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ABSTRACT

Background and Objective: Thyroid hormones cause the body to burn oxygen and produce heat. Thyroid
hormone has a wide range of functions, therefore imbalances or excesses in hormone levels result in a
variety of clinical symptoms. The study looks into how supplementing with L-arginine affects thyroid
function in male Wistar rats that have been exposed to the common herbicide Dichlorvos (DDVP). The
investigation of possible treatment strategies is warranted since thyroid dysfunction is a common health
concern linked to environmental contaminants. Materials and Methods: The four groups of male Wistar
rats were treated with control, dichlorvos, L-arginine and dichlorvos with L-arginine supplementation.
Following treatment, thyroid function markers such as Triiodothyronine (T;), Thyroxine (T,) and
Thyroid-Stimulating Hormone (TSH) levels were measured. Results: The dichlorvos-exposed group's
thyroid hormone levels were significantly different from the controls’, suggesting thyroid malfunction,
according to the results. On the other hand, rats given L-arginine supplements in addition to dichlorvos
exposure demonstrated significant preservation of thyroid function as shown by somewhat normalized
hormone levels. Conclusion: This implies that L-arginine may have a protective effect against thyroid
disturbance brought on by dichlorvos. Human health may be affected by learning how L-arginine
supplementation reduces pesticide-induced thyroid dysfunction, especially in groups of people who are
more susceptible to exposure to environmental toxins.
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INTRODUCTION

Thyroid hormones are calorie-producing, they cause the body to burn oxygen and produce heat. They
boost gluconeogenesis, enhance glucose uptake, accelerate protein catabolism and advance lipid
metabolism. Regarding additional effects specific to an organ, thyroid hormones affect cardiac function
by decreasing peripheral vascular volume and increasing cardiac output, heart rate, myocardial
contractility and blood volume'. To promote bone growth and development, they increase the synthesis
of growth factors, cytokines and other substances®. Thyroid hormone has a wide range of functions,
therefore imbalances or excesses in hormone levels result in a variety of clinical symptoms. Those who
have related problems experience severe discomfort due to these shortages or elevations that affect

e E several organ systems'.
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It has been reported that target organs of dichlorvos toxicity include the Central Nervous System (CNS)
and less in other organs of the body. This indirectly affects the levels of hormones affected by the
hypothalamus®. Presently, the increasing health challenges involving the CNS call for a proper study on
the chronic toxicological effects of dichlorvos using rabbits to carry out further studies in man. Animal
studies have shown a decrease in spermatogenesis in relation to dichlorvos toxicity®. By harming the
seminiferous epithelium through germ cell proliferation, other organophosphates such as parathion,
methyl parathion and chloropyrifos can also have an impact on sperm counts®. Nonetheless, a reduction
in LH levels may result from dichlorvos’ impact on hypothalamic-pituitary endocrine activities. Dichlorvos
reduces brain AChE activity, which modifies hypothalamic-pituitary endocrine functioning. Changes in
serum reproductive hormones, such as testosterone, have been observed in men who were exposed to
dichlorvos®. A positive relationship between dichlorvos and total testosterone level has been observed in
a cross-sectional study in male Thai’.

Food contains L-arginine, an endogenous amino acid that is safe to consume. According to Wu and
Morris®, the molecule is involved in the synthesis of several products that carry out regulatory tasks within
the body. Among these, nitric oxide is especially significant since it is a signaling molecule that controls
the metabolism of fats and carbohydrates®. Although the mechanisms underlying these effects have not
been sufficiently clarified, there is growing experimental and clinical data suggesting that L-arginine
supplementation may be useful in managing disturbed metabolism in obesity, regulating arterial blood
pressure, or easing the symptoms of type 2 diabetes®. The L-arginine is a semi-essential amino acid that
is used by all cells®.

This amino acid is absorbed in the small intestine’s jejunum and ileum and makes up, on average, 5-7%
of all the amino acids in a typical human diet. The body uses I-arginine for immune cell function, tissue
healing, protein synthesis and the urea cycle® and supplementation with L-arginine has been shown to
ameliorate the pathology of various diseases in clinical practice’. Citrulline, a vasodilator and nitric oxide
are produced from arginine. Nitric oxide synthase (NOS) exists in three isoforms; to synthesize nitric oxide,
these isoforms require oxygen, arginine, Tetrahydrobiopterin 4 (BH4) and NADPH (Nicotine Amide
Adenine Di Nucleotides Phosphate)®. Dichlorvos, an organophosphate insecticide, is known to cause
various adverse health effects, including thyroid dysfunction. The thyroid gland plays a crucial role in
regulating metabolism, growth and development, among other physiological processes. Exposure to
dichlorvos has been linked to alterations in thyroid hormone levels, potentially leading to thyroid disorders
such as hypothyroidism or hyperthyroidism. The L-arginine, a semi-essential amino acid, has been
suggested to have protective effects against certain environmental toxins due to its role in nitric oxide
synthesis and antioxidant properties.

However, the potential impact of L-arginine supplementation on thyroid function in the context of
dichlorvos exposure has not been extensively studied, especially in animal models. Understanding the
effects of L-arginine supplementation on thyroid function in rats exposed to dichlorvos could provide
valuable insights into the mechanisms underlying thyroid dysfunction induced by organophosphate
pesticides and offer a potential therapeutic approach to mitigate such effects. The study aimed to look
into how supplementing with L-arginine affects thyroid function in male Wistar rats that have been
exposed to the common herbicide dichlorvos (DDVP).

MATERIALS AND METHODS

Animals: Forty healthy male Wistar rats weighing between 220-250 g, obtained from a private breeder,
were selected for the study. The use of Wistar rats in research offers a balance between practical
considerations, genetic stability and biological relevance, making them valuable models for a wide range
of scientific investigations. These rats had not undergone any prior experimental interventions and were
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considered healthy based on the absence of stress or infection 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 Physiology, Faculty
of Basic Medical Sciences, College of Health Sciences, LAUTECH, Ogbomoso, Oyo State. During the
research, the animals were provided with both food and water. The study was carried out between
February to April, 2023.

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

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

L-Arginine supplementation
Dosage and administration: A low dose of 100 mg/kg was used to determine the dose administered

to each animal®™.

Chemical: A low dose of 100 mg/kg was used to calculate the dosage given to each animal. Based on the
formula weight (g)xdosage (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
r.a.t‘IO,‘I‘I.

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).

Grouping: They were divided into four groups of ten 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 inhalation for 10 min 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

Collection of blood samples: Blood sample collection occurred after an overnight fast™" at the
conclusion of the experimental period. To euthanize the animals, ketamine was administered as a sedative.
A vertical incision was promptly made in the abdomen and blood was obtained through cardiac puncture
using a 2 mL needle and syringe, then transferred into standard vials™.
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Determination of Triiodothyronine (T,) measurement: The level of Triiodothyronine (T;) concentration
was determined by ELISA kit from Elabscience, Wuhan, China using rat T, ELISA kit. The microplates’ wells
were prepared for each serum reference, control and patient specimen, with duplicates for each assay. Any
unused microwell strips were returned to the aluminum bag, sealed and stored at 2-8°C. Then, 0.050 mL
(50 pL) of the appropriate serum reference, control, or specimen was pipetted into the assigned well.
Following this, 0.100 mL (100 pL) of Working Tracer, T;-enzyme conjugate solution was added to all wells
and the microplate was gently swirled for 20-30 sec to mix and cover. It was then incubated for 45 min
at room temperature. The contents of the microplate were discarded either by decantation or aspiration
and if decanting was used, the plate was blotted dry with absorbent paper. Subsequently, 350 uL of wash
buffer was added and decanted (tap and blot) or aspirated, with this process repeated four additional
times for a total of five washes. An automatic or manual plate washer could be used, following the
manufacturer’s instructions. If a squeeze bottle was used, each well would have been filled by depressing
the container (to avoid air bubbles) to dispense the wash, which was then decanted, with this process
being repeated four additional times. Following this, 0.100 mL (100 uL) of working signal reagent solution
was added to all wells, adhering to the same order of reagent addition to minimize reaction time
differences between wells. The microplate was then incubated for 5 min in the dark at room temperature.
Finally, the relative light units in each well were read for a minimum of 0.5-1.0 sec, using a microplate
luminometer and the results were read within thirty minutes of adding the signal solution. Using a
reference wavelength of 620-630 nm to reduce well defects, the absorbance in each well was measured
at 450 nm using a microplate reader from Elabscience, Wuhan, China using.

Thyroxine (T,) measurement: The serum T, level was determined using the Enzyme-Linked
Immunosorbent Assay (ELISA) test, employing a rat T, ELISA kit from Elabscience, Wuhan, China. The
microplate wells were formatted for each serum reference, control and patient specimen, with duplicates
for each assay. Any unused microwell strips were replaced into the aluminum bag, sealed and stored at
2-8°C. Then, 0.050 mL (50 pL) of the appropriate serum reference, control or specimen was pipetted into
the assigned well. Following this, 0.100 mL (100 pL) of T4 enzyme reagent was added to all wells and the
microplate was gently swirled for 20-30 sec to mix and cover. It was then incubated for 60 min at room
temperature. The contents of the microplate were discarded either by decantation or aspiration and if
decanting was used, the plate was blotted dry with absorbent paper. Subsequently, 350 pL of wash buffer
was added and decanted (tap and blot) or aspirated, with this process repeated two additional times for
a total of three washes. A plate washer from Elabscience, Wuhan, China was used, following the
manufacturer’s instructions. If a squeeze bottle was employed, each well was filled by depressing the
container (avoiding air bubbles) to dispense the wash, which was then decanted, with this process
repeated two additional times. To reduce variations in reaction times between wells, 0.100 mL (100 pL)
of working substrate solution was then added to each well in the same order as the reagents. After that,
the microplate was incubated for 15 min at room temperature. Lastly, each well received 0.050 mL (50 yL)
of stop solution, which was carefully stirred for 15 to 20 sec. Using a reference wavelength of 620-630 nm
to reduce well defects, the absorbance in each well was measured at 450 nm using a microplate reader.

Thyroid Stimulating Hormone (TSH) measurement: The serum TSH level was determined using the
Enzyme-Linked Immunosorbent Assay (ELISA) test, employing a rat T, ELISA kit from Elabscience, Wuhan,
China. Appropriate number of coated strips were put in the holder. Fifty milliliters of TSH standards,
control and specimens were pipetted into the appropriate wells. One hundred milliliters of the conjugate
reagent, ready for use, was added to each well. For 10 to 30 sec, shook. placed a cover on the plate and
let it sit at room temperature (18-26°C) for 60 min. Liquid was extracted from every well. Three times,
300 mL of 1x wash buffer was used to wash the wells. Spread out over absorbing paper towels. The TMB
substrate (100 mL) was added to each well. Incubated at room temperature for 15 min. Fifty milliliters of
stop solution was added to each well. To combine the solution, the plate was gently shaken. After adding
the stopping solution, wait 15 min and check the absorbance using an ELISA reader set to 450 nm.
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Statistical analysis: Data were recorded as MeanzStandard Error of the mean. Statistical difference
between the means was determined by One-way ANOVA. The Tukeys' post hoc test is used to identify
differences between individual means. The confidence interval was set at 95%, so that in all cases results
with a value of p<0.05 were accepted as being significant (GraphPad Prism 5, GraphPad Software, Inc., La
Jolla, California, USA).

RESULTS

Effect of L-arginine on body weight changes in DDVP-exposed rats: The results (Fig. 1) revealed that
exposure of animals to dichlorvos caused a non-significant change in the weight of the animals when
compared to control at p>0.05. Also, administration of L-arginine caused a non-significant increase in
body weight of the rats when compared to DDVP-exposed at p>0.05.

Effect of L-arginine on Triiodothyronine (T,) in DDVP-exposed rats: The results (Fig. 2) revealed that
exposure of animals to dichlorvos caused a non-significant change (p>0.05) in Triiodothyronine (T,) levels
when compared to control. Also, administration of L-arginine caused a non-significant change p>0.05 in
Triiodothyronine (T;) levels when compared to DDVP-exposed rats. However, rats exposed to L-arginine
had a significant increase p<0.05in T, levels compared with control, DDVP only and DDVP+L-arginine rats.
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Fig. 1: Effect of L-arginine supplementation on body weight changes in DDVP-exposed rats
Values are expressed as Mean+SEM, “Significant difference when compared with control, ®Significant difference when
compared with DDVP-exposed rats, “Significant difference when compared with DDVP+L-ARG. DDVP: Dichlorvos and L-ARG:

L-arginine
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Fig. 2: Effect of L-arginine supplementation on Triiodothyronine (T;) in DDVP-exposed rats
Values are expressed as Mean=SEM, *Significant difference when compared with control, *Significant difference when
compared with DDVP-exposed rats, ‘Significant difference when compared with DDVP+L-ARG rats. DDVP: Dichlorvos and
L-ARG: L-arginine
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Fig. 3: Effect of L-arginine supplementation on Thyroxine (T,) in DDVP-exposed rats
Values are expressed as Mean=SEM, *Significant difference when compared with control, ®Significant difference when
compared with DDVP-exposed rats, DDVP: Dichlorvos and L-ARG: L-arginine
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Fig. 4: Effect of L-arginine supplementation on Thyroid Stimulating Hormone (TSH) in DDVP-exposed rats
Values are expressed as Mean+SEM, ®Significant difference when compared with DDVP-exposed rats, “Significant difference
when compared with treated rats, DDVP: Dichlorvos and L-ARG: L-arginine

Effect of L-arginine on Thyroxine (T,) in DDVP-exposed rats of the animals: The results (Fig. 3)
revealed that exposure of animals to dichlorvos caused a significant increase p<0.05 in Thyroxine (T,)
levels when compared to control. Also, administration of L-arginine caused a non-significant decrease in
Thyroxine (T,) levels when compared to DDVP-exposed at p>0.05. In addition, rats exposed to L-arginine
only had a significant increase p>0.05 in Thyroxine (T,) levels compared with control, DDVP only and
DDVP+L-arginine rats.

Effect of L-arginine on Thyroid Stimulating Hormone (TSH) in DDVP-exposed rats of the animals:
The results (Fig. 4) revealed that exposure of animals to dichlorvos caused a non-significant decrease
p>0.05 in thyroid-stimulating hormones when compared to control. Also, administration of L-arginine
caused a significant increase p>0.05 in thyroid-stimulating hormone levels when compared to
DDVP-exposed rats.

DISCUSSION

This study was carried out to investigate the effects of |-arginine supplementation on thyroid function
parameters of dichlorvos-exposed male Wistar rats. It has been reported that target organs of dichlorvos
toxicity include the Central Nervous System (CNS) and less in other organs of the body. This indirectly
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affects the levels of hormones affected by the hypothalamus®. Thyrotropin-Releasing Hormone (TRH), a
tripeptide secreted into the venous system that drains to the pituitary gland, is produced by the
hypothalamus'. Thyrotropin or Thyroid-Stimulating Hormone (TSH), is produced and secreted by the
pituitary gland when Thyroid-Stimulating Hormone (TRH) attaches to receptors in thyrotroph cells. Thyroid
stimulating hormone stimulates the production and secretion of thyroid hormones, T;and T,, by binding
to TSH receptors in the thyroid gland's follicular cells.

The TSH is a glycoprotein that interacts with FSH receptors to cause precocious puberty, also known as
Van Wyk-Grumbach syndrome™. It shares its alpha subunit with LH and FSH. Leydig cells and human
follicular cells have also been shown to carry TSH receptors' ¢, Moreover, TSH induces endometrial tissue
proliferation in endometriosis-affected women'’. Furthermore, some evidence suggests that TSH
influences leptin’s ability to regulate kisspeptin-neurokinin B-dynorphin neurons''. This is because TSH
activates TSHR, which in turn affects lipolysis, adipocyte and preadipocyte proliferation and leptin
secretion®®?!, Disorders of the thyroid gland are usually described by the level of circulating hormone
which includes hypothyroidism, hyperthyroidism, euthyroid sick syndrome and those resulting from
medications®. The present study revealed that exposure to dichlorvos caused a significant decrease in the
level of Thyroid Stimulating Hormone (TSH) which is suggestive of thyroid dysfunction. Reduction in the
levels of T, is seen in this study which might be a result of structural damage of thyroid follicular cells due
to accumulation of dichlorvos in the thyroid gland and its effects on the regulatory enzymes associated
with hypothalamic pituitary thyroid (HPT) axis, this result was in agreement with the study done by
Ross et al.”. Increase in the level of tetrathyroxine is seen in Dichlorvos-exposed rats when compared with
control rats.

Although the body can synthesize L-arginine on its own, it has also been demonstrated that exogenous
intake through diet supplements can augment the body’s supply and address changes in metabolism.
According to Borger et al*, it has been shown to be the essential substrate in the nitric oxide (NO)
pathway that inhibits the renin-angiotensin system (RAS) and partially regulates insulin release. When
L-arginine was administered instead of dichlorvos-exposed individuals, an increase in thyroid stimulating
hormone and trilodothyronine was observed. In contrast to rats exposed to dichlorvos, treated rats exhibit
lower thyroxine levels.

Nevertheless, it is important to recognize a number of the current study’s limitations in spite of the
encouraging outcomes. First of all, the research used an animal model, which might not accurately
represent the intricacies of pesticide exposure and thyroid physiology in humans. Furthermore, this study
did not fully clarify the precise processes underlying the protective effects of L-arginine supplementation,
which calls for additional research. Future studies should use both in vitro and in vivo models to clarify the
molecular mechanisms behind L-arginine-mediated protection against pesticide-induced thyroid
dysfunction.

CONCLUSION

The current research shows that in male Wistar rats exposed to dichlorvos, thyroid function is significantly
preserved by L-arginine supplementation. The results point to a possible therapeutic approach using
L-arginine to mitigate thyroid dysfunction caused by pesticides. To fully understand the underlying
mechanisms and evaluate the translational potential of supplementing with L-arginine to prevent thyroid
disorders caused by environmental toxins, more research is necessary. Overall, it is proposed that
L-arginine supplementation will exert protective effects on thyroid function in male Wistar rats exposed
to dichlorvos, potentially offering a novel therapeutic strategy for mitigating pesticide-induced thyroid
dysfunction.
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SIGNIFICANCE STATEMENT

This work is significant because it looks at how supplementing with L-arginine affects thyroid function in
male Wistar rats that have been exposed to dichlorvos. Dichlorvos is a widely used pesticide that has been
connected to thyroid dysfunction, which is dangerous for both environmental and human health. Second,
L-arginine appears to be a promising agent in combating the effects of toxins due to its demonstrated
vasodilatory and antioxidant qualities. Its potential to guard against thyroid disruption caused by
dichlorvos may help prevent or treat similar toxin exposures. Finally, gender-specific response analysis can

be carried out by focusing on male Wistar rats, enhancing the understanding of susceptibility variations.

Overall, this work adds to a larger body of environmental research.
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