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ABSTRACT

The aim of this study was to investigate the effects of propranolol on sperms, histopathology of
testes, and CatSper 2 gene and protein expression in adult mice. 18 adult male mice were
randomly divided into control, propranolol 1 (receiving 10 mg/kg dose) and propranolol 2 group
(receiving 15 mg/kg dose for 35 days). The mean amount of sperm parameters in the propranolol 1
and propranolol 2 groups was significantly lower than the control group (p<0.05). CatSper2 gene
and protein expression have significantly decreased in propranolol 1 and propranolol 2 groups
compared to the control group (P<0.05). Reduction of CatSper2 gene and protein expression in low
dose of propranolol was more severe than high dose. In testicular tissues of the propranolol 1
group, vacuoles and necrosis in the germinal epithelium were observed, and in testicular tissues of
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to the control group (P<0.05).

propranolol 2 group decrease in the thickness of the germinal epithelium, some vacuoles and
necrosis were observed in germinal epithelium as well as congestion in the interstitial space. The
mean value of thiol and catalase enzyme in the propranolol 1 and propranolol 2 groups, and the
mean value of superoxide dismutase in propranolol 1 group, were significantly different compared

Keywords: CatSper; mice; sperm; testis; gene; protein; propranolol.

1. INTRODUCTION

According to World's Health Organization
reports, cardiovascular diseases (CVD) are
among the most important causes of mortality in
the world. In recent years, cardiovascular
diseases, including chronic pulmonary disease
and cancer, have been the cause of patients'
hospitalization in health center and hospitals.
The cost of hospitalization for cardiovascular
disease only in 2008 was more than 297 billion $.
Thousands of people daily refer to hospitals and
health centers with cardiovascular disease. In
Asia, the prevalence of cardiovascular diseases
is increasing and it costs a lot [1]. Beta-blockers
are major therapeutic drugs for cardiovascular
patients, especially in patients with heart failure.
Beta-blockers are divided into two general
categories of selective beta-blocker, such as
esmolol, atenolol and metoprolol, and non-
selective beta-blockers such as carvedilol,
timolol, and propranolol .

Propranolol  inhibits the  connection  of
sympathetic neorucepters and thus reduces
cardiac output, by blocking beta adrenergic
receptors. In addition, causes vasodilatation in
arteries and reduces their environmental
resistance [1]. Propranolol brands are Inderal
and Peranol, which are components of beta-1
and beta-2 receptor blocker drugs prescribed in
pills for treating arrhythmia or blood pressure [2].
The side effects of their consumption are
drowsiness, blurred vision, weakness and
fatigue, dizziness, difficulty in defecation, sleep
problems and decreased sexual ability [2].

Some studies investigate the adverse effect of
beta-blocker drugs on motility of sperm,
acrosome reaction and sperm capacity.
Gavaging 15 mg/kg of propranolol for 60 days
caused a significant reduction in sperm motility in
rats. Also, degeneration in testicular tissues,
epididymis  and, seminal vesicle were
observed. 7.5 mg/kg and 15 mg/kg doses of
propranolol, have increased sperm with
abnormal morphology and have decreased
testosterone levels [3].
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Gavaging 10 mg/kg and 15 mg/kg of propranolol,
have reduced body and reproductive organs
weights in rats. In addition, a significant decrease
was observed in the population of primary and
secondary spermatocyte cells and spermatid as
well as sperm concentration and motility. At high
doses of propranolol, FSH and LH levels of
testosterone, were decreased compared to the
control group. The number of absorbed embryos
was also increased in groups that received 15
mg/kg of propranolol [4].

The in-vitro administration of propranolol have
significantly reduced sperm motility [5-7] and it
had adverse effects on sperm capacity,
acrosome reaction, and sperm penetration in
oocyte [8]. On the other hand, no study has been
conducted about the effect of propranolol on
CatSper gene and protein expression. The
CatSper gene family contains CatSper 1-4 and
beta and gamma [9]. CatSper genes are the key
genes in male fertility expressed exclusively in
the testes [10]. Hence, the aim of this study was
to investigate the effects of propranolol on sperm
parameters, histopathology of testes CatSper2
gene and protein effusion in adult male mice.

2. MATERIALS AND METHODS

18 adult male mice were kept in standard
conditions (room temperature of 22 + 2 °c,
content moisture of 50 + 5%, 12 hours of
darkness and 12 hours of lightness) and
randomly divided into 3 groups: Control,
Propranolol 1 (receiving 10 mg/kg dose) and
Propranolol 2 (receiving 15 mg/kg dose) [4].

Administration was applied by gavaging, for 35
days. The experiment was carried out for 35
days, and after deep anesthesia of mice with
ether, sperm analysis was used. Left testicular
tissue was sampled for molecular evaluation and
the right testes was sampled for histopathological
and biochemical studies.

2.1 Sperm Analysis

After deep anesthesia, epididymis from the
inferior part of the mice abdomen was removed
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and put inside a plate containing PBS and placed
in CO, incubator for 30 minutes. For counting, 10
M sperm solution was given and counted in 5
microscopic fields using 40 lens. Head, neck and
tail morphology of sperm were also investigated.
To evaluate sperm motility, the motile sperm was
counted, and expressed as percentages in 5
fields [11].

2.2 Real Time - PCR

CatSper gene expression was determined using
the Real time- PCR method. Initially, the
extraction of RNA from tissues was carried out
according to Parstous kit protocol. Then, the
complementary DNA was prepared by Parstous
cDNA Kit. The relative expression of CatSper
was investigated by using sybr green, primers
and Actin-B. Pfaffi et al's., methods were used for
analyzing data [12].

2.3 Western Blot

After protein extraction and determining its value
using Bradford method, the protein bands were
transferred to gel electrophoresis. Then, the
proteins were transferred to the nitrocellulose
membrane. After blocking the nitrocellulose
membrane, proteins were incubated with primary
antibody (mouse anti-Rabbit CatSper2 antibody
dilution 1:100; Biorbyt, UK) and after that
incubation was washed with secondary antibody
(1:1000 dilution; HRP-conjugated goat anti-rabbit
IgG; Abcam, USA). Protein was normalized with
beta-actin, after using quantitative method for
determining [13].

2.4 Histopathological Study of Testicular
Tissue

Right testicular tissues was placed in the 10%
formalin solution for 72 hours. Then, dehydration
was performed using ascending alcohol (50, 60,
70, 80, 90 and 100%) and the clearing was
carried out with two container of xylene. After
infiltrating with paraffin in 60°C, the molds were
sectioned using rotary microtome. Hematoxylin-
Eosin staining (Merck, Germany) was used for
examining the samples and was investigated
with optical microscopy [14].

2.5 The level of Malondialdehyde

1 ml of homogenized tissues were mixed with
trichloroacetic acid and placed in water bath for
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45 minutes. After cooling, it was centrifuged with
1000 rpm for 10 minutes and its absorption was
read in 532 nm using a spectrophotometer, and
the concentration of Malondialdehyde was
calculated in moll/g [15].

MDA concentration= absorbance/1.56 x 10°

2.6 Measuring the Level of Thiol in

Groups

The buffer was added to 50 pL of homogenized
tissues, and adsorption was read at 412 nm by
the spectrophotometer (A;). Then, 20 pL of
dinitrobenzoic acid was added and after 15
minutes incubation at room temperature,
absorption was read at 412 nm (Ay). The
adsorption rate of blank was considered as B
and the following formula was used for
calculating the amount of thiol concentration in
pumoll/g [15].

(A-A,-B)x1.07/0.05%13.6

2.7 Determining the Level of Catalase
Enzyme

30 moll of hydrogen peroxide was added to the
homogenized tissues of the sample placed in
sodium phosphate buffer 50 mmoll. Then, the
sample was placed in a spectrophotometer and
optical absorption was performed at the
wavelength of 240 nm [16].

2.8 The Level of Superoxide Dismutase

This enzyme was measured using Madesh
method. After placing homogenized tissues in 10
mm of phosphate buffered saline with PH = 7.4,
standard enzyme solution was prepared with
different concentrations, and standard curves
were drawed. Then, 65 yL of phosphate buffered
saline, 30 yL (MTT 1.25 mmoll), and 75 pL of
pyrogallel (100 pmoll) were mixed with 10 pL of
tissues, and incubated for several minutes at
room temperature. After that, 75 pL dimethyl
sulfoxide were added and absorption was read at
570 nm wavelength, using ELISA reader [17].

2.9 Statistical Methods

Data were analyzed using SPSS software,
ANOVA and Tukey test.
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3. RESULTS

3.1 The Results of Analyzing Sperm
Concentration, Motility and
Morphology

The mean number of sperm in the control group
was 4.60 + 0.32, whereas after receiving 10
mg/kg of propranolol sperm concentration was
3.91 £ 0.20, which was significantly decreased
compared to the control group (p = 0.001). The
sperm concentration in the group receiving 20
mg/kg of propranolol (p = 0.001) was significantly
decreased compared to the control group
(Table 1). The mean of sperm motility in the
control group was 81.12 + 8.65 and it was 71.12
+ 7.51 after receiving 10 mg/kg of propranolol
and decreased significantly (P=0.021). Statistical
analysis showed a significant difference between
sperm motility in propranolol 2 group (p=0.001)
and the control group. Administrating 10 mg/kg of
propranolol caused a significant decrease in the
normal morphology rate of sperm compared to
the control group (p=0.001) which was 88.12 +
8.65 in the control group and 76.25 + 3.95
in the propranolol 1 group (p 0.001). The
administration of propranolol 2 group led to a
significant decrease in the normal morphology
rate of sperm compared to the control group (p =
0.002).

3.2 The Results of Investigating Catsper2
Gene Expression in Testicular
Tissues

CatSper 2 gene expression was investigated by
Real-Time-PCR method in mice. As you see in
Fig. 1, the expression of CatSper 2 gene was
0.70 £ 0.14 mg/kg in the propranolol 1 group,
and 0.9 = 0.14 in the propranolol 2 group. The
results of statistical analysis showed that the
gene expression in the propranolol 1 group (P =
0.001) and propranolol 2 group (p = 0.31) was
significantly decrease compared to the control
group. Statistically, there was no significant
difference between CatSper2 gene expression in
propranolol 1 and propranolol 2 groups (p
0.02).

3.3 The Results of Investigating Catsper2
Protein Expression in Testicular
Tissues

CatSper 2 protein effusion was investigated in
mice, using Western blot method, after
propranolol administration (Fig. 2). CatSper 2
protein effusion was significantly decreased in
propranolol 1 group compared to the
control group (P< 0.01). CatSper 2 protein
effusion was significantly decreased in
propranolol 2 group compared to
the control group (P<0.01). The reduction of
CatSper 2 protein expression in high
doses of propranolol was more severe than low
dose.

3.4 Histopathological Study on Testicular
Tissues

In microscopic observations, the seminiferous

tubules in the control group were with
normal appearance, thickness, and
interstitial tissues. Seminiferous tubules were
containing sperm (Fig. 3). |In testicular

tissues in the propranolol 1 group vacuoles and
necrosis in the germinal epithelium were
observed and in testicular tissues in
propranolol 2 group decrease in the thickness
of the germinal epithelium, some vacuoles,
and necrosis and degeneration in germinal
epithelium were observed, as well and blood
vessels congestion in the interstitial space
(Fig. 3).

3.5 The Results of Analyzing the Level of
Malondialdehyde (MDA)

Fig. 4 shows the value of malondialdehyde in
testicular tissues in different groups in nmol/mg.
The mean malondialdehyde level in the control
group was 3.21 %+ 0.43 nmol/mg, while in
propranolol 1 group it was 3.31 = 0.68. The
statistical analysis did not show a significant
difference between the mean malondialdehyde
level in propranolol 1 group and the control group
(p 0.96). The mean malondialdehyde level

Table 1. The effect of propranolol administration on sperm concentration, motility and
morphology of sperm in different groups

Group Sperm concentration Sperm motility (%) Percent of sperm with
(million/ml) normal morphology (%)

Control 460 +0.32 81.12 +8.65 88.12+8.65

Propranolol 1 3.91 +0.20* 7112+ 7.51* 76.25 + 3.95*

Propranolol 2 3.63 + 0.26* 66.12 + 3.04* 78.00 + 3.54*

* P<0.05 was significantly different with the control group
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Fig. 1. Expression of CatSper2 gene in testicular tissues in different groups
*P=0.001 was significantly different with the control group
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Fig. 2. The expression of CatSper 2 protein in testicular tissues in different groups
**p <0.01 was significantly different with the control group
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Fig. 3. Transverse section of testis of the mice in the control (A), propranolol 1 (B), and
propranolol 2 (C) groups (H & E staining)

in the control group was 3.21 + 0.43 nmol/mg,
while in propranolol 2 group it was 2.17 + 1.01.
No significant difference was observed in
propranolol 2 group compared to the control
group (p = 0.08).

3.6 The Results of Analyzing the Level of
Thiol

Fig. 4 shows the values of thiol in testicular
tissues in different groups, in pmol/g. The mean
value of thiol in the control group was 0.56 + 0.10
nmol/g, while in propranolol 1 group, it was 0.23
1+ 1 0.07 and in propranolol 2 group, it was0.34 £
0.02. The statistical analysis showed a significant
difference between the mean value of thiol level
in propranolol 1 (p = 0.001) and propranolol 2
groups (p 0.001) compared to the control
group.

3.7 The Results of Analyzing Catalase
Enzyme

Fig. 5 shows the amount of catalase enzyme in
different groups (U/g). The mean value of
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catalase enzyme level in the control group was
0.99 + 0.12 U/g, while it was 0.50 = 0.01 in the
propranolol 1 group and 0.07 £ 0.01 in
propranolol 2 group. The statistical analysis
showed a significant decrease in the mean level
of catalase enzyme in propranolol 1 (p = 0.001)
and propranolol 2 (p = 0.01) groups compared to
the control group.

3.8 The Results of Analyzing Superoxide
Dismutase Enzyme

Fig. 6 shows the amount of superoxide
dismutase enzyme in different experimental
groups in U/g. The mean level of superoxide
dismutase enzyme in the control group was
12.81 + 3.14 U/g, while it was 1.72 + 0.47 in
propranolol 1 group and 10.88 * 2.37 in
propranolol 2 group. The statistical analysis
showed a significant decrease in the mean level
of superoxide dismutase in the propranolol 1
group (p = 0.001) compared to the control group.
There was no significant difference in the
mean level of superoxide dismutase in
propranolol 2 group (p = 0.36) compared to the
control group.
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Fig. 5. The mean value of catalase level in testicular tissues in different groups
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4. DISCUSSION

In the present study, 10 mg/kg and 15 mg/kg of
propranolol were administered to mice in by
gavaging [4]. The length of the administration
period was selected according to the length of
Spermatogenesis in mice which is 35 days [18].
The results showed that the mean value of
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sperm parameters in the propranolol 1 and
propranolol 2 group were significantly decreased
compared to the control group. In testicular
tissues in the propranolol 1 group vacuoles and
necrosis in the germinal epithelium were
observed and in testicular tissues in propranolol
2 group decrease in the thickness of the germinal
epithelium, some vacuoles, and necrosis and
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Fig. 6. The mean value of superoxide dismutase level in testicular tissues in different groups
was significantly different with the control group P<0.05 *

degeneration in germinal epithelium were
observed, as well and blood vessels congestion
in the interstitial space. According to our results,
the investigation of the effects of atenolol,
metoprolol, and propranolol drugs on sperm
quality, and histopathology of testicular in rats for
60 days, showed that administrating 9 and 18
mg/kg of atenolol, 3.5 and 7 mg/kg metoprolol
and 15 mg/kg propranolol, caused a significant
reduction in sperm motility. In addition,
degeneration in testicular tissues, epididymis and
seminal vesicles were observed. Administrating
high doses of atenolol and metoprolol, and 7.5
and 15 mg/kg of propranolol, increased sperm
with abnormal morphology. Atenolol
administration caused no significant changes in
testicular, epididymis, and seminal vesicles
weights. In all groups, the beta blocker drugs
were used to decrease testosterone levels at the
end of the experiment. The evaluation of
testosterone levels in 90 days after the onset of
the experiment, also showed a reduction, but it
returned 60 days after the drug discontinuation

(3]

Another study in 2007 investigated the effects of
two doses of 10 and 15 mg/kg of propranolol on
mouse genital system. It was administered to
adult male mice by gavaging for 35 days. The
results showed that the body, testicular,
epididymis, prostate and the seminal vesicle
weight decreased in the groups receiving drugs.
In addition, a significant decrease was observed
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in the population of primary and secondary
spermatocyte cells and spermatid as well as
sperm count and motility. At high doses of
propranolol levels of testosterone, FSH and LH
were decreased compared to the control group.
The number of absorbed embryos was also
increased in the group that had received 15
mg/kg propranolol [4].

In another study, it was reported that, the sperm
motility was  significantly decreased, by
administrating beta blockers such as trazodone,
nadolol, and propranolol on human sperm in the
in-vitro.

Another study reported that damages of
penbutolol and propranolol on sperm are greater
than alprenolol, oxprenolol and metoprolol [6].

In our study, it was indicated that propranolol has
an adverse effect on sperm parameters. No
study has been found on the effect of beta
blocker drugs on CatSper gene and protein
expression. However, studies show that
propranolol has devastating effects on sperm
capacity, acrosome reaction and sperm
penetration to zona pellucida [18,5].

On the other hand, sperm requires
hyperactivated motility to pass through egg
coatings. It seems that hyperactivity with flow
calcium ions is caused by the CatSper channel.
Studies show that, the elimination of CatSper1
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gene causes impairment in sperm motility, its
penetration to oocyte and calcium ion, and
sterility in mice [19]. The elimination of CatSper2
gene leads to a complete sterility of male mice
and impaired hyperactivated motility, sperm
capacity and penetrating to zona pellucida [20].
CatSper3, 4 are mainly in the acrosome area of
sperm head and have been observed to play an
important role in the acrosome reaction [21].

Propranolol decreases CatSper 2 protein
expression via reduction calcium flow in sperm
cells. By considering that the beta-adrenergic
receptor are on both the head and tail of the
sperm, this mechanism may be that propranolol
connection to this receptors causes the changes
in calcium flow in the sperm calcium channels,
especially on unique calcium channel of CatSper
[22]. Another mechanism is that the reduction of
sperm motility in mice receiving propranolol due
to the oxidative stress, caused by reducing the
amount of axonemal phosphorylation of sperm
tail and damages to the sperm flagellum, reduces
the rate of sperm motility or may cause oxidative
stress to the sperm mitochondria as an important
cytosolic organ. In this study, the effects of
propranolol administration on CatSper gene and
protein expression was investigated for the first
time. However, it was better to evaluate the
acrosome reaction and calcium flow in calcium
channels. The limitation of this study was lack of
financial budget. It was better to investigate all
CatSper family genes and proteins instead of
one gene and protein. Evaluating propranolol
administration in different times and dosages is
recommended for researchers.

5. CONCLUSION

The results of this study showed that propranolol,
in a dose-dependent manner, can cause
testicular histopathology damage, and increase
oxidative stress. In addition, it reduces sperm
parameters and CatSper 2 gene and protein
expression.
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