Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

ORIGINAL ARTICLE

Inhibitory Effects of Pueraria mirifica Aqueous Extracts on
5a-reductase and Prostate Histomorphometry in Testosterone-
induced Benign Prostatic Hyperplasia Sprague Dawley Rats

*Siti Saleha Masrudin', Nur Izzah Athirah Razwan', Che Norma Mat Taib', Nurul Huda Mohd Nor’, Siti
Fadziyah Mohd Asri?, Zazali Alias?, and Jamaludin Mohamad?

' Department of Human Anatomy, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, 43400 Serdang, Selangor,
Malaysia

2 School of Basic Medical Sciences, Faculty of Medicine, Universiti Sultan Zainal Abidin, 20400 Kuala Terengganu, Terengganu,
Malaysia

3 Institute of Biological Sciences, Faculty of Sciences, Universiti Malaya, 50603 Kuala Lumpur, Malaysia

ABSTRACT

Introduction: Benign prostatic hyperplasia (BPH) is the most prevalent prostatic disease in ageing men,
characterised by an excessive proliferation of the prostatic epithelial and stromal cells. Despite the extensive
choices of pharmaceutical therapies, the current treatments possess side effects, necessitating the search
for new alternative options, including herbal substances such as Pueraria mirifica. This tuberous root of
P mirifica is a medicinal plant that contains numerous phytoestrogens, traditionally used for health
rejuvenation in aged men and women. This study was carried out to access the inhibitory effect of
5a-reductase of P mirifica and its histoprotective effect in a rat model of testosterone-induced BPH.
Methods: Adult Sprague Dawley (12 weeks) were subcutaneously injected with testosterone propionate
(3 mg/kg) daily to induce BPH. Rats (n=6) in all groups (aqueous extract of P. mirifica (APM): 10, 100, and
1000 mg/kg, p.o.; finasteride: 2mg/kg, p.o., BPH model, and sham groups) were treated for 30 days. The
determination of serum dihydrotestosterone (DHT) level, prostatic index and prostate structural changes were
investigated. Results: APM and finasteride-treated groups showed significantly lesser prostatic weight and
prostatic index, serum DHT levels compared to the model group (p<0.05). Furthermore, there was
a significantly lower prostate score with improved prostate histomorphology, demonstrating fewer epithelial
involutions of glandular tissues and improved stromal and epithelial cells. Conclusion: In conclusion, the
aqueous extract of P. mirifica tuberous root mitigates the development of BPH and it can be inferred that
aqueous extract of P mirifica tuberous root may possess the active agents for anti-BPH treatment.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a condition
where the prostate gland enlarges due to benign and
uncontrolled proliferation of the prostatic cells. It is a
non-malignant condition, meaning that the prostate
grows in size without being malignant. As the prostate
enlarges, it can compress the bladder and urethra,
leading to unfavourable clinical signs such as bladder
outlet obstruction, urine storage issues, difficulties
with urination (voiding), nocturia (frequent nighttime
urination), and dysuria (painful urination) [1-4]. BPH is

aetiology of BPH is still obscure, age and androgens
are significant contributors to the growth and
progression of BPH in ageing men.

BPH development has been linked to hormonal
changes in ageing men and various other factors such
as androgen-oestrogen imbalance [9]. Specifically,
by the stimulation of prostatic  androgen
dihydrotestosterone (DHT), an active metabolite
produced by the enzyme 5a-reductase during the
enzymatic conversion of testosterone [7]. BPH is also
associated with the activity of 5a-reductase [10].
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Ageing and increasing DHT production and
accumulation in the prostate will cause hyperplasia
to be induced, as well as enhanced cell
proliferation [11]. BPH development is not a
transformational mediator, but rather a more
permissive mediator considering DHT activity is
higher in BPH tissue than in normal prostate gland
tissue [12].

Commonalities practice in clinical care, the treatment
for BPH patients involves surgical intervention as well
as the use of pharmacotherapeutic medication such
as 5 a-reductase inhibitors (dutasteride and finasteride),
o -blocker, a-adrenoreceptor antagonists [3,13-16].
Among the available medication for BPH, 5 & -reductase
inhibitors have been shown to efficiently decrease
prostate volume, thus reducing the risk of complication
and surgery [14]. Hence, 5 & -reductase inhibitors are
the preferred option for treating BPH, even though
they have been associated with undesired effects
like ejaculatory dysfunction, decreased libido and
dizziness [15,16], prompting the search for alternative
therapies in managing BPH.

Pueraria mirifica (PM) is a perennial climber plant
with tuberous roots, belonging to the Leguminosae
family, specifically the Papilionoideae subfamily,
which includes soy, beans and pea [17,18]. The
tuberous root of P. mirifica contains a high number
of potent phytoestrogens, including isoflavones
(daidzein, daidzin, genistein, genistin, and puerarin),
lignans and coumestans [18]. Traditionally, P. mirifica
has been consumed for various purposes, such as an
anti-wrinkle agent, appetite promoter, hair-blackening
agent, memory enhancer, and longevity booster
[19,20]. It exerts an oestrogenic effect on hormone-
sensitive tissues and organs, contributing to its
antioxidant properties [17], prevention of bone loss
[21,22], and prevention of breast cancer in rats [23].
Moreover, studies have demonstrated its ability to
downregulate the expression of interleukin-6, androgen
eceptor and oestrogen receptors in prostatic tissue,
leading to anti-inflammatory effects that ameliorate
BPH [24]. As BPH is primarily driven by the growth
of prostatic tissue in response to the presence of
androgens, particularly DHT, which bind to and
activate the androgen receptor in the prostate gland,
we hypothesize that P mirifica exhibits inhibitory
effects on 5a-reductase. This, in turn, will result in
reduced dihydrotestosterone (DHT) production and
decreased proliferation of prostatic epithelial and

stromal cells, leading to mitigation of benign
prostatic hyperplasia (BPH) development in the
testosterone-induced BPH rat model. Therefore,

the objective of the current study is to evaluate
the inhibitory effect of 5a-reductase by P mirifica
and its histomorphological effects in a rat model of
testosterone-induced BPH.

MATERIALS AND METHODS

Extraction of P. mirifica tuberous root

The dried tuberous root of P. mirifica (Anhui Bozhou
Qiaocheng, Guangzhao, China) was grounded into
powder form with the grinder (Polymix, PX-MFC
90D, Kinematica, Switzerland). HPLC grade water
(Merck, Germany) (250ml) was used to extract 50g
of powdered P mirifica which was incubated in a
shaker water bath at 37°C for 12 hours. The solution
was filtered through filter paper (Whatman, No.1)
and dried in the freeze drier (Labconco, Kansas).
Additionally, using the Soxhlet apparatus, the
powdered P. mirifica was extracted with chloroform
and methanol, following the polarity gradient at a
ratio 1:10 (v/v). The solvent from all filtered extracts
was eliminated under reduced pressure in a rotary
evaporator (Buchi Rotavapor R-114, Switzerland).

5a-reductase Enzyme Inhibition Studies

5a-reductase inhibitory activity assay was carried
out to investigate the inhibition potential of the
P mirifica tuberous root extract against prostatic
hyperplasia spectrophotometrically. According to the
method described earlier [25-27], an enzyme inhibition
assay was conducted. Rat ventral prostate was
dissected and weighed. Prostate tissue (200mg) was
homogenised in 10 mL of medium (20 mM sodium
phosphate, pH 6.5, containing 0.32 M sucrose and
1 mM EDTA), and was centrifuged at 4°C for
15 minutes at 716 x g (4000 rpm). Bradford Method for
protein estimation was used to ascertain the enzyme
content in the supernatant.

The NADPH standard curve and reaction mixtures
were prepared according to the method described
previously (25). The following reaction mixtures
were used in the assay: blank (with NADPH and
enzyme), negative control (with NADPH, enzyme and
testosterone), positive control (with NADPH, enzyme,
testosterone and finasteride) and P mirifica extract
samples (with  NADPH, enzyme and testosterone).
The reaction mixtures were spectrophotometrically
determined at 340 nm every 5 minutes for
30 minutes. The absorbance was measured, and
NADPH concentration was calculated using the
NADPH standard curve. The calculation of the NADPH
residue in the reaction mixture indicated the activity
of 5a-reductase inhibition [26]. The 5 a-reductase
inhibition was calculated according to the formula
below:
NADPH sample - NADPH blank

Percentage inhibition = X100
ADPH sample

Animals Experimental Design

Male Sprague Dawley rats that were 12-weeks old and
weighed 200g to 250g were kept in polypropylene
cages in Laboratory Animal House, Faculty of
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Medicine, Universiti Malaya. This study fulfils
the ethical code sanctioned by the animal ethics
committee of the Faculty of Medicine, University
Malaya (Ethic No: No: 1SB/30/05/2012/SSM(R)). The
room temperature (25 + 2°C) with 12-hour light and
dark cycles were maintained. Animal handling was
conducted following the Institutional Animal Ethics
Committee of University Malaya. The rats were given
an adlibitum supply of water and a non-phytoestrogen
pellet diet (Altromin, Lage, Germany). The rats were
divided into 6 experimental groups at random after
7 days of acclimation. The groups are as follows:
Group 1: Sham group (received vehicle); Group 2:
BPH-induced control group; Group 3: FN group
(finasteride 1mg/kg); Group 4: APM10 group (10 mg/
kg P. mirifica aqueous extract); Group 5: APM100
(100 mg/kg P. mirifica aqueous extract); Group 6:
APM1000 (1000 mg/kg P mirifica aqueous extract).
For 30 days, all groups but the sham group received
subcutaneous injections of 3mg/kg testosterone
propionate diluted in corn oil to induce prostate
hyperplasia. The rats were administered vehicle
Tween-20 (0.2% v/v, p.o) or finasteride (1 mg/kg, p.o)
or P. mirifica aqueous extract (10, 100 or 1000 mg/kg,
p.o) simultaneously. At the end of the study, the rats
were anaesthetised, blood was collected intracardiac
and the prostate was immediately dissected out and
weighed.

Determination of Prostate Index

Prostates were weighed after being dissected, and
prostatic index (Pl), which was determined by
dividing each rat’s prostatic weight by body weight,
was calculated as follows [40]:

Prostate index (PI) = (Prostate weight (g)) / (Bodyweight
at day 30 (g))

Prostate enlargement inhibition by the experimental
groups was determined as follows:

Percentage inhibition = 100 - (% Increase in prostatic
weight)

The percentage increase in prostatic weight was
calculated as follows:

Percentage increase in prostatic weight = ((PI treated
group - PI Sham group)/ (Pl BPH group - PI Sham group)
X 100

Serum Dihydrotestosterone Assay

DHT levels in individual rats were measured using
a DHT ELISA kit (Cusabio Biotech Co.Ltd) following
the instruction in the kit.

Histomorphological Evaluation of Prostate Tissue

To evaluate the histopathological status of the prostate
gland tissue by haematoxylin and eosin staining, a
histomorphological examination of the prostate gland
of testosterone-induced prostate hyperplasia was
conducted. A score-chart protocol that had previously

developed [28,29] was used to record and scored
each characteristic that could be observed under the
microscope (Table 1). The histoscores were expressed
in arbitrary units and were obtained from a thorough
examination of 3 different sections, and 3 different
levels (upper, middle and lower levels of tissue
sections in the paraffin block), for each animal. The
acinar morphology was considered in this approach,
including crowding, intraluminal velocities, loss of
basal nuclear polarity, and hyperplastic nodules, which
were graded based on their severity and distribution
pattern. The following are definitions of the pathological
condition of the acinar structure: 1) Villamentous or
villous projections are bordered by epithelial cells and
indicate  homogenous epithelial infolding into the
lumen, showing a fine connective tissue core together
with its longitudinal axis. 2) Papillary projections
are enlarged epithelial infolding with a variety
of ramifications that create a pattern resembling
cauliflower. 3) Cribriform structure, which resembles
a “glands in glands” pattern, results by the fusion of
contralateral papillary projections. 4) The hyperplastic
nodule is a multi-layered conglomerate with a
localized increase of nuclei number. In piling up,
the hyperplastic nodule protrudes into the acinar
lumen and does not cross the basal membrane. In
budding, the epithelial nodule bursts outside the basal
membrane toward the connective tissue stroma. The
hyperplastic nodules may appear as isolated or multiple
foci in one or both lobes of the ventral prostate.

Statistical Analysis

Statistical analysis was analysed by the ANOVA test
followed by Duncan’s post hoc test. All results were
expressed as the mean + standard error of the mean
(SEM). p<0.05was statistically significant.

RESULTS

5a-reductase Inhibitory Activity of P. mirifica Extracts

Figure 1a shows the residual concentration of
NADPH significantly increased with time in a
reaction mixture containing finasteride (positive

control). The concentration of residual NADPH was
19.06 + 0.11 pg/ml at O minutes and significantly
increased to 40.69 + 0.04 pg/ml at 30 minutes. The
percentage inhibition of 5a-reductase activity was
54.91% at minute 30 (Figure 1b). When compared to
finasteride, the aqueous extract of P. mirifica showed
to be the most effective inhibitor of the 5 & -reductase
enzyme (p<0.05). Aqueous extract increased the
NADPH concentration from 18.62 + 0.08 pg/ml at O
minutes to 25.16 + 0.18 pg/ml at 30 minutes (Figure
1a). The percentage inhibition of 5 & -reductase activity
by water extract was 0.18% at minute O and
significantly increased to 27.07% at minute 30
(Figure 1b). The methanol extract of P mirifica
tuberous root showed an increase of NADPH residual
concentration from 18.33 + 0.06 pg/ml at 0 minutes
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Table I : Cumulative chart score of histopathological findings (units) in rat ventral prostate

No. Characteristics

Low power magnification on prostate section

1 Luminal shape: regular (1), villous (3), papillary (4), cribriform (5)

2 Acinar shape: tubular (1), branched (3), irregular (5)

3 Interacinar space: large or moderate (1), back-to-back glands (5)

4 Stroma: fine (1), abundant (3), fibrosis/severe stroma hyperplasia (5)

High power magnification on prostate section

1 Epithelial shape: flattened (1), cuboidal (1), cylindrical (3), hexagonal (5)

2 Number of layers: mono (1); oligo (3); pluri (5)

o If.1, add: focal (3), diffuse (5)
3 Alignment: polar (1), apolar (3)

o If there is piling up of epithelial cells add 3

« If there is budding out of epithelial cells into stroma add 5

« If periacinar clusters of epithelial cells are found add 3

o Ifisolated clusters of epithelial cells are found outside acini add 5

4 Lesion distribution (for apolar or budding out cells, no lesion 0): unilobar; isolated (2), multiple (6).

bilobar; isolated (4), multiple (8)

X N o u

« Nuclear shape: round, regular (1); irregular (5)
Nuclear size: small (2), large (2), small and large in the same acinus (4)
Mitoses per field: absent (0); isolated, 1-2 (2); abundant, 3-5 (5); excessive, >5 (10)

Basement membrane: intact (1); interrupted (5) thin (1); thick (5)

NADPH Concentration in the reaction mixture

'NADPH Concentration (ug/mi)
§83c8s8388s8s¢8

Figure 1 : Effects of P mirifica extracts on the a) NA-
DPH residual concentration, b) percentage inhibition of
the 5 a-reductase enzyme. The values are shown in
mean + SD (n=3). The values are shown in mean + SD
(n=3).
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Figure 2 : Effect of orally administered P mirifica
aqueous extract on the serum DHT level. The histo-
gram bars with different lowercase letters (a,b,c) are
significantly different at p<0.05 (ANOVA, followed
by Dunnet’'s multiple comparison tests). a= p<0.05
compared to sham control. b= p<0.05 compared
to BPH group. c= p<0.05 compared to FN group.
FN: Finsteride-treated group, APM10: 10mg/kg
P mirifica aqueous extract group, APM100: 100mg/kg
P. mirifica aqueous extract group, APM1000: 1000mg/kg
P. mirifica aqueous extract group.
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Table Il : Effect of aqueous extract of P. mirifica on prostate index and percentage inhibition.

Group treatment

Prostate Index (x107)

% Inhibition

Sham 3.85 + 0.09
BPH 9.49 + 0.27 *
FN 4.92 +0.05%*
APM10 7.16 + 0.26 ¢
APM100 6.52 + 0.08
APM1000 5.68 + 0.09

81.11
41.37
52.58
67.57

Data are mean + SEM (n=6). The means with different lower-case letters (a, b, c) in the same column are significantly different at P<0.05 (ANOVA,

followed by Dunnet’s multiple comparison tests). a=P<0.05 compared to sham control. b= P<0.05 compared to BPH group. c=P<0. 05 compared to

FN group. ns: not significant.

Figure 3 : Effect of P.mirifica water extracts on the
prostate tissue of testosterone-induced prostatic
hyperplasia rats. 100x magnification. H&E stains
A) Sham group. B) BPH group. C) FN group. D) APM10
group. E) APM100 group. F) APM1000 group. s: stroma,
il: intraluminal.

to 23.41 + 0.14 pg/ml at 30 minutes. The increment
of NADPH concentration by time interval was
significant. Similarly, the percentage inhibition also
showed significant differences by time interval at
p<0.05, where the percentage increased from -1.37%
to 21.64%. The inhibitory activity of P mirifica
extracts was discovered in the following decreasing
order: finasteride > aqueous > methanol > chloroform.
The aqueous extract was chosen to study the
treatment benefits of BPH in rats based on the findings.

Effects of Pueraria mirifica aqueous extract on the
prostatic index

The evaluations of the therapeutic effects of
P mirifica aqueous extract on BPH in testosterone-
induced prostatic hyperplasia are shown in Table II.
As anticipated, testosterone propionate subcutaneous
injection markedly higher prostatic weight and

Histopathological score
8

Sham BPH FN APM10 APM100 APM1000

Figure 4 : Effect of orally administered P mirifica
water extract on the prostate histoscore. Data are
mean + SEM (n=6). The means with different
lower-case letters (a, b, ¢) in the same column are
significantly different at p<0.05 (ANOVA, followed
by Dunnet’'s multiple comparison tests). a= p<0.05
compared to sham control. b= p<0.05 compared to
BPH group. c= p<0. 05 compared to FN group.

prostate index in BPH group in comparison to the
sham group. When compared to the BPH group, the
treatment received by APM10, APM100, APM1000
and FN groups significantly reduced the prostatic
index (p<0.05).

Effects of Pueraria mirifica aqueous extract on the
serum DHT levels

Displayed in Figure 2 are the effects of an aqueous
extract of P. mirifica on serum dihydrotestosterone
(DHT) level of testosterone-induced prostatic
hyperplasia. BPH induction significantly increased
DHT concentrations in the serum of BPH group
(30.66+33.30ng/mL, p<0.01) compared to the
sham group (4.81+32.09ng/mL). The FN group, on
the other hand, had a significantly lower serum DHT
level (6.83+£29.88ng/mL) than BPH group. Likewise,
the DHT levels in the APM10 (12.93+52.53ng/
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ml), APM100 (11.35+40.79ng/ml) and APM1000
(9.39+40.79ng/ml) groups were also significantly
lower than BPH group.

Effects of Pueraria mirifica aqueous extract on
Histomorphology of Prostate in Testosterone-Induced
BPH Rats

Figure 3 shows the impact of P mirifica aqueous
extract treatment on the histological characteristics
of the prostates from all groups of testosterone-
induced BPH rats. The sham group displayed normal
histological features of the prostate gland with an
average histoscore corresponding to 18.0 + 1.29
(Figure 4). The acinar gland tubules were variable in
diameter. The luminal shape was regular with prostatic
secretion in the lumen observed. A single layer of
cuboidal epithelium bordered the walls of the acini
tubules. The nuclei were small, round and regular.
The stroma matrixes were fine with the presence of

blood vessels and moderate inter acinar spaces
(Figure 3a).

The photomicrograph of the prostate tissue in
BPH rats revealed a substantial alteration in the

histomorphology of the tissue (Figure 3b), showing
stromal and epithelial proliferation leading to
glandular hyperplasia. The acinar gland tubules had an
irregular acinar form and numerous villous extensions
into the lumen, giving them a broader appearance.
In contrast to the sham group, the tubule walls were
lined with tall, cylindrical columnar cells that had
epithelial pilling, resulting in a thicker epithelial
layer. Each tubule has formed a significant involution
projection into the lumen, which significantly lowers
the volume of the lumen and partially obliterates
it. The cribriform acini were arranged back-to-back
with stromal and intraluminal papillary projections.
Oedema, clogged blood arteries, and inflammatory
cells were visible in the sparse interstitial stroma.
These results were related to a higher histoscore value
of 41.10 + 4.99, which, at 0.05, differed substantially
from the sham and FN groups.

The prostate histomorphology in the FN group
showed an improved prostate histoarchitecture when
compared to BPH groups (Figure 3c). The scales of
pathological changes were scored with histoscore
corresponding to 23.00 = 2.21. The acinar gland tubules
were variable in diameter with regular luminal shapes.
The luminal lining with cuboidal to tall columnar
epithelial cells with minor hyperplastic alterations
and epithelial piling in the FN group. The nuclei were
round to oval, regular in shape, and basally situated.
Involutions into the lumen were also reduced in
number. The stroma distribution was normal, with
prostatic acini that were less packed and projected
less prominently.

Histological BPH-

changes in the prostate of

induced rats treated with P. mirifica aqueous extracts
exhibited moderate glandular hyperplasia (Figure 3d-
3f). An increasing dose of P. mirifica aqueous extract
improved prostate histoarchitecture. The prostate of
the APM10 group showed an irregular and massive
enlargement of prostatic acini with intraluminal
secretion (Figure 3d). The epithelium lining was
still thicker with tall cuboidal epithelium cells. The
involution projection into the lumen was frequently
observed. The regular tubular prostatic acini were
observed. The histoscore for rats in the APM100
group was 32.83 =+ 3.10. The diameter and
morphology of the prostatic acini varied, with villous
and papillary luminal observed (Figure 3e). The
cuboidal and cylindrical epithelial cells lining the
lumen were intermingled with slight intraluminal
villous projections. While in the APM1000 group
(Figure 3f), prostatic tissues showed an improved
histomorphology compared to the BPH group with
a histoscore of 30.33 + 2.20. Intraluminal secretions
appeared and the morphology of the tubules was
improved. Lumens of the tubules are regular to
villous with a few small involution projections. The
tubule walls were observed lined with cuboidal and
cylindrical epithelium, with small epithelial piling-up
formations observed in the group.

DISCUSSION

P mirifica has a long history of use in ethnomedicine
to address various ailments, including eye cataracts,
memory enhancement, increased energy and vitality,
and improving blood circulation and longevity,
cosmetics and particularly related to the ageing
process. In contemporary times, P mirifica is
available in various forms, such as tablets, extracts,
creams, sprays, and powdered formulations. This
versatility allows it to be incorporated into different
medicinal preparations or combined with other
herbs, as individual conditions may require varying
applications and dosages [17-20,30]. Notably, with
its 17 isoflavonoid compounds, P. mirifica is known
to contain a high level of phytoestrogen [18,30],
which earlier research has suggested may have
beneficial effects in preventing cancer and benign
prostate hyperplasia (BPH) [31-33]. The goal of the
current study is to use in vivo models to examine
the histomorphology preservation effect of P. mirifica
from the tuberous root on BPH.

In BPH, the principal enzyme involved is 5 @ -reductase,
which converts testosterone into the more potent
DHT. It utilizes NADPH, as a co-enzyme, to convert
testosterone into DHT, that ten times more potent
than testosterone in triggering BPH [25,34-36]. This
testosterone metabolite has ten times the ability of
testosterone in triggering BPH disorder. By conducting
an in vitro investigation, the extracts were screened
for their ability to inhibit the 5 -reductase enzyme.
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A 5-reductase inhibitor prevented the conversion of
testosterone to DHT, and as the inhibition increased,
more coenzyme NADPH accumulated. This occurred
because NADPH molecules were freed from binding
sites of 5a-reductase, and this implicated the
5a-reductase activity [25, 26]. In this study, we
found out that aqueous extract was the strongest
5a-reductase  inhibitor, as it increased the
concentration of NADPH with time. Thus, only
an aqueous extract of P. mirifica was taken up for
in vivo experiments.

Testosterone-induced BPH rats were utilised widely
as an experimental animal model for screening
potential anti-BPH medications [32,35-42]. BPH in
animal models is characterised by an increase in
prostate weight and size, prostatic index and DHT
levels. It also causes pathological changes, such as the
proliferation of prostatic epithelium and stromal cells,
enlargement of the glandular cavity, and infiltration of
inflammatory cells, leading to the alteration in
prostate histological features [37, 38]. In this current
study, treatment of testosterone-induced BPH in rats
with P. mirifica aqueous extract over 30 days period
considerably mitigates the BPH progression through
a decline in the prostatic index, DHT level and the
severity of histological characteristics. The effects
of medications used to treat prostatic hyperplasia
have been conducted in the past with regard to the
effects of testosterone and DHT on rats’ prostatic
development [43]. The prostatic index was used as a
marker to demonstrate it [15, 37, 38].

A metabolite of testosterone called dihydrotestosterone
(DHT) is more effective than testosterone in inducing
BPH. The activity of 5a-reductase, for which
NADPH serves as a coenzyme, is crucial in this
conversion [34]. To control prostate growth, DHT
binds to androgen receptors in the prostate. Due
to this, increased androgen receptor expression
may contribute to the aetiology of BPH in ageing
men [44]. The androgen receptor expression in
the prostate tissue of the BPH-induced rats was
significantly reduced in the groups that received
P mirifica aqueous extract, as previously described
[24]. This current study showed that the aqueous
extract of P mirifica decreases the DHT level by
possibly inhibiting the activity of the enzyme of
5 o -reductase. This provides an alleviation effect on
BPH by aqueous extract of P. mirifica.

Moreover, previous research has demonstrated that
testosterone-induced prostate weight gain in rats
accompanied by histological changes suggestive
of BPH and that treatments that prevented the
prostate weight increase also reduced the severity
of BPH on histological scores [41, 45]. The prostatic
histoarchitecture has improved as seen by the
histological findings, particularly in the cuboidal

epithelial cells, intracellular lumen, tubular latency,
and form, which further supports the possibility of
using P. mirifica for the management of BPH. The
glandular lumen was utterly obliterated in the prostate
tissue of BPH-induced rats due to the significant
proliferation of stromal and epithelial cells. The
treatment with finasteride/ P mirifica aqueous extract
exhibited marked changes in the prostatic tissue
histoarchitecture, where re-duction in epithelial
involutions and stromal hyperplasia were obvious.
The improvement in histoarchitecture of the prostate
tissue is reflected in the inhibition of 5 -reductase
activity. The current study agreed with previous studies
that reported use of alternative therapies in BPH
management to modulate hyperplasia by inhibiting
the 5 & -reductase activity [36, 40]. P mirifica aqueous
extract inhibit BPH progression in simultaneous
induction with the extract treatment exhibited
considerable effective prophylaxis.

Plants with a high content of isoflavonoids has been
reported to alleviate BPH such as Uvaria rufa, Urtica
dioica, Ganoderma lucidum and Benincasa hispida
have been shown to alleviate BPH symptoms in
experimental animals by reducing the DHT level via
inhibiting the 5 a -reductase [36, 39, 46]. The findings
of the current study further support this notion, with
the aqueous extract of P. mirifica being a potent
5 a -reductase inhibitor, as evidenced by lower serum
DHT levels with its administration. Treatment with
aqueous extract of P mirifica resulted in improved
prostatic histological features, including reduced
prostatic index, epithelial involutions, and stromal
hyperplasia. Overall, the current study suggests that
PM'’s aqueous extract has potential therapeutic benefits
in mitigating BPH progression through its inhibitory
effects on 5 a-reductase and modulation of prostatic

histological features. However, more research is
needed to validate these effects in human BPH
management.

The aetiology of BPH in humans is complex, and no
other species exhibits the same level of complexity.
To vyet, animal models of BPH investigated do
not appear to adequately mirror the stromal and
epithelial alterations associated with BPH in people
[47]. Therefore, animal models have limited utility
in the investigation of BPH occurrences. Due to
the pathogenesis of BPH being multifactorial and
depending on a functional androgenic signal involving
several components, BPH induced by testosterone or
dihydrotestosterone does not reproduce all findings of
BPH in humans [11]. It's essential to note that animal
models of BPH may not fully mirror the complexity
of the disease in humans, as BPH in humans involves
prostatic oestrogens and «-adrenergic receptors,
which are not entirely replicated in animal models
Therefore, the limitations of the animal model used
in this study should be considered when interpreting
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the results in the context of human outcomes.
Nevertheless, the impact of testosterone and
dihydrotestosterone on prostatic development in
rodents have previously been described and used
to evaluate the impact of ethnomedicine used for
prostatic hyperplasia treatment.

CONCLUSION

The aqueous extract of P mirifica has demonstrated
potent anti-BPH effects by inhibiting the activity of the
5 a -reductase enzyme, which converts testosterone to
DHT. This inhibition leads to a reduction in prostate
gland enlargement and the reversal of testosterone-
induced histological changes in experimental rats.
The findings suggest that P. mirifica aqueous extract
could be potentially used as an alternative treatment
for managing BPH. Further investigation is warranted
to fully explore its potential. It is essential to study
the individual phytochemicals present in P mirifica
to identify the specific bioactive or phytochemical;
and mechanism of action of each compound and
determine if there is any synergy among them.
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