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I

Background: One of the main causes of male infertility is the negative effects of oxidative stress.
Follicle-Stimulating Hormone (FSH) plays an essential role in spermatogenesis, as well as in the
maintenance of sperm DNA integrity. This study aimed to determine whether the recombinant human
Follicle-Stimulating Hormone (rhFSH) treatment of sperm parameters could positively affect sperm
DNA and oxidative DNA fragmentation in oligozoospermic infertile men.
Materials and Methods: This interventional study was carried out on a sample of 50 oligozoospermic
infertile men. To this end, sperm DNA fragmentation and ROS, as an oxidative stress marker, were
measured before and after treatment with rhFSH sperm parameters.
Results: The sperm parameters (concentration, mobility, and morphology) were significantly different
in the oligozoospermic infertile patients before and after the rhFSH treatment (P<0.05). Moreover,
sperm DNA fragmentation had a significant decrease in patients after the FSH treatment (P<0.05).
Besides, the ROS level in sperm and the malondialdehyde level of seminal plasma significantly
decreased after the treatment (P<0.05).
Conclusion: Treatment with rhFSH significantly improved sperm parameters. Furthermore, the
treatment led to a significant reduction of sperm DNA fragmentation and oxidative stress in the
oligozoospermic infertile patients. Similarly, the malondialdehyde concentration markedly decreased
in correlation with DNA fragmentation after the rhFSH treatment.

Introduction
nfertility is one of the most critical problems that can be caused by lifestyle
changes and environmental stress. According to studies, environmental factors
such as pesticides, exogenous estrogen,
heavy metals, and free radicals can harm

spermatogenesis and reduce the number of sperms in
men. One of these factors that affects fertility in men is
Reactive Oxygen Species (ROS) [1]. Oxidative stress is
generally used to show whether the amount of antioxidants is either high or low in the cell. Various physiological processes produce ROS. Low production of ROS
plays an essential role in the sperm performance (DNA
compression and its capacity). However, ROS can break
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down DNA and increase the risk of a malignant testicular tumor when produced in high levels. Sperm cells
are particularly susceptible to the damage induced by
excessive ROS because, on the one hand, their plasma
membranes are full of polyunsaturated fatty acids, and,
on the other hand, cytoplasmic antioxidant enzymes are
deficient in sperms [1].
ROS induces lipid peroxidation in the sperm membrane, and peroxidation of the resulting fatty acids has
toxic effects on sperms and decreases sperm function
[2]. Lipid peroxidation leads to the development of several products, Most Notably Malondialdehyde (MDA)
and isoprostane F2α [3-5]. The most commonly used
biomarker for lipid peroxidation in sperms is MDA [4].
Fraczek et al. showed that the level of seminal plasma
MDA was higher than that of normospermic situation
in pathologic conditions, including asthenospermia [5].
The sperm DNA Fragmentation Index (DFI) in infertile
men is associated with a defect in spermatogenesis [6].
DFI in mature spermatozoa can be due to defects in chromatin packaging resulting from endogenous fractures in
DNA or the apoptosis process before sperm ejaculation.
High levels of ROS production can lead to DNA damage. Environmental factors such as age, drug use, and
cigarette smoking, hormonal factors, and increased testicular temperature are also other causes of sperm DNA
fragmentation [7, 8]. According to previous studies, the
use of Follicle-Stimulating Hormone (FSH) can increase
sperm concentration and the number of spermatogonia.
Moreover, under this treatment, the pregnancy rate increases in oligozoospermic infertile men with an average level of gonadotropin plasma [9]. Some researchers
showed that after the FSH treatment, sperm quality increased significantly [10, 11]. Furthermore, in infertile
men with unknown reasons, a positive effect was observed on the concentration and accumulation of sperm
DNA after the FSH treatment [12]. Therefore, to obtain
background information as well as to predict the success
rate of the FSH treatment and its results, it is essential to
accurately evaluate male infertility.
According to the above-mentioned statements, our
study aimed to assess sperm parameters, as well as DFI,
ROS, and MDA levels, in oligozoospermic infertile men
with low FSH level after the FSH treatment. On this basis, one can assume that the FSH treatment with rhFSH
can function as an anti-apoptosis factor during the general process of spermatogenesis and result in the release
of highly fertile sperm cells with the lowest amount of
DNA fragmentation.
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Materials and Methods
Study design
A semen sample will be taken from 50 infertile men
that referred to highly specialized infertility treatment
center of ACECR (academic center of education, culture, and research, Qom Branch). The inclusion criteria
were the low level of FSH (<1.7 mIU/mL), aged 25–45
years, history of infertility for at least 2 years, sperm
concentration <15×106 (oligozoospermia) according to
2010 World Health Organization criteria [13, 14]. Under
the supervision of a urologist, all enrolled patients received subcutaneous recombinant FSH (Gonal-f) treatment, 75 IU every other day, starting from Visit 1, for
three months, three times a week. Their semen and blood
samples were collected before and after FSH treatment
and kept in sterile containers to be used in various tests.
Then, sperm parameters, sperm DNA fragmentation, and
ROS, as a marker of oxidative stress, were measured before and after treatment with rhFSH.
Semen sample analysis
Semen samples were obtained by masturbation after
3–5 days of sexual abstinence and stored in sterile containers. The samples were allowed to liquefy for 30 min
and were examined for seminal parameters according to
WHO criteria (WHO, 2010). Semen parameters, including motility, morphology, and concentration were assessed by light microscopy, Papanicolaou staining, and
Neubauer chamber, respectively.
Hormonal analysis
After the collection of blood samples, they were immediately centrifuged for 10 min at 3000 rpm (Hettich,
EBA20, UK) and serum samples were stored at -70°C.
We used commercial kits for the assessment of hormonal
profile (FSH; mIU/mL, Cat.N.DE1288).
Assessment of DNA fragmentation
For the assessment of DNA fragmentation, we purchased the Halosperm® kit, INDAS laboratories. Sperm
samples were used for the SCD test, which was carried
out according to the manufacturer’s instructions. Slides
were stained with Wrights stain (Merck 1.01383.0500).
For each sample, a minimum of 500 sperm were evaluated under the ×100 light field microscopy viewing. Sperms
without fragmented DNA exhibit large or medium halos,
whereas sperms with fragmented DNA appear with small
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ROS analysis
2ʹ,7ʹ-Dichlorofluorescin Diacetate (DCFH-DA; Sigma
Chemical Co., Germany), a specific probe for detection
of intracellular H2O2, is a cell-permeable stain. DCFH is
oxidized selectively by the free intracellular H2O2 into
DCF that binds to DNA and emits green fluorescence.
Briefly, we prepared a 2.5 mM stock solution of H2DCFDA in Dimethyl Sulfoxide (DMSO, Merck, Darmstadt, Germany) which was stored at 70. To measure the
amount of ROS, we add DCFH-DA (5 mM) to the 1 mL
sperm suspension and incubate it at 25 for 40 minutes in
dark. Aliquots were subsequently analyzed using a flow
cytometer. Green Fluorescence (DCF) was evaluated between 500 and 530 nm [16].
Assessment of lipid peroxidation
Seminal Malondialdehyde (MDA) is assumed as a
direct measure of lipid peroxidation and detected by
ELISA Kit (Zell Bio GmbH, Wurttemberg, Germany) at
a detection range of 0.125–2 mM (125–2000 mmol/L).
Statistical analysis
Semen parameters were analyzed before and after
treatment with SPSS V. 20. The paired sample t test was
performed using Tukey’s complement test to examine
DNA damage before and after treatment. Our hypothesis
has two domains. The significant level for the P value
was less than 0.05. The Spearman test examined the correlation between MDA and sperm parameters and the
fragmentation of DNA.

Results
In this study, sperm parameters and hormonal profile,
as well as DFI, ROS, and MDA levels were assessed
before and after the FSH treatment. The participating
oligozoospermic infertile patients were not significantly
different in terms of baseline clinical and hormonal characteristics. All patients had a DFI average of below 30%
at baseline and a low plasma blood FSH level of below
1.7 mIU/mL. The rhFSH treatment was followed properly by all the participants for three months, as provided
in the study protocol.
Figure 1 shows the FSH hormone test in the plasma of
the patients before and after the rhFSH treatment. The
FSH hormone level was initially low (1.66±0.06 mIU/
mL) in the oligozoospermic infertile patients, which significantly increased (2.34 ± 0.11 mIU/mL) three months
after the treatment (P<0.05).
Table 1 presents a comparison of the sperm parameters.
3
In the oligozoospermic infertile patients with a low FSH
* in the sperm
level,2.5a significant improvement was observed
concentration
(8.13±1.80 ml vs. 13.06±2.51106/ml), total
2
sperm
motility (30.42±0.60 % vs. 33.18±1.21 %) and mor1.5
phology three months after the rhFSH treatment (P<0.05).
FSH level (U/ml )

halos, no halos, and solidly stained nuclei, or no halos and
irregular or faintly stained nuclei (degraded) [15].
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Table 1. Comparison of sperm parameters and hormonal analysis before and after the treatment with rhFSH
Sperm Parameters

Before The Treatment (n=50)

After The Treatment (n=50)

Volume (mL)

3.58±0.12

3.52±0.18

Sperm concentration (106/mL)

8.13±1.80

13.06±2.51*

Total motility

30.42±0.60

33.18 ± 1.21*

Progressive motility (a+b)

20.48±2.57

42.523.27*

Non-progressive motility

43.24±2.30

36.001.19*

Immotile sperm

29.811.63

19.520.572*

Abnormal morphology

99.12±0.11

97.02±0. 16*

Data are presented as Means±SD
* P<0.05

Our results showed that the MDA concentration significantly declined as a specific lipid peroxidation marker
(2.99±0.15 vs. 2.13±0.08 ng/ml; P=0.05) (Figure 4) and
that the seminal plasma MDA level of oligozoospermia
was directly correlated with DNA fragmentation (r=+
0.228; P=0.01) (Figure 5).

Discussion
Many research studies have confirmed the effect of
FSH on infertility. However, no studies have been performed on FSH treatment in oligospermia patients and its
effect on oxidative stress and malondialdehyde levels and
their relationship. This study is the first study to evaluate sperm DNA fragmentation and oxidative stress after
treatment with rhFSH in oligozoospermic infertile men.

In the present study, the effects of rhFSH were examined on semen parameters, ROS and MDA levels, and
sperm DNA fragmentation in infertile men. According
to the findings, the administration of rhFSH at a dose of
75 IU,
three times a week for three months, significantly
40
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30
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20
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Figure
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of exposure to external factors such as oxygen pressure, temperature, and
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ROS %

ment (P<0.05). Figure 3 shows that the ROS level was
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3.5

40
35

2.5
MDA(µm)

ROS %

25
20
15

*

2
1.5

1

10

0.5

5
0

3

*

30

0
Before rFSH

After rFSH

Before rFSH

After rFSH

4: Comparison
Figure 3: Comparison of ROS level before and after treatment with rhFSH.Figure
Percentage
of ROS of seminal malondialdehyde (MDA) before and after treatment with rhF

Figure
Comparisoninfertile
of ROSmen
level
before
after
treat- significantly
Figure
Comparison
of seminal
malondialdehyde
(MDA)
Mean
of 4.
seminal
MDA decreased
significantly
after treatment
with rhFSH compared to bef
level in 3.
oligozoospermia
after
three and
months
of treatment
decreased
ment with rhFSH. The percentage of ROS level in oligobefore and after treatment with rhFSH. The mean seminal
treatment.
Statistical
analysis significantly
was performed after
by the treatment
paired t-test. with
* P < 0.05
compared to before
treatment.
P < 0.05
zoospermic
infertile
men *after
three months of treatment
MDA value
decreased
significantly decreased compared to what was before the
rhFSH compared to what was before the treatment. Statistitreatment. *P<0.05.
cal analysis was performed by the paired t test. * P < 0.05
2
3.5

58

3

)

2.5

*

Res Mol Med, 2020; 8(2):55-62

DNA Fragmentation and Oxidative Stress After Treatment With rhFSH in Oligozoospermia

Figure 5:
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DNA
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treatment,
DNA
Figure 5. Correlation between sperm
DNA
fragmentation
and
MDA.
After and
rhFSH
fragmentation
correlated
positively with MDA (r = 0.445, Pfragmentation
= 0.05). correlated positively with MDA (r = 0.445, P = 0.05).

can oxidize purine and pyrimidine bases, break one or
two strands, and delete nucleotides, leading to the creation of frameshift mutation and changes in deoxyribose.
These changes in sperm DNA can lead to infertility [17].
This study demonstrated that the ROS level in oligozoospermia significantly decreased after the 3-month rhFSH
treatment. Hormone therapy is a treatment for infertile
oligozoospermia patients [9].
In the present study, oligozoospermia patients with a
high DFI level were treated with rhFSH, leading to a significant reduction of the DFI level. On this basis, one can
assume that the FSH treatment with rhFSH can function
as an anti-apoptosis factor during the general process of
spermatogenesis. This intervention will result in the release of highly fertile sperm cells with the lowest amount
of DNA fragmentation. The findings showed that FSH
plays an essential role in spermatogenesis, especially in
the maintenance of sperm DNA integrity. According to
the obtained results, the recombinant FSH therapy can
be a routine and experimental clinical treatment, which
increases sperm concentration and spermatogonia in
people with low semen concentration, but with normal
plasma gonadotropin. This treatment is also proven to
be capable of improving fertility outcomes of Assisted
Reproductive Technique (ART) in oligozoospermia [3,
10, 11, 13, 18-20]. In line with the studies mentioned
above, in this study, the DFI level of >30% significantly
decreased in the oligozoospermia patients treated with
rhFSH (75 IU) for three months.
Decreased seminal plasma quality can be one of the
factors that increases infertility and causes successive
failures in infertility treatments. Decreased seminal
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plasma also results in decreased antioxidant capacity,
decreased ROS level, and increased sperm DNA fragmentation [21, 22]. Similarly, this study also showed that
the seminal plasma level significantly increased after the
rhFSH treatment in oligozoospermia. Some researchers
reported significant improvements in sperm parameters
and sperm nucleus quality after the rhFSH treatment
[23]. These findings may indicate an increase in oocyte
fertility and pregnancy rate after the FSH treatment.
Fertilization
with sperm containing fragmented DNA
3
may result in reduced sperm fertility, failure of In Vitro
Fertilization (IVF) results, impaired fetal quality, decreased fetal growth, and increased early abortion [24].
Consistent with our findings, Foresta et al. showed that
rhFSH was an effective drug for the treatment of male
infertility and had only a few side effects. FSH has been
reported to act in the early stages of spermatogenesis. It
has an increasing impact on spermatogonia and increases the lifetime of immature germ cells [25]. In the present study, we found that sperm quality significantly increased in infertile oligozoospermia patients with a low
FSH level receiving the rhFSH treatment. In 2012, Colacurci showed that three months of the rhFSH treatment
significantly decreased sperm DNA fragmentation in
oligoasthenoteratozoospermic patients with a low semen
concentration (>15%) [11], but significantly increased
the DFI level in patients with high basal DFI values
(>15%). In contrast, we observed that the DFI level significantly reduced in oligozoospermic patients with DFI
values >30% and a low hormonal level. Many researchers have shown that DNA deficiency reduces the rate of
natural fertility and assisted reproduction, and that DNA
fragmentation may increase pregnancy failure [26, 27].
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Santi et al. concluded that FSH treatment in azoospermia
men could increase pregnancy rate with ART [23].

in this study and takes complete responsibility for the integrity of the data and the accuracy of the data analysis.

However, the data on the relationship between DNA
fragmentation and fertilization is still inconsistent and
needs further study [28, 29]. In previous studies, different doses of rhFSH were used in oligozoospermic patients [30, 31]. Foresta studies showed that the rhFSH
treatment at a dose of 50 IU did not increase sperm concentration. In contrast, the rhFSH treatment at a dose of
100 IU significantly increased sperm concentration in
our study [11]. The spermatogenesis period of 74 days
has been reported for humans. Therefore, the effective
duration for rhFSH treatment would be three months
[32, 33]. In this study, the rhFSH treatment at a dose of
75 IU was implemented for three months, which showed
significant changes in the sperm parameters (sperm concentration, motility, and morphology), as well as in the
DFI, ROS, and MDA levels.
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