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Abstract
Background: Thiamethoxam (THM) is a neonicotinoid insecticide used to control different insect pests on fruits, 
vegetables, and field crops. The misuse and continuous exposure to THM cause many harmful effects on health and 
the reproductive system.
Aim: This work aims to investigate the efficiency of vitamin C (vit C) in reducing or eliminating the harmful effects 
of THM on the testes, liver, and kidney of male rats. 
Methods: Forty-eight sexually mature male Wister albino rats (weight: 170–190 g; age: 10–11 weeks) were randomly 
allocated into six groups (8 males/group). The control group was orally given distilled water, vit C group was orally 
treated with 200 mg/kg b.wt of vit C, group 1/10 of THM LD50 orally treated with 156.3 mg/kg b.wt of THM, group 
1/20 of THM LD50 orally treated with 78.15 mg/kg b.wt of THM, group 1/10 of THM LD50 + vit C orally treated 
with 156.3 mg/kg b.wt of THM + 200 mg/kg b.wt of vit C, and group 1/20 of THM LD50 + vit C orally treated with 
78.15 mg/kg b.wt of THM + 200 mg/kg b.wt of vit C. All groups were treated for five days per week for a whole 
period of 58 days. Blood samples were collected at the end of the experiment, and serum was extracted for liver and 
kidney functions and antioxidant measurements. Reproductive organs (testis, epididymis, and seminal vesicles) were 
collected and weighed at the end of the experiment.
Results: The results showed that groups exposed to 1/10 and 1/20 of THM LD50 significantly (p < 0.05) decreased the 
body weight, the reproductive organ weights (testis, epididymis, and seminal vesicles), spermatid count, sperm (count 
and motility), and testosterone concentration with an increase in abnormalities. In addition, the groups exposed to THM 
showed a decrease in protein concentration, albumin, and globulin, and caused an increase in glucose concentration. 
The activities of alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase (AST), creatinine, 
urea, and malondialdehyde (MDA) were increased while caused decrease in total antioxidant capacity (TAC) due 
to exposure to THM. The co-administration of vit C with HM modulated the harmful effects of the insecticide on 
testicular, liver, and kidney parameters, which confirmed in histopathological examination of testis. Groups orally 
treated with vit C showed a significant increase in spermatogenesis, spermatid numbers, and the weight of seminal 
vesicles.
Conclusion: This study showed the importance of vit C in reducing toxic effects from exposure to THM. Accordingly, 
the intake of vit C by individuals who regularly handle this insecticide will be beneficial in reducing the adverse effects 
that may occur in the liver and kidney. 
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Introduction
The widespread use of pesticides to control 
agricultural pests has led to serious environmental 
contamination and health risks (Anaduaka et al., 
2023). The increasing problems from the use of 
some groups of pesticides (i.e., organochlorines, 
organophosphates, and carbamates) led to the 
introduction of other groups that are characterized 
by being safer to achieve sustainable agriculture 

(Auwal et al., 2021). Neonicotinoids are a new class 
of pesticides that accounts for about 25% of the global 
insecticides market and is used in protecting domestic 
animals from fleas and crops from pest insects 
(Craddock et al., 2019). Thiamethoxam (THM) and 
imidacloprid (IMI) are the two major compounds of 
neonicotinoids that were utilized in large quantities, 
which might be problematic when considering the 
potential risks of occupational and environmental 
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pollution (El-Hak et al., 2022). According to reports, 
neonicotinoids stimulate nicotinic acetylcholine 
receptors (nAChRs) (Moffat et al., 2016). Due to 
their specific binding affinity with nAChRs, they are 
considered highly poisonous to insects. Different 
studies and publications on the investigation of 
neonicotinoid-induced toxicity in vertebrate systems 
have been made that show potential effects on the 
biological system of mammals (Dhouib et al., 2017). 
Zhao et al. (2020) demonstrated that the metabolism 
of the neonicotinoid group involved the cytosolic 
aldehyde oxidase and the hepatic microsomal enzyme. 
Mammalian exposure to THM has shown that around 
50% of the parent compound is metabolized with the 
existence of its metabolites in the brain tissues (Loser 
et al., 2021). The potential effects on mammals are 
extremely interesting as the generated metabolites 
take on a cationic character and are accordingly 
selective for the mammalian nAChRs (Costas-Ferreira 
and Faro, 2021). Pesticides and their metabolites act 
as free radicals that reduce the ability of antioxidants 
to protect the body from these substances and induce 
oxidative stress (Beslo et al., 2023). Antioxidant 
defense mechanisms defend against reactive oxygen 
species (ROS) damage (Irato and Santovito, 2021). 
Many ion channels, including calcium channels, have 
been demonstrated to be damaged by ROS (Kiselyov 
and Muallem, 2016). Vitamin C (also known as 
ascorbic acid; vit C) is a water-soluble vitamin sold 
as a dietary supplement and has been demonstrated to 
have preventive measures for xenobiotic intoxications 
(Zhong et al., 2017). In addition, it was reported that 
vit C has a powerful antioxidant that is widely known 
for shielding tissues from oxidative damage (Kurutas, 
2016), decreasing oxidative cell death, and providing 
genome protection by quenching intracellular 
(Kaźmierczak-Barańska et al., 2020). Vit C plays 
a significant part in preventing the effects of free 
radicals on vital cells and protecting against pesticide 
toxicity, especially with regard to hepatic toxicity 
(Shati et al., 2021). It quickly removes reactive 
nitrogen species (RNS) as well as physiological ROS 
(Di Meo et al., 2016). According to reports, vit C 
reduces the hematological and biochemical changes 
that are caused by organophosphate pesticides in 
humans and animals (Saoudi et al., 2021). This 
chemical is an easily accessible, inexpensive, and 
comparatively non-toxic antioxidant that exhibits 
tremendous promise in the reduction of the toxic 
effects caused by the majority of xenobiotics (Ibrahim 
et al., 2019). Reproductive behavior is considered 
an effective way used in ecotoxicology that details 
the biochemical, physiological, and toxicological 
responses to a toxin that may affect reproduction 
(Ford et al., 2021). Therefore, this study aims to 
evaluate the effect of THM on different reproductive 
and biochemical parameters and the effect of vit C as 

an antioxidant in ameliorating the toxicity effects of 
the tested insecticide.

Materials and Methods
Chemicals and reagents
A commercial formulation of THM (Actara®, 25% 
WG) was purchased from the local distributor company 
of Syngenta crop protection Agrochemicals (Dokki, 
Egypt), which imported from Greenboro (Greenboro, 
NC, USA). L-ascorbic acid (100468) (vitamin C; vit C) 
was obtained from Sigma–Aldrich (St. Louis, MO). Kits 
used for biochemical determination were purchased 
from Bio-Diagnostic Company (Dokki, Egypt). 
Animals and experimental design
Forty-eight sexually mature male Wister albino rats 
(weight: 170–190 g; age: 10–11 weeks) were obtained 
from the Breeding Animal House, Faculty of Veterinary 
Medicine at Zagazig University, Egypt. Animals were 
housed in plastic cages at 23°C ± 2°C, 40%–60% 
relative humidity, and 12 hours light/dark cycle and 
kept under full hygienic conditions, and fed on rodent 
diet and water ad libitum throughout the experimental 
period (NRC, 1996). The rats were left for two weeks 
to get acclimatized to the experimental laboratory 
settings. The housing, care, and all experimental 
procedures were conducted in compliance with the 
guidelines of Zagazig University Care and Use of 
Laboratory Animals, under the permission number 
(ZU-IACUC/2/F/121/2022). The rats were weighed 
after the accommodation period and then randomly 
divided into six groups of eight males for each group. 
The groups were treated as follows: G1 (the control 
group) was orally administrated distilled water. G2 
(vit C group) was orally administrated 200 mg/kg b.wt 
of vit C. G3 (1/10 of THM LD50 group) was orally 
administrated 156.3 mg/kg b.wt of THM. G4 (1/20 of 
THM LD50 group) was orally administrated 78.15 mg/
kg b.wt of THM. G5 (1/10 of THM LD50 + vit C group) 
was orally administrated 156.3 mg/kg b.wt of THM + 
200 mg/kg b.wt of vit C. G6 (1/20 of THM LD50 + vit 
C group) was orally administrated 78.15 mg/kg b.wt of 
THM + 200 mg/kg b.wt of vit C. Groups were orally 
given combination of THM and vit C were given vit 
C 30 minutes prior of THM. All groups were orally 
treated with 1/10 and 1/20 of THM LD50 and vit C for 
five days per week for 58 days.
Doses of insecticide and vitamin C 
The LD50 of THM is 1563 mg/kg b.wt (Maienfisch et 
al., 1999). In this study, 1/10 (156.3 mg/kg b.wt) and 
1/20 (78.15 mg/kg b.wt) of THM LD50 were orally 
administrated to rats for 58 days. Insecticide was 
prepared in distilled water. A fresh daily, prepared 
aqueous solution of vit C was orally administrated to 
the treated rats throughout the experiment in a dose of 
200 mg/kg b.wt (Hassan et al., 2021).
Body and testis weights 
The animal body weights were recorded three times 
per week and at the end of the experiment. Clinical 
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indications (posture and locomotor activities) were 
observed every day for mortality. The testicles were 
taken out after sacrifice, weighed, and microscopically 
examined to look for any enlargement, shrinkage, gaps 
caused by tissue loss, softening of the tissue, foreign 
coloring of the tissue, or altered content (US-EPA 
2019). Reproductive organs (testis, epididymis, and 
seminal vesicles) were collected and weighed at the end 
of the experiment.
Blood collection
The rats were starved for an entire night on the last day 
of the experiment (the 58th day). They were weighed 
before sacrifice, and 2 ml of blood sample was drawn 
from the orbital venous retrograde plexus of the eye 
using a capillary tube, collected in a clean centrifuge 
glass tube and allowed to coagulate at laboratory 
temperature for 20 minutes, then centrifuged at 3,000 
rpm for 10 minutes (Megafuge, Thermo Scientific, 
Germany). Serum samples were transferred and 
aliquots into Eppendorf tubes and stored at −20°C until 
used for biochemical analysis within two weeks.
Biochemical analysis
Determination of liver and kidney functions 
Activities of alanine transaminase (ALT), aspartate 
transaminase (AST), and alkaline phosphatase (ALP) 
were determined colorimetrically in serum samples 
according to the method adopted by Reitman and 
Frankle (1957) for ALT and AST, and Belfield and 
Goldberg (1971) for ALP. Total protein and albumin 
concentrations were measured using the method 
of Grant et al. (1987) and Westgard and Poquette 
(1972), respectively. Serum globulin was calculated 
by deducting the value of albumin from total protein. 
The glucose level was determined according to Trinder 
(1969). Colorimetric determination of creatinine was 
carried out according to the method of Bartles et al. 
(1972). Urea was measured colorimetrically using the 
technique of Fawcett and Soctt (1960). All analyses 
were done using the microplate reader (Infinite M 
Nano, TECAN, Austria). 
Determination of MDA and TAC levels
The colorimetric method for measuring 
malondialdehyde (MDA) as a sign of lipid peroxidation 
was carried out according to Ohkawa et al. (1979). 
Total antioxidant capacity (TAC) was measured 
in accordance with the guidelines provided in the 
BioDignostic kit’s instructions (Diagnostic Co., Dokki, 
Egypt). The method of Koracevic et al. (2001) was 
used to evaluate the rate of TAC. Analyses of MDA and 
TAC were done using the microplate reader (Infinite M 
Nano, TECAN, Austria). 
Estimation of serum testosterone hormone, luteinizing 
hormone, and serum follicle stimulating hormone 
levels
Testosterone level in serum was predicted by the 
methods of Mukherjee et al. (2006) and Orcyzk et al. 
(1979). Serum follicle stimulating hormone (FSH) and 
luteinizing hormone (LH) levels were determined by 

ELISA as described by Levine et al. (1985), using a 
diagnostic kit (Immulite 1000 LH and FSH) supplied by 
Siemens Medical Solution Diagnostic Limited (USA).
Features of semen
The epididymis of every rat was removed to calculate 
the sperm count, according to (Amman et al. 1976). 
Analysis of sperm viability and motility was done using 
the techniques of Linder et al. (1990). 
Histological examination of testis
Samples of the testicular specimens were collected from 
rats by the end of the experiment and stored in formalin. 
The samples were subjected to the automated tissue 
processing of dehydration and a two-step initial fixation 
procedure. Fixation involved immersing the tissues for 48 
hours in 10% buffered formalin, followed by 30 minutes 
in distilled water to remove the fixative buffer. The tissues 
were then subjected to a graduated series of alcohol (70%, 
90%, and 100%) to induce dehydration. The tissue was 
first subjected to 70% alcohol for 120 minutes, then to 
90% alcohol for 90 minutes, and finally into two cycles of 
100% alcohol, each lasting an hour. The samples were then 
cleared in numerous changes of xylene after dehydration. 
It involved immersing tissue for an hour in a combination 
of 50% alcohol and 50% xylene, then immersing in pure 
xylene for a further 1.5 hours. The samples were then 
embedded and blocked out after being impregnated with 
molten paraffin wax. Hematoxylin and eosin were used 
to stain paraffin slices (4–5 µm) (Suvarna et al. 2013). 
Staining allows looking for any pathological changes in 
the tissues, such as apoptosis, necrosis, degenerations, 
inflammation, and circulatory difficulties.
Statistical analysis
The data were presented as mean ± SD. To ascertain 
statistical differences among groups, the data was 
examined using one-way analysis of variance 
(ANOVA) using the Statistical Package for the Social 
Sciences (SPSSs) 20.0 package program with Duncan’s 
Multiple Range Test at 0.05 significance value.
Ethical approval
Ethical clearance in this study was submitted and 
approved by the University of Zagazig with the following 
ethical clearance number: ZU-IACUC/2F/121/2022.

Results
Effect of THM on body weight
No death in rat groups was recorded during the whole 
experimental period due to exposure to THM, vit C, 
or their combination. Rats that were orally given 
both doses (1/10 and 1/20 of THM LD50) revealed a 
substantial reduction in final body weight and weight 
gain (p < 0.05) as compared to the control and other 
groups. Groups were given a combination of 1/10 
or 1/20 of THM LD50 and vit C, which resulted in a 
significant increase in body weight or weight gain 
compared with groups that were treated only with 
1/10 or 1/20 of THM LD50. In addition, no significant 
differences in the final body weight or weight gain were 
observed between the control and vit C groups (Fig. 1).
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Effect on reproductive organ weights
Reproductive organ weights (testis, epididymis, 
and seminal vesicles) showed a significant decrease  
(p < 0.05) in groups that were orally given 1/10 or 1/20 

of THM LD50 compared with the control group. While 
groups were orally given 1/10 or 1/20 of THM LD50 
and co-administrated vit C, it resulted in a significant 
increase (p < 0.05) and enhancement in organ weights 
compared with groups treated with insecticide alone 
(Table 1).
Effect on sperm characterization
Results in Table 2 showed a significant decrease (p < 
0.05) in motility % and viability % of sperms in groups 
were orally given 1/10 and 1/20 of THM LD50 or in 
groups co-administrated vit C with insecticide when 
compared with control or vit C groups. Sperm count 
(106/g epididymis) and spermatids numbers (106/g 
testis) were increased significantly in groups treated 
with 1/10 or 1/20 of THM LD50 compared with control 

and vit C groups. Data showed an increase in sperm 
abnormalities in groups treated with 1/10 and 1/20 of 
THM LD50. Groups were orally given 1/10 and 1/20 of 
THM LD50 + vit C showed a significant decrease (p < 
0.05) in sperm abnormalities compared with the control 
group. 
Effect on reproductive hormones
Exposure of rats to both doses of THM (1/10 and 1/20 
of LD50) caused a significant decline in serum sex 
hormone levels (Testosterone, LH, and FSH). While 
groups treated with both doses of THM + vit C induced 
significant increases in serum hormone levels compared 
with animals exposed to THM only. Groups orally vit 
C showed no significant changes in serum testosterone, 
LH, and FSH when compared with control (Table 3).
Effect on glucose and total protein
Serum glucose was significantly decreased (p < 0.05) 
after 58 successive days of exposure to both doses 
of THM when compared either with control or other 

Fig. 1. Body weights (mean ± SD; n = 8) of male rats treated with different doses of thiamethoxam, vitamin C, and their combination.

Table 1. Effect of thiamethoxam, vitamin C, and their combination on reproductive organ weights.

Treatments Testis (g) Epididymis (g) Seminal vesicles (g)
Control 6.28 ± 1.12a 0.76 ± 0.02a 1.8 ± 0.61a

Vit C 5.95 ± 0.87b 0.63 ± 0.01b 1.3 ± 0.54b

156.3 mg/kg b.wt. 3.52 ± 1.42f 0.43 ± 0.01c 0.7 ± 0.71d

78.15 mg/kg b.wt. 4.1 ± 1.25e 0.44 ± 0.04c 0.8 ± 0.48cd

156.3 mg/kg b.wt. + vit C 4.48 ± 0.76d 0.54 ± 0.04b 0.73 ± 0.63d

78.15 mg/kg b.wt. + vit C 5.21 ± 1.52c 0.8 ± 0.02a 1.1 ± 0.18bc

Data are represented as mean ± SD (n = 8). Means within the same column carrying different letters are significantly different at p < 0.05.
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groups. Co-administration of vit C with THM showed 
a significant decrease (p < 0.05) when compared with 
THM groups (Table 4). Significant reductions in total 
protein, albumin, and globulin concentrations were 
reported in groups exposed to THM compared to other 
groups, including control (Table 4). 
Effect on liver and kidney functions
Groups exposed to THM, vit C, and their combination 
showed a significant increase (p < 0.05) in activities 
of liver enzymes (ALP, ALT, and AST) in groups 
exposed to 1/10 and 1/20 of THM LD50 compared 
with the control group. The data also showed that co-
administration of vit C with both THM doses exhibited 
some improvement, but still significantly different from 
the control. For kidney function parameters, creatinine 
and urea levels in the blood serum of animals exposed 
to THM were significantly increased compared to that 
of the control group. The data also showed that co-
administration of vit C with both THM doses exhibited 

some protective effects but still significantly higher 
than what was recorded in the control group (Table 5).
Effect on oxidative stress and antioxidant parameters
For oxidative stress parameters, the results showed 
that the level of MDA was significantly increased (p < 
0.05) in rats administered 1/10 and 1/20 of THM LD50 
compared with the control group. On the other hand, 
TAC level was significantly (p < 0.05) decreased as 
a result of exposure to the tested doses, whereas the 
co-administration of vit C with THM enhanced the 
decreased effects of insecticide compared with control 
(Fig. 2).
Histological observation in testis
Examined sections from the testis of control (Fig. 
3A) and vit C (Fig. 3B) groups demonstrated 
healthy testicular architecture, including preserved 
seminiferous tubules that looked to be bordered by 
healthy spermatogonia, spermatocytes, spermatids, 
and sertoli cells. In their lumina, they had varying 
numbers of mature spermatozoa. Leydig cells, 

Table 2. Effect of thiamethoxam, Vitamin C, and their combination on sperm count, motility, viability, spermatids number, 
edematous testicular tissue (% edema), and abnormality.

Treatments Sperm 
motility (%)

Sperm 
viability (%)

Sperm count  
(106/g 

epididymis)

Spermatids 
number  

(106/g testis)
Edema (%)

Abnormal 
sperm 
(%)*

Normal 
sperm 
(%)*

Control 90.83 ± 8.78a 85.63 ± 6.43a 99.11 ± 1.26a 164.7 ± 5.84a 2.31 ± 0.34e 14.4 ± 1.2e 85.6 ± 0.9b

Vit. C 86.71 ± 6.42b 84.89 ± 9.05b 97.94 ± 4.42b 143.67 ± 10.76b 1.82 ± 0.45e 12.3 ± 2.6f 87.7 ± 1.1a

156.3 mg/kg 
b.wt.

51.79 ± 11.26f 65.42 ± 8.65f 44.68 ± 1.53f 58.57 ± 6.23f 22.51 ± 0.67a 37.5 ± 1.9a 62.1 ± 1.3f

78.15 mg/kg 
b.wt.

68.33 ± 4.68e 74.83 ± 11.53e 49.56 ± 2.31e 73.31 ± 7.45e 20.01 ± 0.33b 34.8 ± 1.6b 64.3 ± 1.1e

156.3 mg/kg 
b.wt.+ vit C

76.73 ± 8.75d 78.23 ± 3.56d 80.15 ± 7.42d 90.59 ± 3.54d 17.50 ± 0.72c 30.5 ± 3.5c 69.5 ± 0.8d

78.15 mg/kg 
b.wt. + vit C

81.65 ± 9.19c 80.79 ± 12.79c 87.51 ± 3.72c 113.31 ± 8.45c 5.21 ± 0.52d 25.8 ± 1.6d 74.5 ± 1.0c

Data are represented as mean ± SD (n = 8). Means within the same column carrying different letters are significant at (p < 0.05). 
*Percentage was calculated according to a total number of 250 sperms.

Table 3. Effect of thiamethoxam, vitamin C, and their combination on serum testosterone, 
LH and FSH levels.

Treatments Testosterone 
(ng/ml) LH (mIU/ml) FSH (mIU/ml)

Control 4.28 ± 0.58a 11.03 ± 0.64a 3.07 ± 0.05a

Vit. C 4.06 ± 0.73a 10.86 ± 0.21a 2.95 ± 0.02a

156.3 mg/kg b.wt. 0.68 ± 0.02d 6.39 ± 0.38e 1.44 ± 0.41e

78.15 mg/kg b.wt. 1.42 ± 0.13c 7.57 ± 0.13d 1.71 ± 0.07d

156.3 mg/kg b.wt. + vit C 1.78 ± 0.85b 8.09 ± 0.74c 2.01 ± 0.91c

78.15 mg/kg b.wt. + vit C 2.02 ± 0.54b 9.43 ± 0.14b 2.55 ± 0.21b

Data are represented as mean ± SD (n = 8). Means within the same column carrying different letters are 
significant at p < 0.05.
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Fig. 2. Effects of thiamethoxam, vitamin C, and their combinations on the concentration of 
antioxidant and oxidative stress indicators in adult male rats.

Table 4. Effect of thiamethoxam, vitamin C, and their combinations on glucose, total protein, albumin, and globulin.

Treatments Glucose (mg/dl) T. protein (g/dl) Albumin (g/dl) Globulin (g/dl) A/G ratio
Control 117.26 ± 1.98f 7.51 ± 0.61ab 4.72 ± 0.23b 2.79 ± 0.11a 1.69 ± 0.01
Vit. C 121.47 ± 1.63e 7.64 ± 0.27a 4.89 ± 0.46a 2.75 ± 0.14a 1.78 ± 0.02

156.3 mg/kg b.wt. 213.71 ± 3.01a 5.29 ± 0.17e 3.79 ± 0.12f 1.5 ± 0.12c 2.53 ± 0.1
78.15 mg/kg b.wt. 207.11 ± 1.84b 5.96 ± 0.54d 3.94 ± 0.63e 2.02 ± 0.11b 1.95 ± 0.3

156.3 mg/kg b.wt. + vit C 159.89 ± 1.46c 6.84 ± 0.23c 4.11 ± 0.31d 2.73 ± 0.21a 1.51 ± 0.1
78.15 mg/kg b.wt. + vit C 151.11 ± 2.71d 7.27 ± 0.41b 4.46 ± 0.19c 2.81 ± 0.24a 1.59 ± 0.2

Data are represented as mean ± SD (n = 8). Means within the same column carrying different letters are significant at p < 0.05.

Table 5. Effect of thiamethoxam, vitamin C, and their combinations on some biochemical parameters related to liver and kidney 
functions in blood serum of adult male rats.

Treatments ALP (IU/l) ALT (IU/l) AST (IU/l) Creatinine (mg/dl) Urea (mg/dl)
Control 502.88 ± 15.32e 52.36 ± 3.42f 135.71 ± 4.82e 0.89 ± 0.07d 33.08 ± 2.31f

Vit C 476.97 ± 23.64f 53.52 ± 2.87e 131.43 ± 3.74f 0.93 ± 0.04d 34.91 ± 1.85e

156.3 mg/kg b.wt. 1141.86 ± 41.27a 144.29 ± 5.49a 227.24 ± 5.26a 2.59 ± 0.34a 62.83 ± 4.72a

78.15 mg/kg b.wt. 712.41 ± 24.75b 130.32 ± 5.67b 207.17 ± 6.21b 2.27 ± 0.42b 58.41 ± 3.47b

156.3 mg/kg b.wt. + vit C 623.93 ± 18.97c 105.89 ± 7.26c 157.14 ± 4.19c 1.77 ± 0.23c 45.08 ± 1.56c

78.15 mg/kg b.wt. + vit C 520.26 ± 11.47d 97.74 ± 4.57d 142.86 ± 5.64d 1.74 ± 0.12c 44.08 ± 2.65d

Data are represented as mean ± SD (n = 8). Means within the same column carrying different letters are significantly different at p < 0.05.
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vascular structures, and interstitial tissue appeared to 
be normal. Dimensional scales represent the cellular 
contents of the tubules, including spermatozoa, at their 
full thickness and size of the primary spermatocytes, 
mature spermatozoa, and normal epithelium. Sections 
from testes of the group treated with 1/10 of THM LD50 
(Fig. 3C) revealed moderate interstitial edema (ISE), 
vascular congestion (VC), germ cell degeneration 
(GCD), and spermatocytes degeneration and necrosis 
(STD and STN) associated with complete failure of 
spermatogenesis. Leydig cells moderately proliferated. 
Very few tubules were unaffected, with normal 
histological morphology of the seminiferous tubules 
and normal spermatogenesis (NSG). Dimensional 
scales represent the cellular contents of the tubules, 
including spermatozoa, at their full thickness and size 
of the primary spermatocytes. The percentages of 
edematous testicular interstitial tissue, partial filling of 
the epididymal tubules with mature spermatozoa, and 
the type of epithelium estimated focally degenerated 
and showed ISE. Sections from testes of the group 
treated with 1/20 of THM LD50 (Fig. 3D) revealed 
mild to moderate ISE, VC, multifocal STD and STN 
associated with partial failure of spermatogenesis. 
Leydig cells were unaffected. Fair number of 
seminiferous tubules showed preserved histological 
morphology and NSG. Examined sections from testes 
of the group treated with 1/10 and 1/20 of THM LD50 

and co-treated with vit C (Fig. 3E and F, respectively) 
revealed healthy testicular architecture, including 
preserved seminiferous tubules that looked to be lined 
by normal spermatogonia, spermatocytes, spermatids, 
and sertoli cells. They also contained a range of mature 
spermatozoa in their Lumina. Leydig cells, vascular 
structures, and interstitial tissue appeared normal in 
most of the investigated sections; however, a few 
sections showed mild to moderate ISE, VC, and mild 
Leydig cell proliferation (LGP) (Fig. 3).

Discussion
Pesticides are widely used in agricultural production to 
protect crops from various pests with the aim of 
increasing production to meet consumer needs (El-
Sheikh et al., 2023). Exposure to pesticides occurs either 
directly through exposure during the application or 
indirectly through eating food and drinking water 
contaminated with pesticide residues (Vasylieva et al., 
2017; El-Sheikh and Ashour, 2022; El-Sheikh et al., 
2022; Hassan et al., 2022; Shalaby et al., 2022). To 
identify the adverse effects of THM exposure, different 
biochemical and histological parameters of the 
reproductive system were determined in male rats. The 
weight of rats exposed to 1/10 or 1/20 of THM LD50 
showed significant reduction compared with either 
control or vit C treated groups (Fig. 1). The changes in 
the body and organ weight are considered a sensitive 

Fig. 3. Photomicrograph of testes sections stained by H&E for histopathological changes: 
control (A), vit C (B) 1/10 of THM LD50 (C), 1/20 of THM LD50 (D), 1/10 of THM LD50 + 
vit C (E), and 1/20 of THM LD50 + vit C (F).
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sign of potential harmful effects (El-Okle et al., 2018) 
and connected to numerous structural and functional 
abnormalities (Keller and Banks, 2006). The co-
administration of vit C with THM showed improvement 
in body weight reduction. The reduction in body weight 
was explained as a result of the toxic effect associated 
with exposure to THM on food intake and an increase in 
the breakdown of fat and protein (Mansour and Mossa, 
2010). The co-administration of vit C with THM showed 
improvement in body weight and body weight gain, 
which is compatible with (Mosbah et al., 2018), who 
studied the administration of Nigella sativa oil as an 
antioxidant with acetamiprid on body weight and body 
weight gain, or vit C with abamectin (Khaldoun-Oularbi 
et al., 2013) improved the body weight gain. The weight 
of reproductive organs (testes, epididymis, and seminal 
vesicles) decreased in groups exposed to 1/10 and 1/20 
of THM LD50, which ameliorated in groups co-treated 
with vit C and THM compared with groups exposed to 
insecticide only. This finding is in agreement with that of 
Bal et al. (2013), who studied the effect of IMI on organ 
weight. Similarly, Devan et al. (2015) found a reduction 
in the absolute weight of the testicles and an increase in 
the absolute weight of other organs. Londonkar et al. 
(2000) reported that groups treated with nicotine, either 
oral or intra-peritoneal routes, had weight reductions in 
the testicles, epididymis, seminal vesicles, and prostate. 
Results of groups treated with 1/10 and 1/20 of THM 
LD50 showed a marked decrease in effects on sperm 
characteristics with some improvement in aberrant 
sperm morphology, testicular spermatid number, 
epididymal sperm count, motility, and viability when co-
administrated with vit C (Table 2). The obtained results 
were confirmed by Zhang et al. (2011) and Bal et al. 
(2012) when experimental animals were treated with 
either acetamiprid or IMI. Both studies identified a direct 
correlation between pesticide dose and sperm degradation 
level. Reports showed that LH stimulates the production 
of testosterone by targeting testicular Leydig cells 
(Oduwole et al., 2021), which confirms the lower level 
of testosterone in rats exposed to THM. In the same 
context, exposure to chlorpyrifos was shown to down-
regulate genes necessary for steroidogenesis and the 
synthesis of gonadotropins, which may account for its 
impact on FSH and LSH levels (Gal et al., 2016). A 
significant decrease in total protein, albumin, and 
globulin was observed in male rats exposed to 1/10 and 
1/20 of THM LD50 (Table 4), which is consistent with 
Abbassy et al. (2014), who reported that serum albumin, 
globulin, and total protein levels significantly decreased 
after exposure to several pesticides. Groups co-
administrated vit C with THM showed to improve 
albumin, globulin, and total protein levels in rat serum, 
which may be attributed to the protective effect of vit C 
on liver tissues and appetite-stimulating properties. The 
harmful effects on liver function were reported in other 
study (Magdy et al., 2016) and the protective effects of 
vit C as an antioxidant for reducing oxidative stress and 

enhancing liver function was also investigated. It was 
reported that the increase in blood sugar may be caused 
by a disruption in the metabolism of liver glycogen. This 
may be mediated by an increase in the hormones 
adrenocorticotrophic and glycogen and/or a decrease in 
insulin activity (Raja et al., 1992), which confirms the 
increase in glucose level shown in the current study 
(Table 3). Groups treated with 1/10 and 1/20 of THM 
LD50 induced significant alterations in biomarkers linked 
to kidney and liver functions (ALT, AST, ALP, creatinine, 
and urea). Groups treated with vit C + THM showed 
some enhancement (Table 4). These findings are in 
agreement with Gul et al. (2020), as increasing GOT and 
GPT are common indications of liver damage since it is 
widely known that they represent changes in the 
permeability of the plasma membrane as a result of 
hepatic injury (Kaneko et al. 1997). Since an increase in 
these components over normal levels indicates that the 
kidneys are underactive or functioning abnormally, 
serum creatinine and urea were identified as markers of 
renal functions (El-Deeb et al., 2007). Accordingly, the 
increase in creatinine and urea levels can be linked to 
renal impairment, which reduces renal blood flow, 
glomerular filtration rate, and excretion of waste products 
(Romi et al., 2017). In the current study, the increase in 
the serum levels of AST and ALT may be caused by 
hepatotoxicity, which alters permeability and causes 
lysosomal enzymes to leak, increasing the release of 
enzymes (Choudhary et al., 2003). In support of our 
findings, abamectin administration to male rats increased 
the level of ALP (Nasr et al., 2016) due to insecticide-
induced liver damage. When the body produces too 
many dangerous chemicals called free radicals for the 
tissue’s antioxidant defenses to handle, this is known as 
oxidative stress (Abdollahi et al., 2004; Mossa et al., 
2015; Uchendu et al., 2012). Results of this study showed 
a notable increase in antioxidant capacity overall in 
groups exposed to 1/10 and 1/20 of THM LD50 and vit C. 
While, groups treated with 1/10 or 1/20 of THM LD50 
showed a significant decrease compared with control 
groups (Fig. 2). This can be explained that vit C reduced 
the toxicity of THM. These findings are in agreement 
with those obtained by Jamil et al. (2020), who reported 
that THM significantly alters various physiologic and 
biochemical measurements in the treated animals. 
Magdy et al. (2016) reported that antioxidants (vit C and 
E) can improve the function of the liver and kidneys by 
reducing the oxidative stress caused by abamectin and 
reducing the harmful effects on histological alterations. 
The data on oxidative stress parameters confirm that 
THM insecticide caused tissue damage by producing 
free radicals and altering the antioxidant state, which is 
essential for oxidative metabolism (Chen et al., 2023). 
Hence, a compensatory mechanism that prevents the 
generation of pesticide-induced free radicals may be 
explained by the THM-induced elevation in the activities 
of antioxidant enzymes (Banerjee et al. 2001). According 
to several reports, acetamiprid, IMI, and nicotine showed 
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to cause an imbalance in oxidative/antioxidative status 
by depleting antioxidant defense mechanisms and 
elevating MDA levels in the reproductive organs, which 
is consistent with our findings (Nagda and Bhatt, 2011; 
Mosbah et al., 2015). Groups exposed to THM 
experienced the destruction of testicular cells, represented 
by a significant decrease in seminiferous tubules and 
spermatogenic germ cells, irregular and undulating 
basement membranes, and luminal immature cell rashes. 
The side effects resulting from the current study agree 
with what was obtained by Elbetieha and Da’as (2003), 
who demonstrated that the reproductive system of male 
rats was damaged when exposed to abamectin. In 
addition, reports showed that testicular injury from THM 
exposure in rats included degenerative seminiferous 
tubules with altered cellular organization and a reduction 
in sperm production (Celik-Ozenci et al., 2011; Abd-
Elhady and Abou-Elghar, 2013), which agree with our 
findings. The side effects showed in a histological profile 
of the testes due to exposure to THM were improved 
when rats co-administrated vit C. This indicates that the 
harmful effects of THM on the histological structure of 
rat testes are eliminated completely or partially by the 
administration of vit C as an antioxidant material.

Conclusion
This study showed the importance of vit C in reducing 
toxic effects resulting from exposure to THM. 
Accordingly, the intake of vit C by individuals who 
regularly handle this insecticide will be beneficial in 
reducing the adverse effects that may occur on the liver 
and kidney function. It seems that THM could alter the 
reproductive function through its capacity to induce 
toxicity in testis, and vit C intake with THM could 
reverse partially or completely the reproductive effects 
induced by THM. 
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