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Abstract
Background: Oxidative stress is a major contributor to diabetes, which can lead to
testicular damage and infertility.
Objective: This study aimed to compare the effects of metformin as a chemical drug
with silymarin as an herbal agent on the sperm parameters and histopathological
changes of testes in diabetic rats.
Materials and Methods: Thirty-two male Wistar rats (250-270 gr) were randomly
divided into four groups: 1) control; 2) diabetic; 3) diabetic+metformin 200mg/kg; and 4)
diabetic+silymarin 100 mg/kg. Daily injections were administered intraperitoneally for
56 days. At the end of the treatment, blood sampling was performed for biochemical
assessment. Then, the rats were sacrificed and their left testis and epididymis were cut
for sperm analysis as well as histopathology and morphometric evaluation.
Results: Diabetes was associated with a reduced sperm count, motility, viability,
maturity, and chromatin quality of sperm (p ≤ 0.001). It was also associated with a
higher malondialdehide level and lower total antioxidant capacity level of serum in
comparison with the control group (p ≤ 0.001). There was a significant difference
in the seminiferous tubule diameter, germinal epithelium height, and testicular
histopathological alterations in the diabetic rats compared with the control rats
(p ≤ 0.001). Treatment with metformin and silymarin improved the above-mentioned
parameters and this improvement was more substantial in silymarin-treated animals
(p ≤ 0.001).
Conclusion: In diabetic rats, metformin and silymarin improved sperm parameters,
sperm DNA integrity, seminiferous tubule diameter, germinal epithelium thickness, and
testicular histopathological complications; this improvement was more substantial in
the silymarin-treated group. So, the findings of this study suggest that silymarin is more
effective than metformin in treating diabetic-induced infertility.
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1. Introduction

Diabetes mellitus is a metabolic disorder that
has several functional and structural complications.
Diabetes exerts negative effects on various organs,
especially on the testis (1). Diabetic patients
can suffer from various genital dysfunctions
such as spermatogenesis disorder. A previous
study showed that diabetes reduced the sperm
parameters and increased the number of abnormal
sperms (2). It has been suggested that oxidative
stress may play a role in the pathogenesis
of diabetes. Thus, in people with diabetes,
hyperglycemia causes excessive production
of reactive oxygen species (ROS) which leads
to modification in proteins and nucleic acids
and results in DNA and RNA damage. It also
causes testicular apoptosis and decreases the
levels of antioxidant enzymes (3). It is believed
that antioxidants have a crucial role in reducing
the damage of oxidative stress. One of the
chemical agents which is widely used for treating
type-2 diabetes is metformin (4). It decreases
gluconeogenesis in the liver (5), inhibits insulin
resistance in the liver and skeletal muscle, and
suppresses sugar uptake in the intestines (6). It also
possesses anti-inflammatory (7) and antioxidant (8)
properties. Metformin, despite having beneficial
properties, has several side effects such as
gastrointestinal symptoms, the most common of
which are diarrhea, heartburn, nausea, abdominal
pain, bloating and retching (9). Herbal plants with
antioxidant properties and fewer side effects are
alternative therapies.

Silymarin, a polyphenolic flavonoid, is extracted
from the milk thistle (Silybum marianum). Silybin
is the main component of silymarin and most of
silymarin’s phytochemical properties are because
of silybin. Several studies have demonstrated
the antioxidant, anti-inflammatory, antineoplastic,
antifibrotic, and immunomodulatory properties for

silymarin (10). Silymarin as an antioxidant reacts
against ROS and scavenges free radicals, and
improves the antioxidant defense system by
strengthening endogenous antioxidant enzymes
such as glutathione and superoxide dismutase.
The antioxidant and anti-diabetic effects of
metformin and silymarin have been previously
studied (11). Metformin as a chemical drug, in
addition to its beneficial effects, possesses several
side effects which negatively affect the patient’s
quality of life. So, the present study aimed to
compare the effects of metformin as a chemical
drug and silymarin as an herbal agent on the testis
and sperm parameters of diabetic rats.

If the results of this study confirm the positive
effects of silymarin on the male reproductive
system, it is hoped that, after clinical trials, this
agent could be used to improve diabetic-induced
complications on sperm parameters and testicular
tissue and may be used as an effective agent for
infertility treatment.

2. Materials and Methods

2.1. Animals

This experimental study was performed on
32 male Wistar rats, aged four months (250-
270 gr). The animals were purchased from the
animal house of the Faculty of Medicine at
Urmia University of Medical Sciences, Urmia, Iran.
Animals were housed in plastic cages at 12 hr
light/dark cycle and room temperature of 21-23°C
and fed with standard commercial laboratory chow
and water.

2.2. Experimental design

The animals were randomly divided into four
groups (n = 8 in each group) and the drugs were
administered daily for 56 days, as follows:
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1) Control (intact) group (C) which received
intraperitoneally equal volume of saline;

2) Diabetic group (D) which received
streptozotocin (STZ) (Sigma, St. Louis, Mo, USA)
(60 mg/kg/ip) (12);

3) (D+Met) diabetic group which received
STZ+metformin (Merck, Germany) (200 mg/kg/ip)
(13); and

4) (D+Sil) diabetic group which received
STZ+silymarin (100 mg/kg/ip) (14).

2.3. Induction of diabetes mellitus

Diabetes was induced by a single injection of
STZ (60 mg/kg/IP), which was freshly dissolved
in cold normal saline. Three days after the
STZ injection, hyperglycemia was confirmed
by analyzing the tail blood glucose levels
with a digital glucometer (Elegance, Model:
no: CT-X10 Germany). Rats with high blood
glucose levels (> 250 mg/dl) were considered
diabetic.

2.4. Epididymal sperm preparation

Sperms were obtained from the caudal
part of the epididymis. For this purpose, rats
were sacrificed using ketamine (160 mg/kg,
Daroopakhsh, Iran) and xylazine (20 mg/kg,
Daroopakhsh, Iran). The abdominal skin was
then sterilized with 70% ethanol, an incision
was created on the abdomen, and the testes
with epididymis were removed. The cauda
epididymis of the left testis was removed and
minced in 2 ml of human tubal fluid which was
previously warmed to 37°C. Then the cauda
epididymis was cut into little sections for releasing
more sperm. Finally, the sperm suspension
was incubated in 37°C and 5% CO2 for 30 min
(15).

2.5. Sperm parameters

The epididymal sperm counting was performed
by a hemocytometer (Neubauer chamber) (16). 1
ml of sperm suspension was diluted with human
tubal fluid in a ratio of 1 to 20. Then one drop (10
µl) of diluted suspension was transferred into the
Neubauer chamber and after five min was counted
under a light microscope (Olympus, BH2, Japan).
Counting was performed according to the World
Health Organization manual. The count of the
sperm in the 1 ml sperm suspension was calculated
by the following formula:

Sperm cell number = [n.50, 000.d] where
n = the counted sperm number, d = reverse of
sperm suspension dilution.

Sperm viability was evaluated by eosin-nigrosin
staining. 20 µl of sperm suspension was placed
on a microscopic slide and stained with 20 µl
eosin (Sigma-Aldrich, Germany); after 30 sec 20 µl
of nigrosin solution (Sigma-Aldrich, Germany) was
added. After preparing the smears and drying
the slides, they were observed under a light
microscope (x400 magnification). Live sperms
remained unstained following staining, whereas
those that showed pink coloration were classified
as dead. At least 200 sperms were counted
from each sample in ten fields randomly, and the
percentage of live sperms was recorded (16).

Eosin-nigrosin staining was used to evaluate
sperm morphology. Thin smears were prepared,
allowed to dry, fixed and stained with eosin and
nigrosine. The slides were investigated under a
light microscope with a x40 magnification. The
presence of one or more abnormality features
such as head, tail, and middle piece defects were
analyzed. At least 200 sperms were evaluated
for morphological abnormalities. The data were
presented as a percentage of morphologically
normal sperms (16).
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For assessment of sperm motility, 10 µl of
sperm suspension was placed on a semen analysis
chamber. Aminimumof tenmicroscopic fields were
assessed to evaluate sperm motility using a light
microscope (x400 magnification). The percentage
of sperm motility was calculated for the following
patterns: progressively motile sperm (PMS) and
nonmotile sperm (NMS).

2.6. Sperm DNA integrity

Sperm DNA integrity was evaluated by acridine
orange (AO) staining. Sperm smears were placed
on slides, and were air-dried for one hr and then
fixed in methanol/acetic acid (Carnoy’s fixative) for
two hr. Each sample was stained for 10 min in
freshly prepared acridine orange (AO; 0.19 mg/ml)
in phosphate-citrate buffer (PH4) for five min.

The slides were investigated with an
immunofluorescent microscope (Zeiss Company,
Germany) with a 460 nm filter. The green-headed
sperms were considered to have double-stranded
DNA or healthy DNA and sperms with a yellow or
red head were marked as having single-stranded
DNA or denatured DNA. At least 100 sperms
were assessed on each slide and finally, the
percentages of healthy and damaged DNA were
determined and compared between the groups
(17).

2.7. Sperm nuclear maturity

Aniline blue (AB) staining was used for the
assessment of sperm nuclear maturity. At the
spermatogenesis stage, histones are replaced
by protamine in the chromatin of sperms. This
replacement is very important for the stability and
density of sperms (16). A large number of lysine
amino acids are found in the histone protein
structure, and these react with acidic dyes such as
AB. So, in AB staining, the sperms with immature

nuclei are seen as dark blue due to the presence
of histones, while the healthy sperms with mature
nuclei are seen as pale.

First sperm smears were prepared and fixed in
3% buffered glutaraldehyde in 0.2 M phosphate
buffer for 30 min. Next the smears were stained
with 5% aqueous aniline blue in 3% acetic acid
for five min. Finally, the slides were washed
and surveyed with a light microscope at x100
magnification. The nuclear maturity of 200 sperms
per slide was assessed by a light microscope and
the percentage of mature sperms was calculated in
each animal (18).

2.8. Body weight and testis weight

Body weight was recorded one day before STZ-
injection and at the end of treatment. At the end
of the study, rats were anesthetized with ketamine
and xylazine, and blood samples were collected
from the heart for malondialdehyde (MDA) and total
antioxidant capacity (TAC) levels measurement.
The right testis was removed and its weight was
determined. The testis weight index was calculated
in the experimental groups.

2.9. Measurement of serum MDA

MDA is important in the process of lipid
peroxidation and is used as an index of oxidative
stress. So, to determine the amount of lipid
peroxidation, MDA levels were measured in serum
samples. To this end, blood samples were taken
from the heart. After centrifuging (3000 rpm for 15
min), the blood serum was separated and frozen at
-70°C.

The MDA level was evaluated by placing
0.20 ml of the serum into a test tube which
contained 3 ml of glacial acid. 1% thiobarbituric
acid and 2% NaOH were added to the tube,
which was placed in boiling water for 15 min.
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Then after cooling, a spectrophotometer read
the absorbance of the pink-colored product at
532 nm. The calibration curve was constructed
by MDA tetrabutylammonium salt obtained from
Sigma Company (USA) (19).

2.10. Measurement of serum TAC

TAC was used for evaluating the protective
effects of silymarin and metformin on diabetic-
induced oxidative stress. TAC was measured in
the serum in accordance with the guidelines
and protocol of the commercial kit LDN (Labor
Diagnostika Nord GmbH and Co KG, Germany).

This method is based on the reduction ability
of Fe3+. In this procedure, a large amount of
Fe3+ in acidic pH was reversed to Fe2+and blue
dye was formed. The absorption was measured
at a wavelength of 593 nm and read by a
spectrophotometer. The amount of TAC was
expressed in nmol/ml (20).

2.11. Histopathological assay

After excision of the left testis, it was placed in
10% formalin for 48 hr to fix its tissue. After tissue
processing, 5 µm thick sections were prepared
with a rotary microtome (Leica Model RM 2145,
Germany). Then the slides were stained with
hematoxylin and eosin (H&E) (Merck, Germany) and
observed under a light microscope equipped with
a Sony camera (Zeiss, Cyber-Shot, Japan) (21). The
number of spermatogonia, primary spermatocytes,
spermatid, and Leydig cells was examined in the
histopathological analysis.

2.12. Morphometric study

The height of germinal epithelium and diameter
of 50 seminiferous tubules were randomly

examined in each group by using a Motic camera
and software. The diameter and germinal epithelial
height of seminiferous tubules were measured
from the spermatogenic cells on the inner surface
of the basement membrane through the most
advanced cell types lining the lumen of the tubules
(22).

2.13. Ethical considerations

All animal experimentation protocols were
carried out under the supervision of the Ethics
Committee of Urmia University of Medical Sciences
(Code: IR.UMSU.REC.1398.114).

2.14. Statistical analysis

The statistical analysis was performed using
the Statistical Package for the Social Sciences
software version 16.0 for windows (SPSS Inc,
Chicago, II, United States). All data were presented
as means ± standard deviation (SD). Analysis of
variance (ANOVA) was applied for multiple groups
comparison, followed by Tukey’s post hoc test.
P < 0.05 was considered statistically significant.

3. Results

3.1. Sperm count

The sperm count findings are summarized in
table I. According to the data, there was a
significantly lower number of sperms in the diabetic
rats compared to the control group. Significantly
higher numbers of sperm were observed in the
D+Met and D+Sil groups in comparison with the
diabetic group (p ≤ 0.001, table I). There was
also a significant difference in terms of sperm
count between the D+Met and D+Sil groups
(p ≤ 0.001).
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3.2. Sperm motility

The sperm motility data are also summarized in
table I. The sperm motility of rats in the diabetic
group decreased significantly in comparison
to those of the control group (p ≤ 0.001). In
treated groups (groups that received metformin
and silymarin), the sperm motility improved
significantly in comparison to those of the diabetic
group (p ≤ 0.001). A significant difference was
observed between the D+Met and D+Sil groups
(p ≤ 0.001).

3.3. Sperm morphology

According to the data of table I, the rats in
the diabetic group had significantly fewer sperms
with normal morphology than the control group
(p ≤ 0.001). Statistical analysis showed that there
was a significant difference in the percentage
of sperms with normal morphology between the
diabetic rats and those in the D+Met and D+Sil
groups (p ≤ 0.001).

The morphological observation indicated that
treatment with silymarin significantly (p ≤ 0.001)
reversed the sperm morphological anomalies and
significantly increased the percentage of normal
sperms compared to the untreated group so that
there was no significant difference between the
control and D+Sil groups (p = 1.00).

3.4. Sperm viability

The percentage of live sperms in the diabetic
group was significantly lower (p ≤ 0.001) in
comparison with the control group. Diabetic rats
which were treated with metformin or silymarin
showed a considerably higher percentage of live
sperms when compared to the diabetic group
(p < 0.05) (Table I).

3.5. Sperm DNA integrity

The analysis of spermDNA integrity is presented
in table I. The findings indicated that diabetes
increased the percentage of red spermatozoa
(single-stranded DNA sperm) compared to the
control group. Treatment with metformin and
silymarin significantly decreased the percentage of
spermatozoawith DNA damage in comparisonwith
the diabetic group (p ≤ 0.001). There was also a
significant difference in the percentage of single-
stranded DNA sperm in the D+Sil group compared
to the D+Met group (p ≤ 0.001).

3.6. Sperm nuclear maturity

AB staining revealed that diabetes was
associated with a significantly higher percentage
of dark blue stained sperms (sperms with an
immature nucleus) compared to the control group
(p ≤ 0.001) (Table I). Statistical analysis indicated
that treatment with silymarin remarkably decreased
the percentage of sperms with chromatin
abnormalities compared to the diabetic group
(p ≤ 0.001). Metformin had no significant effect
on the histo-protamine replacement in the sperm
maturation process in comparison with the diabetic
group (p = 0.43).

3.7. MDA measurement in serum

According to the results shown in table I, the
concentration of plasma MDA was considerably
higher in diabetic rats compared to the control
group (p ≤ 0.001). Treatment with metformin and
silymarin seemed to significantly reduce the level
of serumMDA (p ≤ 0.001) compared to the diabetic
group. Also, a significant difference was observed
between the D+Met and D+Sil groups in terms of
MDA concentration (p ≤ 0.001).
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3.8. TAC measurement in serum

The concentration of serum TAC was
significantly lower in the diabetic group compared
to the control group (p ≤ 0.001) (Table I). Statistical
analysis indicated that the serum TAC was
remarkably improved in the D+Sil group in
comparison with the diabetic group (p ≤ 0.001).
Metformin had no significant effect on the serum
level of TAC when compared with the diabetic
group (p = 1.00). Also, the mean concentration
of TAC was significantly higher in the D+Sil
group as compared with the D+Met group
(p ≤ 0.001).

3.9. Body weight and testis weight

The effects of the various treatments on the
rats’ body and testis weight and index of testis
weight are presented in table II. Statistical analysis
revealed that there was no significant difference
between the experimental groups in terms of
initial body weight (p = 1.00). At the end of
the study a remarkably lower body weight was
found in the diabetic group compared to the
control group (p ≤ 0.001). A partial recovery in
body weight was observed in animals treated
with metformin and silymarin and there was a
significant difference in body weight between
the diabetic and treated animals (p ≤ 0.001). In
addition, a significant differencewas seen between
the D+Met and D+Sil groups in terms of final
body weight (p ≤ 0.001). Moreover, a considerably
lower testis weight was observed in the diabetic
group compared to the control group (p ≤ 0.001),
while the findings indicated that treatment with
metformin and silymarin resulted in a significant
rise in testis weight (p ≤ 0.001) when compared
with the diabetic group. Further, there was a
significant difference between the D+Met and D+Sil
groups in terms of testis weight (p ≤ 0.001).

3.10. Effect of metformin and silymarin
on seminiferous tubule diameter and
germinal epithelium height

Figure 1 shows the diameter and germinal
epithelial height of seminiferous tubules for
all of the groups. The mean diameter of
seminiferous tubules and germinal epithelial
height in the diabetic group decreased significantly
in comparison to those of the control group
(p ≤ 0.001), while the means of these parameters
were significantly improved in animals treated with
metformin and silymarin in comparison to those of
the diabetic group (p ≤ 0.001).

3.11. Effect of metformin and silymarin
on spermatogenic cell count

The mean number of spermatogenic cells
is shown in figure 2. According to figure 2A,
significantly fewer spermatogonia, primary
spermatocytes, spermatid, and Leydig cells
were seen in the diabetic group compared to the
control group (p ≤ 0.001). The findings indicated
that treatment with metformin and silymarin
significantly increased the above-mentioned cell
counts (p ≤ 0.001).

3.12. Histopathological findings

The histopathological analyses of the testes
indicated that the seminiferous tubules in the
control group had normal morphology, the
germinal epithelium in these tubules contained
all of the spermatogenic line cells such as
spermatogonia, primary spermatocytes and
spermatids, and the lumen of the seminiferous
tubules contained a large number of spermatozoid.
The basement membrane had a normal thickness
and the interstitial spaces were filled by several
Leydig cells (Figure 3). Compared to the control

https://doi.org/10.18502/ijrm.v19i12.10060 Page 1097



International Journal of Reproductive BioMedicine Pourheydar et al.

group, in the diabetic group, disorganization
and deformation of the seminiferous tubules
were observed (Figure 3). In addition, the
basement membrane was thicker in the
diabetic group. Moreover, in the diabetic
group, degeneration of germinal epithelium

cells, atrophy of Leydig cells, and reduced
spermatozoid number in the tubule lumen were
also observed. Treatment with metformin and
silymarin seemed to significantly reduce the
diabetic histopathologic complications (Figure
3).

Table I. Effects of metformin and silymarin on sperm count, motility, morphology, viability, maturity and DNA quality, and MDA and
TAC concentrations in the different groups

Variable Control Diabetes D+Met D+Sil p-value*

Sperm count (ml ×××106) 116.0 ± 2.78 (0.98) 34.5 ± 2.07𝑎 (0.73) 42.0 ± 2.07𝑎,𝑏 (0.73) 54.0 ± 2.00𝑎,𝑏,𝑐 (0.71) ≤ 0.001

Motile sperm (%) 62.00 ± 3.38 (1.20) 22.63 ± 2.77𝑎 (0.98) 46.38 ± 2.67𝑎,𝑏 (0.94) 58.13 ± 3.31𝑏,𝑐 (1.17) ≤ 0.001

Sperm with normal
morphology (%) 86.00 ± 2.56 (0.91) 48.00 ± 2.73𝑎 (0.96) 77.75 ± 2.38𝑎,𝑏 (0.84) 84.50 ± 2.14𝑏,𝑐 (0.76) ≤ 0.001

Viable sperm (%) 89.63 ± 2.97 (1.05) 42.38 ± 2.77𝑎 (0.98) 55.13 ± 2.64𝑎,𝑏 (0.93) 87.50 ± 2.45𝑏,𝑐 (0.87) ≤ 0.001

Sperm with DNA
damage 1.00 ± 0.76 (0.27) 33.25 ± 2.82𝑎 (1.00) 25.50 ± 2.20𝑎,𝑏 (0.78) 7.75 ± 2.19𝑎,𝑏,𝑐 (0.77) ≤ 0.001

Sperm with immature
nucleus (%) 7.00 ± 1.77 (0.63) 41.50 ± 2.51𝑎 (0.89) 39.00 ± 2.27𝑎 (0.81) 33.13 ± 2.17𝑎,𝑏,𝑐 (0.77) ≤ 0.001

MDA level in serum
(nmol/ml) 1.2 ± 0.18 (0.06) 4.5 ± 0.15𝑎 (0.05) 3.7 ± 0.15𝑎,𝑏 (0.05) 2.1 ± 0.22𝑎,𝑏,𝑐 (0.08) ≤ 0.001

TAC level in serum
(nmol/ml) 0.80 ± 0.12 (0.04) 0.28 ± 0.02𝑎 (0.01) 0.32 ± 0.03𝑎 (0.01) 0.58 ± 0.03𝑎,𝑏,𝑐 (0.01) ≤ 0.001

Data are presented as Mean ± SD (SE). 𝑎Significantly different from the control group, 𝑏Significantly different from the diabetic
group, 𝑐Significantly different from the D+Met group, *One Way-ANOVA test, D: Diabetes, Met: Metformin, Sil: Silymarin, MDA:
Malondialdehyde, TAC: Total antioxidant capacity

Table II. Effects of metformin and silymarin on body and testis weights and index of testis weight in different groups

Variable Control Diabetes D+Met D+Sil p-value*

Initial body
weight (gr) 255.00 ± 7.03 (2.49) 256.13 ± 6.81 (2.41) 254.88 ± 6.79 (2.40) 256.38 ± 7.96 (2.82) 1.00

Final body weight
(gr) 266.38 ± 8.11 (2.87) 158.25 ± 8.71𝑎 (3.08) 180.00 ± 7.33𝑎,𝑏 (2.59) 218.00 ± 6.16𝑎,𝑏,𝑐 (2.18) ≤ 0.001

Testis weight (gr) 1.69 ± 0.04 (0.01) 0.90 ± 0.03𝑎 (0.01) 1.10 ± 0.09𝑎,𝑏 (0.03) 1.36 ± 0.02𝑎,𝑏,𝑐 (0.01) ≤ 0.001

Index of testis
weight (%) 0.0063 (0.63 %) 0.0056 (0.56 %) 0.0061 (0.61 %) 0.0062 (0.62 %) -

Data are presented as Mean ± SD (SE). 𝑎Significantly different from the control group, 𝑏Significantly different from the diabetic
group, 𝑐Significantly different from the D+Met group, *One Way-ANOVA test, D: Diabetes, Met: Metformin, Sil: Silymarin
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Figure 1. Effect of metformin (Met) and silymarin (Sil) on A) Seminiferous tubule diameter and B) Germinal epithelium height in
different groups. The data are expressed as Mean ± SD. a: Significantly different from the control group, b: Significantly different
from the diabetic group, c: Significantly different from the D+Met group.

Figure 2. Effect of metformin (Met) and silymarin (Sil) on the number of A) Spermatogonia, B) Primary spermatocytes, C) Spermatids
and D) Leydig cells in different groups. The data are expressed as Mean ± SD. a: Significantly different from the control group, b:
Significantly different from the diabetic group, c: Significantly different from the D+Met group.
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Figure 3. Cross-sections of testicular tissue from different groups. Normal cell distribution, spermatogenesis (N.SP), and
spermiogenesis (thick arrow) can be seen in the control group. The section from the diabetes group shows germinal epithelium
height reduction (GHR), incomplete spermatogenic series (ISS), vacuolation (VC), germ cell dissociation, and irregular germ
epithelium arrangement, which are ameliorated in the D+Met and D+Sil groups. SPM: Spermatid, PS: Primary spermatocyte, SP:
Spermatogonia, SC: Sertoli cell, SL: Seminiferous tubule lumen. (Hematoxylin and eosin, x100, x400, and x800 magnification).

4. Discussion

The present study aimed to investigate the
effects of silymarin in comparison with metformin
on testis and sperm parameters in diabetic rats.
Our data demonstrated that diabetes significantly
reduced the body and testis weight, sperm
parameters, sperm DNA integrity, seminiferous
tubule diameter, number of spermatogenic cells
and TAC level and increased the MDA level
in comparison with the control group; the use
of metformin and silymarin markedly improved
the aforementioned parameters (p ≤ 0.001). These

findings were consistent with those of other
research.

A previous study (23) investigated the effect of
metformin and Nigella sativa on the reproductive
system in diabetic male rats. Its findings indicated
that diabetes reduced the relative weight of testes
and the level of testosterone, and co-administration
of metformin and Nigella sativa oil resulted in
the improvement of the mentioned parameters.
Other studies have revealed that diabetes-induced
oxidative stress decreases the levels of antioxidant
enzymes in Leydig cells which could result in
the reduction of testosterone synthesis. The low
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level of testosterone leads to the dysfunction of
spermatogenesis, degeneration of seminiferous
tubules, and, finally, decreased testis weight. In
the present study, it seems that metformin and
silymarin caused an increase in serum testosterone
levels which resulted in the improvement of count
and function of germinal cells and finally, the rise
of testis weight.

Another study examined the effect of silymarin
and silibin in STZ-induced diabetic rats (24). Its
findings showed a significant reduction in the
body weight of the diabetic group. Also, in
the animals treated with silymarin, body weight
was significantly increased when compared with
the diabetic group. The data of our study also
showed that silymarin normalized the reduced
testicular weight in the diabetic group. It seems
that silymarin stimulated germ cells’ survival and
spermatogenesis via the alleviation of oxidative
stress and protected the rats from testicular weight
loss (25).

Hyperglycemia is one of the major factors which
results in infertility. A previous study showed
that oxidative stress induced by hyperglycemia
can have defective effects on the reproductive
system such as sexual organ weight reduction,
testicular atrophy, and decreased sperm count
(26). The sperm cell membrane contains a
large number of polyunsaturated fatty acids,
which makes them very sensitive to oxidative
damage (27). So, lipid peroxidation affects the
integrity of the sperm cell’s membrane and
causes a decrease in sperm motility as well as
viability and, finally, can lead to apoptosis and
reduced sperm count (28). Therefore, antioxidant
administration could be one of the beneficial
methods for preventing diabetes-induced infertility.
Silymarin, as a natural polyphenolic compound,
can react with ROS and free radicals and change
them into compounds with less toxicity. It also
strengthens the effects of antioxidant enzymes

such as glutathione and superoxide dismutase
(27).

The effect of silymarin on methotrexate-induced
testicular damage was studied by researchers (25).
They reported that methotrexate caused a loss of
germ cells and sperms and reduced antioxidant
enzymes. It also decreased sperm motility and
viability. Silymarin administration significantly
improved these parameters. These findingswere in
agreement with our study data. The present study
indicated that diabetes significantly decreased
sperm count, motility and viability, and silymarin
administration considerably improved these
parameters. The protective effect of silymarin can
be explained by its protection of the cell membrane
against oxidative stress. The antioxidant effect of
silymarin may be due to the components present
in silymarin such as silybin, silydianin, silychristin,
and flavonolignans.

The findings of our study showed that the serum
MDA levels were considerably increased and
the TAC levels were decreased in the diabetic
rats; treatment with metformin and silymarin
improved these levels. These results were
in line with previous studies. A recent study
surveyed the effect of metformin on diabetic
nephropathy (5). Its results indicated that diabetes
increased MDA levels and decreased superoxide
dismutase levels in kidney tissue, and metformin
improved these levels. The findings revealed that
metformin inhibited oxidative stress in diabetic
rats.

Researchers studied the effect of silymarin
on oxidative stress in cadmium-treated mice
(29). Their data showed that silymarin reversed
the toxicity of cadmium, decreased the lipid
peroxidation, and increased the antioxidant
enzyme activity. Silymarin is a polyphenolic
compound with antioxidant effects. It increases
the phosphorylation level of tyrosine or serine
residues of nuclear factor erythroid-2-related
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factor 2, promotes the expression of antioxidant
enzymes, and improves the capacity of the
antioxidant defense system (30).

Regarding the AB and AO staining, the present
study demonstrated that diabetes led to an
elevated number of sperms with an immature
nucleus and an increased number of sperms with
abnormal single-stranded DNA; treatment with
silymarin reduced sperm DNA and chromatin
disorders. A previous study indicated that over-
generation of ROS in diabetes led to defects
in sperm chromatin and DNA (31). The integrity
of sperm chromatin is an important factor in
the fertilization process. Several studies have
revealed that increased histone remnants and
protamine deficiency in sperm leads to a defect
in chromatin condensation, which results in
fertilization failure (32). In our study, it seems that
silymarin with its antioxidant properties could
protect the sperm against diabetic-induced ROS
and restore sperm nuclear maturity and sperm
DNA integrity.

The present study showed that diabetes
resulted in the degeneration of seminiferous
tubules, decreased germinal epithelium height,
and a reduced number of spermatogonia,
spermatocytes, spermatids, and Leydig cells,
while treatment with metformin and silymarin
improved these histological alterations. It seems
that the excessive generation of ROS in diabetic
rats destroyed the synthesis of DNA and RNA in the
sperm as well as in sexual germ cells, interrupted
their divisions and differentiation, and finally, led to
a reduction in the number of spermatogenic cells
(33).

A previous study investigated the effect of
L-carnitine on the histopathology of testes in
diabetic rats (22). Its findings showed that diabetes
caused deformity of sperms and reduction in
the number of spermatogenic cells, and L-
carnitine improved these alterations. Since

sperms lose a large volume of their cytoplasm
during spermatogenesis, they have a low amount
of cytoplasmic enzymes, making the sperm’s
membrane sensitive to ROS (34). An increase in
ROS and lipid peroxidation results in seminiferous
tubule atrophy and apoptosis of germ cells. In the
present study, the improvement of histological
alteration can be attributed to the antioxidant
properties of metformin and silymarin.

A recent study revealed that diabetes can induce
apoptosis in spermatogenic line cells (35). One of
the factors which can induce apoptosis is defect
in the synthesis of testosterone by Leydig cells.
Diabetes-induced ROS affects the Leydig cells’
function and reduces the level of testosterone. The
integrity of germinal cells and their normal function
for mitotic divisions depends on testosterone
secretion (36).

Another study examined the effect of metformin
and honey on the testes of diabetic rats; the results
indicated that diabetes reduced testosterone,
luteinizing hormone, and follicle-stimulating
hormone levels in the serum and decreased the
seminiferous tubule diameters; treatment with
metformin and honey improved the levels of the
sexual hormones and the histomorphometric
alteration in the testes (2). Consistent with other
studies, it seems that metformin and silymarin
prevented the accumulation of free radicals,
restored the integrity of sperm cell membranes,
prevented the apoptosis of germ cells, and
increased the number of spermatogenic line cells
and diameter of seminiferous tubules in the testes
of the diabetic rats.

The data of the present study showed that
both metformin and silymarin could improve the
sperm parameters and testicular histopathological
alterations in diabetic rats, but silymarin was
more effective. Further research is required for
describing the mechanism of their protective
efficacy. Similar to our study, researchers
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investigated the effect of metformin and curcumin
on oxidative stress and diabetic nephropathy
in rats (37). They reported that curcumin was
found to be more effective than metformin
in attenuating oxidative stress in diabetic
nephropathy.

Finally, the findings of this study suggested that
metformin and silymarin have beneficial effects
in preventing and treating the complications of
diabetes and infertility, and silymarin was found to
be more effective.

5. Conclusion

The data of this study indicated that metformin
and silymarin significantly improved the
sperm parameters, sperm DNA integrity and
histopathological alterations in diabetic rats,
and this improvement was more substantial in
silymarin-treated animals. Therefore, it seems
that silymarin plays a more effective role
than metformin in diabetes-induced infertility.
However, further detailed studies are required
to investigate the effects of these compounds in
more depth.

Acknowledgments

This study has been extracted from an M.Sc.
thesis at Urmia University of Medical Sciences.
Funding for this research was supported by a grant
(No.2601) from the Urmia University of Medical
Sciences. The authors would like to thank the staff
of the Cellular and Molecular Research Center at
Urmia Faculty of Medicine.

Conflict of Interest

The authors declare no conflict of interest in the
present study.

References

[1] Kanter M, Aktas C, ErbogaM. Protective effect of quercetin
against apoptosis and oxidative stress in streptozotocin-
induced diabetic rat testis. Food Chem Toxicol 2012; 50:
719–725.

[2] Nasrolahi O, Khaneshi F, Rahmani F, Razi M. Honey
and metformin ameliorated diabetes-induced damages in
testes of rat: Correlation with hormonal changes. Iran J
Reprod Med 2013; 11: 1013–1020.

[3] Ghanbari E, Nejati V, Azadbakht M. Protective effect of
royal jelly against renal damage in streptozotocin-induced
diabetic rats. Iran J Toxicol 2015; 9: 1258–1263.

[4] Kim SH, Kim SC, Ku JL. Metformin increases chemo-
sensitivity via gene downregulation encoding DNA
replication proteins in 5-Fu resistant colorectal cancer
cells. Oncotarget 2017; 8: 56546–56557.

[5] Zhang S, Xu H, YU X, Wu Y, Sui D. Metformin
ameliorated diabetic nephropathy in a rat model of low-
dose streptozotocin-induced diabetes. Exp Ther Med
2017; 14: 383–390.

[6] Tan MH, Alquaini H, Mizokami-Stout K, MacEachern M.
Metformin: From research to clinical practice. Endocrinol
Metab Clin North Am 2016; 45: 819–843.

[7] Saisho Y. Metformin and inflammation: Its potential
beyond glucose-lowering effect. Endocr Metab Immune
Disord Drug Targets 2015; 15: 196–205.

[8] Park MJ, Lee SY, Moon SJ, Son HJ, lee SH, Kim EK,
et al. Metformin attenuates graft-versus-host disease
via restricting mammalian target of rapamycin/signal
transducer and activator of transcription3 and promoting
adenosine monophosphate-activated protein kinase-
autophagy for the balance between T helper 17 and
Treges. Transl Res 2016; 173: 115–130.

[9] Fatima M, Sadeeqa S, Nazir SUR. Metformin and its
gastrointestinal problems: A review. Biomed Res 2018; 29:
2285–2289.

[10] Taghiabadi E, Imenshahidi M, Abnous Kh, Mosafa F,
Sankian M, Memar B, et al. Protective effect of silymarin
against acrolein-induced cardiotoxicity in mice. Evid
Based Complement Altern Med 2012; 2012: 352091.

[11] Darbandi M, Darbandi S, Agrawal A, Sengupta P,
Durairajanayagam D, Henkel R, et al. Reactive oxygen
species and male reproductive hormones. Reprod Biol
Endocrinol 2018; 16: 87.

[12] Sing BK, Sing A, Kumar V. Ameliorative effect of adjunct
therapy of metformin with atorvastatin on streptozotocin-
induced diabetes mellitus in rats. Drug Res (Stuttg) 2016;
66: 28–32.

[13] Mousavi F, Eidi A, Khalili M, Roghani M. Metformin
ameliorated learning and memory deficits in
streptozotocin-induced diabetes rats. J Basic Clin
Pathophysiol 2018; 6: 17–22.

[14] Baluchnejadmojarad T, Roghani M, Homayonfar H, Khaste
Khodaei Z. [Protective effect of chronic administration of
silymarin on blood glucose and lipids and oxidative stress
in diabetic rats]. Koomesh 2009; 10: 143–150. (in Persian)

[15] Shokri S, Hemadi M, Bayat G, Bahmanzadeh M, Jafari-
Anarkooli I, Mashkani B. Combination of running exercise
and high dose of anabolic androgenic steroid, nansrolone
decanoate, increases protamine deficiency and DNA
damage in rat spermatozoa.Andrologia 2014; 46: 184–190.

https://doi.org/10.18502/ijrm.v19i12.10060 Page 1103



International Journal of Reproductive BioMedicine Pourheydar et al.

[16] Ghanbari M, Mortazavi SB, Khavanin A, Khazaei M.
Simultaneus effects of exposure to microwaves and noise
on male rat sperm parameters and total antioxidant
capacity. Health Scope 2013; 1: 178–184.

[17] Momeni HR, Eskandari N. Effect of vitamin E on sperm
parameters and DNA integrity in sodium arsenite-induced
rats. Iran J Reprod Med 2012; 10: 249–256.

[18] Kazerooni T, Asadi N, Jadid L, Kazerooni M, Ghanadi AR,
Ghaffarpasand F, et al. Evaluation of sperm’s chromatin
quality with acridine orange test, chromomycin A3 and
anilin blue staining in couples with unexplained recurrent
abortion. J Assist Reprod Genet 2009; 26: 591–596.

[19] Ognjanovic BI, Markovic SD, Dordevic NZ, Trbojevic IS,
Stajn AS, Saicic ZS. Cadmium-induced lipid peroxidation
and changes antioxidant defense system in the rat testes:
Protective role of coenzyme Q10 and vitamin E. Reprod
Toxicol 2010; 29: 191–197.

[20] Mirzaei Khorramabadi Kh, Talebi AR, Abbasi Sarcheshmeh
A, Mirjalili A. Protective effect of vitamin E on oxidative
stress and sperm apoptosis in diabetic mice. Int J Reprod
Biomed 2019; 17: 127–134.

[21] Mortazavi M, Salehi I, Alizade Z, Vahabian M, Mohammadi
Roushandeh A. Protective effects of antioxidants on sperm
parameters and seminiferous tubules epithelium in high
fat-fed rats. J Reperod Infertil 2014; 15: 22–28.

[22] Mardanshahi T, Rezaei N, Zare Z, Malekzadeh Shafaroudi
M, Mohammadi HR. Effect of L-carnitine on the sperm
parameters, apoptosis of spermatogenic cells and testis
histopathology in diabetic rats. Int J Reprod Biomed 2018;
17: 325–336.

[23] Mahmoud YK, Saleh ShY, El Ghannam AERA, Ibrahim IA.
Biochemical efficacy of Nigella sativa oil and metformin
on induced diabetic male rats. Am J Anim Vet Sci 2014; 9:
277–284.

[24] El-Far M, Negm A, Wahdan M. Promising
biopharmaceutical use of silymarin and silibinin as
anti-diabetic natural agents in streptozotocin-induced
diabetic rats: First comparative assessment. World J
Pharm Pharmaceut Sci 2015; 4: 7–28.

[25] Yaman T, Uyar A, Salih Kaya M, Faruk Keles O, Atalay Uslu
B, Yener Z. Protective effects of silymarin onmethotrexate-
induced damages in rat testis. Braz J Pharm Sci 2018; 54:

e17529.
[26] Omolaoye Temidayo S, du Plessis Stefan S. Diabetes

mellitus and male infertility. Asian Pac J Reprod 2018; 7:
6–14.

[27] Eskenazi B, Kidd SA, Marks AR, Sloter E, Block G, Wyrobek
AJ. Antioxidant intake is associated with semen quality in
healthy men. Hum Reorod 2005; 20: 1006–1012.

[28] Wang X, Hai CX. ROS act as a double-edged sword in the
pathogenesis of type-2 diabetes: Is Nrf2 a potential target
for the treatment?Mini RevMedChem 2011; 11: 1082–1092.

[29] Farjad E, Momeni HR. Silymarin ameliorates oxidative
stress and enhances antioxidant defense system capacity
in cadmium-treated mice. Cell J 2018; 20: 422–426.

[30] Surui PF. Silymarin as a natural antioxidant. An overview
of the current evidence and perspectives. Antioxidants
(Basel) 2015; 4: 204–247.

[31] Azad F, Nejati V, Shalizar-Jalali A, Najafi GhR, Rahmani
F. Royal jelly protects male mice against nicotine-induced
reproductive failure. Vet Res Forum 2018; 9: 231–238.

[32] Cho Ch, Jung-Ha H,Willis WD, Goulding EH, Stein P, Xu Zh,
et al. Protamin 2 deficiency leads to sperm DNA damage
and embryo death in mice. Biol Reprod 2003; 69: 211–217.

[33] Sadeghi MR, Hodjat M, Lakpour N, Arefi S, Amirjanatti
N, Modarresi T, et al. Effect of sperm chromatin integrity
oh fertilization rate and embryo quality following
intracytoplasmic sperm injection. Avicenna J Med
Biotechnol 2009; 1: 173–180.

[34] Jalili C, Kamani M, Roshankhah Sh, Sadeghi H, Salahshoor
MR. Effects of Falcaria vulgaris extracts on sperm
parameters in diabetic rats. Andrologia 2018; 50: e13130.

[35] Yaman O, Topcu-Tarladacalisir Y. L-carnitine counteracts
prepubertal exposure to cisplatin induced improved sperm
in adult rats by preventing germ cells apoptosis. Biotech
Histochem 2018; 93: 157–167.

[36] Shahreari Sh, Khaki A, Ahmadi-Ashtiani HR, Rezazadeh Sh,
Hajiaghaei R. Effects of Danae racemosa on testosterone
hormone in experimental diabetic rats. J Med Plants 2010;
9: 114–119.

[37] Asadi S, Goodarzi MT, Karimi J, Hashemnia M, Khodadadi
I. Does curcumin or metformin attenuate oxidative stress
and diabetic nephropathy in rats? J Nephropathol 2019; 8:
e08.

Page 1104 https://doi.org/10.18502/ijrm.v19i12.10060


