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Abstract

and inhibition prostate index were also calculated.

hyperplasia.

medicine

Background: Benign prostatic hyperplasia (BPH) is a common disease which causes various health problems for
elderly men such as urinary retention, recurring urinary tract infection and bladder stones. The aim of this study is to
evaluate the therapeutic effects of Juniperus communis L. seed extract (JCS) on BPH in male Wistar rats.

Methods: To this end, 30 rats were divided into 5 groups (N=6): group 1 (vehicle), group 2 (disease control), group
3 (standard medicine; 10 mg/kg finasteride), and groups 4 and 5 were treated with 300 mg/kg and 600 mg/kg of the
hydroalcoholic JCS seed extract, respectively. Groups 2, 3,4 and 5 received testosterone enanthate to induce pros-
tatic hyperplasia. At the end of experimental period (28 days), prostate glands were cut off under anesthesia. Histo-
pathological examination was done and biochemical parameters such as Malondialdehyde, Glutathione and protein
carbonyl were also measured. Their body weights were also observed during the study. At the end of the experiment,
prostate weights and prostate specific antigen (PSA) levels were measured. Prostate index, inhibition prostate weight

Results: Both histopathological examination and biochemical parameter results showed significant improvements in
rats treated with finasteride and 600 mg/kg JCS extract (p<0.01). In addition, PSA levels showed significant decrease
in comparison with the disease group. But acute toxicity test indicated that using JCS extract resulted in an increase in
liver enzymes (ALP, LDH, SGOT, SGPT). As a result, the extract should be used with caution.

Conclusions: Oral administration of JCS extract is effective on preventing testosterone-induced benign prostatic

Keywords: Benign prostatic hyperplasia, Oxidative stress, Prostate specific antigen, Juniperus communis L, Herbal

1 Background

Benign prostatic hyperplasia (BPH) is a common aggres-
sive disease which has a high prevalence in middle-
aged and elderly men. The prevalence among men aged
between 50 and 60 is 60%, which increases up to 70% in
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men aged between 60 and 70. BPH is the most common
cause of urinary obstruction in men [1]. BPH is charac-
terized by the enlargement of the prostate gland due to
an increase in stromal and epithelial cellular counts. This
can cause many health problems for elderly men such as
urinary retention, recurring urinary tract infection, uri-
nary irritation, and it can even lead to bladder stones [2].
Many factors can contribute to the development of
this disease such as excessive androgen hormones,
old age and dietary lifestyle. Androgen and appendage
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hormone play key roles in the development of this
pathological condition. As a result, excessive androgen
hormone can be observed in patients, but all cases of
excessive androgen do not necessarily suffer from this
disease. This indicates that androgen does not directly
cause BPH [3]. Studies have shown that dietary life-
style can play an important role in the development of
BPH; foods containing nitrogen can increase the risk
of getting the disease [4]. Furthermore, the connection
between BPH and metabolic diseases such as diabetes,
high blood pressure, and obesity is verified [5].

The aromatase enzyme and 5-alpha reductase activity
increase with age [6]. This enzyme is responsible for the
conversion of androgens to estrogen and dihydrotestos-
terone [7, 8]. As a result, testosterone levels decrease,
but this hormone’s metabolites (estrogen and dihy-
drotestosterone) increase. Estrogen plays an important
role in the growth of a cell and in increasing prostate
cells [8]. Dihydrotestosterone works locally by binding
to androgen receptors in the cell nuclei, and signals the
transcription of growth factors that are mitogenic to
the epithelial and stromal cells [9]. The combined effect
of both hormonal factors can cause prostatic hyperpla-
sia [10].

According to this theory, fibrosis and weakening of
prostate muscle tissue increase the risk of the disease.
This means that weakening the prostate muscle, which
plays an important role in discharging and excreting
the fluid produced by this gland, causes fluid accumula-
tion in the gland and this can make further damages to
the myofibrous tissue of the muscle [11, 12]. Due to the
fact that the muscle cells of the tissue cannot proliferate,
collagen fibers try to repair and fill the damaged tissue.
Replacing collagen fibers in the tissue results in poorer
muscle tissue function. This defective cycle of progres-
sive muscle tissue fibrosis and fluid accumulation are the
major causes of prostate enlargement in benign prostatic
hyperplasia [11].

Despite the efforts in medication therapy, there is still a
need to find an effective treatment for this disease which
can deal with it with higher potency and fewer complica-
tions in the long run [13]. To this end, this study aimed
to examine a medicinal plant called “Juniperus communis
L Juniperus communis L., which belongs to the Cupres-
saceae family, is an evergreen tree or shrub which has
lancet, triangular and green leaves with a central white
strip. Its fruit is spherical and fleshy which is initially
green in color and then changes into dark purple with a
blue waxy coating. Juniperus communis is native to the
north of Iran and its fruit contains phenolic and terpe-
noid compounds [14].

Juniperus extract components were identified by com-
paring HPLC retention times, UV-vis spectra and MS
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fragmentation patterns with pure substances and with
those identified in other researches [15].

Phenolic compounds such as Catechin, Rutin, Hypero-
side, Rosmarinic acid and Amentoflavone were identified
and quantified in aqueous berry extract by high perfor-
mance liquid chromatography (HPLC) [15]

Juniperus communis essential oil contains monoter-
pene hydrocarbons such as a-pinene, myrcene, sabi-
nene limonene and (-pinene. These essential oils can
be extracted by supercritical CO, extraction or using
a hydro-distillation Clevenger apparatus, and can be
detected by capillary gas chromatography using flame
ionization (GC-FID) and mass spectrometric detection
(GC-MS) [16]. These essential oils have strong ROS
scavenging activity. This antioxidant property has been
reported in in vitro and in vivo conditions and in yeast
cell [17]. Phytosterols can be found in stems, needles,
green berries and ripe berries of Juniperus communis.
Ripe berries contain 5% campesterol and stigmasterol,
and more than 20% p-sitosterol. Jumiperus communis
have been in use since ancient times and Ayurvedic phy-
sicians still prescribe it because of its contraceptive prop-
erties. Studies have shown its abortifacient properties in
in vivo conditions [18]. Due to this phytosterols property
and traditional usage, the present study was conducted to
evaluate the efficacy of Juniperus communis on one of sex
hormone diseases, namely the benign brostatic hyperpla-
sia (BPH).

2 Methods

2.1 Preparation of hydroalcoholic Juniperus communis
seed (JCS) extract

The seeds were collected from trees in the Hezar Jarib

area of Neka (latitude 36.623130; longitude 53.353036)

and were identified by Mohammad Azadbakht. The her-

barium specimen was also prepared and placed in the

herbarium department of Pharmacognosy of Faculty of

Pharmacy.

The seeds were dried and grinded. Extraction from the
seeds was carried out by maceration with 50% ethanol at
room temperature for 7 days and the extract was dried
under vacuum by rotary evaporator followed by freeze
drier [19]. The extract was poured into a special con-
tainer and stored in a refrigerator.

2.2 Analysis of the extract

Analysis of the extract was carried out by HPLC and the
results were published in our previous article [20]. As
mentioned in our previous study, the presence of Deoxy-
podophyllotoxin in the extract was measured by HPLC.
For this purpose, Phenomenex Gemini C18 column was
(3 Im, 0A&£3-150 mm) (Torrance, CA, USA) utilized and
0.02 molar ammonium acetate was used in the mobile
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phase and PH set at 5.5 using phosphate buffer and
eluted with acetonitrile with a flow rate of 1 ml/min for
30 min at a temperature of 30 °C. The results confirmed
the presence of Deoxypodophyllotoxin in the JCS extract
as seen in Fig. 1 with the peak at the same point in both
the standard substance and the extract [20].

2.3 Flavonoids and total phenolic content determination
The aluminum chloride colorimetric method [21] and
Folin—Ciocalteu assay method were used to measure fla-
vonoids and the total phenolic content, respectively [22,
23].

2.4 Animals and experimental design

Male adult Wistar rats weighing between 230 and 280 g
were taken from the Institute for Laboratory Animal
Research of Mazandaran University of Medical Science
and were kept under standard conditions (12-h light—
dark cycle and room temperature) in clean cages for
3 days and the animals had free access to standard food
and water.
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Fig. 1 Structure of deoxypodophyllotoxin

Table 1 Design of experimental procedure
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This study was conducted in accordance with the
principles of the Association for the Protection of
Animal Rights with the ethical code IR.MAZUMS.
REC.1398.2740 and animal rights were respected.

A total of 30 male rats were divided into 5 groups
(N=6 each cage) and treated according to the following
protocol: 24 rats received a daily dose of 25 mg/kg body
weight testosterone enanthate (TE) for 28 days; TE was
loaded with corn oil and given intramuscularly. This pro-
cedure causes BPH based on similar studies [24]. 6 rats
did not receive TE and just received IM corn oil injection
as the normal group (vehicle). Standard medicine group
received intramuscular TE and 10 mg/kg body weight
finasteride through daily gavage [25]. The design of the
experimental procedure used in the study is shown in
Table 1.

2.5 Evaluation of biochemical parameters

The rats were treated for 28 days and their weights were
measured on the first and 28th day. At the end of the
experiment, they were anesthetized. The prostate glands
were removed and weighed, half of the group’s prostates
were sent to the toxicology laboratory for biochemi-
cal tests including malondialdehyde (MDA), glutathione
(GSH) and protein carbonyl (PCO) groups, and the other
halves were placed in containers with 10% formalin and
stained with hematoxylin and eosin for histopathological
examination.

2.6 Malondialdehyde

Malondialdehyde (MDA) level is an indicator of lipid
peroxidation, and was measured according to the Satoh
method in the tissue [26]. Method of measuring Malon-
dialdehyde was based on reaction with thiobarbituric
acid (from Merck company) and extraction with normal
butanol, absorption measured by spectrophotometric
method and compared with the standard curve. Malond-
ialdehyde content was measured using a spectrophotom-
eter at 532 nm and butanol was used as blank.

Groups Group category Muscle injection of 25 mg/kg of TE  Treatment according to kg weight
in corn oil

Group 1 Normal group (vehicle) - Distilled water gavage

Group 2 Disease group + Distilled water gavage

Group 3 Standard medicine group + 10 mg/kg finasteride gavage

Group 4 Group treated with 300 mg/kg JCS extract + 300 mg/kg JCS extract

Group 5 Group treated with 600 mg/kg JCS extract + 600 mg/kg JCS extract
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2.7 Glutathione (GSH)

Glutathione (GSH) is a master antioxidant and was meas-
ured according to Sedlak & Lindsay’s method [27, 28].
For measuring the GSH level, the tissue was homoge-
nized and the supernatant was separated and mixed with
0.02% Tris buffer containing 0.02 mM EDTA (pH =8.9f)
and 0.01 molar DTNB [5,5'-dithiobis-(2-nitrobenzoic
acid)] and finally absorbed at 412 nm.

2.8 Protein carbonyl (PCO)

Protein carbonyl groups, as the biomarkers of oxidative
stress, were measured according to Levine et al’s method.
The optical absorption of the hydrazone was induced by
the reaction between 2- and 4-dinitrophenylhydrazine
(DNPH) and carbonyls were measured using spectropho-
tometry at 405 nm [29].

2.9 PSA content

After anesthetizing the rats, blood samples were col-
lected from their hearts and sent to an associate labora-
tory to evaluate free prostate specific antigen (PSA) in
the blood using the PSA ELISA kit [25].

2.10 Body weight and prostate weight

Body weights were measured in the beginning and the
end of the experiment. Also, prostate weights were meas-
ured after anesthetizing the animals using a ketamine—
Xylazine mixture with a dose of 0.15 ml/100gm per body
weight via Intraperitoneal injection and removing pros-
tate glands.

Prostate index is a formula that can be used to obtain
the prostate weight to body weight ratio. When com-
paring each group with normal and disease groups, any
changes in this index indicate the percentage of inhibi-
tion of the progression of the disease (2). Using the two
measured weights and these formulas, prostate index (1),
inhibition prostate weight and inhibition prostate index
(2) are calculated.

) Prostate weight
Prostate index = ———— (1)
Body weights
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2.12 Acute toxicity test

To check the safety of the extract, acute oral toxicity of
JCS extract was estimated according to the Organization
for Economic Co-operation and Development (OECD)
guideline. The purpose of this guideline is to find the
maximum tolerable dose. This method was examined for
both male and female rats [31]. 12 rats were divided into
4 groups (2 repeated groups for each gender); male and
female rats were kept in separate groups and all received
2000 mg/kg of JCS extract. Mortality and morbidity dur-
ing the 14-day testing period was observed and lactate
dehydrogenase (LDH), aspartate aminotransferase (AST
or SGOT), alkaline phosphatase (ALP) and aspartate ami-
notransferase (ALT or SGPT) were evaluated using col-
orimetric and spectrophotometric methods with Hitachi
(Hitachi High-Tech Corporation, Japan) and Roche (F.
Hoffmann-La Roche Ltd, Switzerland) analyzer apparatus.

2.13 Statistical analysis

Data were expressed as mean=+ Standard error of the
mean (SEM). Evaluation between groups results were
performed using One-way ANOVA test, followed by
t-test, and p <0.05 was considered statistically significant.
All statistical analyses were conducted using GraphPad
Prism Software (GraphPad Software Inc, United States).

3 Results

3.1 Phenol and flavonoid contents of the extracts

The flavonoid amount in the JCS extract was cal-
culated using standard curve equation of quercetin
(y=0.0026x+0.0113 R*=0.9986), expressed as querce-
tin equivalents and measured to be 0.435 (mg/100 g of
dry extracts).

In addition, the phenol content was measured using
the Folin—Ciocalteu assay method with the standard
curve equation (y=0.0076x40.0036 R*=0.9992) and
expressed as gallic acid equivalents and was measured to
be 0.648 (mg/100 g of dry extracts).

3.2 Body weight
There was no significant difference between group’s

Percentage of inhibition = 100 —

Treatment group —

Negative control 100 @)

Disease group — Negative control

2.11 Histopathological examination

To investigate morphological changes, the tissue was cut
into 4-um sections using a rotary microtome, stained
with eosin and hematoxylin and was observed under a
40x microscope [30].

weights in the beginning and the end of the experiment.
All groups showed weight gain because of receiving
intramuscular corn oil with the exception of the disease
group which had an 11% weight loss.
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3.3 Prostate weight

Because it is impossible to reach the initial prostate
weight of the groups, it was compared based on the
weight of the normal group (vehicle group) at the end
of the study. Testosterone administration significantly
increased the prostate weight in rats compared to
the normal group. The prostate weights of the groups
treated with JCS extracts (300 mg/kg and 600 mg/kg)
were decreased dose-dependently compared to the dis-
ease control group. A similar effect was observed in the
standard medicine group. The prostate index, inhibi-
tion prostate weight and inhibition prostate index are
shown in Table 2.

3.4 Evaluation of biochemical parameters

MDA estimation results indicated a significant increase
in MDA level in the TE group compared to the con-
trol group as the lipid peroxidation index (p<0.001)
and a decrease in finasteride and JCS 300, 600 mg/kg
(p<0.01, p<0.01, p<0.01, respectively) groups com-
pared to the TE group (Fig. 2a).

The results showed significant decrease in GSH
(p<0.001) level in the TE group compared to the con-
trol group. However, finasteride group and JCS extract
with doses of 300 mg/kg and 600 mg/kg showed
an increase in GSH level (p<0.01, p<0.05, p<0.01,
respectively) compared to the disease group (Fig. 2b).

Table 2 Weight and appendix parameters
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Protein carbonyl group examination results showed
significant increase in the disease group (p<0.001)
compared to the control group and a decrease in stand-
ard medicine group and JCS extract with doses of 300
and 600 mg/kg (» <0.05, p<0.05, p <0.001, respectively)
compared to the disease group (Fig. 2c).

3.5 PSA

In the disease group, as mentioned above, PSA level was
elevated (p <0.05) compared to the normal control group.
In groups of JCS extract with doses of 300 and 600 mg/
kg, PSA was observed in normal range and differed from
the disease group significantly (p<0.05). The standard
medicine group also showed a higher PSA in comparison
to the disease group (Fig. 3).

3.6 Histopathological examination

Based on histopathological results, progression of stro-
mal proliferation, abnormal acinar fold, hypertrophy and
hemorrhage was observed in th disease group compared
with the normal control group. The group treated with
300 mg/kg JCS extract showed slight glandular hemor-
rhage, hyperplasia and acinar lipid fold changes. Stand-
ard medicine group showed slight histological changes.
In the 600 mg/kg JCS extract group, there were no his-
tological changes compared to the normal control group
(Fig. 4).

Groups Initial Body weight (g)  Final body weight (g)

Prostate weight (mg)

% inhibition
prostate
index

% inhibition Prostate index x 107>

Prostate weight

Normal group 260+8.99 300+332

(vehicle)

Disease group (IMTE 2484293 2194425

injection)

Standard medicine 2394496 260+ 636"
group (TE+finas-

teride)

Group treated
with 300 mg/
kg JCS extract
(TE+300 mg/kg
JCS)

Group treated
with 600 mg/
kg JCS extract
(TE+600 ma/kg
JCS)

237+587* 273+7.12M

267+101* 280+ 226"

2594405 -

3594591 -

2934430 66.5

32042.30"# 394

2994+ 526" 60.3

0.86640.12 -

164194001 -

11127 £0.01 68.2033

1.1173% +£0.01 67.6038

1.1193" £ 002 67.3522

Body weight, prostate weight and prostatic index in the examination groups were as follows: normal group (vehicle), disease group, standard medicine group, groups

treated with 300 mg/kg and 600 mg/kg JCS extract for 28 days
TE testosterone enanthate, JCS Juniperus communis

The values are expressed as Mean £ SEM (N =6 animals /group). ***p <0.001, **p <0.01, *p <0.05 vs Control, ###p <0.001, ##p <0.01 and #p <0.05 vs TE group
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3.7 Acute toxicity test enzymes (Table 3). Therefore, the therapeutic doses (300
In the group with a dose of 2000 mg/kg JCS extract, no  and 600 mg/kg body weight) used in this study should be
mortality and morbidity were observed during the 14-day = administered with caution.

testing period. The results of biochemical studies showed

that the extract significantly increases the level of liver
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PSA content pg/ml

Disease group Standard Group treated  Group treated
(IM TE injection) medicine group with 300mg/kg with 600mg/kg
(TE + JCS extract (TE + JCS extract (TE +

finasteride) 300mg/kg JCS)  600mg/kg JCS)

=
15}

o N & O ©

Normal group
(vehicle)

Fig. 3 PSA level in blood samples, normal group, disease group,
standard medicine group, groups treated with 300 and 600 mg/kg
JCS extracts. JCS extracts significantly different from disease group
(p<0.05)

4 Discussion

Prostatic hyperplasia is a high-prevalence urinary tract
disease in elderly men [32]. Testosterone induces hyper-
plasia in simple epithelial cells by causing frequent
inflammation of the epithelial cells over time, resulting
in frequent urination and poor urine flow and emergency
urination [32].

The present study investigated the potential efficacy
of JCS extract by performing muscle injection of TE for
28 days. Prostatic hyperplasia occurs in animals during
this period, and it is obtained from the index of prostate
weight to body weight and histopathological results, all
of which were observed in Dwarakanath et al’s results
as well [24].

5-Alpha reductase converts androgens to estrogen
and dihydrotestosterone (DTH). Estrogen has a key role
in the growth and increase in prostate cells through
oxidative function and after being combined with
DTH, it can cause an additional effect on BPH [8]. Fin-
asteride treatment reduces 5-alpha reductase function
and decreases DTH blood level and, thereby, reduces
oxidative stress and preserves the body’s antioxidants.
Evidence also suggests that prostate zinc levels are
increased in BPH [33].

Apart from the function of the 5-alpha reductase
enzyme, oxidative stress plays an important role in the
development of prostatic hyperplasia [34]. Oxidative
stress is caused by a disruption in the balance between
antioxidants and reactive oxygen species (ROS) which
increases the active radicals and decreases the body’s
immune system functionality [35]. In the present
study, oxidative stress was observed in rats treated
with testosterone in the disease group, evidenced by an
increased level of MDA and PCO, but decreased levels
of GSH.

Endogenous testosterone is converted to DTH in
prostate stromal cells. This is far more potent than tes-
tosterone and causes changes in androgen receptors on
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the surface of epithelial cells, which causes mitochon-
drial leakage and free radical production due to altering
the DNA transcription. Lipid peroxidation is an impor-
tant marker of oxidative stress [36]. Peroxides promote
the progression of cells to cancer. Glutathione acts as a
cell protector by reducing the level of free radicals, and
superoxide dismutase (SOD) is an enzyme that has an
antioxidant role. Therefore, by lowering the level of this
enzyme, the body cells are more likely to be damaged
by active radicals [37]. High levels of nitrate radicals
have also been found in prostatic hyperplasia which
confirms the important role of antioxidants in the fight
against the disease [38].

Various studies have investigated many herbal treat-
ments for BPH in which, similar to the present study,
the duration of the experimental procedure was about
4 weeks [30, 39, 40]. In Sik Shin et al’s study, Yukmiji-
hwang-tang, a traditional Korean herbal formula, was
evaluated for the treatment of BPH in Wistar rats. Daily
doses of testosterone propionate were administered to
induce the disease [39]. Testosterone propionate was
slow-release and had a short half-life form of testosterone
in comparison with testosterone enanthate which was
used in the present study. Another study examined the
effect of curcumin on testosterone-induced BPH. Simi-
lar to other studies, rats were selected for this treatment.
They were castrated and then the procedure of the treat-
ment with subcutaneous testosterone was performed.
Curcumin showed an inhibition in the development of
BPH [30].

Finasteride was used as the standard medicine in all
related research. Lee et al. used 5 mg/kg finasteride as the
standard medicine [41]. Many researches used 10 mg/kg
finasteride [42—44] and so does the present study, but we
found that giving 10 mg/kg finasteride was not sufficient
for treating BPH because an increase in the PSA level
was observed in this group (Fig. 3). This fact was also
concluded from histopathological results which showed
slight morphological changes (Fig. 4).

Limonene was evaluated for the treatment of testos-
terone enanthate induced BPH. The administered dose
of TE was 25 mg per body weight per day for 21 days,
and limonene showed its efficacy in preventing the dis-
ease [24]. In the present study, we also used TE as a BPH
inducer with the same dose explained in the limonene
study.

Juniperus communis L. is an evergreen tree or shrub
and was traditionally used for urinary retention and
intermittency urination [20, 45]. Many studies evalu-
ate the abortifacient effects of Juniperus communis. One
examination of JCS extract on female rats using this
extract with a dose of 300 and 500 mg/kg body weight in
days 1-7 of pregnancy led to an increase in the rate of
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Fig. 4 Microscopic images (40x) of the prostate tissue after staining with hematoxylin and eosin, Squares represent morphology changes like
stromal proliferation, abnormal acinar fold and hypertrophy, a Normal group, b Standard medicine group, ¢ disease group, d group treated with
300 mg/kg JCS extract, e Group treated with 600 mg/kg JCS extract
.

abortifacients [18]. Furthermore, Juniperus was exam-
ined in many studies to evaluate how it affects sex hor-
mones. One of the studies evaluated the JCS extract on
estrogen receptor-positive breast cancer cells in vitro
and the results showed that this extract was able to bind
estrogen receptors [46]. Previous research on the plant
has shown that it is capable of inhibiting cancer cell lines
in the prostate tissue [20].

Juniperus communis contains two important com-
pounds: phenolic components and essential oils. One of

these phenolic compounds is lignan [47]. Dietary intake
of lignans influences sex hormone-dependent cancer
incidence by modulating the hormonal environment [48].
Podophyllotoxin is a natural compound related to lignans
and has antimitotic activity [49, 50]. It is highly efficient
in inhibiting the growth of cancer calls and leads to the
production of valuable anticancer agents like etoposide
and teniposide [51].

With these two active compounds and considering the
in vitro and in vivo evidence and history usage of JCS in
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Table 3 Liver enzymes changes in the acute toxicity test

Groups ALP LDH SGOT(AST)  SGPT(ALT)
1 253 1967 317 58
2 308 1692 251 63
3 517 1103 150 44
4 679 2386 326 82
Reference 80-306 (U/L) 138-280 (U/L) 5-40(U/L)  5-40 (U/L)

value

Female (repeated groups 1 and 2) and male (repeated groups 3 and 4) rats
received 2000 mg/kg JCS extract

ALP alkaline phosphatase, LDH lactate dehydrogenase, SGOT (AST) aspartate
aminotransferase; SGPT (ALT) alanine aminotransferase

urinary retention and intermittency urination, this study
was designed to examine the effect of JCS extract on a sex
hormone related disease, the BPH (Additional file 1: Fig.
S1).

In this study, a significant increase was observed in pros-
tate weight in the disease group compared with the normal
group which was due to a growth in the quantity of cellu-
lar numbers in the prostate tissue. This result is in line with
the findings of Wang et al’s study [52]. Histopathological
results showed proliferation of stromal cells in TE group.
Treatment with a dose of 300 mg/kg JCS extract showed
a partial hyperplasia in glandular cells while in the group
where the administered dose was 600 mg/kg, virtually no
hyperplasia was observed (Additional file 1: Fig. S2).

How this extract works is complicated, but its antioxi-
dant capacity with rich phenol and flavonoid contents
and also its lignans such as Deoxypodophyllotoxin, which
have anticancer characteristics, can be the possible ther-
apeutic mechanisms of this extract. However, further
study needs to find out more about the mechanism. This
study examined the compounds of the extract (phenolic
compound, flavonoids, terpenoids) and found their ther-
apeutic effects on BPH. It should be mentioned that due
to some difficulties such as inaccessibility to the relevant
accessory, the cell cycling procedure of the extract and
the active ingredient, the information of this study was
limited to the efficacy of the extract in in vivo conditions.

5 Conclusion

Oral administration of JCS extract is able to prevent
testosterone-induced hyperplasia in rats. The inhibitory
effect of JCS extract was probably due to the regulation
of inflammatory responses by reducing oxidative stress
and anti-proliferative effect according to biochemical
biomarker results which showed a decrease in MDA and
PCO and an increase in GSH in JCS groups. This study
suggests evaluating the toxicity of JCS active components
on BPH for future studies.
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