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ABSTRACT
BACKGROUND AND OBJECTIVE: Busulfan is one of the cancer treatment drugs that cause infertility of the patient.
In traditional medicine, one of the important properties of cinnamon is enhancement of fertility. The aim of this study
was to investigate the effect of cinnamon on the physiological structure of testes and fertility rate of busulfan-treated rats.
METHODS: In this experimental study, 24 adult male rats were divided into 3 groups of 8 subjects, Sham: healthy rats
without intervention. Control group: Busulfan-sterilized rats (15 mg/kg) intraperitoneal injection, Cinnamon group:
Busulfan-treated rats + cinnamon extract (200 mg/kg) for fourteen days. The testicles length, width and weight
parameters as well as the formation of germinal cells were analyzed by H & E staining and optical microscopy.
FINDINGS: The number of spermatogonia cells, primary spermatocytes and spermatid in the cinnamon group was
72.25+12.63, 61.71+11.47, and 79.1+£10.02, and in the control group was 51.83+23.37, 31.67+5.27 and 38.67+15.7
respectively, and the increase in cinnamon group was significant (p<0.005). The testicles length, width and weight
parameters in the cinnamon group were increased compared to the control group (busulfan). The thickness of germinal
epithelium in the cinnamon and control group was 53.46 + 16.44 and 30.4+10.21 respectively, which was significantly
higher in the cinnamon group (p<0.001).
CONCLUSION: According to the findings of this study, cinnamon extract has positive therapeutic and protective
effects on testicular tissue and increases sperm production in busulfan-treated rats.
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Introduction

|nferti|ity is one of the most common and growing
problems in industrial societies that has many
psychological and social consequences for the
individual. Disruption of sperm production and sperm
function and damage to spermatogenesis are among the
most common causes of male infertility (1, 2). One of
the common side effects of anticancer drugs is
disruption of spermatogenesis which in many cases can
lead to infertility. Busulfan (BSF, 1 and 4-butane diol
D-methane sulfonate) is one of the chemotherapy drugs
used to treat melanoma before bone marrow
transplantation (3).

It has been observed that daily administration of 15
mg/kg busulfan to mice destroys the tissue of the
epididymis of testis and severe azoospermia (4), and
administration of busulfan to male patients with
malignant cancer can lead to permanent or temporary
infertility (5). Spermatogenesis disorder appears to be
due to its alkylating properties after treatment with
busulfan, which is why busulfan exerts its greatest
effect on spermatogonial cells (6, 7). The highest
cytotoxic effect of busulfan has been reported in cells
within the G1 phase of the cell cycle, and other cells in
the G2 phase will be killed by busulfan alkylation (8).
Cinnamon is one of the indigenous aromatic herbs of
India that has been recommended in traditional
medicine for the enhancement of sexual potency. In
terms of chemical constituents, the most important
cinnamon compounds are cinnamon aldehyde, terpenes,
cinnamyl alcohol, flandrene and safrol, most of which
have antioxidant and anti-inflammatory properties
(9,10). Evidence from in vitro studies confirms the fact
that cinnamon extract has been effective in improving
the performance and overall strengthening of the
reproductive system in rats (9,11).

According to research, it is predicted that the use of
this extract alone or in combination can be effective in
reducing the damage to testosterone producing cells and
sex cells (12,13). Previous studies have shown that
cinnamon extract is effective in wound healing in
diabetic mice. It has also been shown to be effective in
the treatment of nausea and diarrhea due to the presence
of antioxidant compounds in this plant (9,10,14).
Although the effect of busulfan on testicular tissue
depletion and reduced sperm production has been
proven, few studies have investigated the ways to
eliminate or reduce the sterility effects of busulfan in
animals. Given the importance of infertility in cancer
patients treated with busulfan and the presence of
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numerous antioxidant and phenolic compounds in
cinnamon and the positive effects of cinnamon on
reproductive system enhancement, this study aimed to
investigate the effect of cinnamon hydroalcoholic
extract on testes tissue and the rate of fertility in
sterilized rats by busulfan.

Methods

Animal Preparation and Sterility Modeling: This
experimental study was conducted with the code of
ethics IR.QUMS.REC.1394.831 at Qazvin University
of Medical Sciences. The study was performed on 24
adult male rats weighing 180-200 g prepared from Razi
Institute of Karaj. The rats were divided into three
groups of healthy (Sham), busulfan treated (control) and
busulfan treated and cinnamon (cinnamon) groups.
Sterility pattern was induced in rats of control and
cinnamon groups by intraperitoneal injection of
busulfan at a dose of 15 mg/kg daily (15).

Cinnamon Extract: Extracts were performed by
pharmacologists at the Iranian Institute of
Pharmaceutical Sciences according to the following
steps: 10 g of fresh cinnamon peel powder was added to
1L of ethanol and extracted for 2 h by ultrasonic
extraction device (15 min extraction, 15 minutes’ rest, 2
hours total). After 2 hours of initial ultrasound, the
extract was transferred to a balloon with filter paper.
The balloons were then incubated in the dark at room
temperature (25 °C) for 24 h. Subsequently, the extracts
and fractions were filtered through a rotary filter
(vacuum distillation) concentrated at below 50 ° C and
finally the concentrated extracts and fractions were
stored at -18 ° C until use.

Grouping and Experiments: Animals were divided
into three equal groups: Sham group: healthy animals
without any intervention, control group: animals treated
with busulfan at two doses of 15 mg / kg for 14 days,
Cinnamon group: Animals treated with busulfan
received intraperitoneal administration of cinnamon
extract at a dose of 200 mg / kg for 14 days. Four weeks
after treatment (due to 4 weeks’ spermatogenesis in
rats), animals were sampled.

Hematoxylin staining H&E: Hematoxylin staining
was used to observe and evaluate the repair status of
germinal epithelium tubes and to observe the types of
germ cells forming; obtained slides were examined by
light microscopy (yw2309, Australian made) and
Image-J software.
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Statistical analysis: Statistical analysis was performed
using SPSS version 11 and ANOVA and Tukey post-
hoc tests were used to evaluate the significant
differences between groups and p<0.05 was considered
significant.

Results

Comparison of testicular weight and length and
width changes in the studied groups: At the end of the
fourth week, testicular weight in the cinnamon and
control groups was 1.42+0.33 and 1.25%0.89 g,
respectively, that was not significant. The testicular
length in the cinnamon and control groups was
2.35+0.27 cm and 2.17+0.18 cm respectively. Also, the
testicular width at the end of the 14th day was 1.4+0.1
and 1.36+0.19 in the cinnamon and control groups,
respectively and although the length and width of the
cinnamon group increased, these changes were not
significant (Table 1).

Tablel. Comparison of mean weight (g) and testicular
length and width (cm) in studied groups on day 14

Group Sham Control Cinnamon
Variable  Mean+SD Mean£SD MeanzSD
length 25+0.25a 2.17+0.18a  2.35+0.27 a
width 1.48+0.38a 1.36+0.19a 1.49+0.1a

weight 1.47+0.16a 1.25+0.89a  1.43+0.33 a

The dissimilar letters indicate a significant
difference; the data being compared in a row.
Quantitative evaluation of germinal epithelium
tubes: Measurement of germinal epithelium thickness
at the end of the fourth week showed that the thickness
of germinal epithelium in cinnamon and control group
(busulfan) was 53.26+16.44 and 30.4+21.1,
respectively and there was a significant increase in the
cinnamon group. The diameter of tubes in the cinnamon
and control groups (busulfan) was 178.48+17.51 and
126.24+24.81 pumrespectively, which was significant in
the cinnamon group (p<0.001) (Table 2) (Fig 1).

The dissimilar letters indicate a significant
difference; the data being compared in a row. The
number of spermatogonial cells of primary
spermatocytes and spermatids: In the study of
spermatogonia cells in studied groups, the average
number of spermatogonia in the cinnamon and control
groups was 72.25+12.63 and 51.83+23.37, respectively,
which increased spermatogonia was observed in the
cinnamon group and its decrease in the control group

(busulfan) in comparison to the sham group, the number
of primary spermatocytes in cinnamon and control
(busulfan) were 61.71+11.47 and 31.67+5.27,
respectively that increment in cinnamon group was
significant in comparison to the control group (p<0.001)
(Table 3). The number of spermatids in the cinnamon
and control groups was 79.10 +10.02 and 38.67 £15.7,
respectively, which was significantly higher in the
cinnamon group (p<0.001) (Fig. 2)

Table2. Comparison of the mean thickness and
diameter of the epithelium and the number of germ
cells formed in the studied groups on day 14

Group Sham Control Cinnamon
Epithelium Mean+SD Mean+SD Mean+SD
thickness 52.6+7.08a 30.4+10.21b 53.26+16.44a

diameter 175.75+41.03a 126.24+24.81b 178.48+17.51a
The dissimilar letters indicate a significant difference; the data

being compared in a row

st R RO, N
Figurel. Image of Seminal tubes sections in the
studied groups by H&E staining at 100X
magnification
A: Cinnamon group (Al: spermatogonia, A2: primary
spermatocytes, A3: spermatids). B: Sham group C: Cinnamon
group D: Control group. Tissue repair and membrane repair are

also evident in the cinnamon receiving group

Table3. Comparison of mean number of formed
germ cells in studied groups on day 14

Group Sham Control Cinnamon

Variable mean+SD mean+SD mean+SD
Spermatogonia  69.17+12.28a 51.83+23.37b  72.25+12.63a
Primary 76.5£16.67a 13.67+5.27b 71.17+11.47a
spermatocytes

Spermatids 85+13.9a 38.67+15.7b  79+10.02a
The dissimilar letters indicate a significant difference; the data

being compared in a row.
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Figure 2. Clear image of H&E staining at 100x
magnification of germ cell formation in the
cinnamon-treated group (1: spermatogonia, 2:
primary spermatocytes, 3: spermatids).

Discussion

In this study, spermatogonia production was
significantly increased in sterilized rats by busulfan in
cinnamon treated group (at dose of 200 mg/kg)
compared to control group. In line with studies, Khaki
et al reported that cinnamon significantly increased
sperm motility and viability and improved testicular
parameters and increased overall testosterone levels in
diabetic rats (16). In another study, AL-Khamas et al
reported that cinnamon extract increased testosterone
levels in diabetic rats, thereby enhancing sperm motility
and spermatogenesis (17). In the study of testicular
tissue repair in the present study, administration of
cinnamon extract (200 mg / kg) for 14 days significantly
increased the thickness and diameter of the damaged
epithelium tubes due to busulfan treatment, Pirami et al.
reported that cinnamon extract (75 mg/kg) has
significant effects on tissue repair of testicular
epithelium in rats exposed to stress and increases
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reproductive potential of these rats due to the effects of
cinnamon-boosting testosterone (18), which these
findings confirms the findings of the present study. Free
radicals (ROS) with sperm membrane peroxidation and
sperm DNA damage are one of the main causes of
reduced sperm production and sperm inefficiency,
cinnamon consumption increases levels of SOD and
glutathione peroxidase (GPX) enzymes. These enzymes
neutralize free radicals and thereby increase sperm
count and function (19,20). Yuce et al reported that
cinnamon oil increased testicular and epididymal
weight in rats, and a decrease in lipid peroxidation
(LPO) and sperm apoptosis index were attributed to this
effect of cinnamon (13), in the present study, cinnamon
supplementation increased testicular weight and
diameter compared to the control group, which confirms
the findings of previous studies (13,18). The findings of
this study suggest that intraperitoneal injections of
cinnamon extract with busulfan can greatly reduce the
sterile effects of busulfan and help repair testicular
tissue and increase the production of germ cells, and
these results may be useful in the future to prevent
sterility in patients undergoing treatment with Busulfan.
According to the latest study, the findings of the present
study are the first to investigate the effect of cinnamon
on testicular activity and structure in busulfan-treated
rats.
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