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ABSTRACT

Aim: This study investigated the effect of soursop pulp and onion bulb juice samples on body
weight, prostate weight (PW), percentage prostate increase inhibition (PPII), dihydrotestosterone
(DHT), testosterone (T), prolactin and PSA levels in testosterone and oestradiol-induced BPH in
albino rats.

Study Design: The simple random design was used in this study.

Place and Duration of Study: Dave Research House, Federal University of Technology, Owerri,
Nigeria, between April 2022 and July 2022.

Methodology: Fifty-four (54) male albino rats were randomly distributed into 9 groups (A-I) of 6 rats
each, with B to | induced with 10 mg/kg b.w of exogenous hormones (1:1) every 2 days. They were
treated as follows: A (normal control), B (BPH control), C (standard control), D (10 ml/kg b.w
soursop), E (10 ml/kg b.w onion), F (10 ml/kg b.w, 1:1 soursop and onion), G (20 ml/kg b.w
soursop), H (20 ml/kg b.w onion), and | (20 ml/kg b.w, 1:1 soursop and onion), for 28 days. The rats
were weighed weekly. At the end of the treatment, they were euthanized, prostate and serum
samples were collected for further assessments.

Results: The results showed that at low dose, the body weights of the rats were maintained. The
single samples at low dose improved PW and PPIl better. DHT and T levels reduced in all test
groups, and the standard control. The single samples reduced DHT levels with increase in
concentration, while the soursop juice and combination samples decreased testosterone levels with
increase in concentration. Prolactin levels significantly (p<.05) reduced in the test groups and
standard control when compared with the BPH control. While, PSA levels also decreased in the test
groups, but were not significantly (p>.05) different from the controls.

Conclusion: The study suggested that soursop pulp and onion bulb juices exerted ameliorative
effects on BPH, especially individually, and at the low dose studied. Hence, their consumption by
older males should be encouraged.

Keywords: Allium cepa bulb; Annona muricata pulp; benign prostatic hyperplasia; hormones; juice.

1. INTRODUCTION During the  treatment of BPH, the

chemotherapeutic agents used are mainly the

Benign prostatic hyperplasia (BPH), also referred
to as benign prostatic hypertrophy [1], is a
disease condition that is common in older men. It
is a progressive condition identified by an
enlarged prostate resulting from prostatic cells
proliferation [2], and accompanied by lower
urinary tract symptoms (LUTS) [3]. According to
Lukacz et al. [4] and Lepor [5], LUTS can be

grouped into two; filling/irritative symptoms
(nocturia, dysuria, and increased urinary
urgency and frequency) and obstructive

symptoms in voiding (poor stream, hesitancy,
incomplete voiding, terminal dribbling, and
overflow incontinence). The pathophysiology of
BPH is still not fully understood, but
several pathways/mechanisms appear to be
implicated in the onset and progression of
BPH. Although, aging is the primary mechanism
involved, research has demonstrated the
critical involvement of hormonal
changes/alterations, metabolic syndrome, and
inflammation [6]. Prostate weight increases with
age [7], while DHT, testosterone and prolactin
have been noted to increase prostate volume

[81[9]-
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alpha blockers and the 5 a-reductase inhibitors.
The alpha blockers relax prostate and bladder
neck muscles allowing easy flow of urine, while
the 5 oa-reductase inhibitors stop further
enlargement or even causes shrinking of
prostate. These drugs have side effects. The
alpha blockers produce dizziness, fainting,
headaches, light-headedness, low blood
pressure and occasionally, retrograde
ejaculation, while the 5 a-reductase inhibitors
produce low libido, erectile dysfunction, as well
as, retrograde ejaculation, as side effects. More
than 42 % of men between the ages of 51 to 60,
70 % of men between 61-70 years of age and as
many as 90 % of men from 80 and above are
affected by BPH [10]. LUTS adversely affects the
quality of life of BPH patients. BPH still has no
known medicinal cure. The primary goal of BPH
management has been to provide relief-
treatment for the symptoms of the condition.
However, it is very common for the condition to
reoccur once treated. Hence, there is pressing
need to discover and develop phytotherapeutic
agents with curative effect on BPH and related
diseases.
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Medicinal plants are one of the major source of
complementary and alternative  medicine.
Phytotherapeutic agents are widely perceived to
be more cost-effective, safer and have fewer side
effects compared with conventional therapy for
the management of ailments. This belief is
responsible for the growing interest in their
development [11][12]. Allium cepa Linn (Onion)
is the most cultivated member of the genus
Allium, native to Europe, Asia, North America
and Africa. After tomatoes, it is the second most
significant  horticultural crop, with current
production being around 44 million tonnes,
worldwide. Onion is a common ingredient in
many dishes. It is increasingly consumed due to
its flavour and health benefits. Onions are rich in
flavonoids and the alk(en)yl cysteine sulphoxides
(ACSOs), which are beneficial to human health.
The two flavonoid subgroups; anthocyanins and
flavanols such as quercetin and its derivatives,
found in onion play major role in its antioxidant
activity [13]. Research has reported that
compounds from onion possess anticarcinogenic
properties, antiplatelet activity, antithrombotic
activity, antiasthmatic and antibiotic effects [14].

Annona muricata L. (soursop or graviola) is a
member of the Annonaceae family comprising
about 130 genera and 2300 species [15]. It is
native to the warmest tropical areas in South and
North  America and now widely distributed
throughout tropical and subtropical parts of the
world, including India, Malaysia and Nigeria [16].
A. muricata is an erect evergreen, terrestrial tree
that can grow to a height of 5-8 m, featuring an
open roundish canopy with large, glossy, dark
green leaves. During fruiting season, the tree
produces edible fruit that are large, heart shaped
and green in colour, with diameter ranging from
15 to 20 cm [17]. In traditional medicine therapy,
phytochemicals from soursop plant have a long
history of use. Cancer, bacterial or parasitic
infections, fever, high blood sugar, high blood
pressure, inflammation, and anxiety, are a few of
the conditions they are used to treat. Various
scientific research results have shown that
soursop extract contains antibacterial,
antiprotozoan, anti-inflammatory, antioxidant,
and anticancer effects [18].

This study reports the effect of Annona muricata
(Soursop) pulp and Allium cepa (Onion) bulb
juice samples on body weight, prostate weight
(PW), percentage prostate increase inhibition
(PPII), and serum levels of DHT, testosterone,
prolactin and prostate-specific antigen (PSA) in
testosterone and estradiol-induced BPH in albino
rats.
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2. METHODOLOGY

2.1 Sample Collection, Identification and
Preparation

Bulbs of common onion and fresh ripe fruits of
soursop were purchased at Relief Market,
Owerri, Nigeria. They were identified by Dr. C.
M. Duru, a taxonomist in the Department of
Biology, Federal University of Technology,
Owerri, Nigeria, with authentication numbers;
FHI 110177 (Annona muricata L.) and FHI
107561 (Allium cepa L.). They were cleaned
and washed with clean running water. The
soursop fruit was cut open to collect the pulp,
and remove all the seeds. The onion was cut
into smaller pieces. The onion and soursop
pulp were blended separately. They were then
fitered with muslin cloth and the filtrates
collected into separate specimen bottles for
use and stored at 4 °C every other day as
these samples were prepared every 2 days.

2.2 Animal Handling

A total of 54 male albino rats of Wistar strain
were used for this study. The rats were
acclimatized in different cages for 14 days. The
simple random sampling technique was used in
the grouping. The animals were maintained
under standard environmental conditions (12 h
light and 12 h dark cycle, uniform temperature of
28 £ 5 °C), with free access to food (Vital Feed
Finisher Pellets, Ibadan) and water, throughout
the period of investigation. All investigations were
conducted in accordance with the accepted
principles for animal care and use [19].

2.3 Induction of Prostatic

Hyperplasia

Benign

The BPH was induced by administration of 10
mg/kg b.w of exogenous testosterone (CAS 57-
85-2) and oestradiol (CAS 979-32-8) in the ratio
of 1:1 intraperitoneally (every 2 days) for four
weeks. The steroids were diluted in olive oil as
solvent [20].

2.4 Animal Grouping and Treatment

Administration

Treatments were administered daily for 28 d
through oral gavage. At the end of the treatment,
the rats were fasted overnight and euthanized by
cervical dislocation. Blood was collected by
ocular puncture into plain sample tubes and
allowed to clot. Serum was separated within one
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Table 1. Grouping and treatment of the experimental animals

Groups Number of rats Treatment for 28 days

A (normal control) 6 Water.

B (BPH control) 6 BPH induced rats + solvent. (Untreated)

C (standard control) 6 BPH induced rats + Finasteride (standard drugs - CAS
98319-26-7) at 10 mg/kg bw.

D 6 BPH induced rats + 10 ml/kg bw of soursop juice. (10 ml/kg
AM)

E 6 BPH induced rats + 10 ml/kg bw of onion juice. (10 ml/kg AC)

F 6 BPH induced rats + 1:1 combination of soursop and onion
juices (10 ml/kg bw). (10 ml/kg AMAC)

G 6 BPH induced rats + 20 ml/kg bw of soursop juice. (20 ml/kg
AM)

H 6 BPH induced rats + 20 ml/kg bw of onion juice. (20 mi/kg AC)

I 6 BPH induced rats + 1:1 combination of soursop and onion

juices (20 ml/kg bw). (20 ml/kg AMAC)

Key:AM - Annona Muricata; AC — Allium Cepa; AMAC - Annona Muricata and Allium Cepa

hour of blood clotting with a Pasteur pipette after
centrifugation (centrifuge, MSLZL09) at 3000 x g
for 20 min. the serum samples were used for
biochemical tests. The prostates were excised
and rinsed in ice-cold 1.15 % KCI, blotted and
weighed using an electronic weighing balance
(SUN-224CL-220 Gm) [21].

2.5 Determination of Percentage Change
in Body Weight

The body weights of the rats were measured
using an electronic weighing balance (SUN-
224CL-220 Gm) and recorded before
commencement of experiment, and subsequently
once a week till sacrificed [22].

The percentage change in weight (per week) was
calculated as follows:

Final body weight — Initial body weight x 100
/ Final body weight

2.6 Calculation of Percentage Prostate
Increase Inhibition (PPII)

Percentage prostate increase inhibition
100 - [(T - C)/(B — C) x 100]

Where C, B, and T are the prostate weights of
the normal control, BPH control, and treatment
group [23].

2.7 Biochemical Tests

Prostate  Specific  Antigen  (PSA) level
was measured using AccuBind®
Immunoenzymometric assay (TYPE 3) test kit.
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Prolactin level was measured using AccuBind®,
Immunoenzymometric sequential assay (TYPE
4) test kit. Testosterone level was measured
using  AccuBind®,  Competitive  Enzyme
Immunoassay (TYPE 7) test kit. DHT was
measured using enzyme-linked immunosorbent
assay (ELISA) kits.

2.8 Statistical Analysis

Data were analyzed based on one-way analysis
of variance (ANOVA) with Statistical Product and
Service Solutions (SPSS) version 23. Results are
expressed as mean +* SD and presented in
Tables. Differences between means were
considered to be significant at P =.05 using
Duncan multiple range test (DMRT).

3. RESULTS AND DISCUSSION

The body weights of experimental animals
determined weekly, is usually used as a general
index of overall health [24]. For the body weight
(Table 2), the results indicated increase in the
body weights of all the groups in week 1. It was
noticed that there was a reduction in the body
weight of albino rats in Group B (BPH control),
and the high dose groups H (20ml /kg AC) and |
(20 ml’kg AMAC) in week 2. Further reduction in
the body weights of the experimental animals in
these groups and Group G (20 ml/kg AC-high
dose) was observed in week 3. While in week 4,
an increase in the body weights of the
experimental animals in all the groups was
observed, except for Group G where there was
further decrease in body weight. This indicated
that at the low dose (10 ml/kg b.w) of the test
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Table 2. Effect of Annona muricata pulp and Allium cepa bulb juices on body weight of albino rats with testosterone and oestradiol-induced BPH

Group

Body weight per week (g)

Initial weight

Week 1

Week 2

Week 3

Final weight (Wk 4)

NC

BPH

SC

10 mi’kg AM
10 mi/kg AC

10 mi/kg AMAC
20 ml/lkg AM
20 ml/kg AC

20 ml/kg AMAC

177.13 £19.13
198.56 + 18.26
159.37 £ 1.98
148.47 £ 6.80
140.26 £ 17.45
151.68 + 13.57
163.18 £ 9.27
179.80 + 26.23
177.95+17.18

196.31 * 22.65 (9.70  3.30° %)
200.04 + 17.03 (0.78 + 0.69% %)
166.52 + 3.71 (4.24 + 3.33%° 0¢)
158.13 + 5.21 (6.13  1.67% 9%)
153.75 + 17.52 (8.85 + 1.04% %)
159.98 + 19.32 (4.88 + 5.223¢ %)
171.36 + 5.73 (4.83 % 2,273 0¢)
188.88 + 22.33 (4.99 + 3.05%¢ %)
184.29 + 12.48 (3.54 + 3.54% %)

218.15 + 26.18 (9.98 £ 1.18" %)
197.92 + 13.50 (-1.00 + 1.75% %)
167.23 + 8.40 (0.18 + 7.392 %)
162.93 + 3.20 (2.96 + 1.94% %)
161.30 + 16.61 (4.75 + 1.16% %)
167.43 + 13.63 (4.62 + 4.74% %)
172.70 + 7.93 (0.73 + 1.272 %)
185.65 + 14.00 (-1.54 + 4.712 %)
182.58 + 13.84 (-0.98 + 1.27° %)

235.18 + 31.03 (7.13 £ 2.19% %)
189.68 + 20.61 (-4.67 + 5.222 %)
175.54 + 8.38 (4.73 + 1.59% %)
168.55 + 2.42 (3.32 + 2.42°4 %)
162.23 + 18.73 (0.47 + 1.56% 05)
170.65 + 11.97 (1.92 + 2.70%< 05)
168.80 + 10.42
180.57 + 3.00
182.13 + 10.75

(-2.44 + 4.70% %)
(-2.75 £ 6.01% %)
(-0.18 + 1.86%° %)

244.60 + 47.56 (3.10 £ 6.47% %)
199.84 + 15.48 (5.23 + 3.28 %)
185.41 + 9.70 (5.30 + 1.51° %)
176.42 + 4.99 (4.40 + 3.41% %)
165.46 + 20.21 (1.89 + 0.77% %)
176.06 + 15.92 (2.93 + 3.33% %)
165.88 + 16.48 (-2.06 + 5.18° %)
189.69 + 9.98 (4.69 + 3.41% %)
187.81 + 7.26 (3.07 + 2.54% %)

Values are means + standard deviations of triplicate determinations. Values on the same column bearing different superscript letters are significantly different (p<.05)
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samples; soursop juice, onion juice, and
combination of soursop and onion juices, the
body weights of the animal models increased
steadily throughout the weeks of the study, in the
same manner observed in the normal and
standard controls (Groups A and C,
respectively). The weight gain in the affected
groups throughout the weeks can be easily
noticed with the positive values of percentage
change in body weights per week. Hence, at low
doses, the samples maintained the body weights
of the albino rats.

In Table 3, the results showed that the PWs
reduced in all test groups. Lower values were
observed in the groups treated with low doses of
the test samples, meaning that increasing the
dosage of the test samples does not reduce the
PWs any further. The results of PPII indicated
that the low dose onion juice (10 ml/kg AC)
inhibited prostate increase better among the test
groups, followed by low dose soursop juice (10

mi’kg AM). Except for the PPII value of the high
dose soursop juice (20 ml/kg AM), all the PPII
values from the test groups were not significantly
different from the standard control. The results of
this study agreed with the findings of Ogbu et al.
[25], which stated that actogenin-rich fraction of
Annona muricata leaves extract reduced PW in
treated rats.

Table 4 shows the results of the effect of juice
samples of Annona muricata pulp and Allium
cepa bulb on serum DHT, testosterone, prolactin
and PSA levels of BPH induced albino rats. DHT
and testosterone are androgens crucial for the
growth and development of the internal organs of
the human male reproductive system, and BPH
[26][27][28]. The 5-a reductase enzyme
catalyzes the conversion of testosterone to DHT.
Due to its high affinity to the androgen receptors,
DHT is the most potent androgen that promotes
the growth of the epithelial and stromal cells of
the prostate [8][29][30].

Table 3. Effect of juices of Annona muricata pulp and Allium cepa bulb on prostate weight and
percentage prostate increase inhibition of albino rats with testosterone and oestradiol-induced

BPH
Group Prostate weight (g) Percentage prostate increase inhibition (%)
NC 2.18 +0.262 -
BPH 3.31 +0.35¢ -
SC 2.53+0.21% 69.32 + 40.15°
10mg/kg AM 2.85 + 0.66 41.00 + 35.33%
10mg/kg AC 2.77 £ 0.13%c 48.08 + 24.443b
10mg/kg AMAC 2.98 £ 0.07b¢c 29.79 + 23.15%
20mg/kg AM 3.25+£0.22¢ 5.61 + 28.812
20mg/kg AC 2.95 + 0.580¢ 32.45 + 34.25%
20mg/kg AMAC 3.00 £ 0.07b¢ 27.73 + 24.50%

Values are means + standard deviations of triplicate determinations. Values on the same column bearing
different superscript letters are significantly different (p<.05)

Table 4. Effect of Annona muricata pulp and Allium cepa bulb juices on serum levels of
dihydrotestosterone, testosterone, prolactin and PSA of albino rats with testosterone and
oestradiol-induced BPH

Group DHT (ng/ml) Testosterone (ng/ml)  Prolactin (ng/ml) PSA (ng/ml)
NC 8.02 + 0.20b¢ 2.30 £ 0.402 1.00 + 0.302 0.20 £ 0.00%
BPH 10.50 + 0.60¢ 10.20 + 0.70f 1.80 + 0.10° 0.40 + 0.10¢
SC 8.70 + 0.50¢ 6.40 £ 0.20° 1.00 £0.102 0.40 + 0.20°¢
10mg/kg AM 9.10 £ 0.10¢ 9.80 + 0.50f 0.90 + 0.302 0.30 + 0.10%¢
10mg/kg AC 8.10 + 0.80b¢c 7.30 + 0.60°¢ 1.10 £0.102 0.30 + 0.00b¢
10mg/kg AMAC 7.10 £ 1.20b 8.30 £ 0.20d% 1.00 + 0.302 0.40 + 0.10°¢
20mg/kg AM 5.30 + 0.802 9.60 + 0.10f 0.90 + 0.002 0.20 + 0.10%
20mg/kg AC 7.20 + 0.30° 8.70 + 0.00° 1.00 £ 0.012 0.10 + 0.002
20mg/kg AMAC 8.40 + 0.20¢ 7.90 + 0.10% 0.80 + 0.202 0.20 + 0.10%

Values are means + standard deviations of triplicate determinations. Values on the same column bearing
different superscript letters are significantly different (p<.05)
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PSA is predominantly produced in the prostate
gland. Benign prostatic hyperplasia is an age-
related condition, hence, its occurrence
increases with increase in age, as the prostate
volume increases with age. This increase in
prostate volume with age leads to increase in
PSA levels [31]. Although, PSA values greater
than 4.0 ng/ml is considered abnormal in men
above 60 years of age, yearly increase in PSA
levels greater than 0.35 ng/ml is alarming and
requires further testing [32]. Prolactin has also
been implicated in development of BPH, as it
targets the prostate through interactions with the
prolactin receptors expressed in the prostate
[33]. Chronic  hyperprolactinemia induces
enlargement and inflammation of the lateral rat
prostate [34]. High estrogen and prolactin levels
also increase DHT levels and stimulate growth of
prostate cells [9].

From the results of this study, a reduction in DHT
and testosterone levels were observed in all test
groups, same as the standard control. It was also
noted that the individual samples caused a
reduction DHT levels with increase in
concentration, while the soursop juice and
combination samples decreased testosterone
levels with increase in concentration. The results
for serum prolactin levels showed a significant
(p<.05) reduction in both the test groups and
standard control when compared with the
disease control. While, there was also an
observed decrease in serum PSA levels in the
test groups, which also occurred in a dose-
dependent manner, however, all the values
obtained for both tests and controls did not vary
significantly  (p>.05). Investigations carried
out by Blessing [2], and Ebenyi et al. [35] also
observed a dose-dependent decrease in PSA
level, and PSA, DHT and testosterone levels,
respectively. The increased values obtained in
the BPH control further reiterated the discoveries
of other researchers. The ability of soursop and
onions in ameliorating BPH as observed
in this study agreed with the findings of Hong et
al. [36] on stem bark extracts of soursop and
Elberry et al. [37] on red onions scales
extract.

4. CONCLUSION

The results of this study suggested that soursop
pulp and onion bulb juice exerts ameliorative
effects on BPH. Better effects were achieved
with the use of single samples and at the low
dose studied.

ETHICAL APPROVAL

All authors hereby declare that “Principles of
laboratory animal care” (NIH publication No. 85-
23, revised 1985) were followed, as well as
specific national laws where applicable. All
experiments have been examined and approved
by the appropriate ethics committee”

ACKNOWLEDGEMENTS

The Tertiary Education Trust Fund (TETFund,
TEFT/DASTD/POLY/IMO
STAFF/TSAS/2020/VOL.1) of the Federal
Government of Nigeria sponsored the Ph.D
programme that birthed this research work.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. McVary KT. Patient education: benign
prostatic hyperplasia (BPH) (beyond the
basics). In: O’Leary MP, Givens J, Editors;
2020.

Accessed 1 May 2023.

Available:https://www.uptodate.com/conten
ts/benign-prostatic-hyperplasia-bph-
beyond-the-basics/print.

2. Blessing AN. Effect of ethanol leaf extract
of Gnetum africanum on testosterone and
oestradiol induced benign  prostatic
hyperplasia. J Med Plant Res.
2020;14(7):309-16.
DOI:10.5897/JMPR2019.6901

3. Emberton M, Cornel EB, Bassi PF,
Fourcade RO, Gbémez JMF, Castro R.
Benign prostatic hyperplasia as a
progressive disease: a guide to the risk
factors and options for medical
management. International Journal of
Clinical  Practice. 2008;62(7):1076-86.
DOI:10.1111/j.1742-1241.2008.01785.x.
PMID: 18479366

4. Lukacz ES, Sampselle C, Gray M,
MacDiarmid S, Rosenberg M, Ellsworth P,
et al. A healthy bladder: A consensus
statement. International Journal of Clinical
Practice. 2011;65(10):1026-36.

DOI:10.1111/j.1742-1241.2011.02763.x
PMID: 21923844

100


about:blank
about:blank
about:blank

10.

11.

12.

13.

Ibegbulem et al.; Asian J. Res. Biochem., vol. 13, no. 3, pp. 94-103, 2023; Article no.AJRB.107355

Lepor H. Pathophysiology of benign
prostatic hyperplasia in the aging male
population. Rev Urol. 2005;7(4):S3-
S12.PMID: 16986052.

Berger AP, Deibl M, Leonhartsberger N,
Bektic J, Fritsche G, Steiner H, et al.
Vascular damage as a risk factor for
benign prostatic hyperplasia and erectile
dysfunction. BJU Int. 2005;96(7):1073-8.
DOI:10.1111/j.1464-410X.2005.0577 .x.
PMID: 16225531

Zhang SJ, Quian HN, Zhao Y, Sun K,
Wang H-Q, Liang G-Q, et al. Relationship
between age and prostate size. Asian J
Androl. 2013;15(1):116-20.

DOI:10.1038/aja.2012.127
PMID: 23223031

Carson Il C, Rittmaster R. The role of
dihydrotestosterone in benign prostatic
hyperplasia. Urol. 2003;61(4):2-7.
DOI:10.1016/s0090-4295(3)00045-1
PMID: 12657354

Cooper J. Symptoms, causes, natural
treatment. Benign prostatic hyperplasia
(BPH)- enlarged prostate; 2019.

Accessed 30 April 2023.

Available:https://advancedfunctionalmedici
ne.com.au/benign-prostatic-hyperplasia-
bph-enlarged-prostate/

Park HJ, Won JE, Sorsaburu S, Rivera PD,
Lee SW. Urinary tract symptoms (LUTS)
secondary to benign prostatic hyperplasia
(BPH) and LUTS/BPH with erectile
dysfunction in Asian men: a systematic
review focusing on Tadalafil. World J Mens
Health. 2013;31(3):193-207.
DOI:10.5534/wjmh.2013.31.3.193

PMID: 24459652

Calixto JB. Efficacy, safety, quality control,
marketing and regulatory guidelines for herbal
medicines (phytotherapeutic agents). Braz J
Med Biol Res. 2000;33(2):179-89.
DOI:10.1590/s0100-879x2000000200004.
PMID: 10657057

Thompson IM, Goodman PJ, Tangen CM,
Lucia MS, Miller GJ, Ford LG, et al. The
influence of finasteride on the development

of prostate cancer. N Engl J Med.
2003;349(3):215-24.
DOI:10.1056/NEJM0a030660. PMID:

12824459.

Rodrigues AS, Almeida DPF, Simal-
Gandara J, Perez-Gregorio MR. Onions:
a source of flavonoids. Flavonoids; 2017.

14.

15.

16.

17.

18.

19.

20.

21.

101

Accessed 1 May 2023

Available:https://doi.org/10.5772/intechope
n.69896

Griffiths G, Trueman L, Crowther T,
Thomas B. Onions -- a global benefit to
health. Phytother Res. 2002;16(7):603-15.
DOI:10.1002/ptr.1222 PMID: 12410539.

Mishra S, Ahmad S, Kumar N, Sharma B.
Annona muricata (the cancer Kkiller): A
review. Glob. J Pharm Res. 2013;2:1613-
8.

Adewole SO, Caxton-Martins  EA.
Morphological changes and hypoglycemic
effects of Annona muricata Linn.
(Annonaceae) leaf aqueous extract on
pancreatic B-cells of streptozotocin-treated
diabetic rats. Afr J Tradit Complement
Altern Med. 2009;9:173-87.

Ribeiro de Souza EB, da Silva RR, Afonso
S, Scarminio IS. Enhanced extraction
yields and mobile phase separations by
solvent mixtures for the analysis of
metabolites in Annona muricata L.
leaves. J Sep Sci. 2009;32(23-24):4176-
85.

DOI:10.1002/jssc.200900375 PMID:
19882621

Gyesi JN, Opoku R, Borquaye LS.
Chemical composition, total phenolic

content, and antioxidant activities of the
essential oils of the leaves and fruit pulp of
Annona muricata L. (Soursop) from
Ghana. Biochem Res Int. 2019;4164576.
Animal Research Review Panel. ARRP
Guideline 20: Guidelines for the housing of
rats in scientific institutions. 2007;16-56.
Accessed 13 April 2022.
Available:https://www.animalethics.org.au »
PDFGuidelines for the Housing of Rats in
Scientific Institutions.

Mbaka G, Anunobi C, Ogunsina S,
Osiagwu D. Histomorphological changes in
induced benign prostatic hyperplasia with
exogenous testosterone and estradiol in
adult male rats treated with aqueous
ethanol extract of Secamone afzelii.
Egyptian Journal of Basic and Applied
Sciences. 2017;4:15-21.
Available:https://doi.org/10.1016/j.elbas.20
16.11.003

Akanni OO, Owumi SE, Olowofela OG,
Adeyanju AA, Abiola OJ, Adaramonye OA.
Protocatechuic acid ameliorates
testosterone-induced  benign  prostatic
hyperplasia through the regulation of


about:blank
about:blank

22.

23.

24,

25.

26.

27.

28.

Ibegbulem et al.; Asian J. Res. Biochem., vol. 13, no. 3, pp. 94-103, 2023; Article no.AJRB.107355

inflammation and oxidative stress in
castrated rats. J Biochem Mol Toxicol.
2020;34(8):e22502.

DOI:10.1002/jbt.22502. PMID: 32227675

Majeed M, Bani S, Natarajan S, Pandey A,
Naveed S. Evaluation of 90 day repeated
dose oral toxicity and
reproductive/developmental toxicity of 3'-
hydroxypterostilbene  in  experimental
animals. PLoS One. 2017;12(3):
e0172770.

DOI:10.1371/journal.pone.0172770. PMID:
28257483

Sasidharan S, KP S, Bhaumik A, Kanti Das
S, Nair JH. Administration of Caesalpinia
bonduc seed extracts ameliorates
testosterone-induced Benign  Prostatic
Hyperplasia (BPH) in male wistar rats. Res
Rep Urol. 2022;14:225-39.
DOI:10.2147/RRU.S365578.
35651598

Brai BIC, Odetola AA, Agomo PU. Effects
of Persea americana leaf extracts on body
weight and liver lipids in rats fed
hyperlipidaemic diet. Afri J Biotechnol.
2007;6(8):1007-11.

Ogbu PN, Ugota EO, Onwuka RU, Ogbu
IM, Aloke C. Effect of acetogenin fraction
of Annona muricata leaves on antioxidant
status and some indices of benign prostatic
hyperplasia in rats. Redox Rep.
2020;25(1):80-6.
DOI:10.1080/13510002.2020.1804711.
PMID: 32878595

Andriole G, Bruchovsky N, Chung LW,
Matsumoto AM, Rittmaster R, Roehrborn
C, et al. Dihydrotestosterone and the
prostate: The scientific rationale for
Salpha-reductase  inhibitors in  the
treatment of benign prostatic hyperplasia. J
Urol. 2004;172:1399-403.
DOI:10.1097/01.ju.0000139539.94828.29.
PMID: 15371854

Lucia MS, Lambert JR. Growth factors in
benign prostatic hyperplasia: Basic science
implications. Curr Urol Rep. 2008;9(4);272-
8.
DOI:10.1007/s11934-008-0048-6.
18765125

Miller J, Tarter TH. Combination therapy
with dutasteride and tamsulosin for the
treatment of symptomatic enlarged
prostate. Clin Interv Aging. 2009;4:251-8.
DOI:10.2147/cia.s4102. PMID: 19554096

PMID:

PMID:

29.

30.

31.

32.

33.

34.

35.

102

Mizokami A, Koh E, lzumi K, Narimoto K,
Takeda M, Honma S, et al. Prostate
cancer stromal cells and LNCaP cells
coordinately activate the androgen
receptor through synthesis of testosterone
and dihydrotestosterone from
dehydroepiandrosterone. Endocr-Relat
Cancer. 2009;16(4):1139-55.
DOI:10.1677/ERC-.09-0070.
19608712.

Nicholson TM, Ricke WA. Androgens and
estrogens in benign prostatic hyperplasia:
Past, present and future. Differentiation.
2011;82:184-99.
DOI:10.1016/j.diff.2011.04.006.
21620560

Putra 1B, Hamid AR, Mochtar, CA, Umbas
R. Relationship of age, prostate-specific
antigen, and prostate volume in Indonesian
men with benign prostatic hyperplasia.
Prostate Int. 2016;4(2):43-8.

PMID:

PMID:

DOI:10.1016/j.pmil.2016.03.002. PMID:
27358842

Pavlovich CP. Prostate cancer. age-
specific  screening  suidelines.  John

Hopkins Medicine. 2023.
Accessed 1 May 2023.

Available:https://www.hopkinsmedicine.org
/health/conditions-and-diseases/prostate-
cancer/prostate-cancer-age-specific-
screening
guidelines#:~:text=The%20normal%?20ran
0€%20is%20between,doctor%20may%20r
ecommend%20further%20testing.

La Vignera S, Condorelli RA, Russo GI,
Morgia G, Calogero AE. Endocrine control
of benign prostatic hyperplasia. Androl.
2016;4(3):404-11.

DOI:10.1111/andr.12186 PMID: 27089546

Van Coppenolle F, Slomianny C,
Carpentier F, Le Bourhis X, Ahidouch A,
Croix D, et al. Effects of
hyperprolactinemia on rat prostate growth:
Evidence of androgeno-dependence. Am J

Physiol Endocrinol Metab.
2001;280(1):E120-9.
DOI:10.1152/ajpendo.2001.280.1. PMID:

11120666

Ebenyi LN, Ominyi MC, Anyanwu CB,
Ogah O, Ogbanshi ME. The leaf
extract of Carica papaya alleviates
benign prostate hyperplasia in male albino
rats by antioxidative = mechanisms.
Nigerian Journal of Biochemistry and



Ibegbulem et al.; Asian J. Res. Biochem., vol. 13, no. 3, pp. 94-103, 2023; Article no.AJRB.107355

Molecular
298-302.

Available:https://doi.org/10.2659/njmb.136

Elberry AA, Mufti S, Al-Maghrabi J, Sattar
EA, Ghareib SA, Mosli HA, et al
Immunomodulatory effect of red onion
(Allium cepa Linn) scale extract on
experimentally induced atypical
prostatic hyperplasia in Wistar rats.
Mediators Inflamm. 2014;2014:640746.

Biology. 2022;37(4):

36.

37.

DOI:10.1155/2014/640746
24829522,

Hong GU, Choi M, Chung M-H, Ro JY.
Anti-inflammatory effects of graviola stem
bark extracts on the testosterone-induced
benign prostatic hyperplasia model in pats.
Food Supplements and Biomaterials for
Health. 2021;1(2):e18.

DOI:10.52361/fsbh.2021.1.e18

PMID:

© 2023 lbegbulem et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/107355

103


about:blank

