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ABSTRACT

Objective: Reactive oxygen species reduce the male sex hormone levels and disrupt the hormonal balance
that regulates male reproductive functions. They disrupt spermatozoa and other testicular cells. This study
aimed at evaluating the effect of antioxidant treatment on serum gonadal hormones and sperm parameters
in men with idiopathic infertility.

Material and methods: A total of 100 idiopathic infertile men aged 23—46 years were included in the study.
Control group and antioxidant treatment group consisted of 50 men each. Patients in the treatment group
received oral antioxidant supplement once a day. The antioxidant supplement content included L-carnitine,
L-arginine, vitamin E, vitamin C, coenzyme Q, glutathione, beta-carotene, magnesium, vitamin B12, zinc,
vitamin A, vitamin B6, vitamin D3, folic acid, and selenium. Reproductive hormones and sperm parameters
were compared between the groups at 6 months after starting the antioxidant therapy.

Results: No significant differences were observed in the patient age (p=0.861), partner age (p=0.081), total
motile sperm count (TMSC) (p=0.324), and follicle-stimulating hormone (FSH) (p=0.557), luteinizing hor-
mone (LH) (p=0.235), and total testosterone levels (p=0.851) at baseline between the treatment and control
groups. Although the mean TMSC did not increase significantly, the mean FSH (p=0.008), LH (p=0.008),
and total testosterone (p=0.006) levels significantly increased from baseline to post-treatment in the treat-
ment group. However, no significant differences from baseline to post-treatment were observed in TMSC
(p=0.486), FSH (p=0.712), LH (p=0.696), and total testosterone levels (p=0.546) in the control group.

Conclusion: The research draws attention to the alternate treatment approaches in infertile men. Antioxi-
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Infertility is the inability to have a child despite
an unprotected relationship for 1 year. In 50% of
cases, male factor is the cause. Whereas 60%—
75% of couples can get pregnant in 6 months,
90% couples can get pregnant in 1 year. Idio-
pathic infertility is the absence of a reason to ex-
plain the abnormal semen analysis of a patient,
and it occurs at a frequency of 31%.!"1 No medi-
cal treatment has been yet approved by the Food
and Drug Administration or the European Medi-
cines Agency for idiopathic male infertility be-
cause there is no correctable cause.”! However,
in the literature, empirical medical treatment or
assisted reproductive methods are recommend-
ed for these patients.”!

netic, environmental, and hormonal parameters,
and especially, DNA fragmentation and oxida-
tive stress are considered to be responsible.*!
Reactive oxygen species (ROS), such as hydro-
gen peroxide, nitric oxide (NO), and peroxyni-
trite, were reported to be associated with male
infertility.® It is emphasized that ROS-related
sperm damage is a significant cause in 30%—
80% of infertile men.'! Oxidative stress is the
result of decreased antioxidant defense system
and/or overproduction of ROS, targeting the lip-
ids, proteins, and DNA, reducing mitochondrial
activity and sperm motility, and consequently
causing damage to the paternal genomes."” Dis-
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eases, such as varicocele and testicular torsion, are common con-
ditions associated with oxidative stress leading to DNA damage
and low motility in the sperm.®! In addition to lifestyle modifica-
tion, it has been suggested that dietary measures, such as vitamin
C, vitamin E, and beta-carotene, may improve male reproductive
potential by reducing the intensity of oxidative stress.”» High ROS
levels can increase the possibility of infertility not only directly by
inducing oxidative stress but also indirectly by acting through the
hypothalamic axes of hormone release.'”

Although many studies have demonstrated the positive effects
of antioxidants on sperm parameters "2, various in vivo and
randomized controlled trials have failed to report positive out-
comes on semen parameters, and some have even reported nega-
tive outcomes in terms of increased sperm DNA fragmentation
or chromatin decondensation.!'¥ Therefore, there are many con-
flicting remarks about the use of antioxidants in male infertil-
ity in the literature, and a consensus has not been reached yet.
Several studies suggested that increased ROS levels may reduce
male sex hormone levels and disrupt the hormonal balance,
leading to infertility.'¥ However, no clinical study has investi-
gated the effect of antioxidants on male serum gonadal hormone
levels. In this study, the effect of antioxidants on sperm param-
eters and serum gonadal hormone levels in men with idiopathic
infertility was investigated.

Material and Methods

The study included 100 infertile men who had presented to male
infertility outpatient clinics. The study was approved by the in-

* Idiopathic infertility occurs in men at a frequency of 31%. No
medical treatment has yet received approval for idiopathic
male infertility because there is no correctable cause.

e Idiopathic infertility has a multifactorial etiology, including
genetic, environmental, and hormonal parameters, and espe-
cially, DNA fragmentation and oxidative stress are considered
responsible. Oxidative stress contributes to impaired sper-
matogenesis, leading to male infertility.

 In this study, the effects of antioxidants on reproductive hor-
mones and sperm parameters were investigated. Written in-
formed consent was obtained from patients who participated
in this study. FSH, LH, and testosterone levels significantly
increased in the treatment group.

e Qur results suggest that antioxidant use not only increases the
sperm parameters but also improves serum hormone levels and
increases an individual’s fertility chances.

* Randomized placebo-controlled trials are needed to determine
the improved effect of antioxidant treatment on male reproduc-
tive hormones.

stitutional ethical committee (approval no.: 2018/409). Written
informed consent was obtained from patients who participated
in this study. The study was conducted between March 2018 and
March 2020. Only patients with idiopathic infertility were in-
cluded in the study. All the patients lived in the same geography.
Patients with varicocele, undescended testes, previous testicular
surgery, previous orchitis, obesity, endocrine disorders, such as
diabetes, thyroid disease, or other systemic disease, or who re-
ceived chemotherapy and radiotherapy for cancer were exclud-
ed from the study. Patients who had ever smoked in the past 6
months and those with fever during follow-up were excluded.

All the patients were oligospermic and normospermic. Azo-
ospermic patients were excluded from the study because they
were considered to have obstruction in the male genital tract
and genetic and/or hormonal abnormalities. Sperm and blood
tests were performed for the patients before and after 6 months
of starting antioxidant supplement. The study participants were
subjected to sperm test after 3—5 days of sexual abstinence, and
their blood samples were collected between 8 and 10 a.m. At
baseline, a minimum of 3 specimens were collected at an inter-
val of 2—4 weeks. All semen analyses were performed in the an-
drology laboratory according to the World Health Organization
(WHO) criteria. Pretreatment and post-treatment total motile
sperm count (TMSC=ejaculate volume x concentrationxmotile
fraction) were calculated on all sperm analyses.!'>! For each pa-
tient, the greatest TMSC value from pretreatment to post-treat-
ment was used and compared.

Of the 100 infertile men, 50 received oral antioxidant supple-
ments once a day for 6 months and were considered as the treat-
ment group, and 50 received no treatment and were considered
as the control group. The antioxidant supplement (Promenk
ACT, Neupharma, Izmit-Kocaeli, Turkey; produced in La Rioja,
Spain) content included L-carnitine (1 g), L-arginine (0.3 g), vi-
tamin E (100 mg), vitamin C (250 mg), coenzyme Q (100 mg),
glutathione (75 mg), beta-carotene (2.5 mg), magnesium (60
mg), vitamin B12 (10 g), zinc (7.5 mg), vitamin A (500 pug,
vitamin B6 (5 mg), vitamin D3 (5 u ug), folic acid (400 ugg
#g), and selenium (400 ugg pug). The data of the patients were
analyzed prospectively. There was no industry sponsorship and
financial conflict of interest.

Statistical analyses

Sperm parameters and serum gonadal hormone levels were eval-
uated before and after 6 months of the study. Statistical analy-
ses were performed using paired sample t-tests to compare the
sperm parameters and serum hormone levels from baseline to
post-treatment. Independent samples t-test was used to compare
the baseline values of the treatment and control groups. The chi-
square test was performed to compare the spontaneous pregnan-
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cy rates between the two groups. The two-way repeated mea-
sures analysis of variance (ANOVA) test was used to compare
the groupxtime interaction of TMSC, follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), and total testosterone
values of the groups. Values were presented as meanzstandard
error, and probability values of <0.05 were considered to be sig-
nificant. Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS Inc.; Chicago, IL, USA) for
Windows v11.0 package.

Results

Table 1 presents the mean ages of the patients and partners and
TMSC and serum hormone values of the patients at baseline.
No significant differences were observed in the patient age
(p=0.861) and partner age (p=0.081), TMSC (p=0.324), FSH
(p=0.557),LH (p=0.235), and total testosterone levels (p=0.851)
at baseline between the treatment and control groups.

Table 2 presents pre- and post-treatment TMSC and serum hor-
mone values of the groups. In the treatment group, the mean
TMSC increased from 27.98+26.86 to 34.3+35.39 million, but
the difference was not statistically significant (p=0.09). The

mean FSH (p=0.008), LH (p=0.008), and total testosterone
(p=0.006) levels significantly increased from baseline to post-
treatment. No significant differences were observed from base-
line to post-treatment in TMSC (p=0.486), FSH (p=0.712), LH
(p=0.696), and total testosterone (p=0.546) values in the control

group.

In the two-way repeated measures ANOVA test, FSH, LH, and
total testosterone values were detected in the group x time in-
teraction (Figures la-d). Although FSH, LH, and total testos-
terone levels did not change significantly in terms of statistical
analyses in the control group, they increased in the treatment
group (p=0.003 for FSH, p=0.011 for LH, and p=0.001 for total
testosterone). TMSC, however, did not change significantly in
both the groups.

Discussion

This is the first study to investigate the effects of antioxidants
on reproductive hormones. The study investigated the effect of
antioxidant use not only on sperm parameters but also on serum
hormone levels. It is reported that sperm cells are very suscepti-
ble to damage induced by ROS because their plasma membranes

Table 1. Comparison of baseline values of the treatment and control groups

Treatment group (n=50)

Patient age (years) 32.45+5.90
Partner age (years) 28.52+5.41
TMSC (million) 27.98+26.86
FSH (mIU/mL) 5.07+3.35
LH (mIU/mL) 5.55+3.55
Total testosterone (ng/mL) 3.79+1.90

Control group (n=50) p
31.42+5.84 0.861
26.37+4.38 0.081

29.21+19.56 0.324
5.27+2.74 0.557
5.18+2.40 0.235
4.29+1.94 0.851

TMSC: total motile sperm count; FSH: follicle-stimulating hormone; LH: luteinizing hormone

Table 2. Comparison of baseline and post-treatment values of the groups

Treatment group(n=50) Baseline
TMSC (million) 27.98+26.86
FSH (mIU/mL) 5.07+3.35
LH (mIU/mL) 5.55+3.55
Total testosterone (ng/mL) 3.79+1.90
Control group (n=50) Baseline
TMSC (million) 29.21+19.56
FSH (mIU/mL) 527+2.74
LH (mIU/mL) 5.18+2.40
Total testosterone (ng/mL) 4.29+1.94

At 6 months p
34.30+35.39 0.090
6.59+3.94 0.008
7.80+6.38 0.008
5.32+2.12 0.006
At 6 months p
31.17+23.79 0.436
5.22+2.73 0.712
5.03+2.65 0.696
4.19+2.02 0.546

TMSC: total motile sperm count; FSH: follicle-stimulating hormone; LH: luteinizing hormone
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Figure 1. a-d. (a) Estimated marginal means of total motile sperm count (groupxtime interaction was detected, p=0.351; two-way
repeated measures analysis of variance). (b) Estimated marginal means of follicle-stimulating hormone (groupxtime interaction

was detected, p=0.003; two-way repeated measures analysis of variance). (c¢) Estimated marginal means of luteinizing hormone
(groupxtime interaction was detected, p=0.011; two-way repeated measures analysis of variance). (d) Estimated marginal means

of total testosterone (groupxtime interaction was detected, p=0.001; two-way repeated measures analysis of variance)

are composed of highly polyunsaturated fatty acids."®\. This per-
oxidative damage to the sperm cell plasma membrane plays an
important role in the pathophysiological mechanism of human
male infertility. Oxidative damage can cause sperm membrane
dysfunction and abnormal morphological sperm formation.!”
In normal semen samples, ROS, which are necessary for cell
activity and controlled by antioxidant mechanisms, work benefi-
cially by preventing cell damage, whereas oxidative stress and
damage start when ROS increase is high, antioxidant capacity
is low, and balance is deteriorated. Semen sperm cells and leu-
kocytes are the two basic free radical sources. Oxidative stress
plays a role in impairing spermatogenesis, leading to male infer-
tility. Several studies have reported that antioxidant treatment

may improve sperm DNA damage and other sperm parameters.
81 The parameter for assessing the quality of sperm is TMSC.
TMSC has a better predictive value for spontaneous pregnancy
than the WHO classification system. Sperm morphology param-
eter is not used in this calculation."” TMSC has been found to
have a higher correlation with both blastocyst development and
expansion as well as ongoing pregnancy rate in both intrauterine
insemination and in vitro fertilization cycles.” Therefore, we
used TMSC in this study.

In a previous meta-analysis, Omar et al.'? demonstrated a sig-
nificant improvement in the sperm concentration, morphology,
and motility using antioxidant supplements (pentoxifylline, coen-
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zyme Q10, and L-carnitine) compared with placebo. The duration
of therapy was 6 months as it was in our study. They concluded
that antioxidants may protect against free radical injury, with in-
fertile men having higher ROS levels. It has been presented that
antioxidants improve spermatogenic function and sperm DNA in-
tegrity.*"! Reducing the oxidative stress with antioxidant supple-
ments has the potential to improve semen parameters similar to
the TMSC increase observed in the treatment group of this study.
Several clinical trials and systemic reviews involving the use of
various combinations of antioxidants (L-carnitine, selenium, N-
acetylcysteine, coenzyme Q10, ubiquinol, vitamin E, vitamin C,
and lycopene) in infertile men have reported beneficial effects of
antioxidants on sperm concentration, motility, and DNA integrity.
22 Another study, which involved 148 idiopathic infertile men,
indicated that the intake of oral antioxidants for 3 months signifi-
cantly increased sperm concentration and motility after treatment.
These beneficial changes in semen quality have been reported to
improve the chance of natural conception in several but not all
studies.”! However, the improving effect of antioxidant treatment
is not clearly known. This study investigated the effect of antioxi-
dant treatment on reproductive hormones.

Being the primary male sex organs, testes are involved in sper-
matogenesis and secretion of many hormones. These hormones
are effective in the regulation of gonadotropin secretion, sper-
matogenesis, sexual differentiation, male phenotype formation,
and normal sexual behavior.?” ROS affect endocrine pathways
and disrupt normal hormonal secretion and reproductive func-
tions. Many studies have reported that ROS disrupt sperm pa-
rameters in men with idiopathic infertility. Oxidative stress has
been reported to increase the blood norepinephrine and cortisol
levels.” These hormones significantly increase the intracellular
levels of ROS and reactive nitrogen species. They damage cel-
lular microstructures and activate the immune and inflammatory
systems. Uncontrolled ROS production directly damages the re-
productive tissues. ROS directly inhibit the male reproductive
function by increasing the effect of glucocorticoids on Leydig
cells.”®) As a result, the circulating testosterone levels decrease
because of the suppression of androgen synthesis and induction
of apoptosis in the Leydig cells.?”” LH receptors are located on
the membrane of Leydig cells, whereas FSH receptors are locat-
ed on the Sertoli cells.”® They coordinate to synthesize testos-
terone and maintain normal spermatogenesis and sperm health
and density. Stress-induced elevation of glucocorticoid levels
can directly reduce the testosterone levels.””! There is also a
significant decrease in LH and gonadotropin releasing hormone
levels in case of chronic stress.*” Reduced LH levels cannot suf-
ficiently stimulate the Leydig cells for testosterone production.
Decreasing the FSH levels reduces the release of androgen bind-
ing protein from the Sertoli cells. As a result, oxidative stress
decreases the amount of circulating testosterone. At the same

time, during oxidative stress, testicular inhibition and E2 secre-
tion increase and inhibit the testosterone release. Decreasing tes-
tosterone cannot adequately regulate proper spermatogenesis to
produce mature spermatozoa.

In our study, FSH, LH, and total testosterone levels significantly
increased in the treatment group. It can be concluded that anti-
oxidant use improves the serum sex hormone levels and increas-
es an individual’s fertility chances. Increase in the spontaneous
pregnancy rates along with improvement in sperm concentration
and motility was reported by the studies evaluating the effect of
oral use of antioxidants on male infertility."'! The limitations of
this study are that there was no placebo group and sperm DNA
damage could not be examined. Randomized placebo-controlled
trials are needed to determine the improved effect of antioxidant
treatment on male reproductive hormones and the effectiveness
of antioxidant support in the treatment of idiopathic male infer-
tility. Another limitation of the study is that the molecules in the
antioxidant supplement can affect the hormones in another way
or directly, apart from the antioxidant effects. For example, vi-
tamin D acts as a steroid hormone with a progesterone effect.”!
Vitamin A metabolite affects thehypothalamic—pituitary—adrenal
axis through the retinoid®?, zinc mediates the effect of andro-
gensP and L-arginine affects hormones through NO.**

Some of the infertile men with no correctable pathology need
medical/supportive therapy. Among the supportive treatments,
the use of antioxidant supplements improves the sperm param-
eters in infertile men and increases the possibility of pregnancy.
Antioxidant support therapy is also useful in couples who want
a chance of spontaneous pregnancy or who want to increase the
probability of pregnancy with intracytoplasmic sperm injection.
We have shown that antioxidant supplements have a positive ef-
fect on serum sex hormone levels in men with idiopathic infertil-
ity. The promising but unproven clinical status of fertility- and
pregnancy-promoting support products should be overcome in
the placebo-controlled trials.
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