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ABSTRACT 

Background: Hypericum perforatum is a flowering plant from the Hypericaceae family. 

This herb has warm and dry nature based on traditional medicine and includes many 

healing properties like noticeable effects on mild and moderate depression cases. 

Cyclophosphamide is used to treat various types of cancers and autoimmune diseases 

with the side effect of fertility reduction. We studied the effects of the hydroalcoholic 

extract of Hypericum perforatum on the spermatogenesis process of cyclophosphamide-

treated male mice.  

Methods: In this experimental study, 70 adult BALB/c male mice weighing 26-28 g were 

randomLy divided into 7 groups of 10, including, a control group (no injection), a sham 

group (normal saline), and three experimental groups treated with 5 mg/kg body 

weight of cyclophosphamide, and also doses of 50, 100, and 150 mg/kg body weight of 

hydroalcoholic extract, respectively. In addition, a cyclophosphamide group (5 mg/kg 

body weight) and an extract group (100 mg/kg body weight) were evaluated. All the 

injections were performed intraperitoneally for 10 consecutive days. After two weeks, 

the blood samples were collected for a testosterone level examination. Testes and 

epididymis were removed for tissue sectioning and were stained with the H&E method. 

The data were analyzed by using one-way ANOVA and Tukey post-hoc test.  

Results: The results showed that taking 5 mg/kg body weight of cyclophosphamide 

decreased mouse and testis weight and had a detrimental effect on the spermatogenesis 

process in the way that spermatogenic cell counts, and seminiferous and epididymis 

tubules diameter were decreased in comparison with the control and sham groups. 

However, 100 and 150 mg/kg body weight doses of the extract with 5 mg/kg body 

weight of cyclophosphamide showed a significant increase (P≤0.05 and p≤0.01) on the 
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mentioned parameters compared with the positive control group.  

Conclusion: It seems that the main component in this herb such as hypericin could 
decrease the detrimental effects of cyclophosphamide on mouse fertility. 

Keywords: Cyclophosphamide, BALB/c Mice, Hypericum Perforatum, Spermatogenesis, 

Testosterone. 

 

1. Introduction  

Herbal remedies have been widely used 
for treating diseases as most, but their 
usage was decreased and replaced by 
chemical drugs for a while. Nowadays, 
people are more aware of the harm of 
chemical drugs consequences to the 
complications of using chemical drugs. 
Therefore, the application of herbal 
remedies has been considered again. 

One of the most widely used herbs in 
traditional medicine is Hypericum 
perforatum which is commonly found as 
an invasive weed in wheat and maize 
fields. This plant is used to treat tetanus 
disease, and if the leaf powder is sprayed 
on deep wounds, it helps the healing 
process [1]. Especially its oil has anti-
ulcer, anti-burn, and anti-inflammatory 
effects. This herb is particulaly famous 
for its anti-gout, anti-rheumatic, and anti-
depressant properties in traditional 
Iranian medicine [2-8]. The most crucial 
active ingredient of this herb is 
Hypericin, a red substance formed in the 
tiny black glands in various plant organs 
[9-11]. 

Cyclophosphamide is prescribed to 
treat many cancers like leukemia, 
lymphoma, bladder, breast cancer, and 
autoimmune diseases. The mechanism of 
the cyclophosphamide action is DNA 
alkylation. Like other alkylating agents, it 
binds an alkyl group to the DNA molecule 
and prevents DNA replication [12-14]. 
Clinical reports have indicated testicular 
germ cell damage in patients exposed to 
chemotherapy with cyclophosphamide 
for a limited period could finally lead to 
infertility or long-term genetic changes. 
Cyclophosphamide can cause the 

oxidative stress by disrupting the 
oxidation balance. Such biochemical 
stresses cause a disturbance in access to 
androgens and energy metabolism. On 
the other hand, stimulating apoptosis and 
inflammatory reactions can cause male 
reproductive system poisoning. 
Cyclophosphamide can reduce fertility 
and even cause infertility in humans 
treated with this drug [15-20].  

Despite the widespread use of 
Hypericum perforatum in treating some 
diseases, especially depression, its effects 
on the male reproductive system have 
not been studied yet. Therefore, this 
study aimed to investigate these effects. 

2. Materials and Methods  

2.1. Hydroalcoholic extract 
preparation 

Hypericum perforatum was prepared by 
Iran Genetic Resources Centre and dried 
in the open air under the shade, and then 
it was powdered by electric milling. After 
that, 500 g of the powder was dissolved 
in 70% alcohol, followed by the 
extraction process by using a Soxhlet 
extractor. The final extract was kept at 4 
°C for the following experiments. 3 g of 
the extract was obtained from every 100 
g of the dried herb powder.  

2.2. Animals and experimental design 

70 BALB/c male mice weighing 26-28 g 
were obtained from the Razi Vaccine and 
Serum Research Institute, Karaj, Iran. 
Every six animals were housed in a cage 
and kept in the standard conditions, 
including 06:00–20:00 h light, 22 ± 2 °C 
temperature, and 50 ± 5% humidity. The 
animals had free access to food and 
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water one week before and during the 
experiments.  

All experiments were conducted with 
adherence to the National Research 
Council's Health Guide for the Care and 
Use of Laboratory Animals (NIH). 
Intraperitoneal Injection of herb doses 
was estimated according to the LD50 of 
Hypericum perforatum, which is 1111.47 
mg/kg in mice, and the approximate 
daily drop intake for humans is 30 
mL/day [21]. In this experimental study, 
70 adult male mice were randomLy 
divided into 7 groups of 10, including a 
negative control group (no injection), a 
positive control group (5 mg/kg body 
weight cyclophosphamide), a sham group 
(normal saline), and three experimental 
groups treated by 5 mg/kg body weight 
cyclophosphamide and 50, 100, and 150 
mg/kg body weight doses of the herb 
extract, respectively (Experimental 1-3). 
Likewise, the last group received only 
100 mg/kg body weight of herb extract 
(Experimental 4). All the injections were 
performed daily for 10 consecutive days. 
Two weeks after treatments, the animals 
were weighed and anesthetized by 
ketamine and xylazine injection, and the 
blood samples were taken from the heart. 
Testosterone levels were measured by 
VIDAS test by using the 
radioimmunoassay method. The left 
testes were removed for macroscopic 
and microscopic studies, and the testes’ 
diameter was measured by using a 
caliper and weighed with a sensitive 
scale. Then, the samples were fixed in 
formaldehyde (10%) for 48 hours and 
seven-micrometer sections of testes were 
prepared by using a microtome and 
stained by the H&E method. Histological 
assessment was performed through the 
light microscopy. Five sections were 
randomLy prepared from each group, 
and 5 fields were carefully examined in 
each section. The number of 
spermatogenic cells was counted and 
compared between different groups.  

All data were analyzed by using 
SPSS23 software by One-way ANOVA, 
and Tukey post-hoc test. The significant 
level was considered as P≤0.05.  

3. Results 

In the positive control group and all the 
experimental groups, we distinguished a 
significant decrease in mouse body 
weight, testicular weight, testicular 
length, and width compared with the 
control and sham groups (P≤0.05 and 
P≤0.001). However, in comparison 
between experimental groups 2 and 3 
with the positive control group, these 
groups revealed a significant increase in 
the mentioned parameters (Table 1). 
These results indicated that doses of 100 
and 150 mg/kg body weight of 
hydroalcoholic extract could partially 
prevent the harmful effects of 
cyclophosphamide. 

Examination of testicular tissue cells 
(Leydig, Sertoli, spermatogonia, primary 
spermatocyte, and spermatid) and the 
diameter of seminiferous tubules in the 
positive control group and experimental 
groups 1-3 showed a significant decrease 
compared with the control and sham 
groups (P≤0.05 and P≤0.001), (Table 2). 
Especially in the positive control group 
and experimental group 1 (50 mg/kg 
body weight of herb extract), vacuolation 
and creation of empty spaces in 
spermatogenic tubes were observed 
(Figure 1). However, in comparison 
between the effects of herb extract with 
the positive control group, an increase in 
the number of most cell lines, (P≤0.001) 
was detected except for the primary 
spermatocytes and spermatids. These 
results indicated that doses of 100 and 
150 mg/kg body weight of herb extract 
had some protective effects against 
cyclophosphamide side effects as 
chemotherapy medication. It seemed that 
less effect of the hydroalcoholic extract 
on the two cell lines (the primary 
spermatocyte and spermatid) was due to 
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insufficient time for new cells 
proliferation from healthy 
spermatogonia, and perhaps with 
increasing the treatment time, the 
protective effect of herb extract on these 
lines could be seen. According to Table 1, 
the injection of the herb extract at the 

dose of 100 mg/kg body weight 
combined with 5 mg/kg body weight 
cyclophosphamide caused a significant 
increase in testosterone level compared 
with the sham, negative control, and 
positive control groups (P≤0.05). 

Table 1. Body weight and testis characteristics after treatments 

Groups 
Negativ

e 
control 

Sham 
Positiv

e 
control 

Exp. 1 Exp. 2 Exp. 3 Exp. 4 

Body weight 
(gr) 

6.75±1.7
3 

3.50±1.
67 

0.125±0
.93aa 

-
4.50±1.6

4a 

4.12±2.7
2aa, bb 

2.87±0.89 
aa,b 

0.37±0.8
3aa 

Testis weight 
(gr) 

0.087±0.
00 

0.07±0.
011 

0.05±0.
004aa 

0.041±0.
004 aa 

0.061±0.
012 aa,b 

0.056±0.0
07 aa,b 

0.066±0
03 aa,bb 

Testis length 
(mm) 

0.28±0.0
2 

0.27±0.
006 

0.21±0.
02 aa 

0.2± 0.03 

aa 
0.24±0.0

1 a,b 
0.24±0.00

5 a,b 
0.25±0.0

03 b 
Testis width 

(mm) 
0.18±0.0

2 
0.19±0.

01 
0.15±0.

01 aa 
0.15±0.0

1 aa 
0.19±0.0

09 aa 
0.14±0.00

8 aa 
0.153±0.

005 aa 
Epididymis 

germinal 
layer (µm) 

7±0.75 9±0.75 
4±0.75 

aa 
8±0.53 bb 8±0.75 bb 9±1.06 bb 7±0.75 bb 

Testosterone 
(ng/mL) 

0.51±1.1
7 

0.51±1.
17 

0.07±0.
05 

0.017±0.
21 

0.1±0.00 
a, b 

0.1±0.00 
0.15±0.0

9 

a: p<0.05 compared with the negative control and sham groups. aa: p<0.01 compared with the 
negative control and sham groups, b: p<0.05 compared with the positive control group, and bb: 
p<0.01 compared with the positive control group. 

Table 2. Number of spermatogenic cells after treatments 

Groups 
Negative 
control 

Sham 
Positive 
control 

Exp. 1 Exp. 2 Exp. 3 Exp. 4 

Spermatogonia 53.8±2.5 
54.00
±5.0 

19.8±5.0 
aa 

27.8±5.8 

aa 
43.2± 11.0 

bb 
45.5±3.8 

bb 
39.2±5.4 

a,bb 

Spermatocytes 
42.67±10.

3 
38.3±

8.2 
19.3±5.5 

aa 
25.67±4.

97 a 
26.8±8.8 a 

27.3±6.6 

a 
33.2±9.5 

Spermatid 50.8±7.62 
63.8±

9.7 
9.8±4.35 

aa 
13.7±4.3

6 aa 
18.3±10.5

1aa 
18.5±2.3

4 aa 
13.7±4.6

5 aa 

Sertoli 5.2±0.75 
6.0±1.

3 
2.8±0.75a

a 
4.0±0.9a 4.3±0.52a 

5.7±0.82
bb 

5.0±0.82
b 

Leydig 9.8±0.68 
5.8±1.

00 
4.92±2.17 

aa 
9.2±0.28 

b 
12.0±1.89 

bb 
5.2± 
3.15 a 

5.5±1.64 

a 
Diameter of 

seminiferous 
tubes (μm) 

21.3±0.81 
21.7±
0.51 

13.7±0.51 

aa 
16.7±1.3

6 aa 
18.7±2.58 

bb 
19.7±0.5

1 bb 
21.2±3.1 

bb 

a: p<0.05 compared with the negative control and sham groups. aa: p<0.01 compared with the 
negative control and sham groups, b: p<0.05 compared with the positive control group, and bb: 
p<0.01 compared with the positive control group 
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Figure 1. Cross-section of mice testis in different groups, H & E staining, 400 x; (A) 
control group, (B) positive control group, (C) Exp. 1, (D) Exp. 2, (E) Exp 3, and (F) Exp. 4. 

Spermatogonia (SG), Primary spermatocyte (PS), Spermatid (LS), Sertoli (SC), Leydig 
(IC), and Space between seminiferous tubes (d) 

4. Discussion 

Hypericum perforatum has many healing 
properties such as anti-inflammation and 
wounds decrescent, and also some 
internal diseases healer. Chemotherapy 
medicines, including cyclophosphamide, 
have destructive the effects on 

spermatogenesis and may cause 
infertility in men. This study revealed 
that doses of 100 and 150 mg/kg body 
weight of Hypericum perforatum 
hydroalcoholic extract could partly 
prevent the spermatogenesis damage 
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caused by cyclophosphamide in BALB/c 
male mice. 

Doses of 100 and 150 mg/kg body 
weight of hydroalcoholic extract 
Hypericum per 15 foratum could increase 
the body weight, testis weight, testis 
length, and width parameters compared 
with the cyclophosphamide-treated 
group. Likewise, we could see a 
significant increase in the number of 
spermatogenic cell lines except for the 
primary spermatocytes and spermatids 
in the extract-treated groups compared 
with the cyclophosphamide-treated 
group (P≤0.001). These results showed 
that doses of 100 and 150 mg/kg body 
weight of hydroalcoholic extract of 
Hypericum perforatum had some 
protective effects against 
cyclophosphamide side effects on the 
spermatogenesis process. It seemed that 
the short-length treatment period of 
Hypericum perforatum could be the 
reason for the lack of proliferation of the 
primary spermatocytes and spermatids 
cell lines from spermatogonia, and there 
was a possibility that a more extended 
length treatment period could have 
indicated a positive effect on the number 
of these cell lines.  

In another study, the effect of 
Hypericum perforatum extract on the 
reduction of lung inflammation caused by 
cigarette smoke illustrated that this herb 
has a high resistance to the toxicity of 
cigarette smoke and can prevent lung 
damage caused by the smoke [22]. 

In another study, the effect of 1.457 
g/kg Hypericum perforatum extract on 
the pregnancy of BALB/c mice showed 
that this herb could not cause any 
damage or fetal growth disorder [23]. 

In 2017 Hammami et al., evaluated the 
effect of acute treatment with 200 and 
400 mg/kg body weight of an aqueous 
and methanol extract of Hypericum 
himifusum on the testes and epididymis 
of Wistar rats. The results showed 
epididymis damage, emptying of 

seminiferous tubules, and sperm 
morphology changes. Furthermore, they 
reported that suppression of the 
antioxidant system was the reason for 
these disorders. However, their results 
were not compatible with our results 
which showed the positive effects of herb 
extract on spermatogenesis. It seems that 
the most probable reasons were the 
difference between herbal species and 
the period length and treatment methods 
[24].  

Hypericum perforatum, as a flavonoid-
rich herb, contains high levels of 
hypericin and hyperforin [25], which can 
prevent spermatogenesis from the side 
effects of cyclophosphamide and improve 
the spermatogenesis parameters 
compared with the positive control (5 
mg/kg body weight cyclophosphamide) 
group. 

In 2014, Haghighat et al. studied the 
hypericin effects on the ovulation of 
Wistar rats and demonstrated that 
hypericin had increased the follicular 
growth, the number of the Graafian 
follicle, corpus luteum, and improved 
ovulation. This study confirmed our 
results that in 100, 150 mg/kg body 
weight doses of Hypericum perforatum 
extract, spermatogenesis was improved 
and had positive effects on the 
reproductive process [26]. 

Overall, this study showed that 
Hypericum perforatum extract in 
moderate and high doses could prevent 
the side effects caused by 
cyclophosphamide on spermatogenesis 
of BALB/c male mice, which was 
probably due to flavonoid components 
existing in the extract. 
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