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reproductive hormones in asthenozoospermic men.
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Asthenozoospermia trial, 60 asthenozoospermic men attending an infertility clinic in Velayat

Oxidative stress
Propolis
Spermatogram

Hospital in Qazvin, Iran, were randomly assigned to one of intervention and
placebo groups (n=30 for each group). For 10 weeks each participant in the
intervention group took 1500 mg of propolis daily, while in the placebo group
they received daily placebo. Sperm parameters, total antioxidant capacity,
concentrations of malondialdehyde of plasma, inflammatory markers and
reproductive hormones were measured at the baseline and at the end of the
interventions.

Results: Out of 60 who participated in this study, 29 men in the intervention
group and 28 men in the placebo group completed the study. After the
intervention, concentration and percentage of motile sperms as well as total
antioxidant capacity of plasma significantly increased while the concentration of
plasma malondialdehyde and inflammatory markers significantly decreased in
the intervention group compared to the placebo group (p<0.05).

Conclusions: Propolis supplementation led to increase in the concentration and
motility of asthenozoospermic sperms and reduction of oxidative stress and
inflammatory markers. Since increase in reactive oxygen species has been
observed in abnormal sperms, oral intake of propolis may be one of the ways to
deal with oxidative damage in spermatozoa of infertile men.
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Introduction

According to World Health Organization
(WHO) definition, infertility is the absence of
pregnancy after one year or more of sexual
relations with no use of contraceptives [1].
Because of lifestyle changes and the presence
of various environmental stresses, the incidence
of infertility has increased significantly and has
become the third most serious health problem
following cardiovascular diseases and cancer
[2]. According to studies, 10 to 15 percent of
couples have infertility problems, out of which
90% can be treated [3]. Based on scientific
reports, there are 50 to 80 million infertile
couples in the world with about two million
new cases per year [1].

Elevated reactive oxygen species (ROS) levels
can lead to male infertility. Forty percent of the
men had high levels of ROS concentrations as
reported in past studies [4]. Because of the
presence of polyunsaturated fatty acids in the
cell membrane and their oxidation by ROS that
leads to changed membrane integrity, sperm
motility and sperm viability diminish as well
[5]. Infertile men have low antioxidant levels in
seminal plasma which can lead to sperm
vulnerability against oxidative stress [6].
Propolis is a natural product collected from
cracks in the bark of trees by honey bees and
enriched by their salivary enzymes [5]. Many
biological components such as polyphenolic
compounds (i.e., flavonoids), cinnamic acid
extracts, different steroids and amino acids have
been identified in propolis [7]. Some biological
effects such as anti-inflammatory, anticancer,

antioxidant, antibiotic and antifungal activities

have also been reported from propolis in
several papers [5]. Protective properties of
propolis against infertility have been reported
in several studies, such as ameliorating
production, motility, number and quality
of sperm, expanding the process of steroi-
dogenesis and then testosterone production [8,
9]. Due to increased infertility prevalence and
impact of emotional, financial burden of
disease on infertile couple’s quality of lives
[10], this study was designed to investigate the
effect of propolis on sperm parameters,
inflammatory factors and sex hormones in men

affected by idiopathic infertility.
Materials and Methods

Subjects

This double blind randomized controlled
clinical trial was accepted by the Ethics
Committee of Qazvin University of Medical
Sciences and was recorded by the identification
code of IRCT2016072519669N2 in clinical
trials registry of Iran. A total of 60
asthenozoospermic men seeking infertility
treatment at urology clinic of the Velayat
Hospital (Qazvin, Iran) during two years were
enrolled. The inclusion criteria were: willing to
cooperate, age range between 20 and 45,
infertility of unknown origin (idiopathic)
based on WHO 1999 criteria [11], normal
levels of gonadotropins, testosterone and serum
prolactin, asthenospermia with mobility less
than 50%. Patients were excluded from the
study if any of the following conditions existed:

there was a known cause of infertility (such as
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hormonal disorders, epididymal duct obstruction,
and epididymoorchitis), smoking or drugs/
alcohol consumption, diabetes, kidney disease
(creatinine doubled or more), chronic liver
disease (transaminases more than twice the
normal level), infectious diseases with fever
and leukocytosis, chromosomal abnormalities,
debilitating diseases, sexual system disorders
such as varicocele, drugs that stimulate sexual
system or interfere with sex hormones, patients
undergoing intracytoplasmic sperm injection
due to severe spermiogram disorders, presence
of other infertility factors, contact with
pesticides, heavy metals and solvents, taking
antioxidant supplements in the past three
months and a body mass index of 30 kg/m? or
higher.

Study design

At the beginning of the study, patients were
randomized to propolis-treated group who
received 1500 mg of Iranian propolis daily and
placebo group who received matching placebo
(a capsule seeming as propolis capsule but
containing wheat flour) for 10 weeks (three
capsules of 500 mg per day). Propolis was
bought from Alamut Company in Qazvin,
approved by an expert in Tabriz Faculty of
Pharmacy, Iran, and poured into the capsule
after being powdered. Each eligible patient
received a computer-generated randomization
number. Then a randomization table was
generated by way of random permuted blocks.
The investigator and patients were blinded to
the treatment condition. Subjects were given
informed consent prior to participation in the
study. To maintain and guarantee blinding,

propolis and placebo were identical in

appearance. Patients' data collected during this
trial were kept confidential and locked in a
secure area. Randomization codes of the study
were opened only after all participants had
completed the study protocol. Demographic data,
medical history, lifetime history of tobacco use,
intake of multivitamin supplements, and lifestyle
information were collected from each patient.
Weight was measured with the use of digital
scales (Soehnle, Germany) with patients
minimally clothed. Height was measured with a
fixed-to-wall non-stretch tape meter with patients
in a standing position. The body mass index was
then calculated in kilograms per square meters.
Participants were interviewed face to face by
trained professional nutritionists.

Preparation of samples

Semen samples were obtained after 3 days of
sexual abstinence at urology clinic of the
Velayat Hospital (Qazvin, Iran). The semen
was held at 37°C to liquefy. After liquefaction,
the samples were analyzed according to the
WHO protocol [12]. The rest of liquid semen
samples were immediately centrifuged at 300
rpm for 10 min. The seminal plasma was
divided into several aliquots and kept frozen at -
80 °C for other biochemical analyses. Venous
blood samples were centrifuged at 3,000 g at
4°C for 10 minutes, and serum was aspirated
out for hormone assays. The serum was stored
at -80°C until assays.

Laboratory methods

Assessment of sperm motility

Motility assessment of sperms was performed
according to the WHO 1999 criteria [13].

Sperms were scored for motility as grades a to
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d, and progressive motility rate was calculated
as the percentage of a+b.

Biochemical analysis

C-reactive protein (CRP) levels were measured
using turbidimetric immunoassay (BioSystems
Co, Barcelona, Spain). Serum levels of tumor
necrosis factor (TNF)-a were measured using
enzyme-linked immunosorbent assay (ELISA)
(DlAsource Co, Belgium). Serum malondial-
dehyde levels were detected by tiobarbituric acid
method. Colorimetric method was used for
analyzing serum total antioxidant capacity
(TAC) (Randox Laboratories Ltd, UK). This
method has been extensively explained by
Khosrowbeygi et al. [14].

Reproductive hormones assay

Serum testosterone (DRG Instruments GmbH,
Germany) and prolactin (Padyab Teb
Diagnostic, Iran) were assayed using
commercial radioimmunoassay Kkits. These
commercial kits had previously been used with
an inter-assay and intra-assay variation of lower
than 10% (the reference range for testosterone
and prolactin is 10 to 35 nmol/L and 92 to 697
pmol/L, respectively.) Luteinizing hormone
(LH) was measured by immunochemilumino-
metric assay (CUSABIO, Japan), in which
intra-assay and interassay coefficients of
variation were 3.4% and 3.8%, respectively
(the LH normal range is 1.5 to 9.3 IU/L).
Follicle-stimulating hormone (FSH) was also
measured using immuno-chemiluminometric
assay (CUSABIO, Japan) with an intra-assay
and inter-assay coefficients of variation of 3.2%
and 6.7%, respectively (the FSH normal range
is 1.4 t018.1 IU/L).

Statistical analysis

All data were presented as Mean+SD. The
distribution of the data was evaluated by the
Kolmogorov—-Smirnov test. Due to the normal
distribution of variables, the independent
sample t-test and the paired sample t-test were
applied to analyze differences in variables
between and within groups, respectively.
Statistical computations were calculated using
SPSS 16 for windows software (SPSS Inc.,
Chicago, IL, USA). P<0.05 was considered as

statistically significant.
Results

In this study, a total of 60 patients were
recruited but only 57 patients completed the
whole study including 29 out of 30 in the
propolis-treated group and 28 out of 30 in
the placebo group (Fig. 1). There were no
significant differences in baseline features of
the participants between the two groups (Table
1). There were no significant differences in
total sperm count, sperm concentration, the
percentage of progressive motile sperm, total
motility, and sperm morphology between the
two groups before treatment (p>0.05, Table 2).
However, propolis supplementation, compared
to the placebo, significantly increased sperm
count, sperm concentration, sperm total motility
and live sperm (p<0.05). Within-group analysis
indicated that the sperm count, sperm
concentration, sperm total motility and live
sperm significantly increased after intervention
in the propolis-treated group (p<0.05). Other
sperm parameters such as ejaculation volume
and morphology were not significantly different
between the two groups (p>0.05).

International Journal of Medical Laboratory 2019;6(1): 21-32. 24



PROPOLIS SUPPLEMENTATION IN ASTHENOZOOSPERMIC MEN

Total patients randomized

{n=60)

Allocated to intervention
group (n=30])

Lost to follow up (n=1)

Analyzed (n=29)

Allocated to placebo
group (n=30)

Lost to follow up (n=2)

Analyzed (n=28)

Fig. 1. Flowchart of patients’ recruitment for the clinical trial of propolis supplementation in asthenozoospermic men

Table 1. Comparison of baseline characteristics of the participants

Propolis-treated group

Placebo group

Characteristics P-value
(N=29) (N=28)
Age (yr) 31.61+4.18 30+ 3.96 0.35*
Duration of Infertility (yr) 3.93+1.52 3.71£0.99 0.37*
Smoking history Never smoker 19 (65.51) 19 (67.85) .
N (%) Current smoker 10 (34.48) 9(32.14) '
. Less than high school 10 (34.48) 8 (28.57)
Education status . .
N (%) High school diploma 11 (37.93) 13 (46.42) 0.71**
(0]
Bachelor’s or higher 8 (27.58) 7 (25)
. Base 85.45 +9.03 84.86 £ 9.01 0.48
Weight (Kg)
End of 12 weeks 85.33 £ 11.22 85.76 £+ 10.09 0.87
Base 27.02 +3.04 26.52+2.73 0.20
BMI (Kg/m?)
End of 12 weeks 27.15+34 26.65 + 3.06 0.21
Physical activity Base 30.63 £10.27 30.06 £ 9.22 0.80
(met-h/week) End of 10 weeks 30.66 + 10.45 30.1+9.74 0.21

*Based on statistical analysis with independent samples t-test; **Based on statistical analysis with Chi-square
test; yr = year; BMI= Body mass index; N (%)= Number (percent)

Data are presented as Mean+SD

25

International Journal of Medical Laboratory 2019;6(1):21-32.



F. Gholaminejad et al.

Table 2. Comparison of sperm quality parameters before and after the intervention within and
between two groups

Propolis-treated group ~ Placebo group

Variables P1
(N=29) (N=28)
Before 3.45+0.29 3.39+0.26 0.89
Ejaculate volume (mL)  After 34405 3.38 +0.47 0.901
P2 0.99 0.987
Total sperm count Before 74.94 + 493 75.54 +4.42 0.42
After 86.88+10.41 76.36 £9.79 0.011
(108 sperm/per ejaculate)
P2 0.002 0.261
Sperm concentration Before 21.77 £ 2.05 21.9+1.83 0.72
After 25.31+5.27 22.16 + 4.96 <0.001
(10%/mL)
P2 <0.001 0.101
Before 26.82 +3.08 27+2.74 0.8
Motility grade a + b (%) After 32.15+3.82 26.06 £ 3.2 <0.001
P2 <0.001 0.104
Before 3.05+1.26 3.07+1.12 0.89
Motility grade a (%) After 6.29+3 3.25+3.56 <0.001
P2 <0.001 0.201
Before 23.77+2.79 23.93+2.48 0.47
Motility grade b (%0) After 25.86 = 3.23 23.69 £ 3.84 0.09
P2 0.099 0.326
Before 6.83+3.2 6.88 £2.91 0.311
Motility grade c (%0) After 9.1+£3.07 7.55+3.05 0.16
P2 0.042 0.711
Before 62.46 + 3.6 63.09 +3.21 0.104
Motility grade d (%0) After 57.11 + 4.66 62.81 £ 2.94 0.003
P2 0.01 0.253
Before 33.66+ 3.9 33.88 + 3.47 0.22
Motility grade a+b+c (%) After 38.98+5.1 3451+£2.72 0.031
P2 0.04 0.694
Before 14.99 +3.72 15.11+3.34 0.27
Normal morphology (%) After 17.46 +4.91 14.96 + 3.29 0.052
P2 0.057 0.203
Before 69.12 + 3.84 69.68 + 3.45 0.79
Live sperm (%) After 75.51 + 5.07 68.99 + 3.39 0.021
P2 0.02 0.307

P1: Comparing the mean of sperm quality parameters between the two groups (independent

samples
t-test)

P2: Comparing the mean of sperm quality parameters in each group before and after the study

(paired samples t-test)

Data are presented as Mean+SD
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At the baseline, there were no significant Plasma malondialdehyde and inflammatory
differences in plasma malondialdehyde, biomarker levels were also affected by
TAC, CRP and TNF-a levels between the propolis supplementation. These factors were
two groups. After propolis treatment for significantly decreased in the propolis group,
10 weeks, plasma TAC levels increased when compared to the placebo group (p<0.05)
significantly compared to the placebo (Table 3).

(2.1+0.06 vs. 1.35+0.09 pmol/l, p<0.001).

Table 3. Comparison of the changes of measures for oxidative stress biomarkers, inflammatory factors and sex
hormones before and after the intervention within and between two groups

Variables Propolis-treated group Placebo group p1
(n=29) (n=28)
Before 1.4+0.08 1.36 £ 0.08 0.901
TAC (mmol/l) After 2.1+0.06 1.35+0.09 <0.001
P2 <0.001 0.701
Malondialdehyde Before 1.08+0.1 1.05+0.1 0.104
(umol/l) After 0.83+0.1 1.08 +0.1 0.003
P2 0.001 0.198
Before 7.13+2.1 6.9+2.03 0.065
CRP (umol/l)° After 53+155 6.8+2 0.047
P2 0.001 0.546
Before 13.12+1.86 12.69+1.73 0.076
TNF a (umol/l) After 10.74 £ 1.44 12.57 £ 1.86 0.024
P2 0.001 0.511
Before 14.01+£ 295 14.12 £ 2.74 0.253
Testosterone (ng/mL)  After 15.97 £ 3.35 15.08 £ 2.53 0.27
P2 0.081 0.163
Before 542+2.1 5.37£1.99 0.52
FSH (ng/mL) After 4.6 +211 5.43 £ 2.02 0.24
P2 0.29 0.244
Before 5.96 £ 2.12 6.01 £ 1.97 0.84
LH (ng/mL) After 557 +1.97 5.99 +1.88 0.29
P2 0.23 0.507
Before 351.45+32.7 354.4 £ 29.02 0.27
PRL (ng/mL) After 345.8 + 32.89 355.55 + 27.26 0.08
P2 0.07 0.32

P1: Comparing the mean of oxidative stress biomarkers and inflammatory factors and sex hormones between
two groups (independent samples t test)

P2: Comparing the mean of oxidative stress biomarkers and inflammatory factors and sex hormones in each
group before and after intervention (paired samples t-test)

TAC =Total antioxidant capacity; CRP= C-reactive protein; TNF o= Tumor necrosis factor a; FSH= Follicle-
stimulating hormone; LH= Luteinizing hormone; PRL= Prolactin

Data are presented as Mean+SD

27 International Journal of Medical Laboratory 2019;6(1):21-32.



F. Gholaminejad et al.

There were no significant differences in
the baseline levels of LH, FSH, PRL
and testosterone between the two groups.
Compared to the placebo, the propolis-treated
group had an increase in testosterone and
decrease in serum FSH, LH and PRL on
10-week treatment. However, this difference
was not significant (p>0.05). Within-group
analyses indicated that difference in the
reproductive  hormone levels were not
significant after intervention in the propolis-
treated group (p>0.05) (Table 3).

Discussion

This study reported, for the first time, the
effects of Iranian propolis oral supplement-
ation on infertile men with asthenozoospermia.
Our knowledge on male fertility, sperm
function and evolution of distinctive tackles
has been intensively improved in the last
decade. Also, our understanding of oxidative
stress has resulted in various new treatment
methods for ameliorating male infertility.
Absence of scientific reports about efficacy of
many new antioxidants that are nowadays used
for decreasing oxidative stress and boosting
sperm function has led to their non-acceptance
by food and drug administration.

Several studies have indicated that prevention
of reduced sperm motility can be fulfilled
with some antioxidants [15]. Our results
revealed that a 10-week supplementation with
propolis can increase sperm count, sperm
concentration, sperm motility and live sperm.
Consistent with our results, Capucho et al. [16]

and Rizk et al. [17] reported that propolis

extract can increase sperm number in rats.
According to these findings, propolis may be
regarded as an adjuvant therapy. Testicular
tissue exposed to cyclosporine A was protected
from oxidation by propolis treatment.
Improved enzymatic activities of oxidative
phosphorylation may affect sperm motility.
ATP production is dependent on oxidative
phosphorylation. Energy for the forward motion
of spermatozoa is supplied by ATP [18].

This was also reported by Yousef et al. [8], in
rabbits, by daily administration of 50 mg/kg of
body weight of propolis orally, for 12 weeks.
These results are in line with those shown
by Newairy [19], when administering orally,
in male rats, 50 mg/kg of body weight of
propolis for 70 days. Both investigators found
significant amelioration in semen quality of
propolis-treated animals compared to controls.
Also propolis-treated group showed significant
improvement in sperm features and male
fertility in animals exposed to chlorpyrifos
toxicity [20]. Sperm membrane rich in
polyunsaturated fatty acids may be affected by
oxidative strikes. Free radical scavenging
properties of propolis may protect sperms from
adverse effects [21].

One of the main measurements that indicate
sperm fertilizing properties is sperm motility
[22]. Any negative effect on motility would
really affect fertilizing capability [23].
Antioxidant power of flavonoids found in
propolis may be related to boosting sperm
functions, operating as antioxidant factors, and
defending the sperm membrane [24]. Russo et

al. [25] identified that propolis prevents
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oxidative damage in sperm DNA caused by
the thiobarbituric acid-reactive substances.
It should be noted that the effective dose of
propolis has been taken from the study of
Russo et al. In that study, the extract of
1.5 grams of propolis increased spermatic
mitochondrial activity and thus increased
sperm motility. By giving honey containing
high levels of flavonoids to rats, Syazana et al.
[26], reported that honey can improve sperm
count and percentage of normal sperm and can
decrease the percentage of sperm head and tail
deformity. Therefore, an increase in motility
and spermatozoa robustness after propolis
supplementation were expected.

de Moraes et al. [27] evaluated the different
levels of propolis powder in rabbit diets and
their effect on semen functions. Results
indicated that propolis in the diet increased
normal spermatozoa percentage and decreased
spermatozoa abnormalities. The progressive
spermatic motility and spermatic concentration
were not affected by propolis. Some
components, especially flavonoids are likely
present in the propolis which affect semen
parameters, as pointed out by investigators
[8, 25, 17].

The TAC in seminal fluid and blood plasma
is firmly linked to male fertility, and proper
TAC supplies a good environment for sperm
swimming [28]. Considering this fact, Contri
et al. [29] reported a clear correlation between
sperm parameters and total antioxidant
capacity in seminal plasma. Antioxidant
defense capacity of semen is reduced in semen
processing and cryopreservation [30]. Based

on our study, propolis intake significantly

increased the level of TAC in plasma.
Further, propolis application as antioxidant
was awaited to lower malondialdehyde
levels and improve the quality of spermatozoa.
The result of this research indicated
that propolis supplementation 1500 mg
lowers malondialdehyde level significantly
compared to the placebo group.

Decreased plasma and tissue (liver and
kidney) malondialdehyde levels was reported
by Kanbur et al. [24] in animals that were
administered propolis in association with
propetamphos, in comparison to the group
that was treated with propetamphos alone.
Elementary mechanism of propolis effect may
be related to scavenging of free radicals that
cause lipid peroxidation.

There are numerous data about anti-inflam-
matory properties of propolis [31]. In this
study, propolis significantly decreased the
levels of CRP and TNF-a. Anti-inflammatory
effect of propolis reported in several
investigations originates from the presence
of flavonoids, mainly galangin [32]. Moreover,
flavonoid has been shown to retard cyclo-
oxygenase and lipooxygenase activity and the
expression of the inducible isoform of cyclo-
oxygenase (cyclo-oxygenase-2). Indeed,
another component of propolis, caffeic acid
phenethyl ester, has anti-inflammatory
properties by preventing the release of
arachidonic acid from cell membrane,
repressing the enzyme activities of cyclo-
oxygenase-1 and cyclo-oxygenase-2, and
inhibiting the activation of cyclo-oxygenase-

2 gene expression [33].
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Spermatozoa quality is affected by various
spermatogenesis processes in testis including
the levels of LH, FSH produced by anterior
hypophysis, and testosterone produced by
testis Leydig cells [34]. Yousef et al. [35]
studied the protective effects of propolis
against reproductive toxicity of aluminium
chloride (AICI3) in male rats. Propolis alone
decreased the dead and abnormal sperm and
thiobarbituric acid reactive substances but
increased testosterone. Nevertheless, AICls
administration alone lowered the level of
testosterone without propolis, but a combination
of AICIs and propolis recovered the testosterone
levels. Guo et al. [36] suggested that aluminium-
induced ROS might be a suppressor of
testosterone. Evidences demonstrated that ROS
play a central role in controlling androgen
synthesis. Dobashi et al. [37] observed the
inhibition of LH-stimulated steroidogenesis by
ROS in Leydig cells. The stress-induced
testicular ROS also caused a decrease in
steroidogenic enzyme activities [38]. In our
study, the propolis-treated group had an

increase in testosterone and decrease in serum
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