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ABSTRACT

Background: Ceratonia silique has antioxidant activities that may inactivate toxic factors
and influence sperm quality. To the best of the authors’ knowledge, there is no available
data on the effects of carob on male fertility. Hence, the purpose of this study was to
investigate the effects of carob on sperm quality, testicular structure, and level of
testosterone hormone in busulfan-induced infertile mice.

Methods: Sixty-four adult male mice were randomly divided into 8 groups (control, sham,
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-gayxgr : busulfan and carobs 1 to 5). The busulfan group was injected a single dose of 10 mg/kg
-Mice. Spermatozoa busulfan intraperitoneally. Carobs 1 to 5 groups received intraperitoneal doses of 800, 400,
-Testis 200, 100 and 50 mg/kg of carob extract plus a single dose of 10 mg/kg busulfan for 35

-Busulfan days. The sperm analysis, morphometric study, testosterone levels and oxidative stress

determination were done on the 35th day of the experiment.

Results: The lowest percentage of sperm parameters was related to the busulfan group and
the highest was related to the carobs 1 and 2 groups. The seminal vesicles index of the
carob 1 group showed a significant increase as compared to the busulfan group (p < 0.001).
A significant increase was observed in the mean value of germinal epithelium thickness,
as well as thiol and catalase levels in carobs 1 and 2 groups as compared to the busulfan
group (p < 0.001). There was a significant increase in the mean level of testosterone in the
carob groups as compared to the busulfan group (p < 0.001). Also, there was a significant
decrease in the mean value of malondialdehyde level in the carobs 1 and 2 groups p <
0.001) and a significant increase in the mean value of superoxide dismutase enzyme in the
carob groups as compared to the busulfan group (p < 0.001).

Conclusion: Administration of 800 mg/kg of carob extract for 35 days improved sperm
quality, biochemical parameters, thickness of germinal epithelium and testosterone levels
in infertile mice induced by busulfan.

Introduction

Several factors such as drugs, toxic substances and
infection lead to infertility in men. Some medications like
busulfan have toxic effects on the reproductive system.!
Busulfan is one of the chemotherapeutic agents that
widely used in the treatment of various cancers, leukemia,
malignant lymphomas and autoimmune diseases. Despite
the many clinical applications of busulfan, it has most
important complications which are spermatogenesis
disorder and infertility.2® Therefore, injections of various
busulfan dosages are used for induction of infertility in
animal models.?® On the other hand, the administration of
medicinal herbs with little side effects has a long history
in treatment of infertility. Evidences show herbs such as

ginsing, ginger, black seed and saffron are effective on
male fertility.®

Ceratonia siliqua (carob) is a species of Bacchillas
(medicinal plant), with the exception of evergreen trees
with a height of 12-17 m. Carob is grown extensively in
Italy, Spain and Turkey. It is also grown in Fars and
Kazeroon, two cities of Iran. About 40% of it is
carbohydrate with a simple molecular structure. Its fat
content is about 1% and its protein is 3 to 4%. Besides, it
contains a lot of fiber, minerals such as potassium,
sodium, calcium, iron and phosphorus, as well as vitamins
E, D, C, B6, niacin, folic acid and polyphenol.”® Studies
have shown that carob administration protects against the
harmful effects of alcohol in the gastrointestinal tract.®
Besides, this plant has anti-bacterial,'° anti-cancer,*! anti-
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diabetic*? and strong antioxidant properties.® Considering
that in some areas, it has been shown that carob has a
positive effect on male fertility and spermatogenesis, and
based on the authors’ search showing that there is no
available study on the effects of carob on
spermatogenesis, the aim of the present study was to
evaluate the effects of carob extract on spermatogenesis,
testicular structure and testosterone hormone in busulfan-
induced infertile mice.

Materials and Methods

Experimental groups

This experimental study was performed on 64 adult
Balb/c male mice after approval by the Ethics Committee
of Mashhad University of Medical Sciences (code
941194). The mice were kept under standard conditions
in animal house of Mashhad University of Medical
Sciences, then, randomly divided into 8 groups. The
control group did not receive injections. The busulfan
group was injected a single dose of 10 mg/kg busulfan
(Sigma, Germany) intraperitoneally. The sham group
received busulfan solution by intraperitoneal injection.
Carobs 1 to 5 groups received intraperitoneal doses of
800, 400, 200, 100 and 50 mg/kg of carob extract,
respectively, plus a single dose of 10 mg/kg busulfan for
35 days (due to the duration of spermatogenesis in mice).

Carob extract preparation

The carob was confirmed by the Department of Botany,
Mashhad University. 100 g of dried carob powder was
added to 1000 cc distilled water. It was then placed in a
shaker for 24 h at room temperature. Then, a Whatman
No. 1 filter was passed and concentrated in a 40°C
bathwater to slowly evaporate the extract water. This
extract was dissolved in saline and injected
intraperitoneally into animals.

Sperm analysis

After 35 days, the mice were anesthetized with
chloroform solution and pieces of epididymis were placed
in normal saline in a CO; incubator. Sperms were
examined according to the WHO qguidelines. To
determine the viability of sperm, 20 pl of sperm solution
and 10 pl of Eosin B were mixed on a glass slide and was
examined using the microscope.*?

Measurement of germinal epithelium thickness

Routine histological examination was performed for right
testes and was stained with hematoxylin-eosin. The slides
were then viewed shot at 10 x magnification and the
average thickness of the germinal epithelium was
calculated according to the following formula:*4

Sy
V. = it1 P
v Z?:l l:)(total)
n .
Sy =2 X =2
M 1/pXZi“=1pi

H: height of epithelium, Sy: surface density, V,: surface

density, 2T: total points of collisions of probe lines with
the lumen of the germinal epithelium, Xp: total points of
contact, XT with testicular tissue and I/p length of probe
line on the actual scale of the tissue.

Measurement of testosterone hormone

Blood samples obtained from the heart were centrifugal at
2000 rpm for 5 min. Testosterone levels was measured
using ELISA method (Elsys 2010, England) and the
electrochemiluminescence (ECL) tests were randomized
for control results.*®

Measurement of thiol level

Fifty microliter of homogenized solution of testis tissue
was mixed with TRIS buffer and absorption was read at
412 nm using a spectrophotometer (A1). Ellman’s reagent
was added and after 15 min incubation at room
temperature, the absorption was read again (A2). Blank
absorption was considered as B. The concentration of
thiol was calculated based on the following formula:*®
(A2-A1-B)x1.07/0.05%13.6

Measurement of malondialdehyde level
Homogenized testis tissue solution was mixed with
trichloroacetic acid, hydrogen chloride and was placed in
a boiling water bath for 45 min. After cooling, it was
centrifuged at 1000 rpm for 10 min and absorption was
read at 535 nm by spectrophotometer. *°

Measuring superoxide dismutase and catalase enzymes
For measurement of superoxide dismutase enzyme, the
Madesh Balasubramanain method was used. After adding
hydrogen peroxide to the tissue sample, the absorbance
was read at 570 nm in contrast to the blank expressed as
U/g.% The catalase enzyme was measured after adding
hydrogen peroxide to the tissue sample, its absorption was
read at 240 nm and expressed in U/g.8

Statistical analysis

Data were expressed as mean * standard deviation and
percentages, and analyses were performed using the SPSS
software, ANOVA and Tukey post hoc test.

Results

Sperm analysis

As shown in Table 1, the lowest percentage of sperm
motility was related to busulfan group (50.24%) and the
highest was observed in carobl group (63.36%). The
highest percentage of sperm viability (77.56%) and sperm
morphology rate (78.08%) was related to carob 2 group.
Statistical analysis did not show a significant difference
between the sperm count of experimental groups
(p > 0.05). There was a significant difference between the
normal morphology rate, viability and motility of sperm
in carobs 1 to 5 groups and busulfan group as compared
to the control group (p < 0.001). In addition, there was a
significant increase in the normal morphology rate of
sperm in the carob 2 group (p < 0.001) as compared to the
busulfan group. There was a significant increase in sperm
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viability of carobs 1 (p < 0.001), 2 (p < 0.001), 3 (p <
0.001), and 4 groups (p < 0.001) as compared to the

in sperm motility between carobs 1 group (p < 0.001), 2
(p <0.001), 3 (p =0.001), 4 (p = 0.004) and 5 groups (p

busulfan group. Besides, there was a significant increase

Table 1. Sperm parameters in different experimental groups.

= 0.013) as compared to the busulfan group.

Group Sperm count (million/ ml) Normal morphology rate (%) Viability rate (%) Motility rate (%)
Control 4.54 + 0.55 88.35+ 7.31# 89.05 + 6.78# 79.84 £ 9.57#
Sham 434 +0.71 84.75 + 8.00# 85.51 + 10.03# 78.36 £ 11.48#
Busulfan 3.04 £0.55 68.28 + 8.19* 59.92 + 6.38* 50.24 + 9.30*
Carob 1 4.04 +0.48%# 72.32 +20.01* 73.00 + 8.41*# 63.36 £ 9.77*#
Carob 2 413 +£0.32 78.08 + 5.53#* 77.56 + 4.42*# 63.20 £ 9.05*#
Carob 3 3.74 £0.39 70.68 + 6.32* 71.64 + 7.51*# 60.92 + 7.81*#
Carob 4 3.88+0.33 74.56 + 7.53* 77.00 + 3.59*# 59.92 + 6.51*#
Carob 5 3.00 +0.69 69.72 + 6.25* 65.4 £9.71* 59.00 £ 5.72*#

* Significant difference with control group in same column by ANOVA and Tukey post-hoc test.
# Significant difference with busulfan group in same column by ANOVA and Tukey post-hoc test.
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Table 2. Effect of Carob extract on thickness of germinal
epithelium in different experimental groups.

Thickness of germinal epithelium

Experimental groups

(Hm)

Control 62.00 + 4.81%
Sham 57.00 + 10.58*
Busulfan 39.66 + 3.38*
Carob 1 61.79 +5.00
Carob 2 59.32 + 4.10%
Carob 3 44 .56 + 9.52*
Carob 4 48.80 + 9.17
Carob 5 39.79 + 8.38*

* Significant difference with Carobl in same column by ANOVA
and Tukey post-hoc test.

# Significant difference with Carob3 in same column by ANOVA
and Tukey post-hoc test.

x Significant difference with busulfan group in same column by
ANOVA and Tukey post-hoc test.

Morphometric results

As shown in Table 2, the thickness of germinal epithelium
in the busulfan group decreased as compared to the
control group (P = 0.000). Among the groups that
received carob extract, the highest mean value of germinal
epithelium thickness was observed in carob 1 group and
the lowest was found in carob 5 group. There was a
significant increase between carobs 1 (p = 0.000) and 2
groups (p = 0.001) as compared to the busulfan group
(Figure 1).

Measurement of Testosterone level
As shown in Figure 2, the mean value of testosterone level
was significantly different in the busulfan (p < 0.001),

14 -

12 -

10 +

Testoterone hormone (ng/ml)

carobs 1 (p < 0.001), 2 (p = 0.037) and 5 groups (p <
0.001) as compared to the control group. There was a
significant increase between the mean value of
testosterone hormone in the carob 1 (p < 0.000), 2 (p <
0.000), 3 (p < 0.000), 4 (p < 0.000), and 5 groups (p =
0.006) as compared to the busulfan group.

Measurement of thiol and malondialdehyde level

There was a significant difference between the mean level
of thiol in the busulfan group (p < 0.001), carobs 2 (p =
0.003), 3 (p < 0.001), 4 (p < 0.001) and 5 groups (p <
0.001) as compared to the control group. Significant
decrease was observed between the mean level of thiol in
carobs 1 (p <0.001) and 2 groups (p < 0.001) as compared
to the busulfan group (Figure 3).

Figure 4 shows malondialdehyde level in testes of
experimental groups. Significant increase was observed
between the mean level of malondialdehyde in carobs 1
(p < 0.001) and 2 groups (p = 0.002) as compared to the
busulfan group.

Measurement of superoxide and catalase enzymes
Figure 5 shows the level of superoxide dismutase and
catalase enzymes in the experimental groups. There was
a significant increase in the mean level of superoxide
dismutase in carobs 1 (p < 0.001), 2 (p < 0.001) and 3
groups (p = 0.028) as compared to the busulfan group.
There was a significant increase in the mean level of
catalase enzyme in carobs 1 and 2 groups as compared to
the busulfan group (p < 0.001).

control sham busulfan carobl

carob2 carob3 carob4 carob5s

W Experimental groups

Figure 2. Testosterone levels in ng / ml in blood serum of experimental groups.
* Significant difference with control group by ANOVA and Tukey post-hoc test.
# Significant difference with busufan group by ANOVA and Tukey post-hoc test.

Pharmaceutical Sciences, June 2018, 24, 104-111 | 107


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwig5orE3ffUAhVFUlAKHYIEDjQQFggnMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMalondialdehyde&usg=AFQjCNE3rthE1qE0FDlFM2w2PhvYI5f4tA

Effects of Carob on reproductive system in infertile mice

d 1 %7
N -
Bl B -
N BN B
N -
SN EEER
i -
N N =

control sham busulfan carobl carob2 carob3 carob4 carob5
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Figure 3. Thiol levels in umol/ g tissue in the experimental groups.

* Significant difference with control group by ANOVA and Tukey post-hoc test.
# Significant difference with busufan group by ANOVA and Tukey post-hoc test.
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Figure 4. Malondialdehyde level in nmol / g tissue in the experimental groups.
* Significant difference with control group by ANOVA and Tukey post-hoc test.
# Significant difference with busufan group by ANOVA and Tukey post-hoc test.
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Figure 5. Level of superoxide dismutase and catalase enzymes in U / g tissue in the experimental groups.
* Significant difference with control group by ANOVA and Tukey post-hoc test.
# Significant difference with busufan group by ANOVA and Tukey post-hoc test.

Discussion

The results of this study showed that the highest rate of
sperm motility was recorded for infertile mice that
received 800 mg/kg of carob extract and the highest
percentage of sperm viability and sperm normal
morphology rate was related to infertile mice that
received 400 mg/kg of carob extract. The level of
superoxide dismutase enzyme was highest in the infertile
mice that received 800 mg/kg of carob extract, while the
level of MDA was the lowest in these mice. The thickness
of germinal epithelium, and thiol and catalase levels
increased in the infertile mice that received 800 and 400
mg of carob extract. Level of testosterone hormone
increased in all the infertile mice that received carob
extract.

Zohini et al. reported that spermatogonia cells reduced
after administration of 15, 30 and 45 mg of busulfan. The
testicular weight decreased by 30 to 50% based on the
dose of busulfan.?! Bordbar and colleagues induced the
infertile mice model by injection a single dose of 5 mg/kg
of busulfan. They reported that busulfan reduced the
volume of seminiferous tubules as well as interstitial
tissue. In addition, the level of testosterone, sperm
motility and count decreased in the busulfan group as
compared to the control group.??

Jung and colleagues reported that 40 mg/kg of busulfan
caused injury to testicular tissue as well as reduction of
sperm parameters and testosterone hormone.?® Another
study showed that busulfan administration caused a

reduction in sperm parameters and glutathione peroxidase
levels as well as increase in caspase 3 and MDA level %
Dehghani et al. induced infertility rat model by injection
of busulfan. Their results showed that busulfan reduced
sperm count, normal morphology rate and hormone
levels.?® Consistent with these studies, the result of the
present study showed that busulfan reduced the thickness
of germinal epithelium, sperm parameters, testosterone
levels and biochemical parameters.

Studies show carob extract protects the gastrointestinal
tract against alcohol consumption effect.® It also has anti-
bacterial,’® anticancer,!* anti-diabetic'?> and antioxidant
properties.® To the best of the authors' knowledge, there is
no available study on the effects of carob on
spermatogenesis for comparison of results. However, it
has been shown that this plant has a positive effect on
male fertility in some areas of Iran. In a study conducted
by Souli,® the protective effect of carob extract on
oxidative stress in liver induced by alcohol was
investigated. The levels of malondialdehyde decreased
while the level of enzyme superoxide dismutase and
catalase increased in the carob group. In the present study,
after administration of the carob extract, the levels of
superoxide dismutase and catalase increased. These
effects were dose-dependent. The effects of higher dose
of carob were better than those of low dose. This shows
that antioxidants are a double-edged sword; dosage and
duration of administration are very important and
inappropriate dosage or short-time of treatment produce a
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high amount of ROS that stops the cell cycle and increase
the apoptosis process.?” % The investigation of long-time
effects of carob treatment on spermatogenesis as well as
apoptosis in testicular tissue of adult males is suggested
for future researches. Also, the effect of different dosages
of carob extract on the level of testosterone hormone and
histopathology of testis in adult male mice is suggested
for future studies.

Conclusion

The administration of 800 mg/kg of carob extract for 35
days improved sperm quality, biochemical parameters,
thickness of germinal epithelium and testosterone levels
in infertile mice induced by busulfan. Considering that
infertility by busulfan or chemotherapy causes a lot of
problems to cancer patients who are often at the age of
reproduction, carob treatment may be effective in
preserve of their fertility.
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