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Objective: To investigate the protective effect of silymarin against in vivo cisplatin-induced ovarian,
testicular and epididymal histopathological alterations in female and male albino rats, respectively.
Design: Randomized controlled study.

Animals: Eighty adult male and female albino rats (160 * 20 g in body weight and 4-6 weeks in age).
Procedures: animals were randomly allocated to four treatments groups. Animals were treated with
either mock treatment, cisplatin, silymarin or cisplatin and silymarin simultaneously for 20 successive
days. Blood and tissue samples (ovary, testis and epididymis) were collected. Animal sera were tested for
sex hormones and ovary, testis and epididymis were examined histopathologically.

Results: Our study demonstrated the ability of silymarin to ameliorate the cisplatin-associated tissue
damage in all studied organs. Silymarin treatment also had a minor effect on resorting the serum level of
estrogen in cisplatin-treated female rats.

Conclusion and clinical relevance: Silymarin may be an alternative nutritional supplement to counteract
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the side effects of cisplatin during anti-cancer chemotherapy.
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1. INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum 1I, CDDP), is a
commonly used chemotherapeutic drug [1]. It is regarded as
one of the most potent, effective, and powerful anti-
neoplastic drugs used in the treatment of many cancers, e.g.
the solid tumors of testis, head, neck, urinary bladder, and
uterine cervix. In addition, it is effective in the treatment of
lymphomas, sarcomas, and germ cell tumors, but its usage
caused numerous side effects, e.g. hepatotoxicity,
nephrotoxicity, and ototoxicity [2-4]. Furthermore, CDDP
induced biochemical and histological alterations in female
and male gonads [5, 6]. It was reported that CDDP treatments
caused ovarian injury, increase in follicular apoptosis,
disturbance of estrous cycle and reduction in the number of
ovarian follicles in both human and animals [7]. CDDP
treatments also caused a significant decrease in the daily
sperm production, associated with a decrease in the sperm
head length and reduction in the DNA percentage of the head
[8]. Similarly, it caused diminished testicular tubular diameter,
reduction of the epithelial cell height and decrease in the

number of spermatogonia [9]. Alteration in Leydig cell

function and chromosomal abnormalities in the sperm with
temporary or permanent azoospermia were also associated
with CDDP treatment [10]. Such CDDP-induced alterations
were attributed to redox imbalance and lipid peroxidation of
the ovarian and testicular tissues [10, 11].

Silymarin is an ancient herbal cure, a mixture of
flavonoids extracted from Silybum marianum Gaertneri, also
known as (milk thistle) [12]. It has antibacterial, anti-
inflammatory, antiviral, and antineoplastic pharmacological
activities, and it is reported to scavenge free radicals, chelate
metal ions and inhibit lipid peroxidation [13]. Silymarin exerts
its antioxidant activity through preventing the formation of
free radicals, where it suppresses reactive oxygen species
producing enzymes, and chelating iron and cupper in the
intestine [14]. It is also related with superoxide dismutase
activation [15].

This study aimed towards investigating the protective
effect of silymarin against CDDP-associated ovarian and
testicular damage in male and female albino rats through

serum biochemical analyses of sex hormones and
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histopathological examinations of ovarian and testicular

tissues.

2. MATERIALS AND METHODS

1.1. Animals

This experiment was conducted on 80 adult albino rats of
both sexes (160 * 20 g in body weight and 4-6 weeks in age).
The animals were housed in plastic cages (10 rats per cage)
and supplied ad libitum with standard pellet rat diet and
water. Animals were maintained under standard hygienic
conditions of temperature, humidity and light with 12 h
light/dark cycle, in the laboratory of Pathology Department,
Faculty of Veterinary Medicine, Mansoura University.
Following animals arrival, animals were acclimatized to the
new environment for one week before the start of the
experiment, where they were monitored for clinical signs
until the end of the experiments. The experiments were
conducted following the ‘Guide for the Care and Use of
Laboratory Animals’ approved by the Ethics Committee of the
Faculty of Veterinary Medicine, Mansoura University.

2.2. Chemicals

CDDP (Cisplatin) was purchased from Mylan Company
(United States) in the form of injectable aqueous solution vial
(50 mL). Each 50 mL of the vial contains 50 mg of CDDP,
dissolved in 0.9 % NaCl). Silymarin (legalon) was purchased
from Meda Company (Sweden) in the form of capsules (140
mg).

2.3. Design

Animals were randomly allocated to four treatments
groups. The first group represented the negative control
group, where animals received a daily intraperitoneal
injection of sterile physiological saline (0.9% NaCl, 1 mL per
kilogram of body weight) and a daily oral dose of distilled
water at (100 mL per kilogram of body weight) for 20
successive days. The second group represented the positive
control group, cisplatin-treated group, where animals
received a daily intraperitoneal injection of cisplatin (1mg per

kilogram of body weight) for 20 successive days [17]. The third
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group represented the experimental control group, silymarin-
treated group, where animals received a daily oral dose of
silymarin (100 mg per kilogram of body weight) for 20
successive days [18]. The fourth group represented the
experimental group, silymarin-treated group, where animals
received a daily oral dose of silymarin (100 mg per kilogram
of body weight) together with intraperitoneal injection of
cisplatin (1 mg per kilogram of body weight) for 20 successive
days.
2.4. Collection

At the end of the experiment, light ether anesthesia was
administered. Blood samples were collected from the orbital
sinus of the eye, and the blood was kept at 42C to separate
for 24 h. Blood samples were then centrifuged for 10 minutes
at 4000 revolution per minute, and the supernatant was
collected. Serum samples were stored at -202C until
assessment of sex hormones. Ovarian and testicular tissues
were collected from all experimental groups and preserved in
10% formaldehyde for histopathological examination.
2.5. Processing and examination

Samples were processed for hematoxylin and eosin
(H&E) staining [19]. Tissue sections (three microns in
thickness each) were examined, using 4x, 10x, and 40x
magnification lenses (XSZ-107BN biological microscope,
China).
2.6. Serum sex hormones

The levels of serum testosterone and estrogen levels
were estimated using kits purchased from Siemens Health
care diagnostic products (United Kingdom), and the
manufacturer’s instructions were followed.
2.7. Statistical analysis

Statistical analysis of the biochemical data was executed
using Prism 9 for macOS (GraphPad Software, LLC), where
one-way analysis of variance (ANOVA) was used, followed by
Turkey’s post hoc test for group comparison, with a P value of

< 0.05 indicating statistical significance [20].

3. RESULTS

3.1 Hormonal analysis
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The female rats treated with silymarin showed a
significant increase in the serum levels of estrogen, when
compared with the negative control group (Figure 1). In
contrast, CDDP-treated group showed a significant reduction
in serum estrogen levels, when compared with the negative
control group. Meanwhile, CDDP and silymarin concurrent
application showed a mild restoration of serum estrogen,
when compared with the CDDP-treated group. However, it
was still significantly lower than the negative control.

The male rats treated with silymarin showed a significant
increase in the serum levels of testosterone, when compared
with the negative control group (Figure 2). On the other hand,
CDDP treatment, either alone or with the application of
silymarin, caused a significant decrease in serum testosterone

levels, when compared with the negative control group.
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Figure 1. Effect of oral silymarin on serum estrogen level (mean # standard
error of the mean (SE)) in female rats treated with intraperitoneal cisplatin
(CDDP) for 20 days. Asterisks represent significant variation between
treatment groups, where *: P value <0.05; ****: P value <0.0001.

1.2 Histopathological examination
3.2.1 ovary

Microscopical examination of the ovarian sections from
the female negative control rats showed normal ovarian
morphology with regular cuboidal epithelium on the surface
with the presence of primordial, primary, secondary, and

tertiary follicles in the cortex, and capillary vessels in the
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medulla (Figure 3: A-l). Only CDDP-treated groups showed
altered ovarian histology, where a marked reduction in the
follicular numbers was observed, together with absence of
mature follicles and marked vascular dilation. No other group
showed any recorded alteration in the ovarian histological
picture. Overall, CDDP and silymarin concurrent treatment

improved the microscopical picture of the ovary.
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Figure 2. Effect of oral silymarin on serum testosterone level (mean %SE) in
male rats treated with intraperitoneal cisplatin (CDDP) for 20 days. Asterisks
represent significant variation between treatment groups, where **: P value
<0.01; ***: P value <0.001; ****: P value <0.0001.

3.2.2. Testis

Microscopical examinations of the testicular sections the
male negative control rats showed normal seminiferous
tubules, where their lumen was filled with spermatids and
spermatozoa and lined by spermatogonia, several layers of
spermatocytes and Sertoli cells (Figure 4: A-E). An interstitial
space was seen between the tubules, where it contained cells
of Leydig. CDDP treatment caused enlargement of the
interstitial space, massive degeneration and vacuolation of
the germinal epithelial lining of the seminiferous tubules and
reduction in the numbers of germ cells. No other group
showed any recorded alteration in the testicular histological

picture, except mild vacuolations that were observed in the
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germinal epithelium of CDDP and silymarin treated rats. In
general, CDDP and silymarin simultaneous treatment

improved the microscopical picture of the testis.

—

Figure 3. Microscopical examination of the ovarian tissues collected from
female rats treated with CDDP and Silymarin. A-B and C-E represent the
control group and silymarin-treated group, respectively, showing normal
ovarian morphology with regular cuboidal epithelium on the surface,
together with the presence of primordial, primary, secondary and tertiary
follicles in the cortex and capillary vessels in the medulla. F-G) The
micrographs represent CDDP-treated female rats showing marked reduction
of follicular numbers and absence of mature follicles, together with marked
vascular dilation (arrow). H-l1) The micrographs represent CDDP and
silymarin-treated female rats showing normal ovarian structure.
Magnification = 100 (A; C) and 400 (B; D-1). Pr: Primordial follicle, P: Primary
follicle, S: Secondary follicle, T: Tertiary follicle.

3.2.3 Epididymis

Microscopical examination of epididymis tissue sections
from normal (negative control) male rats showed normal
epidydimal ducts lined by low cuboidal epithelium and their
lumina were with filled sperms (Figure 5: A-D). CDDP
treatment caused a marked reduction in sperm numbers. No
other group showed any recorded alteration in the epididymis
histological picture. Overall, CDDP and silymarin coincident
treatment enhanced the microscopical picture of the

epididymis.
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Figure 4. Microscopical examination of the testicular tissues collected from
male rats treated with CDDP and silymarin. A and B represent the control
group and silymarin-treated group, respectively. Normal seminiferous
tubules are seen, where the lumina are filled with spermatids and
spermatozoa and lined by spermatogonia, several layers of spermatocytes
and Sertoli cells, together with the presence of an interstitial space between
the tubules containing cells of Leydig in the negative control and silymarin
groups, respectively. C-D) The micrographs represent CDDP-treated male rats
showing wide interstitial space (asterisk), fewer numbers of germ cells and
massive degeneration and vacuolation in the germinal epithelium (arrows).
E) The micrograph represents CDDP and silymarin-treated male rats showing
restoration of normal testicular histology and mild vacuolation in germinal

epithelium (arrow). Magnification = 400.

4. DISCUSSION

CDDP is a potent chemotherapeutic drug with multiple
adverse side effects [9, 11, 21, 22]. Silymarin is a widely
known antioxidant that can be used as a dietary supplement
[23]. Owing to its anti-bacterial, anti-inflammatory, antiviral,
and antineoplastic activities, it is the drug of choice in the
treatment of liver disorders [13]. Due to its antioxidant
properties [24], it was used in different experimental models
and was safe for administration in human studies [16].

Several animal and human studies showed the side
effects of CDDP, including the ovarian damage [25, 26]. CDDP
induced apoptosis in the granulosa cells and damage of the
primordial follicles [11]. Our study showed that CDDP caused
significant reduction in the serum estrogen levels and severe
deterioration of the ovarian histology. Previous reports

showed similar deteriorating effect [27-29]. Our study also
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showed a significant increase in the levels of serum estrogen
hormone and an enhancement of ovarian histology following
simultaneous application of silymarin. In previous reports,
silymarin showed an anti-inflammatory effect against ovarian
inflammations [30]. Silymarin also reduced the apoptosis of
granulosa cells [31]. However, this is the first report of the
tissue-damage protective effect of silymarin against CDDP-

associated ovarian damage.
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Figure 5. Microscopical examination of the epididymal tissues collected from
male rats treated with CDDP and silymarin. A and B represent the control
group and silymarin-treated group, respectively. Epidydimal ducts are lined
by low cuboidal epithelium and the lumina contain sperms in in the negative
control and silymarin groups, respectively. C) The micrograph represents
CDDP-treated male rats showing marked reduction in the numbers of sperms
in the epididymal lumina (arrows). D) The micrograph represents CDDP and
silymarin-treated male rats showing normal epididymal histology.
Magnification = 100.

In previous literature, CDDP induced testicular damage,
sperm dysfunction, apoptosis of germ cells, and Leydig cell
abnormalities [10] that were attributed to redox imbalance
and lipid peroxidation [32]. The present study elucidated a
marked reduction testosterone hormone serum levels and a
marked testicular and epididymis damage following CDDP
application that was reversed following the simultaneous
application of silymarin. Silymarin, in previous reports,
showed a protective, antioxidant effect against testicular

oxidative damage [33]. Overall, our study elucidated the role
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of silymarin in protection against CDDP-associated ovarian,
testicular and epididymal tissue damage.

3. Conclusion

In this work, the simultaneous use of silymarin and
cisplatin in our mammalian model showed enhanced tissue
pathology in the ovary, testis and the epididymis of male rats.
Therefore, our study recommends the usage of silymarin as
nutritional supplement to counteract the side effects of
cisplatin during anti-cancer chemotherapy.
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