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Abstract

Background: Genital tract infection is one of the main causes of male infertility. The increasing frequency of drug resistance and
side effects of antibiotics have urged researchers to seek alternative sources of antimicrobial agents, such as medicinal herbs, for
the treatment of antibiotic-resistant infections.

Objectives: The present study aimed to determine the frequency of potentially pathogenic microorganisms in the semen of infertile
men and investigate the antimicrobial activity of Silypbum marianum extract against the isolates.

Methods: Semen samples were collected from 96 infertile men who referred to the Pasteur Laboratory in Gorgan, Iran. Semen
samples were first analyzed according to the World Health Organization guidelines and then underwent microbiological tests to
identify pathogens. Antimicrobial susceptibility to S. marianum extract was evaluated using the disk diffusion (Kirby-Bauer) method.
Moreover, the active components of the extract were identified by the gas chromatography-mass spectrometry technique.
Results: In the semen analysis, 64% of the samples had problems in the parameters of sperm count, motility, and morphology. In
addition, the bacterial contamination was observed in 36% of semen samples. The most and the least common isolates were Staphy-
lococcus aureus (45%) and Klebsiella pneumoniae (11%) and Staphylococcus epidermidis (11%), respectively. In Gram-positive isolates, S.
aureus was mostly resistant to azithromycin (57%). In Gram-negative isolates, Escherichia coli was mostly resistant to gentamicin
(37%). The inhibitory activity of S. marianum flower extract was significantly higher than that of S. marianum leaf extract (P < 0.01).
Silybin (2.64%) and silychristin (3.07%) were the most abundant constituents of S. marianum flower extract.

Conclusions: Bacterial infections play an important role in male infertility and S. marianum extract after purification can be poten-

tially used for the treatment of antibiotic-resistant genital tract infections.
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1. Background

Infertility can increase sexual dysfunction and reduce
sexual satisfaction and the frequency of sexual activity. For
many people, infertility is a major crisis and source of psy-
chological stress that can cause emotional stress and a
range of negative psychological reactions, including de-
pression, anxiety, worry, anger, shame, jealousy, loneliness,
despair, low self-esteem, and imbalance. Emotionally, it
can lead to feelings of inadequacy and sexual dysfunction.
Infertility is a complex life crisis that is psychologically
threatening and emotionally stressful. Due to the impact
of infertility on human life, it has become an important
part of medicine and research in the medical community
(1.

Ithasbeenreported that one in every four couples s af-
fected by infertility. About 40% of these cases are related to
“male factor” infertility. One of the most important causes

of male infertility is the genital tract infection, which can
directly affect the sperm count, motility, and morphologi-
cal normality (2). These infections can also damage the tes-
ticles and stimulate inflammatory and autoimmune reac-
tions, all of which can lead to male infertility. A wide range
of microorganisms is involved in the development of male
infertility (3). Enterococci and E. coli are often found in
the semen and usually lower sperm parameters compared
to normal. Staphylococci are bacteria often found in the
urethra of men and can contaminate the semen (4). Gen-
erally, bacterial infections and subsequent sperm aggluti-
nation can result in reduced sperm motility, epididymitis,
prostatitis, and impaired spermatogenesis. Despite the fa-
vorable effects of antibiotic therapy on sperm parameters,
the increasing rate of antibiotic resistance has made the
treatment of such infections extremely difficult (5, 6).

Nowadays, the use of medicinal herbs and traditional
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medicine is recognized as an important aspect of global
health promotion. Medicinal plants comprise a variety
of biocompatible and nontoxic compounds that can exert
therapeutic effects without unwanted side effects (7). Sily-
bum marianum is a commonly used medicinal plant from
the family Compositae that grows wild in various parts of
the world, including the northern, western, and southern
areas of Iran. Silymarin is the active compound of S. mari-
anum seeds that contain flavonolignans, including silybin,
isosilybin, silychristin, and silydianin. These compounds
possess antioxidant, anti-inflammatory, anti-arthritic, and
antimicrobial properties (8).

2. Objectives

This study aimed to investigate the in vitro effects of S.
marianum extract on microbial agents isolated from the se-
men of infertile men.

3. Methods

3.1. Isolation of Microorganisms

In this study, 96 semen samples were collected from
men aged 20 - 35 years who were referred to the Pas-
teur Laboratory in Gorgan, Iran, between February 2018
to May 2019. The study procedures were approved by
the Ethics Committee of Islamic Azad University, AliAbad
branch (code No. 1398.008), Golestan, Iran, and were per-
formed according to medical ethics standards. The semen
analysis and culture were performed to identify possible
genital bacterial pathogens in men with no sexin the past3
-5 days. The study also included a control group consisting
of 50 semen samples taken from men with proven fertility
and no history of infection. The samples were incubated
for30 minutes at37°C before Papanicolaou staining. The se-
men volume, time of fluidization, pH, concentration, mor-
phology, motility, and white blood cell count were deter-
mined according to the World Health Organization guide-
lines (9).

To identify microorganisms, 10 uL of each semen sam-
ple was transferred onto blood agar and eosin methylene
blue agar (Merck, Germany) using sterile pipette tips. Af-
ter incubation at 37°C for 24 hours, bacterial strains were
identified using catalase, coagulase, oxidase, and differen-
tial tests. The samples were also cultured on Sabrodextrose
agar (Biolife, Italy) and incubated at 32°C for 2- 5 days to iso-
late possible fungal agents.

The antibiotic resistance pattern of Gram-positive and
Gram-negative bacterial isolates was determined by the
disk diffusion (Kirby-Bauer) test using the following antibi-
otic disks: vancomycin (30 ug), cefazolin (30 ug), doxy-
cycline (30 pg), azithromycin (15 pg), ceftriaxone (30 ug),

gentamicin (10 pg), levofloxacin (5 pg), and cefixime (5 ug).
All antibiotic disks were purchased from PadTanTeb Co.,
Iran. The results were analyzed according to the standards
described by the Clinical and Laboratory Standards Insti-
tute (M100-S25) in 2015 (10).

3.2. Preparation of Silypum marianum Extract

The plant was collected from Ziarat village in Gorgan,
northern Iran, and confirmed in the herbarium of the Is-
lamic Azad University of Gorgan. Then, the leaves and flow-
ers of the plant were separated, dried, and powdered com-
pletely. The ethanolic extract of the plant was obtained by
maceration. For this purpose, the obtained powder was
mixed with a 1:10 volume of 70% ethanol in an aluminum-
coated Erlenmeyer flask at room temperature. The mix-
ture was placed on a shaker at 130°C for 48 hours and
then passed through a Whatman No. 4 filter paper (USA).
The solvent was separated from the obtained extract us-
ing a vacuum rotary evaporator at 60°C. Next, the extract
was evaporated to be dried under vacuum at 45°C and
25 mmHg. Finally, the extract was passed through 0.45-
micron filters and stored in a sterile dark glass container
in arefrigerator.

3.3. Identification of Silybum marianum Extract Components

First, the extract was incubated at -20°C for 48 hours
to remove wax and fat. After filtration, the mixture was
mixed with an equal volume of dichloromethane for 2
hours at 286 rpm. The obtained uniformed mixture was
left for 15 minutes until separation into two phases. Fi-
nally, the dichloromethane phase was injected into a Gas
Chromatography-Mass Spectrometry (GC-MS) instrument
(Agilent, USA) to identify compounds.

3.4. Determination of Antibacterial Effect of Silybum marianum
Extract by Agar Well Diffusion Method

To prepare the initial concentrations of flower (F1) and
leaf (L1), the dried leaf and flower extract was inoculated
with 1% dimethyl sulfoxide and distilled water to obtain a
final concentration of 500 mg/mL. The resulting mixtures
were then diluted to 250 mg/mL and labeled as F2 and L2. A
bacterial suspension with a density equal to 0.5 McFarland
standard was cultured on Mueller-Hinton agar (Merck, Ger-
many). Five wells with a diameter of 5 mm were created on
the agar plate and were inoculated with 50 L of the initial
and diluted concentrations of the leaf and flower extracts
(B1, B2, G1, G2). The plates were incubated at 37°C for 24
hours, and the diameters of growth inhibition zones were
measured. A well containing only distilled water was con-
sidered as the negative control. An inhibition zone diam-
eter of < 12 mm and < 10 mm indicated sensitivity and re-
sistance, respectively. Data were analyzed by SPSS-16 using
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the Kruskal-Wallis nonparametric test. In addition, the Mi-
crosoft Excel (2010) software was used to calculate the dif-
ference of means and to draw tables and charts. A p-value
of less than 0.01 was considered statistically significant.

4. Results

Of 96 semen samples collected from infertile men, 35
samples (36%) were culture-positive. Of these samples, 16
(45%) were positive for Staphylococcus aureus, 11 (33%) for
Escherichia coli, four (11%) for Klebsiella, and four (11%) for
Staphylococcus epidermidis. No fungi were isolated from the
samples. Most positive cultures (38.8%) wererelated to men
aged 27 - 30 years, while the frequency of positive cultures
was lowest among samples collected from those aged 20 -
25 years.

4.1. Results of Semen Analysis

The frequency of sperm count, motility, and mor-
phology problems was 41%, 54%, and 76% among culture-
positive semen samples, respectively. In addition, 64% of
the samples had problems in all three parameters. The
WBC count was between 6 and 18 in culture-positive sam-
ples, which was higher than the normal range (0 - 1). More-
over, the pH of 42% of the samples was higher than the nor-
mal range (7.1- 8.0) (Figure 1).

4.2. Results of Antibiotic Susceptibility Testing

In Gram-positive bacteria, the highest rates of resis-
tance and susceptibility among S. aureus isolates were ob-
served against erythromycin (57%) and vancomycin (100%),
respectively. In Gram-negative bacteria, the highest rates
of resistance and susceptibility among E. coli isolates were
related to gentamicin (37%) and ceftriaxone (100%), respec-
tively (Table 1).

4.3. Antibacterial Effect of S. marianum Extract

Based on theresults, the inhibitory properties of S. mar-
ianum was more significant against Gram-positive bacte-
ria than against Gram-negative bacteria. In addition, the
mean diameter of the inhibition zone generated by the ex-
tract of S. marianum flower (13 & 3 mm) was larger than the
mean diameter of the inhibition zone generated by the ex-
tract of S. marianum leaf (7 £ 2 mm). The results of the
analysis of variance indicated a significant relationship be-
tween the antibacterial effect of the S. marianum flower ex-
tract and the diameter of the inhibition zone (P < 0.01)
(Figure 2). Moreover, 80% and 60% of Gram-positive bacte-
ria were susceptible to the extracts of S. marianum flower
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and S. marianum leaf, respectively. However, all Gram-
negative bacteria were resistant to the S. marianum leaf ex-
tract and only were 13% resistant to the S. marianum flower
extract. In addition, the inhibitory activity of the extracts
was concentration-dependent (Figure 3).

4.4. Constituents of S. marianum Extract

Given its stronger antibacterial activity, we performed
the GC-MS analysis on the S. marianum flower extract. Based
on the results, the extract contained various compounds,
including silybin (2.64%) and silychristin (3.07%). The peaks
related to silybin and silychristin appeared at the retention
times of 35,747 and 36,447, respectively. These compounds
were identified with a probability of > 99%.

5. Discussion

Infertility is a fairly common problem worldwide. The
main causes of male infertility include genital injuries, se-
men contamination, epididymitis, and ejaculatory duct
obstruction. Male infertility is initially investigated by the
semen analysis. Abnormal spermiogram findings simply
raise the possibility of reduced fertility. In addition, sperm
motility is the most important determinant factor of infer-
tility (11). In our study, 64% of the semen samples from in-
fertile men had problems in parameters including sperm
count, motility, morphology, and pH, which is almostiden-
tical to the rates in previous studies in Iran (11, 12). Never-
theless, some researchers believe that infertility is possible
even in asymptomatic men, often due to infections that de-
crease semen quality by affecting sperm motility and mor-
phology (13, 14).

A wide range of bacteria can play a role in male infer-
tility (15). In the present study, 36% of samples from infer-
tile men were positive for bacterial infection, which is sim-
ilar to the rate reported in two previous studies in Iran (16,
17) and a study in Tunisia (18). However, it should be noted
that the abundance of bacterial infections varies depend-
ing on the causative bacterium. For instance, in a study in
2018, the frequency of S. aureus infection was 16% among se-
men samples of infertile men (19), which is notably lower
than the rate observed in our study (45%). In another study
in 2018 (20), the frequency of S. aureus isolates in semen
samples of infertile men was reported to be 65%, which is
higher than the rate found in our study. In the mentioned
study, the frequency of S. epidermidis (24.5%) and Klebsiella
(4.8%) isolates was also higher than the frequency found in
our study (11%). Studies in Nigeria (21) and Iraq (22) also re-
ported the frequency of staphylococcal infection to be 68%
and 65%, respectively. These inconsistencies could be re-
lated to differences in age, physiology, anatomy, and diet
of study subjects.
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Figure 1. Results of semen analysis of infertile men
Table 1. Antibiotic Susceptibility Profile of Microorganism Isolated from Semen of Infertile Men®
Bacteria Cefazolin Doxycycline Azithromycin Vancomycin
R 1 S R I S R 1 N R I S
S. epidermidis 3(75) 1(25) 1(25) 3(75) 2(50) 2(100) 4(100)
S. aureus 2(12) 3(19) 11(69) 7(44) 2(12) 7(44) 9(57) 1(4) 6(39) 16 (100)
Ceftriaxone Levofloxacin Cefixime Gentamicin
R 1 S R I S R 1 S R I S
E. coli 1(5) 1(5) 9(90) 3(27) 8(73) 2(13) 2(13) 7(64) 4(37) 1(8) 6(55)
Klebsiella spp. 4(100) 1(25) 3(75) 1(25) 1(25) 2(50) 1(25) 3(75)

Abbreviations: I, intermediate; R, resistant; S, susceptible
Values are expressed as No. (%).

Figure 2. Comparison of growth inhibition zones generated by S. marianum flower
and leaf extracts against Gram-positive (A) and Gram-negative (B) isolates.

Although antibiotic therapy is the most commonly
used method of controlling genital infections, the increas-
ing rate of drug resistance has reduced the effectiveness
of treatment (23, 24). Therefore, researchers have investi-
gated alternative therapies, the use of medicinal plants, or
natural antimicrobial agents for the treatment of such in-
fections.

We demonstrated the inhibitory activity of S. mari-
anum extract against bacteria isolated from the semen of
infertile men, especially Gram-positive bacteria. This find-
ing is consistent with the results of some studies in Iran
(25, 26) and South Korea (27). However, our findings were
inconsistent with the findings of a study by de Oliveira
et al. (28), which can be due to the difference in the bac-
terial species, subjects, time of plant harvest, and the ac-
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Figure 3. Relative frequency of the antibacterial effect of S. marianum flower and leaf extracts on bacterial isolates from the semen of infertile men

tive components of the plant. Silybin and silychristin were
among the most abundant active components of S. mari-
anum extract. Previous studies revealed the antibacterial
(27) and DNA-dependent RNA polymerase [ stimulating ac-
tivities (29) of these compounds.

5.1. Conclusion

The results of our study showed that bacterial semen
infection could play a significant role in male infertility.
The S. marianum flower extract has good antibacterial prop-
erties, particularly against Gram-positive bacteria such as
S.aureus and S. epidermidis. Therefore, this extract after pu-
rification can be potentially used as a suitable alternative
for the treatment of antibiotic-resistant infections of the
male reproductive tract.
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