARG ONLY
MDA (umol/ml) 242 %394 67.00 + 3.94° 31.04 + 0.88® 31.04 + 0.88"
CAT (umol/ml) 1.18 £ 0.08 0.25 + 0.00° 0.68 + 0.08% 1.10 £ 0.08"
SOD (umol/ml) 4229 +3.13 11.82 + 1.48° 24.88 + 1.97%° 41.04 + 3.59*
GSH (umol/ml]) 1.99 £ 0.01 0.92 + 0.03° 1.41 £ 0.05® 0.92 + 0.04

Values are presented as Mean + SEM. *Indicate a noteworthy distinction when compared to the control at a significance

level of p < 0.05. *Indicate a significant distinction when compared to rats exposed to DDVP at p < 0.05. “Indicate a signit-
icant distinction when compared to rats exposed to DDVP + L-ARG at p < 0.05. DDVP-Dichlorvos L-ARG =

L-arginine.

In Table 3, the findings indicated that exposure of animals to dichlorvos
caused a significant decrease (p < 0.05) in catalase levels compared to the con-
trol. Conversely, the administration of L-arginine resulted in a significant in-
crease (p < 0.05) in catalase levels in rats when compared to those exposed to
dichlorvos.

Table 3 demonstrated that exposure of animals to dichlorvos caused a sig-
nificant decrease (p < 0.05) in superoxide dismutase levels compared to the con-
trol. However, the administration of L-arginine resulted in a significant increase
(p < 0.05) in superoxide dismutase levels in rats when compared to those ex-
posed to dichlorvos.

Finally, the results presented in Table 3 indicated that exposure of animals to
dichlorvos led to a significant decrease (p < 0.05) in glutathione (GSH) levels
compared to the control. Moreover, the administration of L-arginine resulted in
a significant increase (p < 0.05) in glutathione levels in rats when compared to

those exposed to dichlorvos.

4. Discussion

Dichlorvos is highly toxic and can enter the body through inhalation, dermal
absorption, and ingestion [31]. Inhalation is the primary exposure route in do-
mestic use due to dichlorvos’ volatile nature. Our study found changes in hae-
matological parameters in dichlorvos-exposed Wistar rats, indicating anaemia,
contrary to previous reports [32]. The toxicants, once in the body, travel through
the blood to various organs, affecting animal health. Exposure led to normocytic
normochromic anaemia, possibly due to increased red blood cell destruction
beyond bone marrow capacity [33]. Haematological indicators, such as platelet
count, haemoglobin concentration, and erythrocyte count, were altered as a re-
sult of dichlorvos exposure. These alterations align with the haematotoxic con-
sequences documented in the literature related to exposure to organophosphate
pesticides [33]. Moreover, the observed decline in haemoglobin concentration
and erythrocyte count may indicate the onset of anaemia, a known side effect of
pesticide exposure [34]. However, L-arginine treatment ameliorated dichlor-

vos-induced anaemia, restoring blood parameters and suggesting potential im-
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mune system improvement [35]. Epidemiological evidence links pesticide expo-
sure, including dichlorvos, to cardiovascular diseases (CVD) [13]. Dichlorvos
accumulates in organs, causing toxic impacts [20]. The cardiovascular response
was also significantly altered by dichlorvos exposure, as shown by changes in
blood pressure, heart rate, and electrocardiographic parameters. These results
are consistent with earlier research showing the cardiotoxic effects of pesticides,
including organophosphates, which can cause arrhythmias and interfere with
autonomic control [36]. According to [37], sympathetic overactivity is a com-
mon reaction to stress caused by pesticides, which could explain the observed
rise in heart rate and blood pressure. Blood pressure associations with pesticides
vary, with some studies reporting positive links [38], while others show negative
associations [39]. Dichlorvos exposure increased blood pressure in rats, but
L-arginine treatment alleviated this impact. This strongly agrees with a previous
study [17]. The cardiovascular system’s homeostasis of vascular tone, interac-
tions between the vascular wall and circulating blood cells (primarily leukocytes
and thrombocytes), and vascular structure all depend critically on the NO pro-
duced by eNOS in response to stimulation of mechanoreceptors by the flowing
blood’s shear stress. These functions have been thoroughly addressed in recent
years [40]. One of the main pathogenic factors in the development of vascular
disorders such as atherosclerosis, hypertension, and diabetic angiopathy is im-
paired NO formation or function in the vasculature [40]. Conversely, it has been
demonstrated that a primary factor contributing to the loss of vascular resistance
in septic shock is the overproduction of NO by iNOS [41]. Consequently,
L-arginine-dependent metabolic pathways are important determinants of a
number of pathological diseases, and L-arginine plasma content is strictly regu-
lated. DVPP-exposed rats displayed elevated heart rate and ECG abnormalities,
consistent with the cholinergic impacts of dichlorvos [13]. L-arginine treatment
reduced heart rate and mitigated ECG changes, suggesting its cardio-protective
potential. Histopathological examination revealed dichlorvos-induced heart
damage, which L-arginine partially alleviated. Biomarkers such as CK-MB, LDH,
and Troponin I indicated cardiac injury, with L-arginine reducing their levels.
L-arginine, a semi-essential amino acid, plays roles in protein synthesis, immune
function, and vasodilation through nitric oxide production [42]. Supplementa-
tion decreases cardiac injury markers and could potentially enhance antioxidant
defense [43]. Our research showed that after being exposed to dichlorvos, there
was a significant rise in oxidative stress indicators, such as malondialdehyde
(MDA) levels, and a decrease in antioxidant enzyme activity. According to
[34], these results point to increased lipid peroxidation and compromised an-
tioxidant defense mechanisms, both of which are signs of oxidative stress. Ac-
cording to [44], oxidative stress is a critical factor in the pathophysiology of pes-
ticide-induced toxicity, as it leads to tissue damage and malfunction. It’s inter-
esting to note that in the parameters under investigation, L-arginine supple-

mentation had protective benefits against dichlorvos-induced toxicity. Strong
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antioxidant and vasodilatory qualities of L-arginine, a precursor of nitric oxide
(NO), may mitigate the oxidative stress and vascular dysfunction brought on by
pesticide exposure [43]. Furthermore, it has been demonstrated that supple-
menting with L-arginine increases NO bioavailability, which enhances endo-
thelial function and improves cardiovascular health [45]. Supplementation with
L-arginine may lessen the negative effects of dichlorvos on haematological markers
and cardiovascular response by reducing oxidative stress and maintaining cardi-
ovascular homeostasis. L-arginine, as well as the expression and activity of the ca-
tionic amino acid transporters (CAT), which are in charge of bringing L-arginine
into the cell, are prerequisites for appropriate endogenous iNOS activity during
inflammation [46]. Serum arginine levels in healthy humans vary from 60 to 100
pmol [47] and comparable values for rats are reported [48]. Depletion of availa-
ble substrate, restricted availability, or disruption of CAT activity can result in
reduced endothelium iNOS-derived NO production and reduced resistance to

atherosclerosis.

5. Conclusion

In summary, this investigation explored the impact of L-arginine supplementa-
tion on male Wistar rats exposed to dichlorvos. The findings indicated signifi-
cant alterations in blood parameters, cardiac metrics, and oxidative stress res-
ponses due to dichlorvos exposure. Notably, L-arginine treatment demonstrated
efficacy in ameliorating anaemia and cardiac issues induced by dichlorvos, sug-
gesting its potential therapeutic utility. Additionally, the study highlighted that
L-arginine supplementation influenced antioxidant enzyme levels, mitigating
pesticide-induced damage in rats. The results suggest that L-arginine may offer a
beneficial intervention to alleviate the adverse impacts of dichlorvos on blood

and heart health, paving the way for potential treatments for pesticide poisoning.

6. Clinical Significance

Findings on L-arginine’s protective role against dichlorvos-induced haemotoxic-
ity have broad implications for pesticide-related health issues, especially in agri-
cultural workers and those exposed environmentally. Pesticides globally pose
significant public health risks, including haematological, cardiovascular, and
neurological disorders. Understanding pesticide toxicity mechanisms and inter-
ventions is vital. L-arginine supplementation could protect against haematotox-
icity and cardiovascular issues in dichlorvos exposure. This offers therapeutic
and preventive potential, especially for acute poisoning or chronic exposure sit-
uations. Clinical studies on L-arginine’s efficacy in pesticide-exposed popula-
tions may reveal insights into its antioxidant and cardiovascular benefits. Pre-
ventive measures, including safety protocols and consuming L-arginine-rich
foods, are crucial in reducing pesticide risks. Advocating for safer pesticide prac-
tices and educating the public, including agricultural workers, is essential. Col-

laborative efforts among medical professionals, scientists, policymakers, and
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agricultural stakeholders are necessary to develop comprehensive strategies ad-
dressing pesticide-related health issues. This study demonstrates L-arginine’s ef-
ficacy in mitigating dichlorvos-induced cardiac and blood parameter changes,
suggesting its therapeutic potential. L-arginine supplementation also modulates
antioxidant enzyme levels, mitigating pesticide-induced harm. These findings
underscore L-arginine’s promise in treating pesticide poisoning, advancing po-

tential interventions for pesticide-exposed individuals.
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