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Abstract

Background: Phytotherapy is a popular treatment option in cases of benign prostatic hyperplasia (BPH), with many different herbal
products being used for the treatment of this condition. Withania coagulans (WC) is an herbal medicine that has shown anti-tumoral,
anti-inflammatory, and antioxidant effects.
Objectives: This study examined the effect of Withania coagulans extract (WCE) on prostatic cell apoptosis and cyclooxygenase-2
(COX-2) expression in cases of benign prostatic hyperplasia (BPH) in rats.
Methods: Forty Wistar rats were equally divided into five groups: control, sham, BPH, BPH + WCE, and BPH + CLX (celecoxib) as a
positive control group. The induction of BPH was achieved via the subcutaneous injection of 3 mg/kg of testosterone propionate
(TP) daily for 28 days. The animals received WCE, celecoxib, or distilled water by oral gavage accompanied by the TP injection. After
four weeks, the prostate glands of the rats were weighed to measure the prostatic index (PI). The ventral lobes of the prostates were
dissected and processed with paraffin blocks in order to study the number of mast cells. A TUNEL analysis was performed to evaluate
the cell apoptosis, while the expression of COX-2 was examined using immunohistochemistry.
Results: BPH was obvious in the ventral lobe of the prostate, and the administration of WCE markedly decreased the PI and the
number of mast cells (P < 0.001) in the BPH rats. Additionally, the WCE treatment induced prostatic cell apoptosis when compared
to the BPH group. Furthermore, following the WCE treatment, the expression of COX-2 in the prostatic tissues was significantly
decreased when compared to the BPH groups.
Conclusions: According to the results of this study, WCE was effective in the treatment of BPH in rats. It may therefore have benefi-
cial effects in the treatment of patients with BPH.
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1. Background

Benign prostatic hyperplasia (BPH) is an age-related
disease that is characterized by the progressive prolifera-
tion of prostatic glandular and stromal tissues (1). Senility
and androgens are the two main factors believed to influ-
ence the progression of BPH, although some research stud-
ies have suggested a relation between inflammation of the
prostate and BPH development (2). It has been reported
that chronic prostatic inflammation was observed in 79%
of patients with severe BPH (3). α1-adrenoceptor antago-
nists and 5α-reductase inhibitors are used for the treat-
ment of BPH (4). New treatments for inflammatory dis-
eases can result in the inhibition of the inflammation that
is induced by cytokines (5). Some of the pro-inflammatory
cytokines stimulate the expression of cyclooxygenase-2
(COX-2), which is associated with an increasing prolifer-
ative rate and the inhibition of cell death (6). The COX-

2 enzyme converts arachidonic acid into prostaglandins,
which play a main role in the inflammatory responses in
the body (6).

Due to the upregulation of anti-apoptotic protein Bcl-
2 expression, COX-2 causes a reduction in prostate tis-
sue cell death (7). Many researchers have revealed that
the human prostatic tissue expresses the COX-2 mRNA (6,
8). Some studies have shown that treatment with non-
steroidal anti-inflammatory drugs (NSAIDs) inhibits BPH-
1 cell line growth (9). It is feasible that by restraining the
pro-inflammatory pathways created by COX-2 with such
NSAIDs, the symptoms associated with BPH may be ame-
liorated (10). Herbal medicines have fewer negative effects
and hence they are often preferred for the management
of BPH (11). Many natural products stemming from plants
have been shown to restrain cell proliferation and induce
apoptosis, as well as promoting the management of BPH
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(11, 12). Withania coagulans (WC) is a traditional medicine
from the Solanaceae family that is used for the treatment
of various health problems and diseases in South Asia and
the southeast regions of Iran (13). WC is well known for
its antioxidant, anti-inflammatory, antiproliferative, and
anti-cancerous properties (14-16). It has been reported that
Withaferin A, one of the bioactive components of Witha-
nia, induces apoptosis in prostate cancer cells (17). With-
anolides isolated from WC are known to be plant hor-
mones that interact with COX-2 as well as being better in-
hibitors of COX-2 than NSAIDs (16, 18).

2. Objectives

In our previous study, we showed that WC extract
(WCE) improved the prostate antioxidant status and de-
creased the stromal cell proliferation in a rat BPH model
(14). Our aim in the present study was to evaluate the ef-
fects of WCE on COX-2 expression and apoptosis in a rat
model of BPH.

3. Methods

3.1. Plant Extract Preparation

The WC plant was prepared at the herbarium center
of Sistan and Baluchestan university. The whole plant was
washed with deionized water. Then, the shadow air-dried
plants were ground and the powder was subjected to ex-
traction via the immersion of 1 g of plant powder into 20
mL of hydro-methanol (3:1 v/v) solution. The mixture was
kept at room temperature overnight. The samples were
then centrifuged at 18,000 × g for 30 minutes. The super-
natants were filtered, evaporated to dryness, freeze dried,
and then stored under refrigeration.

3.2. Animals

Forty male Wistar rats (weight range of 200 - 250 g)
were obtained from the research center of the animal lab
of Zahedan University of Medical Sciences. The animals
were maintained under standard conditions of humidity,
temperature (22 ± 2°C), and light/dark cycle (12 hours:12
hours). They had free access to the laboratory diet and
water. The study was approved by the institutional ani-
mal care and ethical committee of Zahedan University of
Medical Sciences (EC/93/7446). The BPH condition was in-
duced via the daily subcutaneous (s.c) injection of 3 mg/kg
of testosterone propionate (TP) for 28 days (19). The ani-
mals were then assigned to the following five groups (n = 8
per group):

Group I: Control (did not receive any treatment).

Group II: Sham (received distilled water by gavage in
combination with s.c corn oil as a vehicle).

Group III: BPH (received distilled water by gavage in
combination with s.c TP).

Group IV: BPH+WCE (received 1000 mg/kg WCE by gav-
age in combination with s.c TP).

Group V: BPH+CLX as a positive control (received 10
mg/kg celecoxib in combination with TP s.c by gavage) (20).

3.3. Tissue Samples

After four weeks, the animals were sacrificed under
deep anesthesia with chloroform. The prostate of each rat
was collected and weighed. The ventral prostate was care-
fully separated and then fixed in 10% neutral-buffered for-
malin, followed by embedding in paraffin. Seven microm-
eter (µm) sections were obtained for histopathological ex-
amination and immunohis-tochemical (IHC) analysis.

3.4. Prostate Weight

After the prostates had been weighed, the percentage
of inhibition (PI) was measured as follows: 100 - [treated
group - control) / (BPH - control) × 100] (21).

3.5. Histological Studies

Following the histological process, the tissues’ paraf-
fin blocks were prepared and cut into 7 µm sections. Some
of the samples were stained with toluidine blue (Sigma,
T3260) in order to determine the level of inflammation by
mast cell staining, while the other sections were prepared
for immunohistochemical staining (TUNEL staining and
COX-2 expression).

3.6. Toluidine Blue Staining

The tissue sections were embedded in xylene for paraf-
fin removal, hydrated through an ethanol series, and
rinsed in distilled water. The sections were then incubated
with toluidine blue solution for 2 - 3 minutes. Next, the
slides were rinsed in distilled water, dehydrated in alcohol,
cleared in xylene, and mounted. The number of mast cells
(toluidine blue positive cells) was counted at an x 400 field
magnification using 15 random fields from five different
rats in each group (22).

3.7. TUNEL Staining

The TUNEL staining method was performed according
to the Roche protocol (Roche molecular biochemicals kit,
Germany). Briefly, dewaxed tissue sections were treated
with proteinase K for 30 minutes. In order to block the en-
dogenous peroxidase activity, the sections were incubated
with 3% H2O2 for 10 minutes, and then the TUNEL reaction
mixture was added and the sections were kept for 1 hours
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at 37°C. They were incubated with a converter-POD for 30
minutes at 37°C and then incubated with diaminobenzi-
dine substrate solution (DAB) for 15 minutes. The counter-
staining was performed with hematoxylin. The apoptotic
cells in ten random microscopic (× 400) fields per section
were counted. The apoptotic index (AI) was estimated as
follows: the number of TUNEL-positive cells / the total num-
ber of epithelial cells × 100 (23).

3.8. Immunohistochemical Detection of COX 2

The dewaxed sections were embedded in a 10 mM cit-
rate buffer (pH 6.0) and then autoclaved for 5 minutes
for antigen retrieval. The sections were incubated with
5% bovine serum albumin (BSA) in phosphate buffered
saline (PBS) for 2 hours. Then, anti COX 2 rabbit mono-
clonal antibodies (Abcam, SP21, USA) were added to the
samples and they were kept overnight at 4°C. The slides
were washed with PBS and incubated with the correspond-
ing HRP-conjugated secondary antibody (goat anti-rabbit
IgG (HRP), Abcam, USA) for 1 hours. The samples were
washed again with PBS and then incubated with DAB for 10
minutes. Counterstaining was applied using hematoxylin,
and the slides were observed under a light microscope. Dif-
fuse brown cytoplasm staining in the prostate epithelial
cells was considered to be positive staining with COX-2.
The slides were evaluated using the immunohistochemi-
cal score (IHS), which was calculated by combining an esti-
mate of the percentage of immunoreactive cells (quantity
score) with an estimate of the staining intensity (staining
intensity score), as previously described (24).

3.9. Statistical Analysis

The data are expressed as the mean ± SEM. All data
analyses were performed using a one way ANOVA of vari-
ance and Tukey’s test. The IHS scores were compared using
the Kruskal-Wallis test. P values < 0.05 were considered to
be significant.

4. Results

4.1. Effect of W. coagulans on Prostate Weight and Growth Inhi-
bition in BPH

As shown in Table 1, there were no significant differ-
ences in the prostate weights between the control and
sham groups. However, in the BPH group, the prostate
weight (2.55±0.15 g) was significantly elevated when com-
pare to the weight in the control and sham groups. The
WCE significantly decreased the prostate weight (1.67±0.2
g) and growth (62.8%) when compared with the BPH group.
Additionally, in the CLX group, a significant decrease in
both the prostate weight (1.86±0.03 g) and growth (49.3%)
was observed in comparison to the BPH group.

Table 1. Effects of WCE on Prostate Weight and Growth Inhibition in BPH

Group ProstateWeight, gr, Mean±
SEM

Growth Inhibition, (%)

Control 1.15 ± 0.5 -

Sham 1.18 ± 0.6 -

BPH 2.55 ± 0.1 -

BPH +WCE 1.67 ± 02a , b 62.8

BPH + CLX 1.86 ± 0.03a , b 49.3

aP < 0.005 vs. control group.
bP < 0.001 vs. BPH group.

4.2. Effect of W. coagulans on Mast Cell Infiltration in BPH

Toluidine blue staining was used to visualize the mast
cell infiltration in the stromal cells of all the experimen-
tal groups. BPH resulted in an increased number of mast
cells (violet cells) when compared to the control and sham
groups (Figure 1A, B, and C ). The administration of WCE
resulted in a decrease in mast cell infiltration when com-
pared to the BPH group (Figure 1D and F). The CLX group
also showed lower mast cell infiltration when compared to
the BPH group, although the infiltration was higher when
compared to that in the WCE group (Figure 1E and F).

4.3. Effect of W. coagulans on Apoptosis in BPH

We investigated whether WCE could decrease the pro-
liferation of prostate cells in BPH via immunohistochem-
ical staining for TUNEL. TUNEL-positive cells were rarely
detected in the prostate in the control, sham, and BPH
groups (Figure 2A, B, and C). Treatment with WCE and CLX
increased the apoptotic index when compared to the BPH
group (P < 0.001) (Figure 2D and E). The number of TUNEL-
positive (apoptotic) cells in the WCE group was higher than
that in the CLX group, although the difference was not sta-
tistically significant (P > 0.05) (Figure 2F).

4.4. Effect of W. coagulans on COX-2 Expression in BPH

The COX-2 expression was negligible in the control and
sham groups, but it was upregulated in the prostate ep-
ithelium of the BPH rats (Figure 3C). In addition, the up-
regulation of COX-2 was suppressed in the WCE group (Fig-
ure 3D). The administration of CLX also resulted in a de-
crease in COX-2 expression, albeit lower than the decrease
observed on the WCE group (Figure 3F).

5. Discussion

In the present study, we evaluated the effects of the
W. coagulans extract on cell apoptosis and COX-2 inhibi-
tion in BPH induced by testosterone in rats. Treatment
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Figure 1. Toluidine Blue Staining of the Rat Ventral Prostate in the Experimental Groups

Representative pictures of the control, A; sham, B; BPH, C; BPH + WCE, D; and BPH + CLX, E groups (× 400). The histogram, F shows the number of mast cells in the stromal
cells of the prostate. * P < 0.001 vs. control group; # P < 0.001 vs. BPH group.

Figure 2. TUNEL Staining of the Prostate Tissues of Different Groups of Rats, Magnification × 400)

Namely the control, A; sham, B; BPH, C; BPH + WCE, D and BPH + CLX, E groups. The histogram, F shows the number of apoptotic cells. * P < 0.001 vs. control group; # P < 0.001
vs. BPH group. Red arrows indicate the apoptotic cells.

with WCE decreased the prostate weight, and COX-2 expres-
sion, as well as increasing cell apoptosis, in the prostate

when compared to the BPH group. The histopathological
study also revealed that WCE caused a decrease in the pro-
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Figure 3. Immunohistochemical Staining and Immunohistochemical Score (IHS) for COX-2 in the Prostate Tissues of Different Groups of Rats, Magnification × 400

Namely the control, A; sham, B; BPH, C; BPH + WCE, D and BPH + CLX, E groups. The IHS was equal to the quantity scores multiplied by the staining intensity scores, F. * P < 0.001
vs. control group; # P < 0.001 and ## P < 0.05 vs. BPH group. Black arrows indicate the COX-2 cytoplasm staining (in brown).

inflammatory cells (mast cells) in the BPH model.

Although medical therapy is helpful in the treatment
of BPH, plant extracts are known to be useful for the relief
of BPH symptoms without resulting in side effects (11).

WCE has anti-inflammatory, antiproliferative, and
apoptotic effects that have been demonstrated by us and
other researchers (14, 25, 26). In our previous study, we
demonstrated the antiproliferative and antioxidant effects
of WCE in different doses on a BPH rat model (14). A 1000
mg/kg WCE dose was found to be effective and therefore
we applied that dose in the present study.

BPH is a pathologic disease and many factors are in-
volved in the condition. In addition to aging, androgens
play a principal role in the pathogenesis of BPH, with
testosterone being the main androgen associated with
prostate growth and the sustenance of its structural and
functional integrity (27). An alteration in the testosterone
level is usually accompanied by changes in the growth and
weight of the prostate (28).

About 90% of testosterone (TE) is converted into dihy-
drotestosterone (DHT) by the prostate cells. The DHT then
binds to the androgen receptors and stimulates protein
synthesis, differentiation, and prostate cell growth (29).

Researchers have reported that there is an increase in
the serum testosterone and DHT in BPH patients, and these
levels are directly related to the size of the prostate (30).

Some previous studies have reported that an increase in
the prostatic weight is the main marker of the develop-
ment of BPH (31, 32).

In this study, we found an increase in the prostate
weight in the BPH model. The animals treated with WCE
showed a decrease in prostate weight when compared to
the BPH group. This finding was more prominent in the
WCE group than the CLX group. The two main active com-
ponents of Withania plants are Withaferin A and withano-
lides. Withanolides are also known as plant hormones;
when there is an excess of a certain hormone, withanolides
acting as cell membrane receptors are able to prevent ani-
mal hormones from attaching to these sites and can hence
engage in their true activities (16). In this study, the with-
anolides from WCE probably did not permit exogenous
testosterone to bind to the testosterone receptors and pre-
vent its effects, which caused proliferation and an increase
in the weight of the prostate.

The pathogenesis of BPH remains obscure, although
several studies have demonstrated the role of inflamma-
tory infiltrates and their mediators in the development of
BPH (33). Increasing evidence indicates that mast cells play
a main role in the pathogenesis of inflammatory diseases
(34). Mast cells also play an important role in the develop-
ment of many tumors, including prostate cancer, and they
are now discussed as the main regulators of inflammatory
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diseases (35).
Huang and colleagues showed that mast cells blocked

the apoptosis in tumor cells via the secretion of proin-
flammatory factors such as tumor necrosis factor-α (TNF-
α) (36).

Mast cells are a variety of inflammatory cells that re-
lease proteases, angiogenic factors, and cytokines. The en-
hancement of the cytokines induces cell survival, growth,
differentiation, and cyclooxygenase-2 expression (6).

Pittoni et al. confirmed that mast cells play an essential
role in the initial and progression of prostate cancer, and
also that mast cell inactivation may prove useful for antitu-
mor therapy (37). Papadoukakis et al. showed a remarkable
enhancement in mast cell numbers in the stromal area of
the ventral prostate in a BPH rat model with a significant
number of intracytoplasmic granules and degranulation
(38).

The present work showed that BPH induction caused
an increase in mast cell infiltration, which was in accor-
dance with the findings reported by Bahey et al. (22). Treat-
ment with WCE decreased the number of mast cells signif-
icantly when compared to the BPH group. This might be
attributed to the anti-inflammatory property of Withania
coagulans, which has been previously described by several
researchers (26, 39).

Various studies have shown that pro-inflammatory cy-
tokines induce COX-2 expression, which leads to an in-
crease in the proliferation rate in tissues (5, 40). Via the
conversion of arachidonic acid into prostaglandins, the
COX-2 enzyme is responsible for inflammatory responses
in the body (41). The upregulation of COX-2 increases the
cell proliferation and inhibits cell death (42). Wang et al.
indicated the over-expression of COX-2 in patients with
BPH and prostatitis (6).

Other studies have also indicated that COX-2 inhibition
causes a decrease in proliferation in cases of prostate can-
cer and BPH (43).

Altavilla et al. showed that Flavocoxid, a COX-2 in-
hibitor, reduced the prostate weight in a BPH model in
mice via the induction of Bax expression and the decrease
of Bcl-2 (anti-apoptotic) (10).

Further, Jayaprakasam et al. reported that the withano-
lides isolated from the Withania plant possess excellent se-
lective COX-2 inhibitory activity (25).

In another study, Min et al. demonstrated that With-
aferin A, the main constitute of the Withania plant, could
regulate the inflammatory reactions in microglia by de-
creasing COX-2 expression and prostaglandin E2 (PGE2)
production (44).

Moreover, Withaferin A revealed that WCE inhibits TNF-
α and nuclear factor-κB (NF-κB) activation (45). TNF-α acts
as a stimulator of COX-2 expression in normal and ma-

lignant prostate cells (46). The study by Ichikawa et al.
showed that withanolides downregulated the expression
of COX-2 (47).

COX-2 enzyme receptors have a high affinity for being
occupied by plant steroid hormones (48). In the present
study, we found an enhancement in COX-2 activity in the
prostate tissues in BPH rats, which was in agreement with
the results obtained by Wang and colleagues, who found
that COX-2 was upregulated in the prostate cells in both
prostate cancer and BPH tissue samples (40). The present
study demonstrated that the COX 2 levels in the WCE treat-
ment group significantly decreased when compared to
those in the BPH group. This finding indicates that WCE re-
strains the development of BPH in rats, which is related to
a decrease in COX 2 expression. However, the expression of
this enzyme was better suppressed in the WCE treatment
group’s prostate tissue than in the CLX treatment group,
which indicates that the withanolides revealed themselves
to be better inhibitors of COX-2 than NSAIDs. Therefore,
withanolides could serve as substitutes for NSAIDs (16).

Previous studies have shown that an increase in
cell proliferation and a decrease in apoptosis causes
pathologic prostate enlargement (49). Apoptosis or pro-
grammed cell death is a protective mechanism against the
accumulation and spread of defective cells (50). In our pre-
vious study, we evaluated the anti-proliferative effects of
WCE in a BPH rat model using PCNA immunohistochem-
istry staining. The results showed that WCE decreases the
epithelial proliferation in prostate tissue. Withaferin A
from Withania showed an inhibition of the G1/S cell cycle
and cell proliferation, as well as the induction of apopto-
sis, in prostate cancer cells. In addition, Withaferin A pre-
vented the DNA binding activity of NF-κB, a main regulator
of the cellular processes involved in the differentiation, cel-
lular proliferation, and apoptosis (17).

In the present investigation, we evaluated the effect
of WCE on apoptosis in prostate epithelial cells using the
TUNEL staining method. We found that WCE increases
apoptosis in the epithelial prostate cells in a BPH model
of rats, which might be attributed to the pro-apoptotic ef-
fects of WCE through the inhibition of both the G1/S cell cy-
cle and NF-κB expression. This result is consistent with the
findings reported by Roy et al. concerning prostate cancer
cells (17).

In conclusion, our results suggested that WCE might
inhibit oxidative stress, inflammation, COX-2 expression,
and the induction of apoptosis, which has a therapeutic
effect in BPH. Therefore, this plant should be considered
as a novel phytomedicine against BPH in patients. How-
ever, more studies are necessary to determine the potential
therapeutic effects of Withania coagulans in BPH patients.
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