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Abstract

Background: Recurrent Pregnancy Loss (RPL) is an important medical problem comprising approximately 15% of all pregnancies.
Sperm DNA damage and level of seminal ROS may have a role in RPL.
Objectives: The main aim of the present study was to appraise the efficacy of antioxidants for improving these parameters in RPL
patients.
Methods: In a clinical trial, 90 couples suffering from RPL were divided into two groups from April 2014 to December 2015 at the
Yazd Research and Clinical Center for Infertility in Iran. Group I received supplemental vitamin E (400 µg) daily in combination
with Se (200 µg) and the other group received vitamin E plus zinc for three months. Sperm parameters, sperm DNA damage, and
seminal ROS were evaluated before and after treatment and compared between the two groups. Data were analyzed by SPSS and P
values of ≤ 0.05 were considered statistically significant.
Results: Our results revealed normal sperm parameters in RPL patients. Sperm parameters substantially improved in the two
treated groups (P ≤ 0.05). The ROS level dramatically reduced in the two groups (P = 0.01). The evaluation of chromatin integrity
with AB staining did not show any remarkable changes in group 1 (P = 0.3), but it showed a considerable rate reduction in group 2 (P
= 0.04). Also, it showed significant decreases with TB, CMA3, and TUNEL assays in both groups (P = 0.001). However, we did not find
any significant difference between the two groups.
Conclusions: Supplemental vitamin E in combination with selenium or zinc may improve semen quality by decreasing the level of
seminal ROS and sperm DNA damage in RPL patients. We advocate their use for improving the quality of the men’s sperm DNA.
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1. Background

Recurrent Pregnancy Loss (RPL) is defined as three or
more miscarriages in the first or second trimester of preg-
nancy; in Russia, North America, and Western Europe, it is
defined as two or more consecutive miscarriages (1). It oc-
curs in approximately 15% to 25% of clinical pregnancies
but its prevalence increases with maternal age (2).

In the diagnosis of RPL, medical researchers and sci-
entific physicians have been attentive to maternal aspects
and less attention has been directed to the possible ef-
fects of paternal factors in this regard (3). Scientific re-
ports show that male factors including sperm parameters
and sperm DNA integrity may play important roles in RPL

(4, 5). Previous studies have investigated the roles of dif-
ferent sperm parameters such as concentration, motility,
morphology, viability, acrosomal status, the presence of
leukocytes in seminal plasma, lipid peroxidation of sperm
plasma membranes, the antioxidant capacity of seminal
plasma, and sperm DNA integrity (5, 6).

Reactive Oxygen Species (ROS) are produced during
oxygen metabolism. A normal physiological level of ROS
is essential for sperm capacitation, acrosome reaction, and
sperm-oocyte fusion, but the enhancement of intracellu-
lar or seminal ROS can be the cause of male subfertility
or infertility (7). Embryo development is affected by both
sperm and oocyte genomes (8). Brahem et al. reported that
sperm chromatin quality and DNA integrity were related to
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the outcome of reproduction, mainly RPL (9). Reactive oxy-
gen species is one of the most important reasons for sperm
DNA damage. The evaluation of sperm DNA fragmentation
in the semen of RPL cases is a logical approach and the es-
timation of ROS in semen samples can indirectly provide
the DNA quality of sperm cells (10).

Numerous studies have been planned to assess the ef-
fect of oral antioxidant therapy on improving sperm pa-
rameters and decreasing the percentage of sperm with
DNA damage. Vitamin E is a free radical scavenger that
protects the cellular membrane against lipid peroxidation
of ROS (11). In a study, scientific researchers focused on
the relationship between oral supplementation of vitamin
E plus vitamin C and sperm chromatin quality. They re-
ported an effective role for the antioxidants to decrease
damage to sperm DNA. Moreover, the antioxidants had
positive effects on sperm DNA quality (12). In another study,
sperm motility, morphology, or both improved with sele-
nium supplements in combination with vitamin E in idio-
pathic oligoasthenoteratozoospermia (OAT) men (13).

Zinc plays a critical role in the spermatozoa physiol-
ogy and it cannot be stored in the body. It can affect
sperm membrane stabilization, capacitation, acrosomal
reaction, and embryonic implantation (11). Hadwan et al.
found that treatment with 440 mg zinc sulfate daily for
three months led to a significant improvement in semen
volume, sperm count, and progressive sperm motility in
asthenozoospermic men (14).

Selenium (Se) is an essential element for reproductive
functions such as testosterone metabolism and sperm for-
mation (15). Safarinejad et al. administered an oral order
of selenium (200 µg) and N-acetyl-cysteine (600 mg) for
26 weeks for infertile men and showed a positive signifi-
cant association between the concentration of this antiox-
idant in the seminal fluid and the improvement of sperm
parameters including sperm count, motility, and normal
morphology (16).

Sperm DNA damage is a major cause of RPL. As men-
tioned earlier, oxidative stress plays an important role in
creating damage to sperm DNA and antioxidants can de-
crease the extent of this damage. However, studies are
scarce on the effect of antioxidants on sperm parameters
and DNA degradation in infertile men. This is the first
study conducted on the Iranian population to investigate
and compare the effects of two combined antioxidants
concerning sperm parameters, DNA damage, and seminal
ROS level in RPL patients.

2. Methods

This clinical trial was performed from April 2014 to De-
cember 2015 at our Research and Clinical Center for In-

fertility. The research and clinical techniques used in the
present studies were approved by the Ethics Committee
of the Research and Clinical Center for Infertility, Shahid
Sadoughi University of Medical Sciences, Yazd, Iran, and
registered in IRCT (IRCT201704195261N). Idiopathic RPL
cases from an abortion clinic were enrolled in the study.
Written consent was obtained from all individuals partic-
ipating in this study.

2.1. Patients

From among 133 couples who referred to the abortion
clinic, we selected 90 couples with a history of recurrent
abortion provided that the male partner had at least two
normal semen analyses. In the first step, all patients were
evaluated by a clinician at the abortion clinic for male and
female factors and then, they were selected for the study.

2.2. Exclusion and Inclusion Criteria

Patients with at least two prior abortions at below 20
weeks of gestational age were chosen. The cases with an
identified cause of RPL were excluded and just patients
with unknown causes were selected. Patients who were
taking antioxidant medications in the past months before
the study and men with varicocelectomy, smoking, and al-
cohol consumption were excluded from the study. For as-
sessing maternal and paternal chromosomal abnormality,
the karyotypes test was used. Male cases were referred to
an andrology clinic and semen samples were collected by
masturbation after abstinence from sexual intercourse for
three to seven days. Samples were incubated at 37°C for
at least 30 min to be liquefied and then, semen analysis,
sperm chromatin condensation, and ROS measurements
were done for all patients. Sperm morphology was evalu-
ated using the Papanicolaou staining method.

In the next step, the patients were randomly allocated
to two groups (45 cases in each group). In group I, patients
took 400 IU synthetic vitamin E (α-tocopherol) plus sele-
nium daily and in group II, patients received 400 IU syn-
thetic vitamin E (α-tocopherol) plus zinc daily.

After three months, semen samples were collected
again and all parameters were re-examined. Data were col-
lected before and after antioxidant therapy and imported
into a computer system and analyzed by statistical soft-
ware to distinguish between-group differences (Figure 1).

2.3. Semen Analysis (SA)

Semen samples were collected in wide-mouth sterile
non-toxic containers and transferred to an andrology lab.
After semen liquefaction, a conventional semen analysis
was done according to the WHO guidelines (2010) (17).
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Figure 1. CONSORT flow diagram

Mackler chamber (Sefi Medical Co., Haifa, Israel) and phase-
contrast microscope (Carl Zeiss, Germany) were used at
200X magnification for the evaluation of sperm parame-
ters (sperm concentration and motility). The percentages
of progressive, non-progressive, and immotile spermato-
zoa were calculated for sperm motility. Papanicolaou stain-
ing was applied and 200 spermatozoa based on Kruger
strict were seen for morphological assessment by consider-
ing any abnormalities in the head, neck, or tail. A practiced
technician who blinded to the study analyzed all samples.

For other sperm tests including DNA fragmentation,
AB, and TB, the samples were washed and stored. In this
step, the seminal fluid was washed two times with 8 mL
Phosphate-Buffered Saline (PBS, pH 7.4; Sigma, St. Louis,
MO) and centrifuged at 400 g for 5 min. The plates
with washed spermatozoa were fixed with 5 mL acetic
acid/methanol mixture (Merck, Darmstadt, Germany) for
at least 30 min at 4°C. Then, 40 - 50 µL of this suspension

was smeared on slides and frozen at -20°C until use for the
DNA fragmentation test. For the sperm chromatin struc-
ture assay, 100 µL raw semen was kept at -80°C.

2.4. Measurement of Reactive Oxygen Species (ROS)

The liquefied semen was used for the investigation
of the seminal ROS level. Seminal plasma was removed
by centrifugation at 300 g for 7 min. The PBS solution
(Sigma Chemical Co., USA) was added to the pellet and re-
suspended in the same media. Then, 10 ml of luminol (5-
amino-2, 3 dihydro-1, 4 phthalazinedione; Sigma Chemical
Co., USA) was used as a probe and was added to the aliquot.
Negative control was prepared by adding 10 µL PBS. The
ROS level was analyzed by a chemiluminescence assay with
an Autolamat LB 935 Luminometer (Berthold Technologies,
Bad Wildbad, Germany) in the integrated mode for 15 min.
The results were expressed as Relative Light Unit (RLU) per
20 × 106 spermatozoa (18).
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2.5. Evaluation of Sperm Nuclear DNA Damage

The sperm DNA integrity and chromatin condensation
were evaluated by Aniline Blue (AB), Toluidine Blue (TB),
Chromomycin A3 (CMA3), and TUNEL tests.

2.6. Aniline Blue Staining

The AB dye was used to separate histones lysine-rich
and arginine/cysteine-rich protamine. It is a valuable test
for determining the remaining histones in the structure
of sperm chromatin. For this test, previously washed se-
men samples were smeared on slides and fixed by buffered
glutaraldehyde in 0.2 M phosphate buffer (pH 7.2) for 30
min at room temperature. Slides were blotted by 5% AB so-
lution (pH 3.5; Sigma Aldrich, USA) for 5 min. For the de-
termination of marked and unmarked sperms, 200 cells
in each slide were counted under a light microscope (Carl
Zeiss Axiostar plus, Germany). Normal sperms under the
light microscope showed unstained or pale blue-stained
heads while abnormal sperms showed dark blue-stained
heads (19).

2.7. Toluidine Blue Staining

This test is a direct and simple method for metachro-
matic staining of sperm chromatin. This metachromatic
dye can bind to DNA strands’ phosphate groups (20). For
TB staining, washed sperms were smeared, dried in air at
room temperature, and then fixed in fresh 96% ethanol-
acetone (1:1) solution for 30 min at 4°C. Next, slides were
hydrolyzed in 0.1 N HCl for 5 min at 4°C. In the next step,
the slides were washed in distilled water three times of 2
min each. In the final step, the slides were stained with
0.05% TB (Sigma Aldrich, USA) for 10 min at room tempera-
ture. Then, they were mounted in the DPX medium. For the
determination of stained and unstained sperms, 200 cells
in each slide were counted under a light microscope (Carl
Zeiss Axiostar plus, Germany). Normal sperms with good
chromatin under the light microscope showed light blue-
stained heads (TB-) while abnormal sperms showed dark
blue to violet or purple-stained heads (TB+) (21).

2.8. Chromomycin A3 Staining

Chromomycin A3 is a guanosine-cytosine-specific fluo-
rochrome. In human sperm, protamine deficiency can af-
fect the chromatin packaging process. When chromatin
is packaged poorly, CMA3 is a useful test to show this pro-
tamine deficiency in sperms by indirect imagining. For
this test, semen samples were smeared on slides and fixed
in methanol-glacial acetic acid (3:1) for 10 min at 4°C and
then dried at room temperature for 20 min. The slides were
stained with 100 µL CMA3 solution (Sigma Aldrich, USA)
for 20 min. In the final step, the slides were washed with

buffer and mounted with 1:1 PBS-glycerol. For the deter-
mination of stained and unstained sperms, 200 cells were
randomly counted in each slide under a fluorescent micro-
scope (Olympus BX51, Japan). Normal sperms under the
fluorescent microscope showed dull yellow (CMA3-) and
abnormal sperms showed bright yellow (CMA3+) (19).

2.9. DNA Fragmentation by TUNEL Staining

The terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling (TUNEL) assay was applied for the
determination of breaks in sperm DNA strands. For this
test, we used the ApopTag Apoptosis Detection Kit (Qbio-
gene, Paris, France). In the first step, the semen samples
were smeared on slides and incubated in a mixed solution
of PBS and 1% Triton X100 (Sigma) for permeabilization.
The next steps of this technique were done based on the
kit manufacturer’s instruction. In brief summary, slides
were double-washed in PBS 1X. After 10 s of equilibration,
the terminal deoxynucleotidyl transferase (TdT) solution
was added to the slides and incubated in a dark, moisty box
at 37°C. After one hour, the slides were double-washed in
PBS and incubated with an anti-digoxigenin antibody in a
dark, moisty box for 30 min. Peroxidase was revealed with
diaminobenzidine (DAB). Then, Harris’ hematoxylin (RAL,
Martillac, France) was added to slides and mounted with
Faramount mounting (Dako, Carpinteria, CA). For the de-
termination of sperms with fragmented or healthy DNA,
500 cells in each slide were counted under a light micro-
scope (Carl Zeiss Axiostar plus, Germany) with a 100X mag-
nification lens. Sperms with fragmented DNA under the
light microscope showed brown-colored nuclei (TUNEL+)
and healthy sperms showed blue-gray nuclei (TUNEL-). For
confirming the reproducibility check, negative and posi-
tive controls were used with each slide group (22).

2.10. Statistical Analysis

The data were expressed as mean ± SD. The
independent-samples t-test and Mann-Whitney U test
were used as appropriate. The paired-samples t-test was
used to compare pre- and post-treatment parameters.
Two-tailed P values of < 0.05 were considered statistically
significant.

3. Results

The mean age of men was 32.97 ± 5.16 years in the vita-
min E + Se group and 32.17±5.46 years in the vitamin E + Zn
group (Table 1). This parameter was not significantly differ-
ent between the two groups. As reported in Table 1, the age
of women and abortion frequencies were similar between
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Table 1. Demographic Characteristics in Study Groupsa

Vitamin E +
Selenium

Vitamin E +
Zinc

P
Valueb

Male age (y) 32.97 ± 5.16 32.17 ± 5.46 0.97

Female age (y) 28.57 ± 4.08 29.55 ± 4.92 0.30

Miscarriage frequency (n) 2.97 ± 1.03 3.28 ± 1.47 0.24

aValues are expressed as mean ± SD.
bThe Independent-samples t-test was used to compare variables between the
two groups. P values of < 0.05 were considered statistically significant.

the two study groups and there was no statistically signifi-
cant difference.

Table 2 shows sperm parameters and chromatin qual-
ity at pre- and post-treatment in the two groups. All sperm
parameters, chromatin quality, and seminal ROS level sig-
nificantly changed after treatment in the two groups.

The results of the comparison between the two treated
groups can be found in Table 3 to assess the treatment effi-
cacy. No significant difference was observed in all parame-
ters between the two treated groups.

4. Discussion

The role of sperm factors in early embryogenesis has
not been widely examined in RPL cases following sponta-
neous conception. However, recent studies (23) have high-
lighted that sperm DNA damage (DNA fragmentation or
denaturation) and additionally, chromosomal aneuploi-
dies may be associated with early embryonic development
and outcome in RPL (23, 24). At present, in RPL cases, the
male partner is only considered for the existence of chro-
mosomal abnormalities, but chromosomal aberrations
are the causal factors only in a small percentage of cases
experiencing RPL (25).

Patients who included in the present study had normal
sperm parameters. According to Leach et al. report in 2015,
some men with RPL had normal sperm parameters with no
sign of oxidative stress but in these patients, sperm chro-
matin abnormalities and sperm chromatin defects may be
involved in oxidative stress consequences (26).

Carlini et al. in 2017 showed that sperm DNA frag-
mentation was more in RPL patients than in normal men
(27). Moreover, Simsek et al. in 1998 (28) and Agarwal et
al. in 2005 (29) reported a high level of seminal ROS and
sperm chromatin damage in couples with a history of RPL,
which were accompanied by oxidative stress. Also, they in-
dicated an association between oxidative stress and abnor-
mal sperm chromatin, possibly leading to recurrent abor-
tions in these couples.

Any effort to decrease ROS would be beneficial (30).
Antioxidants are the main supplements to eliminate the

harmful effects of ROS (31). Many studies tried to assess
the effect of antioxidants on sperm parameters (32, 33). All
of the previously published studies were conducted on in-
fertile patients and this is the first study to estimate the
effect of two groups of antioxidants on RPL patients. In
the present study, we used vitamin E plus selenium and
vitamin E plus zinc in two groups of RPL men. Our re-
sults showed that combination treatment with antioxi-
dants for 90 days could make a significant difference in
sperm parameters and chromatin quality. Moreover, the
antioxidants could significantly recover sperm concentra-
tion, motility, and morphology after treatment.

Similar to our study, Moslemi et al. in 2011 reported that
200µg selenium plus 400 IU vitamin E had positive effects
on sperm concentration, motility, and morphology in in-
fertile patients (13). Similarly, Abad et al. in 2013 reported
that the combination of antioxidants including vitamin E,
zinc, and selenium for 90 days could improve sperm pa-
rameters (34).

In contrast to our results, Raigani et al. in 2014 con-
cluded that 16 weeks of treatment with zinc and folic acid
had no significant effect on sperm parameters (35). In a
clinical trial published in 2005, researchers reported that
antioxidants were not effective to improve sperm param-
eters. They found no statistically significant difference in
all sperm parameters such as sperm count, motility, and
morphology after 90 days of antioxidant therapy but in
contrast to simple sperm analysis, they observed improve-
ments in DNA fragmentation and chromatin quality after
antioxidant therapy (12). In another study, Singh et al. in
2016 treated 40 infertile patients with a mixture of antiox-
idants for three months. The results of their study showed
that sperm parameters and seminal ROS levels improved
after antioxidant therapy (36).

In the present study, we found high levels of ROS in
the semen of RPL patients. Our result is similar to the re-
sults obtained by Singh et al. (36), Yumura et al. (37), and
Homa et al. (30). In contrast to our results, Suleiman et al.
demonstrated that the level of seminal ROS was not related
to sperm count and motility (38).

This study also revealed a significant reduction in sem-
inal ROS levels and sperm DNA fragmentation after antiox-
idant therapy in the two groups. Also, we observed that
sperm chromatin quality increased after antioxidant ther-
apy in RPL patients but there was no significant difference
between the two groups.

It is well known that spermatozoa membranes are rich
in polyunsaturated fatty acids but their cytoplasm is poor
in antioxidant enzymes (39). Therefore, spermatozoa are
susceptible to oxygen-induced damage and this induction
can lead to sperm membrane lipid peroxidation and dam-
age to sperm mitochondrial and nuclear DNA. Recently, the
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Table 2. Comparison of the Pre- and Post-Treatment Seminal Parameters, Chromatin Quality, and ROS Level in Study Groupsa

Sperm Parameters
Vitamin E + Selenium

P Valueb
Vitamin E + Zinc

P Valueb

Pre-Treatment Post-Treatment Pre-Treatment Post-Treatment

Volume 3.34 ± 1.78 3.74 ± 1.42 0.03 3.12 ± 1.56 3.43 ± 1.22 0.01

Count (× 106 /mL) 93.62 ± 21.87 102.73 ± 21.56 0.001 98.04 ± 22.36 105.80 ± 18.18 0.0001

Motility (%)

Progressive 55.97 ± 8.13 63.60 ± 9.07 0.0001 57.51 ± 8.78 64.37 ± 9.23 0.0001

Non-progressive 12.13 ± 3.85 9.22 ± 4.06 0.002 11.20 ± 4.20 9.57 ± 4.43 0.09

Immotile 31.42 ± 6.87 27.17 ± 7.40 0.009 31.26 ± 7.70 25.93± 7.56 0.002

Morphology (% of normal) 33.82 ± 7.14 40.31 ± 7.99 0.001 33.95 ± 7.57 38.20 ± 8.47 0.009

ROS level 212.60 ± 209.41 141.50 ± 172.50 0.01 240.98 ± 241.92 184.48 ± 220.59 0.01

AB 50.33 ± 20.48 47.80 ± 17.78 0.3 52.97 ± 17.50 45.44 ± 18.39 0.04

TB 66.20 ± 15.38 54.64 ± 17.60 0.0001 67.33 ± 17.47 54.11 ± 19.31 0.0001

CMA3 39.33 ± 10.08 31.62 ± 7.28 0.0001 43.93 ± 10.56 35.91 ± 8.90 0.0001

TUNEL 32.9 5± 5.26 26.86 ± 5.70 0.0001 32.33 ± 5.91 27.40 ± 5.49 0.0001

Abbreviations: AB, Aniline Blue staining; CMA3, Chromomycine A3 Staining; TB, Toluidine Blue staining.
aValues are expressed as mean ± SD.
bPaired-samples t-test was used to compare dependent variables. P values of < 0.05 were considered statistically significant.

Table 3. Comparison of Seminal Parameters, Chromatin Quality, and ROS Level Be-
tween Treated Groupsa

Sperm Parameters Vitamin E +
Selenium

Vitamin E +
Zinc

P
Valueb

Volume 3.74 ± 1.42 3.43 ± 1.22 0.26

Count (× 106 /mL) 102.73 ± 21.56 105.80 ± 18.18 0.46

Motility (%) 0.68

Progressive 63.60 ± 9.07 64.37 ± 9.23

Non-progressive 9.22 ± 4.06 9.57 ± 4.43

Immotile 27.17 ± 7.40 25.93± 7.56

Morphology (% of
normal)

40.31 ± 7.99 38.20 ± 8.47 0.22

ROS level 141.50 ± 172.50 184.48 ± 220.59 0.30

AB 47.80 ± 17.78 45.44 ± 18.39 0.53

TB 54.64 ± 17.60 54.11 ± 19.31 0.89

CMA3 31.62 ± 7.28 35.91 ± 8.90 0.21

TUNEL 26.86 ± 5.70 27.40 ± 5.49 0.65

Abbreviations: AB, Aniline Blue staining; CMA3, Chromomycine A3 staining; TB,
Toluidine Blue staining.
aValues are expressed as mean ± SD.
bThe Independent-samples t-test was used to compare dependent variables. P
values of < 0.05 were considered statistically significant.

role of ROS has been extensively investigated in male in-
fertility (40). Oxygen is recognized as an essential mate-
rial in cell metabolism, which can compromise cell viabil-
ity in the case of extensive metabolism via oxidative stress.
Oxygen metabolism results in the production of activated

particles, known as ROS. These molecules are extremely re-
active with other molecules (6, 41). The overproduction of
ROS and reduction of total antioxidant activity (TAC) may
lead to oxidative stress, which, in turn, culminates dam-
ages to sperm DNA with negative effects on the efficiency of
sperms for reproductive function. This study suggests that
supplementation with antioxidants can reduce ROS gener-
ation, prevent sperm DNA fragmentation, prevent the loss
of sperm parameters, and increase sperm chromatin qual-
ity in RPL patients.

The careful selection of couples and the evaluation of
antioxidant effects on sperm chromatin by three methods,
especially tunnel assay, a very expensive assay, can be the
strong points of this study and the limited number of pa-
tients is one of the weaknesses of the study.

4.1. Conclusions

The present study highlights that recurrent miscar-
riage might be due to the increased ROS level causing ox-
idative stress-induced damage to cellular macromolecules
including DNA. The fertilization of an oocyte with a DNA-
damaged sperm cell may result in implantation failure and
pregnancy loss. Therefore, we advise that couples with id-
iopathic recurrent pregnancy loss must routinely test for
the level of seminal ROS and sperm chromatin abnormal-
ity. Our results clearly demonstrate that vitamin E com-
bined with zinc or selenium can improve sperm parame-
ters by decreasing the level of seminal ROS and sperm DNA
damage and increasing sperm chromatin quality in RPL
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patients. Nevertheless, we propose further large random-
ized controlled studies to find the best antioxidants to re-
duce oxidative stress along with assessing pregnancy rates
in these patients.
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