ARTICLE INFO ABSTRACT

Nowadays, infertility problems impose a heavy burden on many developing countries.

Article Type Previous studies have shown that the testes are a target organ of cadmium poisoning, which
Original Research may explain the decline in male fertility. On the other hand, many studies have shown

protective and antioxidative properties of silymarin against adverse effects of chemotherapy
Authors medications and environmental toxins in sperms and oocytes. Therefore, the present study
Ageel Abdul Munem H.! MSc aimed to examine the protective effect of silymarin against cadmium nanoparticle-induced

toxicity in the reproductive system of rats.

In this experimental study, 60 male rats weighing 190+10g, aged 90
days, were divided into six groups of 10 each. Rats of each group received cadmium (10mg/
kg body weight) and silymarin (200 mg/kg body weight), for 14 and 28 days, according to
the experimental protocol. After killing the male rats, blood tissue samples were collected,
and their serum was separated. Then luteinizing hormone, follicle-stimulating hormone,
and testosterone were evaluated by the ELISA method. Also, serum levels of antioxidants,
including malondialdehyde, glutathione, and superoxide dismutase were investigated.

After nano-cadmium treatment, the levels of male sex hormones, including
luteinizing hormone, follicle-stimulating hormone, and testosterone, as well as the levels of
antioxidants, including malondialdehyde, glutathione, and superoxide dismutase, decreased.
However, after a longer period of time (14 and 28 days, respectively), the levels of hormones
and antioxidants improved significantly due to the effect of silymarin (p<0.05).

Silymarin significantly reduces cadmium-induced reproductive damage in rats.
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Introduction

Silybum marianum L., known as milk thistle, has been
used for more than 2000 years for different diseases
and has a long history as a medicinal plant in folk
medicine against liver disorders, kidney problems,
rheumatism, gastronomic disturbances, cardiac
disorders, and gall bladder-related disorders, such as
jaundice, hepatitis, and cirrhosis [1.

The oldest reported use of milk thistle was by
Dioscorides, who recommended the herb as a
treatment for serpent bites. Pliny the Elder (AD 23-
79) reported that the juice of the plant mixed with
honey was indicated for “carrying off bile”. Milk
thistle was first revered as an antidote for liver toxins
in the Middle Ages3,4 and was later used by the
British herbalist Culpepper to relieve obstructions of
the liver [23]. In 1898, Eclectic physicians Felter and
Lloyd recognized that the herb was good for
“congestion” of the liver, spleen, and kidney [2 3.
Native Americans have used milk thistle to treat boils
and other skin diseases. Homeopathic practitioners
have used preparations from the seeds to treat a
variety of illnesses, including jaundice, gallstones,
peritonitis, hemorrhage, bronchitis, and varicose
veins [3], and currently use milk thistle to treat liver
dysfunction. The German Commission E recommends
its use primarily for dyspeptic complaints and liver
conditions, including toxin-induced liver damage and
hepatic cirrhosis, and as a supportive therapy for
chronic inflammatory liver conditions [4].

Milk thistle is a tall, biennial herb that grows up to 5
to 10 feet. It is also characterized by big prickly
leaves, large purple flowering heads, and strong
spinescent stems. Milk thistle is named for its milky
veins on the leaves [5l. The plant is indigenous to
South and North America, Australia, Southern
Europe, North Africa, and some regions in Asia [0l It
is traditionally used in Europe as a vegetable in
salads, and the seeds are used as a galactagogue for
breastfeeding mothers "1, S. marianum has protective
effects against different biological poisons (such as
mycotoxins, snake venoms, and bacterial toxins) and
chemical poisons (such as metals, fluoride, pesticides,
cardiotoxic, neurotoxic, hepatotoxic, and nephrotoxic
agents) [8l,

Milk thistle contains the flavonoid silymarin. Seventy
to eighty percent of the silymarin flavonolignans and
20% to 30% of a chemically undefined fraction
composed primarily of polymeric and oxidized
polyphenolic compounds are isolated from a
standardized extract of S. marianum seeds [
Isosilybin accounts for 5%, silychristin for 20%, and
silydianin for 10% of the silymarin complex [10l. Only
by their relationship to coniferyl alcohol does the
taxifolin moiety of silybin, silychristin, and silydianin
differ from one another as isomers [111,

Silymarin has been shown to significantly reduce
lipid peroxidation and exhibit anti-oxidant,
antihypertensive, antidiabetic, and hepatoprotective
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effects [12 131, Previous research projects disclosed
that S. marianum reduces the viability, adhesion, and
migration of tumor cells by induction of apoptosis
and formation of Reactive Oxygen Species (ROS),
reducing glutathione levels, B-cell lymphoma 2 (Bcl-
2), survivin, cyclin D1, Notch 1 Intracellular Domain
(NICD), as well as enhancing the amount of Bcl-2-
associated X protein (Bax) level [14.15],

Recently, therapeutic preparations have been
developed for the treatment of liver diseases,
jaundice, and gallstones using purified silymarin
extracted from the seeds, together with its main
isomer silybin [11. The powerful antioxidant
silymarin may protect liver cells (as well as other
cells in the body and brain) against noxious
chemicals, as has been hypothesized, in such a way
that glutathione oxidation is reduced and protein
synthesis in liver cells is boosted [1¢l. Besides
preventing free radical damage and promoting
cellular renewal and protein production [17. 18], it also
has antioxidant effects [18],

Milk thistle is available as capsules, tablets, tinctures,
and intravenous solutions. Its drug interaction is low,
and it has no severe effects on cytochromes P-450 [19],
Different clinical trials have shown that silymarin is
safe for pharmaceutical use and bioavailable [20. 21],
Silymarin has demonstrated no significant toxicity in
animals 221, Silybin, silydianin, and silychristin have
no cytotoxicity or genotoxic effects at 100uM [231.
Silymarin is also safe for humans. Hence, at
therapeutic doses patients demonstrated no negative
effects at the high dose of 700mg, three times a day,
for 24 weeks [1I. There have been gastrointestinal
discomforts such as nausea and diarrhea [24],

Based on the World Health Organization definition,
infertility is defined as “a disease of the reproductive
system defined by the failure to achieve a clinical
pregnancy after 12 months or more of regular
unprotected sexual intercourse.” It is defined as a
disability, and in global ranking for severe disability,
female infertility is in the fifth rank [25], In every four
couples, one couple suffered from disability to have a
child in developing countries [26l. Approximately 48.5
million couples (15% of couples) are affected by
infertility worldwide. The highest infertility rate was
observed in Africa and Central/Eastern Europe.
20%-30% of infertility is attributed to male factors,
and 50% of them are due to female factors. Although,
the percentage range of male infertility can be varied
from 20-70% in different countries, but overally 20-
30 % of infertility is attributed to male factors, and
50% of them are due to female factors [27].

The etiology and pathogenesis of male infertility have
not been identified. Beside anatomical abnormalities
and neurological disorders, some constant and
environmental factors may influence male fertility.
Alcohol abuse, smoking, obesity, chronic stress,
urogenital trauma, reproductive system
inflammation, chemicals, heavy metals, pesticides,
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heat, and electromagnetic radiation - these factors by
triggering oxidative stress process may impact on
spermatogenesis and induce infertility [28].

A great number of factors may affect sperm motility,
numbers, DNA structure, and ultimately fertility. Last
but not least factor is oxidative stress. Destructive
environmental factors, inflammation, and infections
trigger ROS generation by white blood cells and
immature sperm cells in the semen. ROS dysregulates
cell signaling, and it can be harmful to cellular
functions, cell proliferation, and finally increase
apoptosis. Enzymatic and nonenzymatic antioxidant
systems protect cells against oxidative stress.
Glutathione (GSH), pantothenic acid, coenzyme Q-10,
carnitine, zinc, selenium, copper, and vitamins (A, E,
C, and B complex) are nonenzymatic defenses. Many
surveys indicate and recommend that antioxidant
consumption can improve fertility [28l. Because "toxic
heavy metals" such as lead, cadmium (Cd), and
mercury have no known biological function in
humans, they are generally avoided. These harmful
metals accumulate in the environment over a long
period of time because they are non-biodegradable
and persistent and can disrupt several physiological
systems in animals, even in very small amounts [18],
Animals exposed to heavy metals suffer from a wide
range of diseases, including cancer, hepatotoxicity,
nephrotoxicity, poor cognitive consequences, and
altered reproductive processes [29.30], Environmental
factors, such as expo-sure to environmental
toxicants, are responsible for the remaining 77% of
male infertility cases [31.32], while pathologic diseases
such varicocele and other reproductive problems
account for only 23%. Oxidative stress, apoptosis,
and necrosis in spermatogonial germ cells, altered
steroidogenesis and morphology of testicular tissue,
and decreased number and motility of spermatozoa
have all been linked to Cd-induced reproductive
toxicity in males, leading to decreased fertility [33 341,

Nowadays, infertility problems impose a heavy
burden on many developing countries. Consequently,
many studies have focused on the effective treatment
of infertility. The role of oxidative stress in both male
and female infertility has been revealed. Many
studies have shown protective and antioxidative
properties of silymarin against adverse effects of
chemotherapy medications and environmental
toxins in sperms and oocytes [35]. In addition, earlier
studies show that the testes are a main target organ
of Cd poisoning, which may explain the recent decline
in male fertility. Therefore, the present study aimed
to examine the protective effect of silymarin against
cadmium nanoparticle-induced toxicity in the
reproductive system of rats.

Materials and Methods

Study design: In this experimental study, 60 male
rats weighing 190+10g, aged 90 days, were selected
and divided into 6 groups of 10 as follows:
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e Control group: 10 male rats were gavaged distilled
water for 28 days.
e T1 group: 10 male rats received cadmium
(10mg/kg of body weight; Natures manufacturers;
USA) for 28 days.
e T2 group: 10 male rats received silymarin
(200mg/kg of body weight; Nanoshel a
Nanotechnology Company; USA) for 28 days.
e T3 group: 10 male rats received cadmium
(10mg/kg of body weight) for 14 days and then
silymarin (200mg/kg of body weight) for 14 days.
e T4 group: 10 male rats received silymarin
(200mg/kg of body weight) for 14 days and then
cadmium (10mg/kg of body weight) for 14 days.
¢ T5 group: 10 male rats received a combination of
cadmium and silymarin for 28 days.
After killing the male rats, blood tissue samples were
collected, and their serum was separated. Then
Luteinizing Hormone (LH), Follicle-Stimulating
Hormone (FSH), and testosterone were evaluated by
the ELISA (Enzyme-Linked Immunosorbent Assay)
method. Also, serum levels of antioxidants, including
Malondialdehyde (MDA), Glutathione (GSH), and
Superoxide Dismutase (SOD) were investigated.

Findings

Hormones profile

Luteinizing Hormone (LH): There was a significant
decrease in the level of luteinizing hormone in male
rats in the T1 group compared to the control group,
while there was a significant increase in the level of
luteinizing hormone in the T2 group compared to the
T1 group and the control group. Also, there was an
improvement in the level of hormone in the T3 group
compared to the control group. The T4 group was
better in the level of luteinizing hormone compared
to the T1 and T3 groups and the control group, while
the results of the T5 group were better than the T1
and T3 groups (p<0.05; Figure 1).
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Figure 1. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on LH of male rats

Follicle-Stimulating Hormone (FSH): There was a
significant decrease in the level of FSH in male rats in
the T1 group compared to the control group, while
there was a significant increase in the level of FSH in
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the T2 group compared to the T1 group and the
control group. Also, an improvement was observed in
the level of hormone in the T3 group compared to the
control group. In the T4 group, the level of FSH was
better compared to the T1 and T3 groups and the
control group, while the results of the T5 group were
better than the T1 and T3 groups (p<0.05; Figure 2).
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Figure 2. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on FSH of male rats

Testosterone: There was a significant decrease in
the level of testosterone in male rats in the T1 group
compared to the control group, while there was a
significant increase in the level of testosterone in the
T2 group compared to the T1 group and the control
group. In addition, there was an improvement in the
level of hormone in the T3 group compared to the
control group. The level of testosterone was better in
the T4 group compared to the T1 and T3 groups and
the control group, while the results of the T5 group
were better than the T1 and T3 groups (p<0.05;
Figure 3).
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Figure 3. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on testosterone of male rats

Antioxidants profile

Superoxide Dismutase (SOD): A significant
decrease was observed in the level of SOD in male
rats of the T1 group compared to the control group,
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while there was a significant increase in the level of
SOD in the T2 group compared to the T1 group and
the control group. Additionally, there was an
improvement in the level of SOD in the T3 group
compared to the control group. In the T4 group, the
level of SOD was better compared to the T1 and T3
groups and the control group, while the results of the
T5 group were better than the T1 and T3 groups
(p<0.05; Figure 4).
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Figure 4. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on SOD of male rats

Glutathione (GSH): There was a significant decrease
in the level of GSH in male rats in the T1 group
compared to the control group, while there was a
significant increase in the level of GSH in the T2 group
compared to the T1 group and the control group. An
improvement was shown in the level of GSH in the T3
group compared to the control group. In the T4
group, the level of GSH was better compared to the T1
and T3 groups and the control group, while the
results of the T5 group were better than the T1 and
T3 groups (p<0.05; Figure 5).
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Figure 5. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on GSH of male rats

Malondialdehyde (MDA): There was a significant
increase in the level of GSH in male rats in the T1

Fall 2023, Volume 15, Issue 4



341

group compared to the control group, while there
was a significant decrease in the level of MDA in the
T2 group compared to the T1 group and the control
group. There was an improvement in the level of MDA
in the T3 group compared to the control group. In the
T4 group, the level of MDA was better compared to
the T1 and T3 groups and the control group, while the
results of the T5 group were better than the T1 and
T3 groups (p<0.05; Figure 6).
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Figure 6. The effect of silymarin on the toxicity of nano-cadmium
(Cd) on MDA of male rats

Discussion

In the present study, the protective effects of
silymarin against nano-cadmium toxicity in the
reproductive system of rats were demonstrated.
Decreases in LH, FSH, and testosterone, as well as
antioxidants were observed 14 and 28 days after Cd
treatment. It was shown that after a longer period of
time (14 and 28 days, respectively), the values of
hormones and antioxidants recovered, suggesting
that this effect is due to the natural defense of
silymarin against nano-cd toxicity [36.:37],

In Trentacoste et al.'s study, mild food restriction
resulted in reductions in serum testosterone
concentration, in the weight of androgen-dependent
organs, and in serum LH, FSH, and testosterone
concentration B8l. This suggests that the highly
significant reduction in testicular and seminal vesicle
weights recorded in animals receiving Cd alone may
also be related to decrease feeding. Our findings are
consistent with these observations. The findings of
this study confirm the results of previous studies
showing that cadmium impairs testicular function [3%
401 in rats by reducing the levels of hormones and
antioxidants, as well as the findings of Laskey et al.
and Foote [*1. 42] who observed a similar decline in
progressive motility, sperm normality, and testicular
structure.

Recent research has demonstrated that cadmium has
an inhibitory effect on Sertoli cell function. Since this
peptide is the primary inhibitory signal for FSH
secretion [43], it may explain why plasma levels of FSH
have been observed to rise. De Souza Predes et al. [*4
also saw some shifts, and our findings corroborated
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them. Since cadmium accumulates in the testis, the
drop-in testosterone levels seen after pre- and post-
pubertal exposure may be due to direct effects of the
metal there [45]. Variations in plasma LH levels may be
caused by Cd's role as a major environmental
endocrine disruptor [#6], which suggests that the
metal may act at the hypothalamic level, altering the
activity of the endogenous clock, and causing a shift
in the daily mean concentration of LH secreted by the
pituitary gland 47,

In men, testosterone synthesis is boosted by the
hypothalamic hormone Gonadotropin-Releasing
Hormone (GnRH), which stimulates the anterior
pituitary gland to secrete more follicle-stimulating
hormone (FSH) and luteinizing hormone (LH). This
suggests that silymarin has an effect on the
hypothalamus-pituitary-testis  axis, as serum
testosterone, LH, FSH, and GnRH all increased
simultaneously. The hypothalamic-pituitary-testis
axis can be affected by both positive and negative
control elements. Studies reveal that the hormone
norepinephrine influences the axis [8 491, It has been
shown that silymarin raises levels of norepinephrine,
serotonin, and dopamine in the brains of laboratory
white mice [59. Increased pituitary production of
gonadotropin hormones has been associated to
increased norepinephrine release, according to the
studies. The central effects of silymarin on the
hypothalamus-pituitary-testis axis, along with the
synthesis and metabolism of this hormone, may
account for the elevated testosterone levels seen in
the present investigation. Silymarin is one of the most
potent aromatase inhibitors 5. Aromatase catalyzes
the conversion of testosterone to estrogen. Blocking
this enzyme has the unintended effect of increasing
testosterone levels in the body 51, Oufi et al.
observed that Silybin (one of the structural isoforms
of silymarin) increases sperm motility, sperm count,
and sperm diameter in the testes of laboratory white
mice [52], Increased testosterone secretion is possible,
too 152. The number of spermatogenic cells in the
blood is positively correlated with serum levels of the
LH and FSH hormones. When FSH attaches to its
receptor on the surface of Sertoli cells, CAMP levels
rise due to the activation of the adenylyl cyclase
enzyme, and Protein Kinase C (PKC) is activated in
the cytoplasm [53]. The catalytic subunit of the ABP
gene is nuclear-resident and commences
transcription when the gene is activated. During the
normal phase of spermatogenesis, the concentration
of testosterone in the seminiferous tubules is
maintained due to the increased synthesis and
release of ABP (Androgen Binding Protein) induced
by FSH [54. When LH binds to Leydig cells, it induces
the creation of testosterone [551, The increase in
testosterone levels, commonly known as a survival
factor in spermatogenesis, is due to silymarin, which
increases sperm density and quantity [561.

The use of antioxidant therapy as a diabetes
treatment has shown encouraging results. However,
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conventional antioxidants like vitamins E and C don't
appear to work [57. We found that antioxidant
molecules like superoxide dismutase and catalase
were significantly elevated. Hence, the use of
silymarin may counteract the pathways leading to the
development of oxidative stress in diabetes. This
suggests that silymarin may be able to inhibit the
mechanism responsible for diabetes complications.
Superoxide Dismutase (SOD), Catalase (CAT), and
glutathione (non-enzymatic) antioxidants were
studied as part of this investigation into the
antioxidant defense system. The increased serum
glutathione levels in the liver of treated rats is one
putative mechanism by which silymarin reduces lipid
peroxidation. Glutathione is an essential component
of the cell's antioxidant defense system [58], where it
serves to neutralize reactive oxygen species, detoxify
hydrogen peroxide and lipid peroxides, and protect
biomolecules from oxidation. Hyperlipidemia, which
encourages lipid peroxidation, was associated with
elevated serum MDA levels, while hypolipidemia was
associated with decreased MDA levels. Therefore, the
efficacy of silymarin can be assessed by comparing
serum MDA levels in the control and treatment
groups 59, Silymarin's ability to reduce free radical
load, boost GSH levels, and promote SOD activity
suggests it can prevent the body's two principal
detoxification mechanisms from being depleted. As a
result, DNA and RNA are damaged, along with the rest
of the cell contents [69. The cytoprotective effects of
silymarin can be attributed in great part to its
antioxidant and free radical scavenging properties.
Additionally, silymarin can facilitate communication
between cellular membrane components and the
lipid fraction crucial to maintaining fluid balance [611,
In a study by Eskandari and Momeni, oxidative stress
signaling pathway induction and free radical species
production were imposed on ram sperm by sodium
arsenite, and it was shown that treated cells with
silymarin had better motility. Silymarin, as an
antioxidant, by scavenging free radicals and
promoting antioxidant enzyme capacity, can improve
sperm viability, motility, and mitochondrial
membrane potential [62 631, In another study
conducted by Eskandari and Momeni, the integrity of
the plasma membrane and acrosome of ram
epididymal spermatozoa exposed to arsenite
increased significantly compared to the control group
that was not treated with silymarin [64l. These two
studies showed that strong antioxidant properties of
silymarin protect ram sperm against the disruptive
effects of arsenite. During sperm storage, lipid
peroxidation (LPO) and ROS production increase, and
detrimental products accumulation lead to sperm
damage. Silymarin, as ROS scavenging polyphenols,
can counteract with this destructive process.
Addition of silymarin as a supplement for ram semen
storage showed that sperm quality was improved.
Supplementation with caproic acid had a better
impact [65], In another similar study, the addition of
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silymarin to sperm maintenance medium showed
positive effects on bull sperm preservation, in both
chilled and frozen condition [6°l.

Polyunsaturated fatty acids, which are found
abundantly in the mammalian spermatozoa cell
membrane, provide a vulnerable state that results in
ROS production by LPO and cell's detriment.
Antioxidants neutralize ROS and defend cells against
injury. By assuming antioxidant activity of silymarin,
Oufi et al. investigated the impacts of silibinin, the
most biologically active flavonoids of silymarin, on
the testicular tissue of mice. With a dose-dependent
manner, a significant improvement in testosterone
level and diameter of spermatid, and testicular
associated factor were observed [521.

In an animal study, which was conducted by Abedi et
al, the effects of silymarin on spermatogenesis,
changes of testicular tissue, and hormones of the
hypothalamic-pituitary-gonadal axis (LH, FSH,
GnRH, and testosterone) in male rats were evaluated.
Compared to the control group, experimental groups,
which were treated with silymarin, showed a
significant increase in LH, FSH, gonadotropin-
releasing hormone and testosterone levels, and the
number of spermatids and spermatozoa cells [67].

In the study of El-hanbuli et al., male albino rats were
treated with testosterone intramuscularly and
silymarin orally to evaluate the protective effects of
silymarin against testosterone damage in the
reproductive system. In the testosterone group,
caspase-3 and P53 overexpression were observed.
Oral silymarin had a significant role in the prevention
of testosterone biochemical and histopathological
adverse reactions [¢8l, Based on the study results of
Attia et al., which was conducted to evaluate the
reproductive alteration of rabbits fed milk thistle
seeds and rosemary leaves, in the silymarin group
(10g/kg), the sperm concentration, total sperm
output, live sperm, total live sperm, total motile
sperm, testosterone level, and fertility rate were
significantly improved (6],

In a review by Hosseinabadi et al., the results of
studies showed that antioxidants in the male
reproductive system reduce oxidative stress in the
testis and improve spermatogenesis. Many studies
have shown the protective and antioxidant
properties of silymarin against damage from
chemotherapeutic drugs and environmental toxins in
sperm. Also, the main published studies showed the
positive effects of silymarin on increasing the quality
and quantity of sperm [79. Therefore, it is
recommended that silymarin be prescribed to treat
diseases caused by the effects of oxidative stress on
the male reproductive system and improve fertility.

Conclusion
Silymarin has a clear effect on removing the toxic
effects caused by nano-cadmium through its activity
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as an antioxidant and also by eliminating the toxic
effect of nano-cadmium on reproductive hormones.
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