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induced testicular damage in male albino rats. Materials and Methods: This study was conducted

on 40 adult albino male rats that were divided into 4 groups. control group: were injected
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intraperitoneally with carboxy-methylcellulose daily for six weeks. Cyclophosphamide group:
S were injected intra-peritoneally with cyclophosphamide only once, then continuous injection of
. carboxy methylcellulose for the rest of six weeks. Silymarin group were injected intra-
- Cyclophosphamide

peritoneally with silymarin once per day for six weeks. Cyclophosphamide and Silymarin were
- testicular damage . . ) } . .. . .
injected intraperitoneally with cyclophosphamide only once and then injected with Silymarin for
six weeks. Serum testosterone, FSH, LH level, oxidative stress biomarkers, antioxidant enzymes,
apoptotic marker, testicular histopathology, sperm count and testicular weights were assessed.
Results: Cyclophosphamide significantly decreased levels of measured hormones, antioxidant
enzyme, testicular weight and sperm count but significantly increased the oxidative stress
biomarkers. Also, it induced degeneration and necrosis of seminiferous tubules. silymarin
illustrated a significant increase in levels of measured hormones, antioxidant enzyme, testicular
weight and sperm count but a significant decrease in the oxidative stress biomarkers. Normal
testicular architecture was noticed with silymarin treatment. Conclusion: Silymarin has

antioxidant and antiapoptotic activities that enable it to improve testicular function after its

damage by cyclophosphamide.
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INTRODUCTION

There are many environmental toxicants
that have the capacity to impair human fertility [1].
Cyclophosphamide (CYP) is an alkylating
compound [2], and a pro-drug which changed to its
active metabolites (Phosphoramide Mustard (PM),
and acrolein) [3] in liver. The ordinary use of CYP
is treatment of cancer diseases such as leukemia,
lymphoma, myeloma, mycosis, adenocarcinoma,
retinoblastoma and breast carcinoma [4], also used
as an immunosuppressive agent for management
of autoimmune diseases as rheumatoid arthritis,
nephritic syndrome, and wegeners granulomatosis
[5]. However, the clinical utilization of this drug is
restricted as a result of its side effects including
hepatotoxicity, nephrotoxicity, cardiotoxicity,
neurotoxicity, immunotoxicity, alopecia, and bone
marrow suppression [6].

Reproductive toxicity, involving
azoospermia, oligospermia, histological changes in
epididymis and testis, reduction in weight of
reproductive organs and impaired fertility and
growth, has been demonstrated following CYP
administration in humans and experimental
animals. The high frequency of cellular division
happens in the cells of seminiferous epithelium
makes testis highly sensitive to chemotherapeutic
drugs [7].

On the other hand flavonoids are natural
compounds commonly present in plants, and seeds
[8]. Recent study has shown flavonoids relieve
unwanted adverse effects of chemotherapy [9].

Silymarin (SMN) is a natural flavonoid which
is considered the active component of milk thistle

extract [10]. Among its properties can point to

anti-inflammatory [11], antioxidant [12], anti-
cancer and hepatoprotective properties [13].

Silymarin exerts antioxidant effect by
scavenging free radical also by increasing levels of
glutathione peroxidase [14].

Many authors reported the harmful effect of
CYP on the endocrinal function of the testis and its
structure [6] [7]. Moreover, it is well known that
Silymarin has antioxidant , anti-inflammatory and
antiapoptotic effect[11] [12] [13] .

We designed the current study to assess
the effect of silymarin on cyclophosphamide

induced testicular damage in male albino rats.

2-Materials and Methods:
2.1. Chemicals and Reagents:

Silymarin was obtained from New Test
Company as dry-frozen powder and dissolved in
carboxy-methylcellulose solution to obtain the
needed dose (200 mg / kg)

Cyclophosphamide was obtained from
Sigma Company as vial and dissolved by addition
of normal saline to obtain the needed dose (100 mg
/ kg).

Carboxy-methylcellulose solution was
obtained from Sigma Company and prepared
according to the weight of rats to form 10 ml/ kg
of 0.5% CMC solution.

2.2. Experimental Animals:

The current work was performed at Tanta
Faculty of Medicine, for six weeks starting on
February 2019, and the experiment was approved
by the Ethical Committee of Medical Research,
Tanta Faculty of Medicine, Egypt (approval
number: (32871/1/19). Forty adult male albino
Wistar rats aged 4 months weighting 200 to 250

grams were purchased from the Experimental
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Animal House of Faculty of Science, Tanta
University. The rats were housed in animal cages,
at room temperature, with free access to water and
food.

2.3. Animals grouping and experimental design

The animals were acclimatized for two weeks,
and then randomly classified into four equal
groups (10 rat /group)as following;

1- control group ; animals were injected
intraperitoneally (IP) with 0.5 % carboxy-
methylcellulose (CMC) in a dose of (3ml) daily for
six weeks.

2-CYP group (Cyclophosphamide group);
were injected (IP) with cyclophosphamide, in a
dose of (100mg/kg) only once '), then continuous
injection of carboxy-methylcellulose (3ml) for the
rest of the six weeks as once daily dose

3-SMN group (silymarin group); were
injected (IP) with silymarin, in a dose of
(200mg/kg) once per day for six weeks "%,

4- CYP + SMN group IV(
Cyclophosphamide + Silymarin group); injected
(IP) with cyclophosphamide in a dose of (100
mg/kg) only once and then injected with Silymarin

in a dose of (200 mg/kg) once daily for six weeks.

2.4. Blood and tissue sampling:

At the end of the experimental period, all rats
were anaesthetized by pentobarbital (50 mg/kg)
[17] and blood samples were obtained by cervical
decapitation and allowed to clot by leaving it
undisturbed at room temperature for 15-30
minutes. Then remove the clot by centrifuge at
1000-2000 r.p.m for 10 minutes. The resulting
supernatant is designated as serum. Then testes
were dissected for estimation of oxidative stress

markers and for histopathological evaluation.

A. Assessment of reproductive hormones:

The serum was used to estimate testosterone
hormone, follicle stimulating hormone (FSH) and
luteinising hormone (LH) levels using ELISA
assay kits according to the methods described by
Tietz [18], Gay et al. [19], and Haavisto et al. [20],
respectively and following the manufacturers’
instructions.

B. Estimation of testicular oxidative stress
and apoptotic markers:

Testes were separated. Each testis was cut
transversely into two halves, one half was
homogenized in ice-cold sodium potassium
phosphate buffer (pH 7.4), centrifuged at 3000 rpm
at for 10min and stored at —80 °C for estimation of
Testicular MDA, hydrogen peroxide level, GPx
activity and Caspase3 (an apoptotic marker)
activity  using  colorimetric  assay  Kkits
(Biodiagnostic Chemical Company, Giza, Egypt),
according to the methods described by Ohkawa et
al. [21], Porter and Janicke [22], Aebi 3], and
Splittgerber and Tappe [24] respectively
following the manufacturers’ instructions.

C. Histopathological examination:

The other half of dissected testes were fixed
in 10% buffered formalin for 24 hours then
dehydrated in ascending concentrations of ethyl
alcohol, cleared in xylene and embedded in
paraffin. Thin sections (Sum) were cut and stained
with hematoxylin and eosin (H&E) for routine
light microscopic examination to assess the
structure of seminiferous tubules, integrity of
basement membrane and interstitial tissue
according to method described by Jalali et al [25].

D. Sperm count and testicular weight:

The cauda epididymis from both sides were

taken out ,minced and incubated in a per-warmed
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petri dish 10 ml Hams F10 containing 0.5%
Bovine serum albumin and the solution were
incubated at 37°C. The spermatozoa were allowed
to disperse into buffer ,after 20 min , cauda
epididymis removed and suspension was gently
shaken to homogenize ,500ul of prepared
suspension diluted with formaldehyde fixative ,10
pl  from diluted solution transferred into
hemocytometer using a Pasteur pipette let to stand
for 7 min then the settled sperms were counted
and evaluated per 250 small squares of
hemocytometer and expressed as million per
milliliter of suspension according to method
described by Torabi et al [26]. Also, weight of
testis was evaluated according to method described
by Torabi et al [26].

The sacrificed animals were packed in a
special package according to safety precautions
and infection control measures and sent with
hospital biohazard.

2.5. Statistical analysis:

The data obtained was saved using SPSS version
23.0 and then transferred to Excel and edited if
necessary. The results were expressed as mean
and standard deviation. ANOVA and Tukey tests
were used to compare the groups. P value less than
0.05 indicates significance.

3.Results:

3.1. Serum levels of testosterone (ng/mL),
follicle stimulating hormone [FSH (mIU/mL)],
and luteinizing hormone [LH (mIU/mL)]:

Serum testosterone level were significantly
lowered in cyclophosphamide group when
compared with control group (p < 0.05). There was
a significantly higher level of serum testosterone in

silymarin treated group when compared with

control group (p < 0.05). Cyclophosphamide and
silymarin treated group showed significant
increase in serum testosterone level when
compared to cyclophosphamide group but, showed
no significant difference when compared with
control group (p > 0.05). This result is consistent
with those of FSH, and LH hormone (table 1).

3.2. Testicular oxidative stress and apoptotic
markers::

Testicular MDA levels were significantly
elevated in cyclophosphamide group when
compared with control group (p < 0.05). There was
a significantly lower level of testicular MDA in
silymarin treated group when compared with
control group (p < 0.05).Cyclophosphamide +
silymarin treated group showed significant
decrease in MDA level when compared to
cyclophosphamide group but, showed no
significant difference when compared with control
group (p > 0.05). These results is consistent with
that of testicular caspase3 activity and testicular
hydrogen peroxide levels. Regarding the
antioxidants, Gpx activity level was significantly
decreased in cyclophosphamide group when
compared with control group (p < 0.05). There was
a significantly higher activity of testicular Gpx in
silymarin treated group when compared with
control group (p < 0.05). Cyclophosphamide +
silymarin treated group showed significant
augmentation in Gpx activity when compared to
cyclophosphamide group but, showed no
significant changes when compared with control

group (p > 0.05) (table 2) and (figure 1, 2).
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Table 1: showing Serum testosterone, FSH and LH for all groups.

normal CYP-treated SMN-treated |CYP + SMN
Parameters

control group |group group treated group
Serum testosterone (ng/ml) 3.81+0.12 1.22£0.15% 4.08+£0.09° 3.75+0.14°
Serum FSH (mlu/ml) 4.13+0.18 341+£0.23° 4.65+£0.19? 3.92+£0.19°
Serum LH (mlu/ml) 7.01£0.17 593+£0.182 7.61£0.252 6.83+£0.15°

Values are expressed as mean + SD (n=10). Significance of differences (P < 0.05) is illustrated as *versus normal control
group; ? versus CYP-treated group. FSH; follicular stimulating hormone, LH; luteinizing hormone.

Table 2: Showing testicular MDA and H202 for all groups.

normal control | CYP-treated | SMN-treated CYP + SMN
Parameters
group group group treated group
Testicular MDA 1 .86 £0.024°
esticular MDA (nmol/gm 12640055 |135+00420| 08600 1.28 0059 ®
tissue)
Testicular H202 1 19.05 £0.482
esticular H202 (nmolimg | ), o3, 1 0s [ 37.86 088 | O FM | o 6r 1
protein)

Values are expressed as mean = SD (n=10). Significance of differences (P < 0.05) is illustrated as *versus normal control
group; ° versus CYP-treated group. MDA: Malondialdehyde, H202; Hydrogen peroxide.
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Figure (1): Testicularcaspase-3 activity (OD/microgram protein): Values are expressed as mean = SD (n=10).
Significance of differences (P < 0.05) is illustrated as *versus normal control group; ® versus CYP-treated group.
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Figure (2): Testicular glutathione peroxidase activity level (umol/g tissue):Values are expressed as mean = SD
(n=10). Significance of differences (P < 0.05) is illustrated as *versus normal control group; ° versus CYP-treated group.
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3.3. Sperm count and Testicular weight:

As regard to sperm count and testicular
weight, there was a significant decrease in
cyclophosphamide group when compared to
control group (p < 0.05). There was a significant
higher weight and sperm count in silymarin treated
group when compared with control group (p <
0.05).Cyclophosphamide +silymarin treated group
showed a significant increase both testicular
weight and sperm count when compared to
cyclophosphamide group who showed no
significant changes when compared with control
group (p > 0.05) (Figure 3 and 4).

3.4. Testicular histopathological observations:
The histopathology of control and SMN group
showed normal testicular architecture with normal
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seminiferous tubules (ST) that appear hexagonal or
circular with regular contour, and interstitial tissue
(IT) contains a delicate loose CT and blood vessels
(arrow  heads).The  seminiferous  tubules
surrounded by normal basement membrane (black
arrows) show a clear lumen and a normal
arrangement of cellular types (Figure 5). CYP
treatment caused histological alterations in the
form of degeneration and necrosis of the
seminiferous tubules (*), interstitial hemorrhage
(black arrows), interstitial edema (white arrows)
and irregular basement membrane (arrow heads)
(Figure 6). These alterations were markedly
ameliorated by SMN treatment where histological
findings of CYP + SMN treated group came more

similar to those of the control group (Figure 7).

SMN group CYP + SMN group

Figure (3): Sperm count (million/ml) in all studied groups. Values are expressed as mean + SD (n=10). Significance
of differences (P < 0.05) is illustrated as *versus normal control group; ° versus CYP-treated group.
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Figure (4): Testicular weight in gram (g) in all studied group. Values are expressed a mean = SD (n=10). Significance
of differences (P < 0.05) is illustrated as *versus normal control group; ° versus CYP-treated group.
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normal basement membrane; arrow heads; delicate loose CT and blood vessels. B-Effect of CYP on testicular tissue
(H&E staining 100). Black arrows: interstitial hemorrhage ;(*); seminiferous tubules; white arrows; interstitial edema;
arrow heads; irregular basement membrane. C- Normal testicular tissue (H&E staining 100) IT; interstitial tissue; ST;
seminiferous tubules; black arrows; normal basement membrane; arrow heads; delicate loose CT and blood vessels.

4.Discussion:

The results of the current study revealed that,
CYP-treated male rats showed low serum
concentration of testosterone, together with low
serum FSH and LH. CYP causes significant
decrease in activity of testicular steroidogenic
enzymes which are the key enzymes for
biosynthesis of testosterone [27], Also CYP-
induced Leydig cell degeneration and lysis with
subsequent decrease in testosterone level [25].

The reduction in FSH and LH levels after
CYP  treatment may explain by the
histoarchitecture changes that occurred in the
pituitary by CYP [28]. Also CYP administration
decreased the membrane fluidity of the pituitary
gland affecting the membrane function producing
change of receptor binding and secretory

mechanisms of pituitary hormones [29].

In accordance with our findings Arena et al.,
[30] and Elgazar [31], the two studies reported
significant lowering of testosterone hormone, FSH,
and LH hormone in serum of male rats after CYP
treatment.

The result of the present study showed SMN
treatment improved the endocrine functions of
testis as proved by increase of serum levels of
testosterone. Also it increased the level of FSH,
and LH hormone in both normal and CYP treated
group.

The mechanisms by which the SMN
increases testosterone level were described by
Abedi et al., [32]and Oufi et al., [33].SMN is a
potent inhibitor to aromatase enzyme which
catalyzes the conversion of testosterone to
estrogen. By inhibiting this enzyme, the serum
level of testosterone is elevated. Also, SMN

increased the steroidogenesis process of Leydig
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cells causing increase in secretion of testosterone
hormone [34]. SMN can exert its action through
hypothalamus-pituitary-testis axis. This axis is
affected by positive and negative factors. One of
these factors is Norepinephrine that increases
synthesis of nitric oxide which will increase
releasing of GnRH from hypothalamus, LH and
FSH hormones from pituitary gland. SMN has
increased the concentration of norepinephrine in
certain areas of brain of laboratory mice [32].

CYP has decreased the testicular weight as
compared to the control group as shown in our
study. This can be explained by inhibiting effect of
CYP on spermatogenesis and destructing effect on
germ cells and Leydig cells.

Rezvanfar et al., [35] showed marked
reduction in testicular weight by CYP through
diminishing the number of germ cells, significant
lower in grate of spermatogenesis and Leydig cells
atrophy. Also in agreement with our findings
Onaolapo et al. [36] showed weights of mice's tes-
ticles were significantly decreased during
treatment in CYP group.

In the present study SMN has increased
testicular weight compared to control group and
CYP treated group. These findings attributed to the
antioxidant effects of SMN by preventing atrophy,
necrosis and degeneration of the testicular tissue.
SMN has increased the number of germ cells and
stimulated the spermatogenesis [32].

CYP-induced oxidative stress, as indicated by
elevation of MDA, and H202 level and
suppression of Gpx activities in testicular tissues
of CYP-treated group.

Caspase 3 is an indicator of apoptosis occurs
by oxidative stress. Testicular toxicity caused by

CYP is due to disturbance of balance between

oxidation reduction reactions in tissues resulting in
oxidative stress [37]. MDA, an end product of
polyunsaturated fatty acids, is commonly used as a
biomarker for evaluation of lipid peroxidation
which is a well-established mechanism of cellular
injury and is used as an indicator of oxidative
stress [38]. H202 is a reactive oxygen species and
its level within the tissue can be used as a marker
of oxidative stress [39]. Our results agreed with the
findings of Novin et al., [40] who noted that CYP-
treated group showed a significant rise in the
MDA, caspase3 activities, and H202 level in
testicular tissue when compared with the control
group.

SMN has antioxidant effect indicated by
suppression of MDA and H202 levels and
elevation of Gpx activities in the testicular tissues
of SMN treated group. It attacks free radicals and
reacts directly with cell membrane components to
prevent oxidative damages to lipid components of
cell membrane which is responsible for
maintaining its normal fluidity. This property
enables SMN to prevent peroxidation processes
[41].SMN is a potent antioxidant regulating the
intracellular glutathione peroxidase and stabilizing
the cell membrane. Also SMN diminished
expression of Caspase-3 in testicular tissue [42].
The antioxidant action of SMN is due to its
polyphenolic structure [41].

In the current study, administration of CYP
significantly decreased sperm count. This was due
to the oxidative effect of CYP, because
spermatozoa are highly susceptible to oxidative
stress. The seminiferous epithelial vacuolization,
spermatogenesis arrest, and germ cells reduction
also are in line with decreased sperm count as

effects caused by CYP [43].
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In accordance with our findings Elgazar [31]
noticed that adult male patients treated with CYP
have demonstrated decreased sperm count and
absence of spermatogenic cycles in testicular
tissue. But SMN has significantly increased sperm
count as compared to the control group and CYP
treated group. One of the probable mechanisms of
SMN effects on increasing sperm count may be its
antioxidant properties. During sperm synthesis,
lipid peroxidation and ROS production increase
and accumulate lead to sperm damage. SMN as
ROS scavenging polyphenols can counteract this
destructive process [44]. Testosterone is an
important factor for spermatogenesis. So, an
increase in sperm count was detected as a result of
enhancement of level of testosterone by SMN [32].
These results are in accordance with those
observed by Abedi et al. [32], who reported
significant increase in average number of
spermatid and spermatozoid cells in SMN group
compared to the control group. This study has
some limitations as Gnrh levels not measured .

In Conclusion, taking into consideration findings
obtained and related data available in literature we
concluded that SMN has therapeutic effect on the
testicular damage-induced by CYP via improving
the endocrine testicular function and via its
antiapoptotic and antioxidant effect.
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