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Spermatogenesis, a complex process, is influenced by factors including hormonal regulation,
environmental exposures, nutritional deficiencies, and genetic abnormalities. Disruptions in hormonal
balance can adversely affect sperm production, leading to idiopathic infertility, which constitutes a
significant proportion of male infertility cases. Environmental toxins such as pesticides pose a threat to
male reproductive health by disrupting the hypothalamic-pituitary-gonadal axis and impairing
spermatogenesis. Penconazole, a systemic triazole fungicide widely used in agriculture, has been
associated with reproductive toxicity and oxidative stress-induced testicular damage. Antioxidant-rich
compounds like betanin, extracted from beets, and micronutrients like vitamin E and vitamin D3 have
shown potential in mitigating oxidative stress and enhancing male reproductive function. This study aims
to evaluate and compare the efficacy of betanin, vitamin E, and Ds, individually and in combination, in
mitigating alterations in testicular tissue morphology and levels of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and testosterone in rats exposed to penconazole. Thirty-six adult Wistar rats
were randomly assigned to six groups and subjected to various treatments for twenty-eight days. Blood
samples were collected for hormone quantification, and histological studies were conducted on testicular
tissue specimens. Statistical analysis revealed significant disparities in hormone levels among
experimental groups, with betanin, vitamin E, and vitamin Ds showing efficacy in mitigating
penconazole-induced spermatotoxicity and testicular damage. These findings underscore the potential
therapeutic efficacy of betanin, vitamin E, and vitamin Ds in preserving male reproductive health and
mitigating the adverse effects of environmental toxins on spermatogenesis. Further research is warranted
to elucidate the precise mechanisms of action and therapeutic potential of these compounds in male
infertility management and environmental toxicology.
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INTRODUCTION

Spermatogenesis, a complex process, is influenced by
various factors. Hormonal regulation, particularly
involving follicle-stimulating hormone (FSH) and
testosterone, plays a vital role in initiating and sustaining
spermatogenesis [1]. Disruptions in hormonal balance,
stemming from endocrine disorders, environmental
factors, or lifestyle choices, can adversely affect sperm
production. Environmental exposures such as toxins,
radiation, or extreme temperatures have been
demonstrated to impair spermatogenesis [2]. Nutritional
deficiencies, genetic abnormalities, and certain
medications are also known to impact sperm production
and quality [3, 4]. Thus, maintaining overall health, proper
nutrition, and avoiding exposure to harmful substances are
crucial for optimal spermatogenesis and male reproductive
health.

Idiopathic infertility is the predominant diagnosis within
male infertility cases, constituting approximately 44% of
instances [5]. Synthetic compounds present in our
surroundings, including pesticides, can disrupt both the
hypothalamic-pituitary-gonadal axis and spermatogenesis
[6]. The US National Toxicology Program lists over
80,000 chemicals, with nearly 2,000 novel substances
introduced annually. Many of these agents, such as
phthalates, polycyclic aromatic hydrocarbons, aromatic
amines, and organophosphorus esters, are recognized for
their carcinogenic and reproductive toxicities and are
subject to significant restriction by various nations [7, 8].
Exposure to synthetic chemicals and environmental toxins
may adversely affect fertility parameters.

Penconazole, a systemic triazole fungicide used
extensively in agriculture, poses toxicological risks in
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mammals, including carcinogenicity, reproductive
toxicity, and hepatotoxicity [9]. Recent studies have
highlighted its adverse effects on testicular tissue, leading
to testicular and prostate atrophy, infertility, and induction
of oxidative stress pathways [10-13].

Antioxidant-rich plant consumption has been associated
with protective effects against oxidative stress [14, 15].
Betanin, extracted from beets, has gained regulatory
approval for various industrial applications and human
consumption [16]. Although limited specific studies exist,
betanin's inferred mechanisms of action suggest a potential
role in modulating hormone production by counteracting
oxidative stress, which perturbs the hypothalamic-
pituitary-gonadal axis [17].

Several micronutrients, including vitamin E and Ds, play
critical roles in spermatogenesis and male reproductive
health [18, 19]. Vitamin E protects spermatozoa from
oxidative damage and contributes to membrane integrity
and stability in sperm cells [20, 21]. Vitamin D3 regulates
gene expression of gonadotropin-releasing hormone
(GnRH) and gonadotropins (LH and FSH) and modulates
Leydig cell function within the testes [22, 23]. This study
aims to assess and compare the efficacy of betanin, vitamin
E, and vitamin Dg, both individually and in combination,
concerning alterations in testicular tissue morphology and
the levels of follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and testosterone in rats exposed
to penconazole.

MATERIAL AND METHODS

Experimental Animals and Housing Conditions

In this experimental investigation, a cohort comprising 36
adult male Wistar rats, weighing approximately 220 + 20
grams and aged between 2.5 to 3 months, was utilized. The
rats were obtained from the Laboratory Animal Breeding
Center of Islamic Azad University. Throughout the study,

Table 1 Various experimental treatments

the rats were housed individually in polycarbonate plastic
cages measuring 15 x 20 x 40 cm3, maintaining six rats per
cage. Environmental conditions were maintained at a
photoperiod of 12 hours light and 12 hours darkness, a
temperature of 25 + 2 °C, and a humidity level of 70% for
the entire twenty-eight days. Before the initiation of the
study, a two-week acclimatization period was provided,
during which the rats were housed together to facilitate
adaptation to both their conspecifics and the experimental
environment. During this acclimatization period, the rats
were provided ad libitum access to water and food. In this
research, penconazole (Topas), betaine (Sigma Aldrich),
vitamin D3, and vitamin E were purchased from the
market.

Sample Size Determination
The sample size was determined based on a significance
level of 5% (a=0.05), an 80% test power (f=0.2), and the
detection of a difference equivalent to three-quarters of the
standard deviation value (6=0.750), as per the formula
[24]:

B 202(21_0,/2 + Zl_,;)z

= 52
where nn represents the sample size, o denotes the
standard deviation, z corresponds to the standard normal
distribution function, and & represents the minimum
significant difference. The rats were randomly allocated
into 15 homogeneous groups (Table 1), each containing an
equal number of individuals (n=6), and the study duration
spanned twenty-eight days.

Experimental Treatments Preparation
Experimental treatments were prepared as follows:
Penconazole administration: Penconazole was prepared in
a powdered form, dissolved in distilled water, and
administered via oral gavage at a dosage of 100 mg/kg
body weight.

Groups Distilled Olive oil Penconazole
water (ml) (ml) (mg/kg)

Betanin (mg/kg)

Vitamin E (mg/kg) Vitamin D; (IU/Kg)

1 1 100 50

100 100 200 500 1000

Control

Placebo 1 *

Placebo 2 *
EG1 *

EG2 *
EG3
EG4
EG5
EG6
EG7
EG8
EG9
EG 10
EG 11
EG 12

L I B I S S

EG: Experimental group
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Betanin administration: Betanin dosages of 50 and 100
mg/kg body weight were administered via oral gavage
using normal saline as the solvent.

Vitamin D3 administration: Dosages of 500 and 1000
IU/kg body weight of vitamin D; were administered via
oral gavage using olive oil as the solvent.

Vitamin E administration: Dosages of 100 and 200 mg/kg
body weight of vitamin E were administered via oral
gavage using olive oil as the solvent.

Blood Sampling and Hormone Quantification

At the end of the study, blood samples were drawn from
the heart of each rat under anesthesia induced by ether.
Serum samples were obtained by centrifugation and stored
at -20 °C until further analysis. LH, FSH, and testosterone
levels  were  quantified using  enzyme-linked
immunosorbent assay (ELISA) techniques [25].

Histological Studies

Histological examinations were conducted on testicular
tissue specimens following euthanasia. Tissue processing
included fixation, dehydration, clearing, impregnation,
embedding, sectioning, staining, and microscopic
examination for alterations in tissue morphology [26].

Data analysis
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Fig. 1 Comparison of FSH and LH in experimental groups
receiving different doses of medicine with the control group
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Fig. 2 Comparison of testosterone in experimental groups
receiving different doses of medicine with the control group
(P<0.001)
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Statistical analysis was conducted using SPSS version 21
software. Analysis of variance (ANOVA) and Tukey's test
were utilized for comparing mean values, with statistical
significance set at P<0.05. GraphPad version 3 software
was employed for the graphical representation of the data.
The detailed methodology outlined above facilitated an
accurate assessment of the effects of experimental
treatments on testicular tissue morphology and hormonal
levels in rats exposed to penconazole, enhancing our
understanding of endocrine function in health and disease.
Statistical analysis encompassed the examination of
correlations among LH, FSH, testosterone, and body
weight, along with linear regression analysis between LH
and FSH. Correlation coefficients were calculated to
assess the strength and direction of relationships between
these variables. Additionally, a linear regression model of
the form:

FSH=Bo+B1-LH +¢

was employed to investigate the linear association between
LH and FSH levels. Here, So represents the intercept, 51
denotes the regression coefficient, and e signifies the error
term. This statistical approach facilitated the exploration
of potential interrelationships among hormonal parameters
and body weight, contributing to a comprehensive
understanding of the experimental outcomes.

RESULTS

The investigation revealed notable disparities in
luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) levels among distinct experimental groups
(P<0.001). Specifically, the experimental groups treated
with 100 mg/kg Penconazole (EG 1), 100 mg/kg
Penconazole plus 50 mg/kg Betanin (EG 5), 100 mg/kg
Penconazole along with 100 mg/kg Vitamin E (EG 7), and
100 mg/kg Penconazole along with 500 1U/kg Vitamin D3
(EG 9), respectively, displayed the highest concentrations
of LH, measuring 73.33, 59.33, 54.00, and 54.00 mlu/ml.
Concurrently, these groups exhibited the highest levels of
FSH, with values of 65.30, 50.00, 41.66, and 42.30
mlu/ml,  respectively.  Conversely, these  same
experimental groups recorded the lowest concentrations of
testosterone, with values of 0.61, 0.82, 0.82, and 0.93 ng/I,
respectively (Figs. 1 and 2).

No significant difference was observed between the body
weight of experimental rats with the use of different
treatments (Fig. 3).

Upon computation of the correlation coefficient, a robust
positive correlation of 0.982 was identified between FSH
and LH. In contrast, testosterone exhibited a negative and
statistically significant correlation coefficient of -0.918
and -0.914 with FSH and LH, respectively.
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Fig. 3 Comparison of body weight in experimental groups
receiving different doses of medicine with the control group

Furthermore, examination of the relationship between
body weight and hormonal levels revealed no significant
association with FSH (-0.128) and LH (-0.174), while a
positive correlation coefficient of 0.314 was evident with
testosterone (Table 2). Subsequent analysis involved the
computation of regression coefficients between the
primary variables, FSH and LH, and the derivation of the
regression line from the origin. This analysis revealed that
LH was 1.23 times FSH, with an associated R? value of
0.91, indicating a reliable estimation of this coefficient.
These findings contribute to a deeper understanding of the
intricate  relationships between gonadotropins and
testosterone levels, shedding light on potential regulatory
mechanisms within the experimental context (Table 3).
The results of the scientific study revealed distinct
outcomes across various experimental and control groups.
In the control group (A) and the placebo groups (B and C),
examination of testicular tissue and spermatogenesis
demonstrated normalcy. Conversely, experimental group 1
(D) exhibited signs of atrophy and a reduction in germinal
epithelium thickness, indicative of compromised testicular
tissue integrity and a subsequent decrease in
spermatogenesis. This observed correlation between tissue
atrophy and impaired spermatogenesis was further
supported by histological images (H, M, O, and Q)
depicting a noticeable reduction in epithelium thickness
and sperm production, albeit varying in severity among
instances. Conversely, in the experimental groups (E, F,
and G), both testicular tissue structure and
spermatogenesis appeared normal. Furthermore, images
from these groups (L, N, P, and R) displayed marginal
atrophy alongside a slight improvement in germinal
epithelium thickness. Notably, these findings suggest a

Table 2 Correlation between LH, FSH, testosterone, and body weight

significant improvement in testicular tissue integrity and
the restoration of normal spermatogenesis within the
experimental context (Fig. 4).

DISCUSSION

The current investigation elucidates the impact of
Penconazole administration on the endocrine milieu,
particularly the follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) levels. Elevated FSH and LH
levels following Penconazole exposure highlight its
intricate interaction with the hypothalamic-pituitary-
gonadal (HPG) axis. As a triazole fungicide, Penconazole
inhibits lanosterol 14a-demethylase, disrupting ergosterol
synthesis, a vital component of fungal cell membranes
[27]. Penconazole's modulation of FSH and LH likely
occurs through pathways involving direct hypothalamic
and pituitary modulation, alterations in steroidogenesis,
and hormone receptor signaling cascade interference [28,
29].

In studies examining the effects of penconazole on
reproductive hormones, significant changes in follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
levels have been observed. Borai et al. (2019) researched
male rats administered with penconazole and found
notable alterations in hormonal profiles. Specifically, they
reported a marked decrease in LH levels, indicating a
disruption in the hypothalamic-pituitary-gonadal axis
function. Concurrently, FSH levels also exhibited
variability, suggesting a complex interaction between
penconazole and reproductive hormone regulation [29].
Interestingly, contrary findings were reported by El-
Sharkawy et al. (2013) in their study, where they observed
an increase in both LH and FSH levels following 100
mg/kg penconazole administration [30]. This deviation
from other experiments might be attributed to several
factors. One possible explanation could be the dosage-
dependent response of hormonal regulation to
penconazole. At higher doses such as 100 mg/kg,
penconazole might exert a different pharmacological
effect, potentially triggering a compensatory hormonal
response from the pituitary gland. Additionally, individual
variability in biological responses among subjects,
coupled with the timing and duration of exposure to
penconazole, could also influence hormone secretion
patterns. Further research is warranted to elucidate the
precise mechanisms underlying these divergent hormonal
responses to penconazole administration.

FSH LH TESTOSTERONE BW
FSH 1
LH 0.982 1
TESTOSTERONE -0.918 -0.914 1
BW -0.128 -0.174 0.314 1

LH: Luteinizing hormone, FSH, Follicle-stimulating hormone
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Fig. 4 In the control group (a), placebo 1 (b), and placebo 2 (c), the testicular tissue structure and spermatogenesis appear normal.
However, in experimental group 1 (d), signs of atrophy and a reduction in germinal epithelium thickness were noted, as indicated by
yellow arrows. This deterioration in testicular tissue integrity correlates with a decrease in spermatogenesis. The histological images (h,
m, o, and q) depict a noticeable reduction in epithelium thickness and sperm production, albeit to a lesser extent in some instances.
Conversely, in the experimental groups (depicted in images e, f, and g), both testicular tissue and spermatogenesis exhibit normally.
Images I, n, p, and r display marginal atrophy alongside a slight improvement in germinal epithelium thickness. Notably, in these images,
there is evident enhancement in testicular tissue integrity and restoration of normal spermatogenesis.

Table 3 Regression coefficients and R? for LH and FSH

VARIABLES COEFFICIENTS SET INTERCEPT

a b R? a R?
FSH 0.9701 7.2969 0.96 0.8105 0.94
LH 0.994 8.7727 0.96 1.2255 0.91

LH: Luteinizing hormone, FSH, Follicle-stimulating hormone
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At the hypothalamic level, Penconazole may impede
gonadotropin-releasing hormone (GnRH) secretion,
disrupting FSH and LH release from the pituitary [28].
Additionally, Penconazole may directly affect pituitary
responsiveness to GnRH or modulate FSH and LH
synthesis and release by pituitary gonadotroph cells,
leading to imbalances in FSH and LH secretion.
Furthermore, Penconazole's impact on steroidogenesis can
indirectly influence FSH and LH levels, altering feedback
mechanisms within the HPG axis [31]. In contrast,
Betanin, administered at 100 mg/kg, demonstrated
mitigation of Penconazole-induced sperm production
impairment. Betanin, a natural pigment found in beetroot,
possesses potent antioxidant properties attributed to its
molecular structure, enabling the scavenging of reactive
oxygen species (ROS) and mitigation of oxidative stress
[32]. Betanin's augmentation of endogenous antioxidant
defenses, including enzymatic antioxidants such as
superoxide dismutase (SOD) and catalase (CAT), protects
sperm cells from oxidative damage induced by
Penconazole exposure [33].

In studies involving betaine supplementation, researchers
have investigated its effects on various reproductive
hormones such as estradiol (EH), follicle-stimulating
hormone (FSH), and testosterone. Nobari et al. (2021) and
Arazi et al. (2022) explored the impact of betaine on
hormonal profiles in male subjects. They observed that
betaine supplementation led to significant decreases in LH
and FSH levels, suggesting a potential regulatory role of
betaine in pituitary hormone secretion. Additionally, the
study reported no adverse effects on testosterone levels,
indicating a more balanced hormonal response compared
to compounds like penconazole [34, 35].

The contrasting effects of betaine on LH, FSH, and
testosterone levels compared to penconazole can be
attributed to the different mechanisms of action and
biochemical pathways influenced by each compound.
Betaine is known to modulate cellular osmotic balance and
methyl group metabolism, potentially affecting hormone
synthesis and secretion more nuancedly. Unlike
penconazole, which may disrupt endocrine functions and
induce compensatory hormonal changes, betaine appears
to support hormonal homeostasis without suppressing
testosterone production or impairing sperm viability. This
distinction underscores the importance of understanding
the specific biochemical interactions of compounds in
hormone regulation and their differential impacts on
reproductive health.

Similarly, supplementation with Vitamin E at 200 mg/kg
mitigated  Penconazole-induced  sperm  production
impairment. Vitamin E's antioxidant properties, through
scavenging ROS and modulating cellular signaling
pathways, protect sperm cells from oxidative damage [36].
Vitamin E enhances enzymatic antioxidant activity,

further fortifying sperm cells against Penconazole-induced
oxidative stress [37].

Likewise, Vitamin Dz at 1000 IU/kg ameliorated
Penconazole-induced sperm production impairment.
Vitamin Ds's pleiotropic effects, including regulation of
calcium homeostasis and modulation of immune
responses, contribute to its protective efficacy [38, 39].
Additionally, Vitamin Ds; enhances testosterone
production by upregulating mRNA expression of enzymes
crucial for androgen synthesis, suggesting a role in
enhancing testosterone production [40, 41].

Vitamin E and Vitamin D3 supplementation have been
studied for their potential benefits on male reproductive
health, particularly in mitigating the adverse effects of
compounds like penconazole. Research has indicated that
Vitamin E, a potent antioxidant, plays a crucial role in
protecting sperm cells from oxidative stress and improving
sperm motility and morphology. Safarinejad et al. (2012)
explored the effects of Vitamin E supplementation on
semen parameters in infertile men. They found that
Vitamin E significantly improved sperm count, motility,
and morphology, highlighting its potential role in
enhancing male fertility parameters [42].

Similarly, Vitamin Dz has garnered attention for its role
beyond calcium metabolism, including its influence on
reproductive function. Blomberg Jensen et al. (2010)
investigated the impact of Vitamin D3 on reproductive
hormone levels and sperm quality in men. They observed
that Vitamin D3 supplementation correlated with higher
testosterone levels and improved sperm motility,
suggesting a positive influence on male reproductive
health [43].

When considering the protective effects of Vitamin E and
Vitamin D3 against the harmful effects of penconazole,
their antioxidant properties are particularly relevant.
Penconazole has been shown to induce oxidative stress and
disrupt hormonal balance, leading to decreased
testosterone levels and impaired sperm production.
Antioxidants like Vitamin E can neutralize free radicals
generated by penconazole exposure, thereby preserving
sperm integrity and count. Moreover, Vitamin Ds's role in
hormone regulation may help counteract the endocrine-
disrupting effects of penconazole, potentially maintaining
normal testosterone levels and supporting reproductive
function.

Histological examination of testicular tissue revealed
Penconazole-induced structural damage, mitigated by
betanin, Vitamin E, and Vitamin D3 supplementation.
These findings align with previous research, indicating the
potential therapeutic efficacy of these compounds in
ameliorating Penconazole-induced testicular damage 44-
46]. The observed correlations between FSH, LH, and
testosterone levels underscore the complex interplay of
Penconazole and its ameliorating agents in regulating
reproductive hormones, warranting further investigation
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into their precise mechanisms of action and therapeutic
potential.

CONCLUSION

In conclusion, the findings of this study highlight the
intricate interplay between Penconazole exposure and the
endocrine system, particularly the hypothalamic-pituitary-
gonadal (HPG) axis. Penconazole administration led to
elevated levels of follicle-stimulating hormone (FSH) and
luteinizing hormone (LH), indicating a disruption in
hormonal balance and potential reproductive dysfunction.
However, supplementation with Betanin, Vitamin E, and
Vitamin D3 demonstrated notable efficacy in mitigating
Penconazole-induced spermatotoxicity, preserving sperm
production, and ameliorating testicular histological
damage. Betanin, a natural antioxidant found in beetroot,
exhibited protective effects against Penconazole-induced
oxidative stress, safeguarding sperm viability and
functionality. Similarly, Vitamin E and Vitamin D3
supplementation countered oxidative damage, enhanced
antioxidant defenses, and modulated hormonal pathways,
ultimately mitigating the adverse effects of Penconazole
on sperm production. Furthermore, histological
examination revealed the potential of Betanin, Vitamin E,
and Vitamin Ds to partially restore testicular morphology,
underscoring their therapeutic efficacy in ameliorating
Penconazole-induced testicular damage. Overall, these
findings suggest the potential utility of Betanin, Vitamin
E, and Vitamin D as therapeutic adjuncts for mitigating
pesticide-induced reproductive toxicity. Further research
is warranted to elucidate the precise mechanisms of action
of these compounds and explore their therapeutic potential
in mitigating the adverse effects of environmental toxins
on reproductive health.

Declarations

Ethics Approval and Consent to Participate

All the ethical protocols for working with laboratory
animals were followed. The authors declare no conflicts of
interest.

Consent for Publication
All authors consent to the publication of this article.

Competing Interests
The authors declare no competing interests.

Availability of Data and Material

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
upon reasonable request.

Funding
It had no financial support and was done with personal
expenses.

Authors' Contributions
The authors have contributed equally to the parts of the
article.

10.

11.

12.

13.

14.

15.

16.

17.

Nowrozi et al.

REFERENCES

Holdcraft R.W., Braun R.E. Hormonal regulation of
spermatogenesis. Int J Androl. 2004;27(6):335-342.

Sharpe RM. Environmental/lifestyle effects on spermatogenesis.
Philosoph ~ Transact Royal Soc B: Biol  Sci.
2010;365(1546):1697-1712.

Massart A., Lissens W., Tournaye H., Stouffs K. Genetic causes
of spermatogenic failure. Asian J Androl. 2012;14(1):40.

Semet M., Paci, Saias-Magnan M., Metzler-Guillemain J.,
Boissier C., Lejeune R., Perrin, J. The impact of drugs on male
fertility: a review. Andrology 2017;5(4):640-663.

Seshagiri P.B. Molecular insights into the causes of male
infertility. J Biosci. 2001;26:429-435.

Pan J., Liu P., Yu X,, Zhang Z., Liu J. The adverse role of
endocrine disrupting chemicals in the reproductive system. Front
Endocrinol. 2024;14:1324993.

Xie Y., Holmgren S., Andrews D.M., Wolfe M.S. Evaluating the
impact of the US National toxicology program: A case study on
hexavalent chromium. Environ Health Perspect.
2017;125(2):181-188.

Zeliger H. Human toxicology of chemical mixtures: William
Andrew; 2011.

Chambers J.E., Greim H., Kendall R.J., Segner H., Sharpe R.M.,
Van Der Kraak G. Human and ecological risk assessment of a
crop protection chemical: a case study with the azole fungicide
epoxiconazole. Crit Rev Toxicol. 2014;44(2):176-210.
Chaébane M., Tir M., Hamdi S., Boudawara O., Jamoussi K.,
Boudawara T., Ghorbel R.E., Zeghal N., Soudani N.
Improvement of heart redox states contributes to the beneficial
effects of selenium against penconazole-induced cardiotoxicity
in adult rats. Biol Trace Elem Res. 2016;169:261-270.
Chaédbane M., Ghorbel I., Elwej A., Mnif H., Boudawara T.,
Chaébouni S.E., Zeghal N., Soudani N. Penconazole alters redox
status, cholinergic function, and membrane-bound ATPases in
the cerebrum and cerebellum of adult rats. Human Exp Toxicol.
2017,;36(8):854-866.

Shaki F., Ebrahimzadeh Maboud H., Niknam V. Penconazole
alleviates salt-induced damage in safflower (Carthamus
tinctorius L.) plants. J Plant Interact. 2018;13(1):420-427.
Maretta M., Marettova E., Legath J. The effect of conazoles on
reproductive organs structure and function—a review. Acta Vet
Brno. 2023;92(1):61-68.

Johari H., Parhizkar Z., Talebi E. Effects of adenine on the
pituitary-gonad axis in newborns rats. Pak J Biol Sci.
2008;11(20):2413-2417.

Talebi E., Rowghani Fard E., Navabi M., Eatemadi M.
Evaluating the effect of two types of thyme essential oils (Zataria
multiflora & Ziziphora clinopodioides Lam) on some productive
traits and blood parameters in broilers. Poult Sci J.
2021;9(1):107-119.

Thiruvengadam M., Chung I.M., Samynathan R., Chandar S.H.,
Venkidasamy B., Sarkar T., Rebezov M., Gorelik O., Shariati
M.A., Simal-Gandara J. A comprehensive review of beetroot
(Beta vulgaris L.) bioactive components in the food and
pharmaceutical industries. Crit Rev Food Sci Nutr.
2024;64(3):708-739.

Silva D.V.Td., Baiao Dd.S., Ferreira V.F., Paschoalin V.M.F.
Betanin as a multipath oxidative stress and inflammation
modulator: A beetroot pigment with protective effects on
cardiovascular disease pathogenesis. Crit Rev Food Sci Nutr.
2021;62(2):539-554.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Journal of Medicinal Plants and By-Products (2025) 2: 189 — 196

Cito G., Cocci A., Micelli E., Gabutti A., Russo G.l., Coccia
M.E., Franco G., Serni S., Carini M., Natali A. Vitamin D and
male fertility: an updated review. World J Men's Health
2020;38(2):164.

Mutalip S.S.M. Vitamin E and reproductive health. Molecular
Nutrition: Elsevier; 2020. p. 543-59.

Sarangi A., Verma A., Patel R., Rath A., Sahu S., Virmani M.,
Devi P. Vitamin E and gluthathion as antioxidant in liquid
preservation of semen: A review. Int J Curr Microbiol Appl Sci.
2018;7(4):1680-1684.

Bansal A.K., Kaushik K. Role of oxidative stress, reactive
oxygen species & antioxidants in male reproductive functions.
Theriogenology insight. Int J Reprod Anim. 2019;9(1):35-45.
Jeremy M., Gurusubramanian G., Roy V.K. Vitamin D3
mediated regulation of steroidogenesis mitigates testicular
activity in an aged rat model. J Steroid Biochemi Mol Biol.
2019;190:64-75.

Ciccone I.M., Costa E.M., Pariz J.R., Teixeira T.A., Drevet J.R.,
Gharagozloo P., Aitken R.J., Hallak J. Serum vitamin D content
is associated with semen parameters and serum testosterone
levels in men. Asian J Androl. 2021;23(1):52-58.

Serdar C.C., Cihan M., Yiicel D., Serdar M.A. Sample size,
power and effect size revisited: simplified and practical
approaches in preclinical, clinical and laboratory studies.
Biochem Medica 2021;31(1):27-53.

Sun W., Bi LK., Xie D.D.,, Yu D.X. Serum nesfatin-1 is
associated with testosterone and the severity of erectile
dysfunction. Andrologia 2020;52(7):e13634.

Talebi E., Ghazanfarpour H., Ghazanfarpoor R., Bouchentouf S.,
Khosravinezhad M. Application of selenium nanoparticles on
sperm quantity indicators in wistar rat. Nephro-Urol Monthly
2021;13(2).

Lushchak V.I., Matviishyn T.M., Husak V.V., Storey J.M.,
Storey K.B. Pesticide toxicity: a mechanistic approach. EXCLI
J. 2018;17:1101.

Huang T., Zhao Y., He J., Cheng H., Martyniuk C.J. Endocrine
disruption by azole fungicides in fish: A review of the evidence.
Sci Total Environ. 2022;822:153412.

Borai I.H., Atef A.A., El-Kashoury A.A., Mohamed R.A., Said
M.M. Ameliorative effects of sesame seed oil against
penconazole-induced testicular toxicity and endocrine disruption
in male rats. Biomed J Sci Tech Res. 2019;14(1):10365-10375.
El-Sharkawy E.E., EI-Nisr N.A. Testicular dysfunction induced
by penconazole fungicide on male albino rats. Comp Clin Pathol.
2013;22:475-480.

Lv X.,PanL.,WangJ.,, LuL., Yan W, Zhu Y., Xu'Y., Guo M.,
Zhuang S. Effects of triazole fungicides on androgenic disruption
and CYP3A4 enzyme activity. Environ Pollut. 2017;222:504-
512.

Hadipour E., Fereidoni M., Tayarani-Najaran Z. Betanin
attenuates oxidative stress induced by 6-OHDA in PC12 cells via
SAPK/INK and P13 K pathways. Neurochem Res. 2020;45:395-
403.

da Silva D.V.T., Pereira A.D.A., Boaventura G.T., Ribeiro
R.Sd.A., Vericimo M.A., Carvalho-Pinto C.Ed., Baido D.D., Del
Aguila E.M., Paschoalin V.M. Short-term betanin intake reduces
oxidative stress in wistar rats. Nutrients 2019;11(9):1978.

34.

35

36.

37.

38.

39.

40.

41.

42

43.

44,

45.

46.

196

Nobari H., Kargarfard M., Minasian V., Cholewa J.M., Pérez-
Gomez J. The effects of 14-week betaine supplementation on
endocrine markers, body composition and anthropometrics in
professional youth soccer players: A double blind, randomized,
placebo-controlled trial. J Int Soc Sports Nutr. 2021;18(1):20.

. Arazi H., Aboutalebi S., Taati B., Cholewa J.M., Candow D.G.

Effects of short-term betaine supplementation on muscle
endurance and indices of endocrine function following acute
high-intensity resistance exercise in young athletes. J Int Soc
Sports Nutr. 2022;19(1):1-16.

Di Renzo L., De Lorenzo A., Fontanari M., Gualtieri P.,
Monsignore D., Schifano G., Alfano V., Marchetti M., SIERR.
Immunonutrients involved in the regulation of the inflammatory
and oxidative processes: implication for gamete competence. J
Assist Reprod Genet. 2022;39(4):817-846.

Teleanu D.M., Niculescu A.G., Lungu LI, Radu C.l,
Vladacenco O., Roza E., Costachescu B., Grumezescu A.M.,
Teleanu R.I.  An  overview of oxidative  stress,
neuroinflammation, and neurodegenerative diseases. Int J Mol
Sci. 2022;23(11):5938.

Grzesiak M., Tchurzyk M., Socha M., Sechman A., Hrabia A. An
overview of the current known and unknown roles of vitamin d3
in the female reproductive system: Lessons from farm animals,
birds, and fish. Int J Mol Sci. 2022;23(22):14137.

Sharma R., Martins N., Kuca K., Chaudhary A., Kabra A., Rao
M.M., Prajapati P.K. Chyawanprash: A traditional indian
bioactive health supplement. Biomolecules 2019;9(5):161.

Kim H.K., Han S.N. Vitamin E: Regulatory role on gene and
protein expression and metabolomics profiles. IUBMB Life
2019;71(4):442-455.

Chen X., Yang S., Zhu B., Zhang M., Zheng N., Hua J., Li R,,
Han J., Yang L., Zhou B. Effects of environmentally relevant
concentrations of niclosamide on lipid metabolism and steroid
hormone synthesis in adult female zebrafish. Sci Total Environ.
2024;910:168737.

. Safarinejad M.R., Safarinejad S., Shafiei N., Safarinejad S.

Effects of the reduced form of coenzyme Q10 (ubiquinol) on
semen parameters in men with idiopathic infertility: a double-
blind, placebo controlled, randomized study. J Urol.
2012;188(2):526-531.

Blomberg Jensen M., Nielsen J.E., Jargensen A., Rajpert-De
Meyts E., Kristensen D.M., Jargensen N., Skakkebaek N.E., Juul
A., Leffers H. Vitamin D receptor and vitamin D metabolizing
enzymes are expressed in the human male reproductive tract.
Human Reprod. 2010;25(5):1303-1311.

Hasanin N.A., Sayed N.M., Ghoneim F.M., Al-Sherief S.A.
Histological and ultrastructure study of the testes of acrylamide
exposed adult male albino rat and evaluation of the possible
protective effect of vitamin e intake. J Microscop Ultrastruct.
2018;6(1):23-34.

Elsheikh N.A.H., Omer N.A,, Yi-Ru W., Mei-Qian K., llyas A.,
Abdurahim Y., Wang G.L. Protective effect of betaine against
lead-induced testicular toxicity in male mice. Andrologia
2020;52(7):e13600.

Zamani A., Saki F., Hatami N., Koohpeyma F. Stereological
assessment of the effects of vitamin D deficiency on the rat testis.
BMC Endocr Disord. 2020;20(1):162.



