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protective properties. Numerous scientific studies have documented the use of milk thistle-based preparations for
therapeutic purposes (to treat various pathological processes in animals and humans) or for prophylaxis. Based on
the above mentioned, this study aimed to investigate the corrective effect of milk thistle ethanol extract on
reproductive function and oxidative testicular damage in rats poisoned with potassium dichromate. In the
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COllf}g_C of Ve_terin?u'y experiment, adult male albino rats (n=6) were used. Group 1 (Control group): The animals were given distilled water
Me(:)lcllne, University of orally for 28 days. Accordingly, Group 2 was administered potassium dichromate intraperitoneally daily for two
Kerbala,

weeks. Animals in Group 3 were given an oral dose of milk thistle alcoholic extract. Animals in Group 4 were given
an oral dose of milk thistle alcoholic extract (daily for 28 days) and potassium dichromate (daily for two weeks).
The studies established the negative effect of potassium dichromate, which affected the changes in the level of
testosterone, FSH, and LH in the blood serum of male rats (group 2); the mentioned indicators tended to significantly
decrease (P<0.05) compared to those in the control group. It was determined that the level of testosterone, FSH, and
LH in the blood serum in the group of rats (group 3) that received milk thistle was similar to the analogous levels in
rats (group 1) that did not receive potassium dichromate. At the same time, in this group the level of testosterone,
FSH and LH tended to increase (P<0.05) compared to the group that received potassium dichromate. The studies
established the presence of a corrective effect in the group of animals that received potassium dichromate + milk
thistle. In particular, serum testosterone, FSH, and LH levels were recorded to increase by 1.6, 1.5, and 1.3 times,
respectively (P<0.05), compared to the potassium dichromate-treated rats. It was also found that the administration
of potassium dichromate to rats (Group 2) increased the level of nitric oxide (P<0.05) and decreased the activity of
SOD (P<0.05) compared to the control animals. The administration of milk thistle to rats (Group 3) contributed to
the increase in the activity of SOD (P<0.05), even compared to the indicator in the control group of animals. In
Group 4 of rats, the level of nitric oxide tended to decrease (P<0.05), and the activity of SOD increased (P<0.05)
compared to the animals that received potassium dichromate. Thus, according to the study, milk thistle extract
demonstrated a significant protective effect against potassium dichromate.
Keywords: Milk thistle, rats, testicular oxidative damage.
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Koperyrouuii BIVIMB CHHPTOBOr0 eKCTPAKTY PO3TOPONIIi HA PeNPOAYKTHBHY (PYHKIiIO
IIYPiB 32 OKCHIATHBHOI'O CTPECY, BUKJIUKAHOI0 IUXPOMATOM KAJIil0

A. JIxx. Ans-Hyaiimi | Amaan M. Xynaitep | M. C. Xacan

Po3ropomna — Biomuil aHTHOKCHIAHT, IO Ma€ TEPANleBTHYHI Ta 3aXMCHI BIACTHBOCTI. UHMCIIEHHI HayKoBi
JOCTI/DKEHHST CBIT4aTh MPO MOXKJIMBICTH BHKOPUCTAHHS INpEMapariB Ha OCHOBI PO3TOPOIILI 3 TEPareBTHYHOIO
METOIO (IJ1s1 JIIKYBaHHS PI3HUX MATOJIOTIYHUX MPOLECIB y TBAPUH Ta JIoAei) abo jid npodinaktuku. Buxosuu 3
BHUIIE3a3HAYCHOTO, METa LBOTr0 JOCII/PKEHHs HoJisiraja y BHBYCHHI KOPHUIYIOYOTO BIUIMBY CIIHPTOBOIO
EKCTPaKTy PO3TOPOILI Ha PENpOAYKTUBHY (GYHKLIIO IIypiB iHTOKCHKOBAaHHMX KajieM auxpomary. Y nociigax
BHUKOPHCTOBYBAIIM JIOPOCIIUX CaMIiB OUIMX IypiB, AKUX po3aiawiu Ha 4 rpymnu (n=6). ['pyna 1 (koHTposbHA), e
TBapHHaM J[aBalli JUCTHILOBAHY BOJY IepopaibHO npotsrom 28 muis. llypam 3 2-1 rpynu moJHs IpOTAroM ABOX
TIXHIB BHYTPIIIHBOOUEPEBUHHO BBOAWIM JUXpoOMaT Kaiito. TBapuHam 3 3-1 Ipynu NepopanbHO 3aJaBaiu
CHMPTOBUI €KCTPAKT po3ropomniii. TBapuHam 3 4-i rpynu nepopaibHO 33aaBIM CHMPTOBUI EKCTPAKT PO3TOPOIIIL
(mwoneHHO mpoTsAroM 28 mHIB) Ta JUXPOMAT Kallifo (IPOTATOM ABOX THIKHIB). J[OCHIUKCHHSIMH BCTaHOBJIEHO
HEraTHBHUHI BILTMB JANXPOMATY KaJlilo, 10 NPOSBIISIBCA 3MiHamu piBHs TectocTepony, ®CI™ ta JIT' y cuposarii kposi
camuiB 1ypiB (rpyna 2). 3a3HadyeHi MOKAa3HUKH MajM TCHJAEHILI 10 3HauHoro 3HmwkeHHs (P<0,05) mopiBHsHO 3
KOHTPOJIBHOIO IPyIIok0. ByIio BU3HaUeHo, o piBeHb TecTocTepony, @CT ta JII' y cupoBariii kposi miypis (rpyma 3),
SKi OTPUMYBaJIM po3Toporily, OyB NMOAIOHMM JI0 aHAJOTIYHMX PiBHIB y mIypiB (rpyma 1), siki HE OTpUMYBaNH
Jquxpomar kanitro. BogHowac, y wii rpymi piBens tectoctepony, @CI' Ta JII' MaB TEHIEHIIO A0 MiJBUIIECHHS
(P<0,05) mopiBHSHO 3 rpyIOIO, SIKa OTPUMYBala JUXpPOMAT Kalito. J[OCTiIPKEHHSIMU BCTaHOBJIEHO KOPHTYIOUUI
BIUIMB PO3TOPOIIII y IPYIIi TBAPHH, SKi OTpUMYyBaIH ii pa3oM i3 AMXpOMaTOM Kaltito. 30Kpema, piBHi TECTOCTEPOHY,
OCT Tta JII' y cupoBarui KpoBi 1ypis 4-i rpynu Maau TeHaeHuio o niapuiieHHs (P<0,05) mopiBHsAHO 3i mypaMu
2 rpynu. Takox Oys0 BHSIBICHO, IO BBEACHHS AMXPOMATY Kajlilo IypaM MiJBHILYBAIO PiBEHb OKCHIY a30Ty
(P<0,05) ta 3amxyBano aktuBHicTh COJl (P<0,05) nopiBHAHO 3 KOHTPOJIBHIMHU TBapUHAMK. BBeieHHs po3Topormi
iaMucTol mypam (3-1s rpyna) cnpusiio miasumieHHio aktuBHocti CO/JL (P<0,05), HaBiTh, MOPIBHSAHO 3 MOKA3HHU-
KOM Y KOHTPOJIBHIN Ipymi TBapuH. Y 4-if rpymi miypiB piBeHb OKCUAy a30Ty 3HMKYyBaBcs (P<0,05), a akTuBHICTH
COJI — 3pocrana (P<0,05) mopiBHAHO 3 TBapUHAMH, SIKI OTPUMYBAJIHM AUXPOMAT Kauito. TaKMM YHHOM, 3TiJHO 3

pe3yabTaTaMi JOCIIDKEHHS, eKCTPAKT PO3TOPOIILI IUIIMUCTOI MPOAEMOHCTPYBAB 3HAYHHMIT 3aXUCHUN e(PEKT MPOTH
OPEN IUXPOMATY KA.
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Introduction

The testicles generate testosterone, the male hormone
that is needed for protein synthesis, muscle and bone growth,
and reproductive development [1]. When testicular
dysfunction occurs, testosterone levels decrease, leading
to various pathophysiological changes and clinical
symptoms [2]. Achilonu et al. [3] are conducting research
on the use of natural products to improve livestock
productivity, including growth rate, feed effectiveness,
stress tolerance, and overall well-being.

Milk thistle (Silybum marianum) is a plant with a long
history in medicine [4]. Its seeds have been used for more
than 2,000 years for a variety of purposes [5]. In addition to
destroying free radicals that cause lipid peroxidation,
silymarin also exerts antioxidant effects by affecting
enzyme systems involving glutathione and superoxide
dismutase [6]. The presence of silymarin, a flavonoid
complex consisting of silybin A and B, isosilybin A and B,
silycristin and silydianin, is directly connected with the
medicinal benefits of milk thistle [7]. The highest
concentrations of silymarin are found in the plant’s
achenes, which are mistakenly but often called “seeds” [8].
Having antioxidant, anti-inflammatory properties, the
compounds play a crucial role in preventing cancer
progression, and the important mechanism in inducing
apoptosis, promoting cancer cell death and inhibiting
tumour growth, were demonstrated by silymarin [9]. It shows
immune modulatory activity, increases lactation and increases
protein synthesis [ 10]. Furthermore, in human prostate, breast,
and cervical cancer cells, silymarin inhibits DNA synthesis,
cell division, and other mitogenic signals [11].

A chemical compound referred to as potassium
dichromate, which includes both potassium and chromate,
is toxic to the reproductive system. The compound’s history
emphasizes its importance in chemical processes and a
variety of business applications [12]. Men who are exposed
to this chemical may develop decreased sperm production
and testicular damage. Furthermore, by damaging the
ovaries and reducing fertility, it can have an impact on the
female reproductive system [13]. Potassium dichromate
has also been connected to a higher risk of developing some
cancers, such as lung and nasal cavity cancers, which can
further impair reproductive health. To decrease exposure
risk and potential reproductive system consequences, this
substance must be handled with extreme caution and in
compliance with safety protocols [14].

The aim of the study

The work was aimed to investigate the corrective
effect of an alcoholic extract of milk thistle on
reproductive function and oxidative damage to the
testicles in rats intoxicated with potassium dichromate.

Materials and methods

Milk thistle seeds extract preparation

The study’s materials and methodology included milk
thistle extract (silymarin), which was made by steeping
100 g of freshly ground milk thistle seeds from the local
Karbala market in 1,200 ml of boiling water at 100 °C for

210 minutes [15], after being sieved and heated to 40 °C,
the extract was dried and kept at -20 °C for storage. Doses
equal to the therapeutic dose were used to administer the
extract [16].

Experimental animals

Twenty-four mature male albino rats were used in this
study, which was carried out at the University of
Kerbala’s College of Veterinary Medicine in Iraq. Their
ages ranged from 14 to 16 weeks, and their mean weight
was between 200 and 350 grams. Before the experiment
started, the rats were allowed to acclimate for two weeks
in groups of four per cage in an animal premises, where
they had unrestricted access to food and water. The
temperature in the animal premises was between 20 and
25°C, and the lighting cycle was natural.

Experimental design

The rats were separated into four groups (6 rat/ group):

Group 1 — Control: the animals were given regular
normal saline for 4 weeks orally.

Group 2 — Milk Thistle Extract: rats were given
200 mg/kg/day of milk thistle extract orally for 28 days.

Group 3 — Potassium Dichromate: rats received
2 mg/kg of body weight of potassium dichromate
intraperitoneally once a day for two weeks.

Group 4 — Potassium Dichromate and Milk Thistle
Extract: rats were given 2mg of potassium
dichromate/kg/day intraperitoneally for 2 weeks,
followed by the treatment with 200 mg/kg/day of milk
thistle extract orally for 28 days.

Hormones assay

In the current study, the following indicators were
measured: the concentration of serum testosterone
hormone (T) by enzyme linked immunosorbent assay
(ELISA) according to [17]; the level of the concentration
of serum follicle-stimulating hormone (FSH) in
accordance with [18]; and the concentration of serum
luteinizing hormone (LH) in accordance with [19].

The oxidant and antioxidant parameters

The level of serum nitric oxide (NO), was measured
by ELISA technique in accordance with [20], and
antioxidant enzyme indices, specifically superoxide
dismutase (SOD) activity, were measured by ELISA
technique, conducted according to reference [21].

Statistical analysis

The Statistical Package for Social Scientists (SPSS
version 18.0) and Microsoft Office Excel 2016 were used
to study the data. A one-way ANOVA with LSD post hoc
test for significance was used to assess if there was a
significant difference between the groups’ means. The
paired t-test was used for mean comparisons, where
P<0.05 values were considered significant [22].

Results and discussion
Effect of potassium dichromate administration and

milk thistle extract on serum hormones concentration in
adult male rats
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After 28 days, serum testosterone, follicle-stimulating
hormone, and luteinizing hormone levels in the potassium
dichromate group were significantly lower — 2.3, 2.0,
and 1.6 times, respectively (P<0.05) — than in the
control group. In contrast, serum testosterone, FSH, and
LH levels in the milk thistle group were within normal
limits compared to the control group, while they
significantly increased by 2.5, 2.2, and 1.8 times,
respectively (P<0.05), compared to the potassium
dichromate group.

It should be noted that, in comparison with the
group receiving potassium dichromate, after 28 days,
the levels of testosterone, FSH and LH in the blood
serum of the group receiving potassium dichromate +
milk thistle increased significantly by 1.6, 1.5 and
1.3 times, respectively (P<0.05), as shown in Table 1.

Table 1

The effect of potassium dichromate administration and
milk thistle extract on serum hormones concentration in
adult male rats, mean = SD

Parameters
Groups Testosterone, FSH, LH,
ng/ml mlU/ml mlIU/ml
Control 4.9+ 0.6 32+0.8 3.6+£0.3"
Potassium dichromate 2.1+04° 1.6 +£0.4° 2.2+ 0.4°
Milk thistle 53+£0.7* 35+£0.6° 39+09"
Potassium dichromate b b b
+ milk thistle 34+0.5 24+0.3 2.8+0.5
LSD 0.44 0.57 0.34

Note: The differing lowercase letters (a) indicate significant differences
between groups, with a significance level set at P < 0.05.

One polyphenolic flavonoid that comes from milk
thistle is silymarin. The main component of silymarin,
silybin, is responsible for most of its phytochemical
characteristics. According to a number of studies,
silymarin has immune modulatory, anti-inflammatory,
anti-cancer, and  anti-fibrotic  properties  [23].
The synthesis of testosterone, luteinizing hormone
(LH), follicle stimulating hormone (FSH), gonadotropin-
releasing hormone (GnRH), and the number
of spermatozoa cells is also enhanced by silymarin
in rats [24]. On the other hand, the study found that
rabbits, which ate milk thistle seeds had higher sperm
concentration, viability, motility, testosterone levels and
fertility [25]. In the testes of quail fed with a high-energy
diet, milk thistle seed supplementation prevented
histopathological damage and decreased testosterone
production [26].

Male rats are exposed to potassium dichromate,
which is used as a poison or pollutant. The effects
on fertility and physical parameters were studied [27].
The reproductive system is significantly affected
by exposure to potassium dichromate, particularly due
to its hexavalent chromium component, affecting both
males and females [28].

The main reason of unfavorable effects occurring in
males is disrupting the process of spermatogenesis, or
sperm production. According to the previous research,
exposure to potassium dichromate reduces sperm motility
and number [29]. In addition, there is evidence to support

the idea that hormonal imbalance can affect the balance
between testosterone and other hormones important to
male reproductive health [30].

It is important to understand that the reproductive
toxicity of potassium dichromate is often dose-dependent,
various routes of exposure, with more severe effects
occurring at higher concentrations, reproductive health
risks can be attributed to, including prolonged
environmental exposure and the work environment [31].
The reproductive systems of both sexes are generally
exposed to potassium dichromate, which can cause
developmental abnormalities, reduced fertility and other
reproductive health problems. The protection of
reproductive health in the environmental and occupational
context requires reducing the risk through safety
measures.

The effect of potassium dichromate administration
and milk thistle extract on oxidant and antioxidant levels
in adult male rats

Table 2 shows the effect of potassium dichromate
administration and milk thistle extract intervention on
changes in the SOD activity profile.

Table 2

The effect of potassium dichromate administration and
milk thistle extract on oxidant and antioxidant levels in
adult male rats (mean + SD)

Parameters
Groups NO, SOD,
umol/mg U/mg

Control 52+0.4¢ 12.8+1.2°
Potassium dichromate 9.8+ 0.7 6.5+0.8°
Milk thistle 4.94+0.3¢ 142 +1.5°
Pgtassium dichromate + milk 71406 103+ 1.15
thistle
LSD 1.2 2.3

Note: The differing lowercase letters (a) indicate significant differences
between the groups, with a significance level set at P < 0.05.

The administration of potassium dichromate
(Group 2) increased nitric oxide levels by 1.9 times
(P<0.05) compared to the control animals. The animals in
this group also showed a 2.0-fold decrease in SOD
activity (P<0.05) compared to the control animals.

It should be noted that milk thistle administration
(Group 3) had a positive effect. SOD activity was
1.1 times higher than in the control animals (P<0.05).
Despite this, nitric oxide levels, although slightly lower
than in the control group, did not show significant
changes. In Group 4, nitric oxide levels decreased by
1.4 times (P<0.05), and SOD activity increased by
1.6 times (P<0.05) compared to the animals receiving
potassium dichromate.

Enzyme activity in all organs increased to various
degrees as a result of the milk thistle extract intervention
in the normal group (Group 3). Normally, the body
develops defense mechanisms against free radical
damage, or oxidative stress, primarily based on
antioxidant enzymes (GSH-Px, GSH-Rd, CAT, and SOD)
that can scavenge ROS [32, 33]. The way the antioxidant
defense mechanisms work is that SODs convert O, —
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to H,O», which is subsequently eliminated by a number of
enzymes, including CAT and GSH-Px. Increased ROS
generation and mitochondrial dysfunction are caused by
decreased antioxidant enzyme activity in both in vitro and
in vivo settings [34-36].

By combining lignan and flavonoid components,
silybum marianum creates flavonolignans. A flavonoid
and a phenylpropanoid, usually coniferyl alcohol,
undergo oxidative coupling events, which is the cause of
this (oxidative coupling occurs between free radicals
generated from the flavonol taxifolin and those generated
from coniferyl alcohol) [37].

Conclusions

The studies found an adverse effect of potassium
dichromate, which caused the changes in the levels of
testosterone, FSH and LH in the blood serum of male rats,
which tended to decrease (P<0.05) compared to the
control group. The levels of testosterone, FSH and LH
in the blood serum in the group of rats receiving
milk thistle tended to increase (P<0.05) compared
to the group receiving potassium dichromate. The studies
revealed a corrective effect in the group receiving
potassium dichromate and milk thistle. In particular,
the levels of testosterone, FSH and LH in the blood
serum increased (P<0.05) compared to the rats receiving
potassium dichromate. It was found that the
administration of potassium dichromate to rats increased
the level of nitric oxide (P<0.05) and decreased
the activity of SOD (P<0.05) compared to the control
animals. The administration of milk thistle to
rats contributed to an increase in the activity of
SOD (P<0.05), even compared to the indicator in
the control group of animals. In the group of animals
that received potassium dichromate + milk thistle,
the level of nitric oxide tended to decrease (P<0.05),
and the activity of SOD increased (P<0.05) compared
to the animals that received potassium dichromate.
Thus, the milk thistle extract demonstrated a significant
protective effect against potassium dichromate.

DECLARATIONS

Ethical Statement

The authors confirm that the studies were conducted
in accordance with the European Convention for the
Protection of Vertebrate Animals (Strasbourg, 1986),
national ethical norms, and international standards (NIH).

Under the reference number (UOK.VET.
PH.2025.130), this research was conducted in the College
of Veterinary Medicine at the University of Karbala.

Funding
This research received no external funding.

Conflict of interest
The authors state that there is no conflict of interest.

Acknowledgements
None.

Declaration of AI and Al-assisted technologies

The authors declare that no artificial intelligence or
Al-assisted technologies were used in the preparation of
this manuscript.

References

1. Kapoor, D., & Jones, T. H. (2008). Androgen deficiency as a predictor
of metabolic syndrome in aging men. Drugs & Aging, 25 (5),
357-369. https://doi.org/10.2165/00002512-200825050-00001

2. Azcarate, P. M., Venincasa, V. D., Feuer, W., Stanczyk, F., Schally, A. V.,
& Galor, A. (2014). Androgen deficiency and dry eye syndrome in
the aging male. Investigative Opthalmology & Visual Science, 55 (8),
5046-5043. https:/doi.org/10.1167/iovs.14-14689

3. Achilonu, M. C., Nwafor, I. C., Umesiobi, D. O., & Sedibe, M. M.
(2017). Biochemical proximates of pumpkin (Cucurbitaeae spp.)
and their beneficial effects on the general well-being of poultry
species. Journal of Animal Physiology and Animal Nutrition,
102 (1), 5-16. https://doi.org/10.1111/jpn.12654

4. Emadi, S.A., Ghasemzadeh Rahbardar, M., Mehri, S., &
Hosseinzadeh, H. (2022). A review of therapeutic potentials of
milk thistle (Silybum marianum L.) and its main constituent,
silymarin, on cancer, and their related patents. Iranian Journal of
Basic Medical Sciences, 25 (10), 1166-1176.

5. Wu, J.-W., Lin, L.-C., & Tsai, T.-H. (2009). Drug—drug interactions
of silymarin on the perspective of pharmacokinetics. J
ournal ~ of  Ethnopharmacology, 121 (2), 185-193.
https://doi.org/10.1016/j.jep.2008.10.036

6. Fraschini, F., Demartini, G., & Esposti, D. (2002). Pharmacology of
silymarin.  Clinical Drug Investigation, 22 (1), 51-65.
https://doi.org/10.2165/00044011-200222010-00007

7.Lee, D. Y.-W., & Liu. (2003). Molecular structure and stereochemistry of
silybin A, silybin B, isosilybin A, and isosilybin B, isolated from
Silybum marianum (milk thistle). Journal of Natural Products, 66 (9),
1171-1174. https://doi.org/10.1021/np030163b

8. Engelberth, A. S., Carrier, D. J., & Clausen, E. C. (2008). Separation
of silymarins from milk thistle (Silybum marianum L.) extracted
with pressurized hot water using fast centrifugal partition
chromatography. Journal of Liquid Chromatography & Related
Technologies, 31(19), 3001-3011.
https://doi.org/10.1080/10826070802424907

9. Bjerklund, G., Storchylo, O., Butnariu, M., Dadar, M., & Chirumbolo, S.
(2025). Milk thistle (Silybum marianum): Potential role in cancer
prevention. Current Medicinal Chemistry, 32 (39), 8895-8912.
https://doi.org/10.2174/0109298673371391250415105506

10. Abenavoli, L., Capasso, R., Milic, N., & Capasso, F. (2010). Milk
thistle in liver diseases: past, present, future. Phytotherapy
Research, 24 (10), 1423-1432. https://doi.org/10.1002/ptr.3207

11. Bhatia, N., Zhao, J., Wolf, D. M., & Agarwal, R. (1999). Inhibition
of human carcinoma cell growth and DNA synthesis by silibinin,
an active constituent of milk thistle: comparison with silymarin.
Cancer Letters, 147 (1-2), 77-84. https://doi.org/10.1016/s0304-
3835(99)00276-1

12. Monga, E., Mangora, M. M., & Trettin, C. C. (2022). Impact of mangrove
planting on forest biomass carbon and other structural attributes in the
Rufiji Delta, Tanzania. Global Ecology and Conservation, 35, €02100.
https://doi.org/10.1016/j.gecco.2022.¢02100

13. Bashandy, S. A. E., Ebaid, H., Al-Tamimi, J., Ahmed-Farid, O. A.-H.,
Omara, E. A., & Alhazza, 1. M. (2021). Melatonin alleviated
potassium dichromate-induced oxidative stress and reprotoxicity
in male rats. BioMed Research International, 2021 (1), 3565360.
https://doi.org/10.1155/2021/3565360

14. Naseer, M. L., Zaigham, K., Malik, A., Habiba, U. E., Alam, R.,
Manan, A., Arooj, M., Saeed, A., Qazi, M. H., Asif, M., &
Rasool, M. (2014). Potential reproductive health effects and
oxidative stress associated with exposure to potassium
dichromate (K,CR,0;) and magnesium sulphate (MgSO,) in male
mice. Pakistan Journal of Medical Sciences, 30 (4), 819.
https://doi.org/10.12669/pjms.304.4757

15. Doostkam, A., Fathalipour, M., Anbardar, M. H., Purkhosrow, A., &
Mirkhani, H. (2022). Therapeutic effects of milk thistle (Silybum
marianum L.) and artichoke (Cynara scolymus L.) on
nonalcoholic fatty liver disease in type 2 diabetic rats. Canadian
Journal of Gastroenterology and Hepatology, 2022, 1-8.
https://doi.org/10.1155/2022/2868904

Scientific Progress & Innovations e 28 (4)

102


https://doi.org/10.2165/00002512-200825050-00001
https://doi.org/10.1167/iovs.14-14689
https://doi.org/10.1111/jpn.12654
https://doi.org/10.1016/j.jep.2008.10.036
https://doi.org/10.2165/00044011-200222010-00007
https://doi.org/10.1021/np030163b
https://doi.org/10.1080/10826070802424907
https://doi.org/10.2174/0109298673371391250415105506
https://doi.org/10.1002/ptr.3207
https://doi.org/10.1016/s0304-3835(99)00276-1
https://doi.org/10.1016/s0304-3835(99)00276-1
https://doi.org/10.1016/j.gecco.2022.e02100
https://doi.org/10.1155/2021/3565360
https://doi.org/10.12669/pjms.304.4757
https://doi.org/10.1155/2022/2868904

16. Soleimani, V., Delghandi, P.S., Moallem, S. A., & Karimi, G.
(2019). Safety and toxicity of silymarin, the major constituent of
milk thistle extract: An updated review. Phytotherapy Research,
33 (6), 1627-1638. https://doi.org/10.1002/ptr.6361

17. Mujika, L., Chatard, J.-C., Padilla, S., Yannick Guezennec, C., &
Geyssant, A. (1996). Hormonal responses to training and its
tapering off in competitive swimmers: relationships with
performance. European Journal of Applied Physiology and
Occupational Physiology, 74 (4), 361-366.
https://doi.org/10.1007/bf02226933

18. Simoni, M. (1997). The follicle-stimulating hormone receptor:
biochemistry, molecular  biology, physiology, and
pathophysiology.  Endocrine  Reviews, 18 (6), 739-773.
https://doi.org/10.1210/er.18.6.739

19. Ellis, G. B., & Desjardins, C. (1982). Male rats secrete luteinizing
hormone and testosterone episodically. Endocrinology, 110 (5),
1618-1627. https://doi.org/10.1210/endo-110-5-1618

20. Adams, M. L., Meyer, E. R., Sewing, B. N., & Cicero, T. J. (1994).
Effects of nitric oxide-related agents on rat testicular function.
The Journal of Pharmacology and Experimental Therapeutics,
269 (1), 230-237. https://doi.org/10.1016/s0022-3565(25)38659-3

21.Kavsak, P.A., Worster, A., Hill, S.A., MacRae, A.R., &
Jaffe, A.S. (2017). Analytical comparison of three different
versions of a high-sensitivity cardiac troponin I assay over 10
years. Clinica Chimica Acta, 475, 51-55.
https://doi.org/10.1016/j.cca.2017.10.006

22. Dugard, P. (2014). Randomization tests: A new gold standard?
Journal of Contextual Behavioral Science, 3 (1), 65-68.
https://doi.org/10.1016/j.jcbs.2013.10.001

23. Ferraz, A.C., Almeida, L. T., da Silva Caetano, C.C., da Silva
Menegatto, M. B., Souza Lima, R.L., de Senna, J.P.N., de
Oliveira Cardoso, J. M., Perucci, L. O., Talvani, A., Geraldo de
Lima, W., de Mello Silva, B., Barbosa Reis, A., de Magalhaes, J. C.,
& Lopes de Brito Magalhdes, C. (2021). Hepatoprotective,
antioxidant, anti-inflammatory, and antiviral activities of
silymarin against mayaro virus infection. Antiviral Research, 194,
105168. https://doi.org/10.1016/j.antiviral.2021.105168

24. Abedi, H., Jahromi, H.K., Hashemi, S.A., Jashni, H.K,,
Jahromi, Z. K., & Pourahmadi, M. (2016). The effect of silymarin
on spermatogenesis process in rats. International Journal of
Medical Research & Health Sciences, 5 (6), 146—150.

25. Hosny, M., Khalil, N. S. A., Alghriany, A. A. 1, Younis, M., &
Abdelfattah, M. G. (2024). Growth performance, biochemical
outcomes, and testicular histological features in male Japanese
quails supplemented with milk thistle seeds. The Journal of Basic
and Applied Zoology, 85 (1), 29. https://doi.org/10.1186/s41936-
024-00383-9

26. Ceribast, S., Tiirk, G., Ozgelik, M., Dogan, G., Ceribasi, A.O.,
Mutlu, S. L., Erisir, Z., Giiveng, M., Giingéren, G., Acisu, T. C.,
Akarsu, S. A., Kaya, S. 0., Sénmez, M., Yiice, A., Ciftci, M.,
Cambay, Z., Bagcl, E., Azman, M. A., & Simsek, U. G. (2020).
Negative effect of feeding with high energy diets on testes and
metabolic blood parameters of male Japanese quails, and positive
role of milk thistle seed. Theriogenology, 144, 74-81.
https://doi.org/10.1016/j.theriogenology.2019.12.021

27. Marouani, N., Tebourbi, O., Hallégue, D., Mokni, M., Yacoubi, M. T.,
Sakly, M., Benkhalifa, M., & Rhouma, K. B. (2016). Mechanisms
of chromium hexavalent-induced apoptosis in rat testes.

28. Bashandy, S., Ahmed-Farid, O.-H., Omara, E., El-Toumy, S., &
Salib, J. (2019). Protective effect of Citrus reticulata peel extract
against potassium dichromate-induced reproductive toxicity in
rats. Asian Pacific Journal of Reproduction, 8 (6), 267.
https://doi.org/10.4103/2305-0500.270104

Abd El-Rahman, S.S., Ashwish, N.M., & Ali, M. E. (2023).
Appraisal of the pre-emptive effect of lactoferrin against
chromium-induced testicular toxicity in male rats. Biological
Trace Element Research, 201 (11), 5321-5334.
https://doi.org/10.1007/s12011-023-03605-3

Morsi, A.S., Ramadan, H. M., Youssef, A. M., & Taha, N. A.
(2025). Mechanisms of PDC-induced testicular Toxicity:
Oxidative stress, steroidogenic suppression, and modulation by
ZnO-NP/TEO synergy. Food and Chemical Toxicology, 204,
115675. https://doi.org/10.1016/j.fct.2025.115675

Pereira, S. C., Oliveira, P. F., Oliveira, S. R., Pereira, M. de L., &
Alves, M. G. (2021). Impact of environmental and lifestyle use of
chromium on male fertility: Focus on antioxidant activity and
oxidative stress. Antioxidants, 10 (9), 1365.
https://doi.org/10.3390/antiox 10091365

Mahran, M., & El-Hassanen, Y. (2023). Attenuation of
benzo[a]pyrene-induced oxidative stress and cell apoptosis in
albino rats by wild milk thistle (Silybum marianum L.) seeds
extract. Egyptian Journal of Chemistry, 66 (13), 1671-1687.
https://doi.org/10.21608/ejchem.2023.214010.8042

Abd Elalal, N. S., Elsemelawy, S. A., & Elhassaneen, Y. A. (2022).
Potential effects of wild milk thistle (Silybum marianum L.)
seed extract intervention on oxidative stress induced by busulfan
drug in different organs of rats. International Journal
of Healthcare and  Medical Sciences, 83, 19-34.
https://doi.org/10.32861/ijhms.83.19.34

DeLeve, L.D., & Wang, X. (2000). Role of oxidative
stress and glutathione in busulfan toxicity in cultured
murine  hepatocytes.  Pharmacology, 60 (3), 143-154.
https://doi.org/10.1159/000028359

Curtis, J. M., Grimsrud, P. A., Wright, W. S., Xu, X., Foncea, R. E.,
Graham, D. W., Brestoff, J. R., Wiczer, B. M., Ilkayeva, O.,
Cianflone, K., Muoio, D. E., Arriaga, E. A., & Bernlohr, D. A.
(2010). Downregulation of adipose glutathione S-transferase A4
leads to increased protein carbonylation, oxidative stress, and
mitochondrial ~dysfunction. Diabetes, 59 (5), 1132-1142.
https://doi.org/10.2337/db09-1105

Sajedianfard, J., Nazifi, S., & Shamsaei, H. A. (2014). The effects of
oral administration of different doses of hydroalcoholic extract of
silymarin on status of serum trace elements. American Journal of
Animal ~ and  Veterinary  Sciences, 9 (3), 170-176.
https://doi.org/10.3844/ajavsp.2014.170.176

Dewick, P. (2002). Medicinal natural products: A biosynthetic
approach (2nd ed.). New York: John Wiley & Sons.

29.

30.

31.

32.

33.

34.

35.

36.

37.

ORCID
M. S. Hassan
Amaal M. Khudaier

https://orcid.org/0000-0001-7169-2217
https://orcid.org/0009-0009-2207-4266

Toxicology  and  Industrial ~ Health, 33 (2), 97-106.
https://doi.org/10.1177/0748233715600333 A.J. Al-Nuaimi https://orcid.org/0009-0002-4468-2093
@ 2026 by the author(s). This is an open-access article distributed under the Creative Commons Attribution License
@ http://creativecommons.org/licenses/by/4.0, which permits unrestricted use, distribution, and reproduction in any medium,
BY provided the original author and source are credited.

Scientific Progress & Innovations e 28 (4)

103


https://doi.org/10.1002/ptr.6361
https://doi.org/10.1007/bf02226933
https://doi.org/10.1210/er.18.6.739
https://doi.org/10.1210/endo-110-5-1618
https://doi.org/10.1016/s0022-3565(25)38659-3
https://doi.org/10.1016/j.cca.2017.10.006
https://doi.org/10.1016/j.jcbs.2013.10.001
https://doi.org/10.1016/j.antiviral.2021.105168
https://doi.org/10.1186/s41936-024-00383-9
https://doi.org/10.1186/s41936-024-00383-9
https://doi.org/10.1016/j.theriogenology.2019.12.021
https://doi.org/10.1177/0748233715600333
https://doi.org/10.4103/2305-0500.270104
https://doi.org/10.1007/s12011-023-03605-3
https://doi.org/10.1016/j.fct.2025.115675
https://doi.org/10.3390/antiox10091365
https://doi.org/10.21608/ejchem.2023.214010.8042
https://doi.org/10.32861/ijhms.83.19.34
https://doi.org/10.1159/000028359
https://doi.org/10.2337/db09-1105
https://doi.org/10.3844/ajavsp.2014.170.176
https://orcid.org/0000-0001-7169-2217
https://orcid.org/0009-0009-2207-4266
https://orcid.org/0009-0002-4468-2093
http://creativecommons.org/licenses/by/4.0

	Materials and methods

