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Abstract 

Pesticides play a crucial role in protecting crops and 
increasing yield, but unintended exposure can lead to adverse 
effects, especially on human health. High oxidative stress and 
inflammation can disrupt the hypothalamic-pituitary-gonadal 

axis, an important system for impacting gonadal activation, 
spermatogenesis, pubertal onset and fertility. This study aims to 
explore the testicular damage and changes in the hypothalamic-
pituitary-testicular axis induced by subacute oral exposure to 

methomyl, as well as the potential protective effects of 
quercetin. The rats were divided into four groups: control (CO), 
methomyl-exposed (Meth), quercetin-treated (Qu), and 
methomyl plus quercetin (Meth/Qu). The methomyl group 

showed testicular apoptosis and decreased levels of pituitary and 
gonadal hormones, including follicle-stimulating hormone 
(FSH), luteinizing hormone (LH), and testosterone, along with 
elevated levels of pro-inflammatory cytokines (IL-1β, IL-6 and 

TNF-α) and the pro-apoptotic marker (Caspase-3). Quercetin 
treatment alleviated these effects, improved hormone levels, and 
reversed methomyl-induced testicular damage. This study 
highlights the potential of quercetin, a nutritional anti-

inflammatory substance, in mitigating methomyl-induced 
physiological disturbances. 
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Graphical Abstract 

Introduction 
Pesticides are integral to contemporary 

agriculture, playing a crucial role in optimizing 

global food production (Selvam et al., 2013). 
Carbamates are a class of insecticides that are 
structurally and mechanistically like 
organophosphates. Methomyl, a widely used 

systemic insecticide, functions by inhibiting 
acetylcholinesterase activity in target pests 
(Fernandez-Alba et al.,2002). The World Health 
Organization (WHO), the European 

Commission (EC), and the Environmental 
Protection Agency (EPA) have classified 
methomyl as a hazardous substance, leading to 
its restricted use in many regions; nevertheless, 

its application as a pesticide remains extensive 
in certain areas (Jiang et al., 2020). Direct or 
indirect long-term exposure to methomyl can 
cause cytotoxicity, hepatotoxicity, 

neurotoxicity, and, most importantly, gonadal 
toxicity (Seleem 2019; He et al., 2022; Lu and 
Liu 2023). 

The hypothalamic-pituitary-gonadal 

(HPG) axis is a highly complex neuroendocrine 
system in mammals that regulates reproduction 
through the precisely coordinated actions of 
pituitary gonadotropic hormones, including 

follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH), which stimulate and 
regulate testicular testosterone production 
(Jeanne et al., 2024). Abnormal increases in 

protein markers associated with apoptosis and 
inflammation have been linked to impaired 
communication within the HPG axis (Taheri et 

al., 2022). This disruption compromises 
gonadotropin secretion, testosterone synthesis, 
testicular steroidogenesis, and 

spermatogenesis, ultimately impacting male 
fertility and potentially leading to testicular 
degeneration (Khamis et al., 2020; Khamis et 
al., 2021; Ebokaiwe et al., 2022; van den 
Boogaard et al., 2022). 

Quercetin, a naturally occurring plant 
bioflavonoid, has been the subject of extensive 
research over the past three decades (Shah et al., 
2016). Numerous in vitro and in vivo studies 

have demonstrated a broad spectrum of 
biological activities associated with quercetin, 
including significant anti-inflammatory and 
antioxidant properties, alongside 

neuroprotective and immunomodulatory effects 
when administered at appropriate dosages 
(Zhou et al., 2023). The antioxidant mechanism 
of quercetin in vivo is primarily attributed to its 

concentration-dependent capacity to scavenge 
reactive oxygen species (ROS), modulate 
glutathione (GSH) levels, influence signal 
transduction pathways, and modulate enzyme 

activities (Boots et al., 2008). The anti-
inflammatory and antioxidant properties of 
quercetin suggest a potential role in the 
prevention and treatment of pesticide-induced 

toxicities (Yang et al., 2020). 
The study's objectives were to examine 

the inflammatory and apoptotic effects of 
subacute exposure of male rats to methomyl 

and its potential effect on the pituitary testicular 
regulatory axis. Additionally, to evaluate 
quercetin's possible protective effects against 
methomyl's inflammatory-apoptotic axis and its 

ability to mitigate the pituitary-testicular 
regulatory axis disruptions. 

Materials and methods 
Insecticides and chemicals 

Methomyl (Goldben® 90% SP, 
insecticide), was obtained from Shoura 
Chemicals Company, Cairo, Egypt; Quercetin 
dihydrate 98 %, was sourced from HiMedia 

Laboratories Private Limited, Maharashtra, 
India; All other chemicals were analytical grade 
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and procured from Sisco Research Laboratories 
Pvt. Ltd. Maharashtra, India. Afia corn oil for 
safe and healthy use was purchased from 

Savola Group.  
Experimental animals 

Male Sprague-Dawley (SD) rats, 2–3 
weeks old and weighing 49 ± 15 g, were 

purchased from Misr University for Science 
and Technology, Cairo, Egypt. The animals 
were housed in standard polypropylene cages 
under controlled environmental conditions 

(room temperature: 24 ± 2 °C, humidity: 40 ± 
20%, and a 12-hour light/dark cycle) with 
unrestricted access to standard laboratory chow 
and water (ad libitum). At the start of the 

experiment, the rats were 8–9 weeks old and 
weighed 160 ± 20 g.  
Ethical statement 

The experimental design was approved 

by the New Valley Research Ethics Committee 
(NV-REC), New Valley university, Egypt, 
(approval number: NVREC 03/3/1-2024/9). All 
animal handling and experimental procedures 

complied with international guidelines for the 
care and use of laboratory animals. 

Experimental design 

Twenty adult male (Sprague-Dawley) rats 

aged 8-9 weeks; weighing 160 g ± 20 g were 
randomly assigned into four groups (n = 5 in 
each group) with approximately matched body 
weight. All groups received a standard chow 

diet and daily 0.5 ml corn oil by oral gavage for 
28 consecutive days. Group 1 (CO): control rats 
that received standard chow diet and corn oil 
without any additives., Group 2 (Meth): rats 

that received 0.34 mg/kg b.w. (1/100 LD50) 
methomyl, dissolved in the corn oil., Group 3 
(Qu): rats that received 50 mg/kg b.w. 
quercetin, dissolved in the corn oil., Group 4 

(Meth/Qu): rats that received methomyl 
followed by quercetin after 2-hour interval with 
the mentioned doses dissolved in the corn oil. 
Our study selected a dose of 50 mg/kg of 

quercetin, in preference to 25 mg/kg doses and 
100 mg/kg doses, based on the results of Uylaş 
et al. (2016) comparison of the three 

concentrations (Uylaş et al., 2018). The animals 
were observed daily and weighed weekly for 
the duration of experimental. 

Blood and Tissue sampling 
At the end of the 28-day dosing period, 

animals were anesthetized with an 
intraperitoneal injection of thiopental sodium 

(50 mg/kg). Firstly, blood was drawn from the 
orbital plexus via puncture and centrifuged at 
4000 rpm for 15 minutes at 4 °C using a 
refrigerated centrifuge (BKC-TH21RM, 

Biobase®, Jinan, Shandong, China) to separate 
the serum, which was subsequently stored at -
20 °C. Following blood collection, rats were 
euthanized by decapitation. The testicles of 

each animal were rapidly excised, rinsed in ice-
cold 0.1 M phosphate-buffered saline (PBS, pH 
7.4) to remove excess blood, and then fixed by 
immersion in 10% formalin for subsequent 

histopathological analysis. 
Determination of testosterone, 

gonadotrophic hormones, apoptotic, and 

inflammatory markers in serum blood. 

Serum testosterone and LH levels were 
measured using rat ELISA kits supplied by 
CUSABIO, Wuhan, Hubei, China (Catalogue 
number: CSB-E05100r and CSB-E12654r, 

respectively); Serum FSH level was measured 
using rat ELISA kit supplied by Fine Test 
Biotech, Wuhan, Hubei, China (Catalogue 
number: ER0960); Serum Caspase 3 level was 

measured using rat ELISA kit supplied by 
Bioassay Technology Laboratory, Shanghai, 
China (Catalogue number: E1648Ra); Serum 
Interleukin 1 Beta (IL-1β), Interleukin 6 (IL-6), 

and Tumor Necrosis Factor Alpha (TNF-α) 
levels were measured using rat ELISA kits 
supplied by Elabscience, Houston, Texas, USA 
(Catalogue number: E-EL-R0012, E-EL-

R0015, and E-EL-R0019, respectively). The 
manufacturer's instructions were adhered to 
throughout the procedures. 
Histopathological studies 

The formalin-fixed testicular samples 
were washed in saline 0.09% NaCl, dehydrated 
by using ascending concentrations of ethyl 
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alcohol, then cleared in 2 changes of xylene, 
impregnated well in soft paraffin, and 
embedded and blocked in hard paraffin. By 

using of rotatory LEICA microtome, the 
obtained tissue blocks were cut in thickness 4–
6µm, then fixed on clean and dry glass slides. 
Hematoxylin and eosin as a general 

histopathological stain were used to test the 
acquired slides. Histopathological examination 
was performed using a light microscope 
(LEICA, Heerbrugg, Switzerland) equipped 

with a DFC290 HD system digital camera, at 
10x, 20x, and 40x magnification (Bancroft and 
Gamble 2008). Testicular damage was recorded 
according to the following scale: 0 indicates no 

change, 1 indicates 25% tissue damage, 2 
indicates 26–50% tissue damage, 3 indicates 
51–75% tissue damage, and 4 indicates 76–
100% tissue damage (Gibson-Corley et al., 

2013). 
Immunohistochemical studies 

Mouse monoclonal antibodies (Santa 
Cruz Biotechnology, CA, USA) were used in 

immunohistochemical staining for Bcl-2, BAX, 
and testosterone using the avidin-biotin 
peroxidase method. All markers' 
immunostaining showed up as brown 

cytoplasmic granules. After being cleaned with 
distilled water, the slides were counterstained 
with Harris hematoxylin (Jackson & Blythe, 
2008), and ImageJ software (Microsoft 

Company) was used to determine the color 
density. Images were taken using a light 
microscope equipped with a 40x objective lens 
and a LEICA DFC290 HD digital camera 

(Bancroft and Gamble, 2013). 
Statistical analysis 

Data are presented as the mean ± standard 
deviation. A P-value of  < 0.05 was considered 

statistically significant. Differences among the 
control and treatment groups were analyzed 
using one-way ANOVA, followed by the 
Duncan procedure for the multiple comparisons 

test. All analyses were performed using SPSS 
software (Version 22). 

 

Results 
Effects of methomyl, quercetin, and 

methomyl/quercetin combination on 

testosterone, gonadotrophic hormones, 

inflammatory, and apoptotic markers in 

serum by ELISA 
As shown in Figure 1, methomyl 

administration significantly decreased 
testosterone by 5.7-fold (2.05±0.05 vs. 
11.65±0.95 ng/ml) (Fig. 1A), LH by 3-fold 
(3.10±0.11 vs. 9.78±1.48 mIU/ml) (Fig. 1B), 

and FSH by 3-fold (4.65±0.38 vs. 13.54±0.94 
mIU/ml) (Fig. 1C), compared with the control 
group (P < 0.05). Quercetin coadministration 
with methomyl markedly ameliorates the 

diminished testosterone levels by 4.2-fold 
(8.57±0.54 vs. 2.05±0.05 ng/ml), LH by 3.2-
fold (9.78±0.39 vs. 3.10±0.11 mIU/ml), and 
FSH by 2.9-fold (11.0±0.87 vs. 4.65±0.38 

mIU/ml) compared to the methomyl group (p < 
0.05). No significant changes appeared in the 
serum levels of testosterone, LH, or FSH in the 
control rats compared to rats who received 

quercetin. 
The administration of methomyl 

significantly elevated the serum levels of the 
inflammatory IL-1β by 3.8-fold (76.03±5.08 vs. 

19.99±2.92 pg/ml) (Fig. 1D), IL-6 by 3.4-fold 
(37.02±2.75 vs 10.97±1.38 pg/ml) (Fig. 1E), 
and TNF-α by 11.4-fold (115.78±3.46 vs 
10.18±2.39 pg/ml) (Fig. 1F) compared with the 

control group (P < 0.05). Quercetin 
coadministration with methomyl markedly 
lowered the elevated IL-1β levels by 2.6-fold 
(29.22±2.31 vs. 76.03±5.08 pg /ml), IL6 by 3.4-

fold (16.23±2.58 vs. 37.02±2.75 pg /ml), and 
TNF-α by 7-fold (16.47±2.35 vs. 115.78±3.46 
pg /ml) compared to the methomyl group (p < 
0.05). No significant changes appeared in the 

serum levels of the inflammatory IL-6 and 
TNF-α in the control rats compared to rats who 
received quercetin. Rats received quercetin 
showed significantly higher serum levels of IL-

1β compared to their control (29.57±3.83 vs. 
19.99±2.92 pg /ml) but did not markedly differ 
from that of methomyl + quercetin group rats. 
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Figure (1): Effect of methomyl, with or without quercetin, on testosterone (A), LH (B), FSH (C), IL-1β (D), IL-

6 (E), TNF-α (F), and caspase 3 (G). Control group (CO): rats received a standard diet and drink; quercetin (Qu), 

rats received 50 mg/kg b.w.; methomyl (Meth), rats received 0.34 mg/kg b.w.; methomyl and quercetin 

(Meth/Qu), rats received 50 mg/kg b.w. Qu followed by 0.34 mg/kg b.w. Meth. All groups received 0.5 ml corn 

oil by oral gavage, a standard diet, and drink for 28 consecutive days, and treated groups received the tested 

compounds dissolved in the corn oil during the same period. Data are presented as mean ± S.D. (n = 6). Statistical 

analysis was performed using one-way ANOVA. Means followed by the same letters are not significantly different 

at 5%, according to Duncan's multiple range test.
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Methomyl administration dramatically 
elevated serum levels of apoptotic 
CASPASE-3 by 23.7-fold (0.66±0.07 vs. 

0.07±0.02 ng/ml) (Fig. 1G) while 
coadministration of quercetin with methomyl 
significantly reduced this elevation by 7-fold 
(0.24±0.07 vs. 1.66±0.07 pg/ml) compared to 

methomyl group without significant 
difference with their control rats. 
Effect of Quercetin on methomyl-induced 

histopathological changes on testis. 

The findings of histopathology in 
examined groups revealed that in both 
control-negative and antioxidant groups, 
normal testicular tissue contains seminiferous 

tubules with normal and thin basal lamina. 
These tubules are lined with highly 
proliferative normal spermatogenic series 
containing in their lumen huge amounts of 

spermatids and spermatozoa (Fig. 2 [A & B]). 
The interstitial tissue contains clusters of 

highly active and proliferative interstitial 
Leydig’s cells around normal blood vessels 
(Fig. 3 [A & B]). On the other hand, the 

methomyl group shows testicular tissue with 
seminiferous tubules enclosed by thick basal 
lamina. The tubules are lined with 
degenerated and apoptotic spermatogenic 

cells containing in their lumen very few 
spermatids and spermatozoa (Fig. 2 [C]). The 
interstitial tissue contained very few and less 
active Leydig’s cells around congested blood 

vessels (Fig. 3 [C]). By using Quercetin, 
antioxidants ameliorate the structure and 
function of the testicular tissue, represented 
by normal tubules with normal basal lamina 

and normal spermatogenic series, as well as 
considerable amounts of spermatids and 
spermatozoa in its lumen (Fig. 2 [D]). On the 
same level, the interstitial tissue accepts its 

normal continuant of interstitial Leydig’s 
cells and regains its activity (Fig. 3 [D]).  

 

 
Figure (2): A histopathological plate of testicular tissue in adult male rats showed: A): CO group with normal 
tubules (S), surrounded with basal lamina (arrow), normal spermatogenic series (arrowhead), and spermatozoa. 
The interstitial contains normal blood vessels (V). B): Qu group showed normal tubules (S), normal basal 

membrane (arrow), and spermatogenic series (arrowhead) and spermatozoa. The interstitial tissue contains 
normal blood vessels (V). C: Meth group showing tubules (S) enclosed with thick basement lamina (arrow) 
and lined by spermatogenic series with degenerative changes accompanied with few spermatids and 

spermatozoa. Note: the interstitial tissue contained congested blood vessels (V). D): Meth + Qu group showing 
normal tubules (S) with normal basal lamina (arrow) lined by normal spermatogenic series as well as spermatids 

and sperm.  
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Figure (3): A higher magnification of the interstitial Leydig’s cells in testicular tissue of adult male rats showing  

A): CO group showed clusters of highly active and proliferative Leydig’s cells (arrow). B): Qu group showed 
clusters of highly active and proliferative Leydig’s cells (arrow). C): Meth group showing few less active 
Leydig’s cells (arrow). D): Meth + Qu group showing clusters of highly active and proliferative Leydig’s cells 

(arrow). 
 

Table (1): Lesions scoring of Testicle in the tested groups 

Pathophysiological  

changes 

Treatment 

Co Qu Meth Meth + Qu 

Spermatogenic series degeneration 0 0 2 0 

Sperms Depletion 0 0 2 0 

Activity of Leydig’s cells 4 4 2 3 

Thickening of the basal membrane 0 0 3 0 

Congestion of testicular vessels 0 0 3 1 

Edema of the interstitial tissue 0 0 1 0 
Scoring of testicular tissue damage was recorded in degrees: 0 = no change; 1 ≤ 25% tissue damage; 2 = 26 –50% 
tissue damage; 3 = 51–75% tissue damage; 4 = 76–100% tissue damage. Control group (CO): rats received a 

standard diet and drink; quercetin (Qu), rats received 50 mg/kg b.w.; methomyl (Meth), rats received 0.34 mg/kg 

b.w.; methomyl and quercetin (Meth/Qu): rats received 50 mg/kg b.w. Qu followed by 0.34 mg/kg b.w. Meth . 

 

Effect of Quercetin on Methomyl-induced 

immunohistochemical changes on testis. 

The immunohistochemical findings in 

the primitive spermatogonia cells, primary 
spermatocytes, secondary spermatocytes, and 
interstitial Leydig's cells in control and 
quercetin groups showed high antiapoptotic 

Bcl-2 expression, Fig.4 (A&B) in percentages 
of 45.2% and 44.5%, respectively, Fig.7, and 
low expression of the apoptotic BAX, Fig.5 
(A&B), in percentages of 4% and 4.8 %, 

Fig.7. The interstitial Leydig's cells in control 

and quercetin groups markedly expressed 
testosterone receptors, Fig.6 (A&B), in 6.5% 
and 6.6% percentages, Fig.7. The methomyl-

treated primitive spermatogonia cells, 
primary spermatocytes, secondary 
spermatocytes, and interstitial Leydig's cells 
showed low expression of Bcl-2, Fig.4 (C), in 

a percentage of 8%, Fig.7, and high 
expression of BAX, Fig.5 (C), in the 
percentage of 32.5% Fig. 7. The interstitial 
Leydig’s cells expressed very few reactions of 
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testosterone Fig.6 (C), in a percentage of 
1.2%, Fig.7.  

Quercetin positively impacted the 

expression of Bcl-2, Fig.4 (D), by a 
percentage increase of 42.8%, Fig.7, and 
lowered the expression of BAX, Fig.5 (D), by 

a percentage of 6.2%, Fig.6. On the same 
level, the interstitial Leydig’s cells regain 
their activity in the production of testosterone 

by increasing its expression Fig.6 (D) in a 
percentage of 5.9% Fig.7. 

 

 
Figure (4): An immunohistochemical plate of testicular tissue in adult male rats showing A): CO group showed 

strong reaction in the highly proliferative spermatogenic series (arrow). B): Qu group showed strong reaction in the 
highly proliferative spermatogenic series (arrow). C): Meth group showing negative reaction in the spermatogenic 

series (arrowhead) on the other hand very few cells showed very faint reaction in the spermatogenic cells (arrow). 
D): Meth + Qu group showed strong reaction in the highly proliferative spermatogenic cells (arrow).   (Bcl-2 
immunoreaction X400) 

 

 

Figure (5): An immunohistochemical plate of testicular tissue in adult male rats showing A): CO group showed 

negative reaction spermatogenic series (arrow). B): Qu group showed negative reaction in spermatogenic series 
(arrow). C): Meth group showing strong reaction in the spermatogenic series (arrow). D): Meth + Qu group 
showed negative reaction in the spermatogenic cells (arrow). (Bax immunoreaction X400) 
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Figure (6): The interstitial Leydig’s cells in testicular tissue of adult male rats showing A): control negative 
group showed strongly reacted Leydig’s cells (dark brown granules) (arrow). B): Quercetin group showed 
strongly reacted Leydig’s cells (dark brown granules) (arrow). C: Methomyl treated group showing faintly 

reacted Leydig’s cells (very few faint brown granules) (arrow). D): Methomyl + quercetin treated group 
showing strongly reacted Leydig’s cells (dark brown granules) (arrow). (Testosterone immunoreaction X400). 
 

 

  

 
Figure (7): Percentages represent  the % of positively stained cells including primitive spermatogonia, primary 
spermatocytes, secondary spermatocytes, and interstitial Leydig's cells identified by immunohistochemical 

staining cells in treated groups. Statistical analysis was performed using one-way ANOVA. Means followed by 
the same letters are not significantly different at 5%, according to Duncan's multiple range test. 
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Discussion 

Methomyl and other carbamate 
insecticides have been widely used to manage 

agricultural pests, which has led to their 
frequent ecological presence. It is extremely 
toxic in humans when taken orally, 
moderately toxic upon inhalation, and mildly 

toxic with topical application (Van Scoy et al., 
2013).  This study investigated the testicular 
toxicity of orally administered methomyl and 
its effects on the pituitary-testicular axis in a 

rat model. To our knowledge, this study is the 
first to examine quercetin's possible 
ameliorative effect on methomyl’s pituitary-
testicular axis disruptions. Our results 

demonstrated that quercetin administration 
(50 mg/kg b.w., dissolved in corn oil) 
significantly restored the levels of pituitary-
testicular axis hormones and improved 

testicular histology. Our findings not only 
showed quercetin's testicular protective 
effects but also outlined the mechanisms 
involved in this effect. The following findings 

were obtained: (1) Quercetin ameliorated the 
structural derangements of the testicular 
tissue. (2) It reduced systemic and testicular 
apoptosis regulators and improved testicular 

anti-apoptotic signaling. (3) Additionally, we 
demonstrated quercetin's anti-inflammatory 
properties and the modulatory action of 
quercetin on the FSH, LH, and testosterone as 

a contributing mechanism regarding testicular 
spermatogenesis. 

Reactive oxygen species (ROS) and 
reactive nitrogen species (RNS) are by-

products of cellular respiration, and their 
primary physiological function is to regulate 
cellular homeostasis through the mediation of 
pathogen defense, redox signaling, and 

protein folding (Navarro-Yepes et al., 2014). 
However, excessive levels of these reactive 
species can interact with cellular lipids, 
carbohydrates, amino acids, proteins, and 

nucleic acids, resulting in metabolic 
abnormalities that are extremely harmful to 
cell survival (Franklin 2011). Testicular germ 
cells are created clonally in the seminiferous 

epithelium by numerous mitotic divisions 
until they become haploid spermatids, which 
structurally differentiate into spermatozoa 

(Dacheux and Dacheux 2014). Trace amounts 
of spermatozoa endogenous ROS are 
importantly required for the inhibition of 

tyrosine phosphatase activity causing large 
production of cAMP and phosphorylation of 
target proteins involved in the maturation and 
daily production of spermatozoa to develop 

the capacity to fertilize the oocyte (Chen et 
al., 2013). The plasma membrane of 
spermatozoa contains a significant quantity of 
polyunsaturated fatty acids (PUFA), plus their 

lack of critical cytoplasmic antioxidant 
enzymes renders them very vulnerable to 
oxidative damage by ROS and hydrogen 
peroxide (Ommati et al., 2013).  Lipid 

peroxidation was brought on by pesticides 
belonging to the carbamate and their 
metabolism byproducts suggested that one of 
their molecular toxicities is lipid 

peroxidation, where the biological 
membranes PUFA undergo oxidative 
degradation, alter their structure and function, 
reduce their fluidity, and inactivate many of 

the enzymes that are attached to them (El-
Demerdash et al., 2013). 

Methomyl was reported to produce 
significant depletion in testicular reduced 

GSH, superoxide dismutase (SOD), 
glutathione reductase, catalase, and 
glutathione-S-transferase, whilst oxidized 
glutathione was markedly elevated (Heikal et 

al., 2014; Heikal 2015; Meng et al., 2021; Li 
et al., 2024; Mowafy et al., 2024). The 
pathophysiology of many inflammatory 
illnesses is linked to the activation of redox-

sensitive transcription factors that transcribe a 
variety of inflammatory cytokines, 
chemokines, and other inflammatory markers 
(He et al., 2022). The elevated expressions of 

systemic pro-inflammatory IL-1β, TNF-α, 
and IL-6 were reported to coincide with the 
elevation of testicular ROS levels and 
depletion of antioxidant machinery (Okur et 

al., 2018; Mohamed et al., 2020). Parallel to 
these findings, the present study showed that 
methomyl provoked a more than threefold 
increase in the systemic IL-1β and IL-6, while 

the TNF-α tremendously increased by more 
than elevenfold. The prolonged cellular 
exposure to oxidative and inflammatory stress 
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is associated with markedly elevated 
apoptotic BAX and caspase-3 
expression (Heikal et al., 2014; He et al., 

2022; Li et al., 2024) and a significant 
decrease in anti-apoptotic Bcl2 (Heikal et al., 
2014; Heikal, 2015; Li et al., 2024). Our 
immunohistochemical investigation of the 

testicular apoptotic Bax expression showed its 
increase by eight times, accompanied by that 
anti-apoptotic Bcl-2 showed a fivefold 
decrease and a concurrent decline in 

testosterone expression simultaneously with 
immensely increased systemic apoptotic 
caspase3 by more than 23-fold upon exposure 
to oral methomyl.  

Our study's histopathological 
investigation of oral methomyl effects on the 
testicular tissue reflects the failure of the 
testicular cells to survive and agrees with 

previous studies that demonstrated, like our 
study, a thickening of the basement 
membrane surrounding seminiferous tubules 
(Mahgoub and El-Medany 2001; Radad et al., 

2009; Lu and Liu 2023), spermatogenic cell 
degeneration and apoptosis (Mahgoub and El-
Medany 2001), and a reduced number of 
spermatids and sperms beside a small number 

of less active Leydig's cells surrounding 
clogged blood vessels (Mahgoub and El-
Medany 2001; Sakr et al., 2018). This 
testicular apoptosis tendency obviously 

resulted from the methomyl-induced 
oxidative and inflammatory stress in line with 
the fact that the spermatozoa plasma 
membrane is rich in PUFA which makes it 

particularly susceptible to damage by ROS 
mainly lipid peroxidation (Aitken et al., 
2016). The level of testicular testosterone 
expression in this study drops to almost one-

sixth of the normal level, and this makes sense 
with our observed histopathological testicular 
degenerative changes and systemic 
inflammation. These data are in line with 

studies reporting the incidence of methomyl 
testicular degenerative changes and sperm 
cell abnormalities with low levels of serum 
testosterone and fertility index (Shalaby et al., 

2010; Heikal et al., 2014; Lu and Liu 2023; 
Mowafy et al., 2024). 

Since the development and regulation 
of the reproductive systems are significantly 
influenced by the hypothalamic-pituitary-

gonadal axis (Radad et al., 2009; Ye and Liu 
2019), which is significantly impacted by 
systemic inflammation (Tsukamura 2022). 
Our results demonstrate that oral methomyl 

administration in rats showed that both serum 
LH and FSH significantly decreased to one-
third of the control rats' level concomitantly 
with a tremendous elevation in their serum IL-

1β, IL-6, and TNF-α. Other studies have 
reported lower testosterone, LH, and FSH 
levels following oral exposure for 60 days to 
the carbamate carbosulfan (Prakash and 

David 2020), while carbaryl increased LH and 
FSH with a decrease in testosterone (Jain et 
al., 2010; Ichimura et al., 2013; Saha et al., 
2022). Methomyl administration in the 

present study for 28 days at a dosage of 0.34 
mg/kg b.w., significantly lowered FSH, LH, 
and testosterone while the study of Mahgoub 
and El-Medany, 2001 in which methomyl 

administered orally (17 mg kg (-1) in saline) 
every day for two months showed a contrary 
direction where the level of testosterone 
significantly decreased, but the levels of FSH 

and LH greatly increased (Mahgoub and El-
Medany 2001). This controversy could be 
attributed to the length of exposure and 
dosage of methomyl. These studies, like ours, 

examined oral exposure to insecticides, but 
the other routes of administration could also 
produce more controversial differences. 

Quercetin showed a great inhibition 

specificity and high binding affinity towards 
several endogenous oxidative enzymes. Its 
phenolic and ketone groups' electron donation 
capability allows it to act as a free radical 

scavenger with a strong antioxidant effect 
(Olla et al., 2023; Yu et al., 2024). Other 
studies confirmed that quercetin effectively 
regulates the pro-inflammatory mediator and 

ROS signaling pathways, inhibiting their 
overexpression and ameliorating cytokine 
storm (Bin-Jaliah 2021; Xu et al., 2024), 
besides having an inhibitory effect on the 

apoptosis regulator Bax and caspase-3 (Bin-
Jaliah 2021; Moghaddam et al., 2023) and 
elevating anti-apoptotic Bcl-2 expression 
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(Moghaddam et al., 2023). Quercetin's 
particularly testicular protective effect against 
various etiologies damage was reported to be 

mediated through its antioxidant properties 
(Bharti et al., 2014; Adedara et al., 2017; Nna 
et al., 2017), ability to lower pro-
inflammatory IL6, IL1β, and TNFα levels 

(Tvrdá et al., 2022) and apoptosis regulators 
Bax and caspase-3 expressions (Bharti et al., 
2014; Adedara et al., 2017; Nna et al., 2017; 
Tvrdá et al., 2022; Yu et al., 2024) besides 

substantial elevation of anti-apoptosis Bcl-2 
(Bharti et al., 2014; Nna et al., 2017; Tvrdá et 
al., 2022), and ameliorating of degenerative 
changes (Adedara et al., 2017; Nna et al., 

2017), reversal of induced decreases in  LH, 
FSH, and testosterone reproductive hormones 
(Bharti et al., 2014; Adedara et al., 2017). 

The effect of quercetin against testicular 

toxicity induced by methomyl has not been 
examined before, to our knowledge. Our 
study showed that oral administration of 50 
mg/kg b.w. of quercetin, even with the 

coinciding administration of methomyl, 
tremendously ameliorates the systemic storm 
of IL-1β, IL6 and TNF-α. Concomitantly with 
a vast lowering in systemic apoptotic caspase-

3 and testicular Bax levels and elevation of 
testicular Bcl-2 expression. This quercetin-
mediated amelioration of the inflammation-
apoptosis axis is supported by our histological 

findings, showing a significant reduction in 
testicular vessel congestion, interstitial tissue 
edema, and a restoration of the seminiferous 
tubule basement membrane thickness. The 

amelioration of testicular degeneration and 
inflammatory-apoptotic axis in the present 
study was apparently reflected in the levels of 
FSH, LH, and testosterone, which 

approximately normalized without significant 
differences from rats that were not exposed to 
oral methomyl. 

Conclusion 
According to our research, quercetin's 

amelioration of the inflammatory-apoptotic 
axis may be able to reduce pesticide-induced 
testicular disruptions. Our study suggests the 

potential of quercetin, a bioflavonoid, as a 
prophylactic and therapeutic agent for 
mitigating methomyl-induced testicular 

dysfunction. These findings represent a 
promising first step towards developing 
strategies to maintain fertility in the context of 

exposure to pesticides like methomyl. Even 
though quercetin's medicinal uses seem 
promising, thorough clinical research should 
be conducted before any future clinical 

applications are made. 
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