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Abstract: Hippocratea africana (Willd. ) Loes. ex Engl. (Celastraceae) syn. Loeseneriella
africana (Willd. ) N. Hallé root which is used as medicine traditionally to treat various
diseases by the Ibibios was investigated for antiprostatic effect against testosterone-
induced benign prostatic hyperplasia (BPH). The dried root powder was cold
extracted in 50% ethanol and the extract dissolved in distilled water and partitioned
with dichloromethane (DCM) to obtain DCM and aqueous fractions of H. africana
root. BPH was induced in groups of male rats (n=5) using testosterone propionate (3
mg/kg). Based on previously determined median lethal dose, the root extract and
fractions of H. africana (200-600 mg/kg) were investigated for effects on prostate
weight and histology, prostate sensitive antigen (PSA), testosterone levels, lipid
profile, oxidative stress markers, semen analysis and testis histology of rats with
testosterone propionate induced BPH. Finasteride (5 mg/kg) was used as standard
drug. The root extract/fractions were found to cause significant (p < 0.05 - 0.01)
decreases in PSA and testosterone levels, reductions in prostate and testis weights,
improvement of semen volume and health, elevations of antioxidant enzymes (SOD,
CAT, GPX) and molecule (GSH) and also reduced MDA level. These results suggest
that the root extract and fractions of H. africana possess antiprostatic potentials
against testosterone-induced BPH in rats which may be due to the antioxidant

activities of its phytochemical constituents.

Introduction

The malignant proliferation of stromal and epithelial cells
resulting in the enlargement of prostate gland is a medical
condition known as benign prostatic hyperplasia (BPH),
which may or may not be associated with lower urinary
tract symptoms (1). BPH occurs more in men of age 51
and above and its prevalence rate increases with age (2).
Statistics have shown an upsurge in global burden of BPH
and further revealing that more than half of the men at
age 60 have BPH while age 85 and above have a
prevalence rate of 90% (3). Oxidative stress, which occurs
as a result of imbalance between the free radicals in
biological systems and the endogenous antioxidants, has
been associated with the development and progression of
BPH (4). Free radicals generated from various physiological
and metabolic processes in the body result in oxidative
stress, and cause damages to fatty tissues, DNA, proteins
and cell membrane resulting in inflammation and organ
dysfunction (5). Other factors such as inflammatory
mediators, growth factors, sex hormones, dietary factors,

neurotransmitters and environmental factors also play key
roles in the pathogenesis of BPH (6).

Plants have been a reservoir for therapeutic agents
used to sustain the primary health care needs of man
globally especially in developing countries. In Nigeria, a
vast majority of people, irrespective of societal status, still
patronise herbal medicine for their health care needs due
to its accessibility and low cost (7). There are claims of
efficacy of some medicinal plants used locally to treat
prostate disorders, one of which is Hippocratea africana.

H. africana (Willd.) Loes. ex Engl. (Celastraceae) syn.
Loeseneriella africana (Willd.) N. Hallé is a perennial
tropical plant that is found widely in tropical African
rainforests (8). It is also called the African paddle-pod
and'Eba enang enang'by the Ibibios of Nigeria. The plant's
roots have been widely employed in ethnomedicine by the
Ibibios of the southern part of Nigeria to treat many
ailments such as fever, convulsion, malaria, ulcers, body
pains, infections, diabetes, and diarrhea, among others (9).
The plant's root is also used for its antidotal or anti-poison
potential to treat liver diseases such as jaundice and
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hepatitis (10-12). Previous scientific reports have shown
that the root extract possesses antimalarial (9, 13),
angioedema and antinociceptive (14), antidiabetic and
hypolipidemic (15, 16), antidiarrhoeal and antiulcer (17),
hepatoprotective (18-21), antileishmanial, cytotoxicity and
cellular antioxidant (22), antibacterial, anticonvulsant and
depressant (23), in vivo alpha-amylase and alpha-
glucosidase inhibitory (24), in vitro antioxidant (17, 25),
renoprotective (26-28), genotoxic (29), testiculoprotective
(30) and cardioprotective (31) activities. GCMS analysis of
the root fractions revealed the presence of spiro hexane-
1-carboxylic acid, ethyl ester, 3-methoxy-2-methylphenol,
2, 3-benzofuran dione, 6-hydroxy-4-(p-hydroxy benzyl),
8-3-Carene and a-terpineol in ethyl acetate fraction (32),
monoterpenes  (thujene,  limonene, linalool, a-
phellandrene,  o-terpineol, and  sabinene) and
sesquiterpenes (dehydromevalonic lactone), in the n-
hexane fraction of the root extract (18). Also, two
xanthones, 1, 3, 6, 7-tetrahydroxyxanthone and 1, 3, 6-
trihydroxy-7-methoxyxanthone have been isolated from
the root of H. africana (25). The root of H. africana is used
traditionally in Ibibio traditional medicine to treat prostate
disorders. Although there are claims of its efficacy locally,
there is no documented evidence or scientific proof to
these claims. We report the activities of root extract and
fractions of H. africana against testosterone-induced
benign prostatic hyperplasia in rats.

Materials and Methods

Plants collection and extraction

In July 2025, fresh roots of H. africana were collected in
bushes in the Uruan area, Akwa Ibom State, Nigeria. Prof
Magaret Bassey, a taxonomist from the Department of
Botany and Ecological Studies, University of Uyo, Uyo,
Nigeria, identified and authenticated the plant. Herbarium
specimen UUDPHB 30 (i) was deposited at the Department
of Pharmacognosy and Natural Medicine Herbarium,
University of Uyo. The fresh roots of H. africana were
washed, reduced into smaller pieces, and shade-dried in
the laboratory for two weeks. These were later pulverized
using an electric grinder. The pulverized root of H. africana
(1 kg) was soaked in ethanol (Sigma-Aldrich, USA), (50%)
for 72 h. The liquid filtrate obtained was concentrated in a
rotary evaporator at 40°C. The crude extract was dissolved
in 500 mL of distilled water, amounting to 20 g, and
partitioned with dichloromethane (DCM (Sigma-Aldrich,
USA), 5 x 500 mL) on an equal volume till no color change
was observed to obtain DCM and aqueous fractions. The
extract and fractions were stored in a refrigerator at 4°C
until used for the experiment.

Experimental animals

In this study, male albino Wistar rats (125 — 140 g) sourced
from the University of Uyo Animal House and sheltered in
plastic cages were used. The rats were fed on standard
pelleted diet and water ad libitum, kept under ambient
temperature (28 = 2 °C) and illuminated environment of
12:12 h dark/light cycle. The animals were allowed to
acclimatize to laboratory conditions for two weeks prior to
the commencement of the experimental procedures. The
animal study was approved by the College Health Sciences
Animal  Ethics Committee,  University of Uyo
(UU/CHS/IHREC/25/VOL.1/14).
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Induction of Benign Prostactic Hyperplasia (BPH)
in The Rats

Benign prostactic hyperplasia (BPH) was induced in rats
through daily intraperitoneal injections (i. p) of TP (3
mg/kg, dissolved in corn oil) for 28 days (33).

Study Design

The rats were randomized into eight groups of five
animals each. Group 1 (control) received distilled water.
Group 2 (BPH-induced control) received a testosterone
propionate (TP) injection along with distilled water. Group
3 was treated with the standard drug, finasteride (5
mg/kg), and a TP injection. Based on the previously
established LD50 value of 2449.49 mg/kg [9], Group 4 (low
dose) was administered 200 mg/kg of H. africana root
extract and a TP injection. Groups 5 and 6 were treated
with 400 mg/kg and 600 mg/kg of the H. africana root
extract, respectively, alongside a TP injection. Groups 7
and 8 were treated with 400 mg/kg of the aqueous and
dichloromethane fractions of the H. africana root extract,
respectively, concomitantly with a TP injection.

Rat body weights were recorded at the beginning and
at the end of the experiment. All test materials (H. africana
root extract and fractions) were administered daily for 28
days. Following the final administration and an overnight
fast, the rats were anesthetized via intraperitoneal injection
of a ketamine and xylazine mixture (0.1 mL/100 g body
weight), containing 90 mg/kg ketamine and 9 mg/kg
xylazine. Blood samples were collected by cardiac
puncture into plain centrifuge tubes, left to clot for 15 min,
and centrifuged at 2500 rpm for 15 min to separate the
serum for biochemical assays. Subsequently, liver and
prostate tissues were immediately dissected, weighed, and
fixed in 10% formaldehyde for histopathological analysis.
The prostate index was calculated as the ratio of prostate
weight to total body weight.

Measurement of Serum Testosterone and PSA
Levels

The serum levels of testosterone and PSA were assayed
using ELISA (Cayman, USA and Novatein Biosciences,
Woburn, MA, USA, respectively) following the
manufacturer’s instructions.

Evaluation of Progressive Motility, Viability,
Count, and the Structural Abnormality of Sperm
The caudal piece of epididymis was isolated to retrieve the
sperm samples. Initially, the epididymal part was finely
minced in 5 mL of physiological-saline and was incubated
for 30 min at 37 °C for spermatozoa releasing of the
epididymal ducts. Sperm progressive motility % was noted
through the phase-contrast microscope at 400x (34).
Sperm viability was assessed, by eosin or nigrosin staining,
accompanied by microscopic evaluation. Moreover, a
hemocytometer was employed to count epididymal sperm
in the suspension (35). Furthermore, morphological
anomalies of head, tail, and mid piece of sperm were
determined in % using the method of Filler (36). The
apparent abnormal characteristics included (i) the size and
shape of spermatozoa heads (bigor small heads) with
lighter and emphasized curvature; (i) intermediary
pieces'defects that result in untied heads; and (iii) defects
of tails (short, multiple, folded, and broken tails).
Photomicrograhs of the semen samples were taken under
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the microscope to assess the spermatozoa population at
x100.

Assessment of Lipid Profile

Serum  cholesterol, triglyceride and high-density
lipoprotein (HDL) levels of the treated rats were measured
using standard colorimetric methods (37). These
determinations were done spectrophotometrically using
Fortress Diagnostic Kits® according to standard
procedures of manufacturer's protocols. Low and very low-
density lipoprotein (LDL and VLDL) were estimated from
the formula of Friedwald et al. (38).

Antioxidant Enzymes (Oxidative Stress Markers)
Estimation

The sera samples collected from the rats were used for the
determination of malondialdehyde (MDA) content (39),
superoxide dismutase (SOD) (40), catalase (CAT) (41),
glutathione peroxidase (GPx) (42) and reduced glutathione
(GSH) (43).

Histopathological Studies

The testes and prostates of the animals were surgically
removed, weighed and fixed in 10% formaldehyde for
histological processes. According to Haematoxylin and
Eosin method (44), the organs were carefully dissected
out, trimmed of all fat and blotted dry to remove any
blood. They were then fixed in 10 % formal saline
(fixation). The fixed tissues were transferred to a graded
series of ethanol (Dehydration). On day 1, the tissues were
placed in 70% alcohol for 7 h, and then be transferred to
90% alcohol and left in the latter overnight. On day 2, the
tissues were passed through three changes of absolute
alcohol for an h each then cleared in xylene (clearing).
Once cleared, the tissues were infiltrated in molten
paraffin wax in the oven at 58 °C. Three changes of molten
paraffin wax (impregnation) at one-h intervals were made,
after which the tissues were embedded (embedding) in
wax and blocked out. Serial vertical sections of 5um thick
were obtained from a solid block of tissue (microtomy)
fixed on clean albuminized slides to prevent sections from
pulling off the slides and later stained with haematoxylin
and eosin staining techniques, after which they were
passed through grades of alcohol, cleared in xylene and
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mounted in DPX (Distyrene - Plasticizer and xylene)
mountant and observed under digital light microscope at
Department of Chemical Pathology, University of Uyo
Teaching Hospital, Uyo. Morphological changes were
observed; recorded and Histologic photomicrographs
were taken and interpreted by Histopathologist.

Statistical Analysis

Data obtained from this work were analysed statistically
using Graphpad Instat, (California, USA). ANOVA (one
-way) followed by a post-test (Tukey-Kramer multiple
comparison test) were used. Differences between means
were considered significant at 5% level of significance i. e,
p < 0.05.

Results

Yields of Crude Extract and Solvent Fractions

The % yields of the crude extract and solvent fractions
were crude 26.02%, DCM 5.01%, and Aqueous 93.44%.

Effect on Organ Weights

The effect of administration of root extract and fractions of
H. africana on testes and prostate weights of rats with
testosterone-induced BPH is as shown in Table 1. The
prostate weights of rats were significantly (p < 0.01)
increased  following  testosterone (3 mg/kg/day)
administration for 28 days relative to normal control.
Concomitant administration of root extract and fractions
of H. africana and testosterone to male rats, did not
change prostate weights of rats significantly (p > 0.05)
relative to the control except in the groups treated with
finasteride (standard drug) and 400 mg/kg of the extract
where significant (p < 0.01) reduction in prostate weights
relative to testosterone-only treated group was observed.
Similarly, testosterone only treated group was observed to
have elevated prostate index value relative to the normal
control, and all the extract/fractions treated groups.
Groups of rats treated with DCM fraction, finasteride and
extract (400 mg/kg) recorded the lowest prostate index
values. The testes weight of testosterone only treated
group was observed to be significantly (p < 0.05)
increased relative to normal control, while finasteride,
extract and fractions produced non dose-dependent but

Table 1. Effect of Hippocratea africana root extract and fractions on body and organ weights of rats with testosterone-
induced benign prostatic hyperplasia.

Parameters/ Treatments

Dose mg/kg Testes (mg)

Prostate (mg) Body weight (g) Prostate index

Normal Control - 156 + 021 048 +0.02 228.5 + 6.22 0.0021
Testosterone Only 3 297 £ 0.19b 0.76 + 0.05b 240.0 £+ 20.70 0.0031
Finasteride+TTT 5 144 + 0.11d 0.60 + 0.03d 2240 +9.12 0.0026
Extract+TTT 200 1.51 £0.06d 0.71 + 0.10 230.75 + 11.04  0.0030

400 1.59 £0.76d  0.61 + 0.04d 231.75 £ 7.56 0.0026

600 1.76 £+0.07d  0.68 + 0.03a 221.66 + 7.53 0.0030
Aqueous Fraction+TTT 400 138 + 0.22f 0.63 + 0.05 228.75 + 9.62 0.0027
Dichloromethane Fraction+TTT 400 1.61 £ 0.06d 0.64 + 0.09 252.0 + 8.84 0.0025

Note: Data are expressed as MEAN * SEM, Significant at ap < 0.05, bp < 0.01 when compared to control; Significant at
dp < 0.05, fp < 0.001 when compared to testosterone only control (n=5).
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significant (p < 0.05-0.01) reduction in testes weights of
rats relative to testosterone only treated group.

Effect of Root Extract and Fractions of H.

africana on Lipid Profile of Rats with
Testosterone-Induced BPH

Administration of testosterone propionate (3 mg/kg/day)
was observed to caused elevations of lipid profile
parameters such as total cholesterol, triglyceride, low
density lipoprotein and very low density lipoprotein
significantly (p < 0.05-0.001) and reduction in high density
lipoprotein level relative to control. However, decreases in
the levels of total cholesterol, triglyceride, high density
lipoprotein, low density lipoprotein and very low density
lipoprotein were observed following concomitant
treatment of the rats with root extract / fractions of H.
africana (200-600 mg/kg) and testosterone propionate (3
mg/kg i. p) for 28 days. These decreases were significant (p
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< 0.05-0.001) especially in the groups treated with the low
and high doses of the extract (200 and 600 mg/kg) as well
as the fractions treated groups (aqueous and DCM) when
compared to testosterone only group. Similarly, finasteride
caused reductions in the lipid parameters levels which
were significant (p < 0.05-0.001) in total cholesterol and
low density cholesterol levels when compared to
testosterone only group (Table 2).

Effect of H. africana Root Extract and Fractions
on Oxidative Stress Markers in Rats with
Testosterone-Induced BPH

The effect of administration of root extract and fractions of
H. africana on oxidative stress markers of rats with
testosterone-induced BPH is as shown in Table 3.
Treatment of rats with testosterone (3 mg/kg) daily for 28
days was found to decrease significantly (p< 0.05-0.01) the
levels of oxidative stress markers (CAT, SOD, GSH, GPx)

Table 2. Effect of Hippocratea africana root extract and fractions on lipid profile of rats with testosterone-induced benign
prostatic hyperplasia.

Treatment Dose Total cholesterol Triglyceride HDL-C LDL-C VLDL
eatme mg/kg  (mMol/L) (mMol/L) (mMol/L)  (mMol/L)  (mMol/L)
Normal Control 10 mg/mL 2.96 + 0.08 121+ 002 154 + 004 021+004 0.18 +0.02
Testosterone only 3 4.23 + 0.26° 1.45 + 0.05 132+ 003 048 +002° 035+001°
Finasteride +TTT 5 2.96 + 0.03° 1.24 + 0.05 136 +0.06 027 +0.01" 026002
Crude extract + TTT 200 2.50 + 0.11f 0.99 + 0.07¢ 12140058 032+0039 027 +0.02

400 3.56 + 0.23 1.30 + 0.07 144 + 008 022 +0025 0.12+001f

600 2.80 + 0.20f 1.06 + 0.07¢ 1.20 + 0.05° 0.16 + 0.02F 0.14 + 0.03f
Aqueous fraction+ TTT 400 243+ 0.12f 0.94 + 0.05¢ 109 + 0.03° 030+ 0.05¢ 0.15 + 0.04f
Dichloromethane 400 2.80 + 0.17f 1.10 % 0.07 124 + 0052 018 +0.02F 0.15 + 0.01f
fraction+TTT

Note: Data are expressed as MEAN + SEM, Significant at ?p < 0.05, ®p < 0.01, °p < 0.001, when compared to control;
Significant at 9p < 0.05, ®p < 0.01, fp < 0.001 when compared to testosterone only control (n=5).

Table 3. Effect of Hippocratea africana root extract and fractions on serum oxidative stress markers of rats with

testosterone-induced benign prostatic hyperplasia.

Dose SOoD CAT (U/g of
Treatment (ma/ka) o orotein) GPx (ug/mL) GSH (ug/mL) MDA (uMol/mL)
Normal Control - 036+ 0.02 4.66 + 045 0.055 + 0.002 246+ 0.11  0.26 + 0.01
Testosterone only 3 0.17 + 0.01° 0.46 + 0.012 0.040 + 0.00° 031 +0.01° 042 + 0.01¢
Finasteride +TTT 5 0.30 + 0.02F 279 + 0.56f 0.044 + 0.004 197 +021¢ 0.22 + 0.01
Extract+TTT 200 0.38 + 0.03f 2.69 + 0.31f 0.048 + 0.002 2.20 + 0.10F  0.38 + 0.05
400 043 + 0.02f 339 + 0.61f 0.052 + 272 +0.16F 030+ 0.01d
0.0054
600 032 + 0.01F 3.84 + 0.25f 0.059 + 263 +001" 039+002
0.001®
Aqueous Fraction 400 0.31 + 0.02F 2.98 + 0.06f 0.045 + 0.003 2.08 +0.13F 0352+ 002
+TTT
DCM fraction +TTT 400 0.31 + 0.01f 2.37 + 0.06f 0.052 + 237 £ 0.01F 026 + 0.02¢
0.001¢

Note: Data are expressed as MEAN + SEM, Significant at 2p < 0.05, Pp < 0.01, °p < 0.001, when compared to control;
Significant at 9p < 0.05, ¢p < 0.01, fp < 0.001 when compared to testosterone only control (n=5).
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and also increased significantly (p < 0.05) the MDA level of
rats when compared to normal control. However,
concomitant administration of root extract and fractions of
H. africana with testosterone was found to mitigate these
effects and caused marked elevations of the enzymatic
and non-enzymatic endogenous antioxidants in the
treated rats groups when compared to the testosterone
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only groups. These elevations were not dose-dependent
but were significant (p < 0.05-0.001) in all treatment
groups. MDA levels were only reduced significantly (p <
0.05) in groups treated with middle dose (400 mg/kg),
dichloromethane fraction and finasteride when compared
to testosterone-only treated group.
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Figure 1. Effect of root extract and fractions of Hippocratea africana on serum testosterone levels of rats with
testosterone induced benign prostatic hyperplasia Data are expressed as MEAN + SEM, Significant at *p < 0.001 when
compared to normal control; **p<0.0017 when compared to testosterone only control (n=5).
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Figure 2. Effect of root extract and fractions of Hippocratea africana on serum PSA levels of rats with testosterone
induced benign prostatic hyperplasia Data are expressed as MEAN + SEM, Significant at ‘p< 0.001 when compared to
normal control; ®p<0.01; fp<0.001 when compared to testosterone only control (n=5).
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Effect of H. africana Root Extract on Serum
Testosterone and Prostate-Specific Antigen (PSA)
Levels in Rats with Testosterone-Induced BPH

The effect of administration of root extract and fractions of
H. africana on serum testosterone and Prostate sensitive
Antigen (PSA) levels of rats with testosterone-induced
benign prostatic hyperplasia are as shown in Figures 1
and 2. Treatment of rats with testosterone (3 mg/kg i.p)
daily for 28 days caused significant (p < 0.01-0.001)
elevations of serum testosterone and prostate sensitive
antigen levels when compared to normal control. The
concurrent administration of root extract and fractions of
H. africana to male rats caused reductions in testosterone
and prostate sensitive antigen levels which were significant
(p < 0.01-0.001) in groups treated with 200, 400 and 600
mg/kg  of  extract, finasteride, aqueous and
dichloromethane  fractions when  compared to
testosterone-only treated group. Aqueous fraction-treated
group was found to produce the most significant (p <
0.001) reductions in testosterone and PSA levels when
compared to testosterone only treated group.

Effect of H. africana Root Extract and Fractions
on Sperm Parameters in Rats with Testosterone-
Induced BPH

Table 4 shows the seminal analysis of semen from rats
with testosterone-induced BPH. The semen in all
treatment group was found to be milky in appearance,
while the semen volume in the group administered with
testosterone alone was found to be small (0.01 mL). There
was a marked improvement in the semen volume of rats
treated with the root extract and fractions (0.02 -0.04 mL)
with the DCM fraction treated group having the highest
volume (0.043 mL). The PH of the semen samples from all
the groups was 8.0. The extract/fraction-treated groups
were found to have a higher % of viable sperm cells (78-
90%) compared to the testosterone only-treated group
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(55%). Finasteride treated group had 90% viable cells while
control had 80%. Viscosity of semen in all the groups was
normal. The average number of cells was 33.25 x 106 in
the testosterone only treated group, but non-dose
dependent improvements were observed in extract /
fractions treated groups with high dose (600 mg/kg)
having 130.75 x 106 cells, while DCM fraction treated
group recorded average cell of 126.75 x 106 cells and
finasteride group 91.0 x 106 cells. The % of active sperm
cells in the extract-treated groups ranged from 55-80%
non-dose-dependent compared to 50% recorded in the
testosterone only group. The % of dead sperm cells in the
testosterone only group was found to be about 10%
compared to 5% in the middle dose (400 mg/kg) and high
dose (600 mg/kg) treated-groups as well as the groups
treated with the various fractions. The standard drug
(finasteride) group had 5 % dead sperm cell.

Effect of root extract and fractions of H. africana on
histology of rats prostate with testosterone induced
benign prostatic hyperplasia Histological sections of
prostate of rats receiving various treatments at
magnification (x100) stained with H& E method revealed
that Group 1 (normal control, CONT) treated distilled
water (10 mL/kg) had prostate tissue demonstrating a
normal histo-architecture of a prostate gland, with well
presented glandular lumen, acini epithelial cells,
intraluminal secretions, lined basement cells, well
structured fibrocyte nuclie, smooth muscle fibre and
interluminal blood vessel within the prostatic stroma, no
evidence of pathology was seen (Figure 1). The group
(Group 2, TEST) treated with testosterone (3 mg/kg) alone
had prostate tissues demonstrating an atrophying histo-
structure of the prostatic gland, with hyperplastic
glandular epithelial cells and fibrolysis of the fibro-
muscular tissue within the prostatic stroma, depicting a
severe effect. Group 3 (FINT), treated with testosterone, (3
mg/kg) and standard drug, finasteride (5 mg/kg) showed
moderately affected prostate tissue demonstrating an

Table 4. Effect of Hippocratea africana root extract and fractions on seminal analysis of rats with testosterone-induced
benign prostatic hyperplasia.

Parameters 2‘:;:2: It:‘sl;osterone Finasteride :)(;:;?:; i i::)rad :)(;:)rad ﬁg:;z:s If)rgcl:vtlion
mg/kg mg/kg
App Milky Milky Milky Milky Milky Milky Milky Milky
Volume 0.03mL  0.01 mL 0.02 mL 0.02 mL 0.03 mL 0.03 mL 0.03 mL 0.043 mL
PH 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Viability 80% 55% 90% 78% 80% 90% 90% 90%
Viscosity Normal Normal Normal Normal Normal Normal Normal Normal
Average cells  85.25 33.25 91.00 104.00 78.75 130.75 97.00 126.75
(cell x106)
Normal 70% 65% 75% 70% 75% 65% 70% 70%
Abnormal 30% 35% 25% 30% 25% 35% 30% 30%
Active 90% 50% 70% 60% 70% 55% 60% 80%
Sluggish 5% 40% 25% 30% 25% 40% 35% 15%
Dead 5% 10% 5% 10% 5% 5% 5% 5%
Sperm 500 200 600 400 450 600 600 600
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atrophying histo-structure of the prostatic gland, with
areas of hyperplastic glandular epithelial cells and
expanded blood vessels within the prostatic stroma,
depicting a moderate effect. Group 4 (200 mg ET), treated
with low dose of the extract (200 mg/kg) and testosterone
(3 mg/kg) had a moderately affected prostate tissue
demonstrating a protected histo-structure of the prostatic
gland, with areas of hyperplastic glandular epithelial cells
and expanded blood vessels within the prostatic stroma..
Group 5 (400 mg ET) treated with middle dose of the
extract (400 mg/kg) and testosterone (3 mg/kg) and group
6 (600 mg ET) which was treated with high dose of the
extract (600 mg/kg) and testosterone (3 mg/kg) had well-
protected prostate tissues without any pathological sign
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demonstrating a normal histo-architecture of a prostate
gland, with well-presented glandular lumen, acini
epithelial cells, intraluminal secretions, lined basement
cells, inter-connective tissue blood vessels and well-
structured smooth muscular fibre within the prostatic
stroma. Group 7 (AQS ET) treated with aqueous fraction
(400 mg/kg) and testosterone (3 mg/kg) had prostate
tissue which was moderately affected demonstrating a
protected histo-structure of the prostatic gland, with areas
of hyperplastic glandular epithelial cells within the
prostatic stroma. Group 8 (DCM ET) rats treated with
dichloromethane fraction (400 mg/kg) of the root as well
as with testosterone (3 mg/kg) had a well protected histo-
architecture of a prostate gland, with well presented

Figure 3. Prostate histological section of rat treated with distilled water, 10 mL/kg (CONT), Testosterone only 3 mg/kg
(TEST), finasteride 5 mg/kg and testosterone 3 mg/kg (FINT), Extract, 200 mg/kg and testosterone 3 mg/kg (200 mg ET),
Extract 400 mg/kg and testosterone 3 mg/kg (400 mg ET), Extract 600 mg/kg and testosterone 3 mg/kg (600 mg ET),
Aqueous fraction 400 mg/kg and testosterone 3 mg/kg (AQS ET), dichloromethane fraction 400 mg/kg and testosterone
3 mg/kg (DCM ET) showing glandular lumen (L), acini epithelial cells (Ac), intraluminal secretions (Ins), lined basement
cells (Bc), well structured fibrocyte nuclie (fn), smooth muscle fibre (Mf) and interluminal blood vessel (bv) hyperplastic
glandular epithelial cells (black arrow), fibrolysis of the fibro-muscular tissue (blue arrow), hyperplastic glandular epithelial
cells (red arrow), and expanded blood vessels (Bv).
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glandular lumen, acini epithelial cells, intraluminal
secretions, lined basement cells, well structured fibrocyte
nuclei, smooth muscle fibre and interluminal blood vessel
within the prostatic stroma, no effect was seen (Figure 3).

Effect of root extract and fractions of H. africana
on histology of rat testes with testosterone
induced benign prostate hyperplasia

Histological sections of testes of rats receiving various
treatments at magnification (x100) stained with H& E
method revealed that rats in group 1 (normal control
(CONT) treated with distilled water (10 mL/kg) had section
demonstrating normal histo-architecture with well-
presented seminiferous tubules having well-defined
basement layer, well-lined spermatogenic cells and arrays
of spermatozoa within the tubular lumen, and well-
presented Leydig cells and blood vessels within the

ETFLIN Portfolio

interstitial connective tissue. Group 2 (TEST) rats
administered with testosterone only, 3 mg/kg, had
sections revealing severe histo-architectural alteration,
with seminiferous tubules with absence of spermatogenic
lining cells, absence of spermatids and areas of
degenerating spermatogenic cells, area of atrophied and
scanty leydig cells, with widened tubular lumen having
scanty presence of spermatozoa within the seminiferous
tubules. Rats in group 3 (FINT) treated with finasteride, 5
mg/kg and testosterone, 3 mg/kg had testes sections
demonstrating moderately histo-architectural alteration,
with areas of altered spermatogenic processes, with
widened tubular lumen within the seminiferous tubules.
This was considered to be moderately affected. Rats in
group 4 (200 mg ET) treated with extract, 200 mg/kg and
testosterone, 3 mg/kg had sections demonstrating normal
histo-architecture ~ with  well-presented  seminiferous

Figure 4. Testes histological section of rat treated with distilled water10 mL/kg (CONT), Testosterone only 3 mg/kg
(TEST),finasteride 5 mg/kg and testosterone 3 mg/kg (FINT), Extract, 200 mg/kg and testosterone 3 mg/kg (200 mg ET),
Extract 400 mg/kg and testosterone 3 mg/kg (400 mg ET), Extract 600 mg/kg and testosterone 3 mg/kg (600 mg ET),
Aqueous fraction 400 mg/kg and testosterone 3 mg/kg (AQS ET), dichloromethane fraction 400 mg/kg and testosterone
3 mg/kg (DCM ET) showing basement layer (BIl), spermatogenic cells (Sp) and arrays of spermatozoa (Sz), Leydig cells (Lc)
and blood vessels (Bv) within the interstitial connective tissue, widened tubular lumen (black star),areas of degenerating
spermatogenic cells (red arrow), (H&E x100).
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tubules having well-defined basement layer, well-lined
spermatogenic cells and arrays of spermatozoa within the
tubular lumen, and well-presented Leydig cells and blood
vessels within the interstitial connective tissue. Group 5
(400 mg ET) treated with extract, 400 mg/kg and
testosterone 3 mg/kg had sections demonstrating
moderate histo-architectural alteration, with areas of
altered spermatogenic processes, with widened tubular
lumen within the seminiferous tubules. Testes sections of
rats in group 6 (600 mg ET) treated with extract, 600
mg/kg and testosterone 3 mg/kg and group 7 (AQS ET)
rats treated with aqueous fraction, 400 mg/kg and
testosterone 3 mg/kg showed normal histo-architecture
with well-presented seminiferous tubules having well-
defined basement layer, well-lined spermatogenic cells
and arrays of spermatozoa within the tubular lumen, and
well-presented Leydig cells and blood vessels within the
interstitial connective tissue, while group 8 (DCM ET) rats
treated with dichloromethane fraction 400 mg/kg and
testosterone 3 mg/kg had testes sections demonstrating
moderate histo-architectural alteration, with areas of
altered spermatogenic processes, with widened tubular
lumen within the seminiferous tubules (Figure 4).

Discussion

The root of H. africana which is used traditionally in the
treatment of prostate disorders was evaluated for effects
on testosterone propionate-induced benign prostatic
hyperplasia in male rats. The results of the study showed
that root extract and fractions of H. africana significantly
reduced the testosterone propionate elevated prostate
weights, serum PSA and testosterone levels in male rats
with the aqueous fraction exerting the major effect. This
result was corroborated by histological findings in the
prostate sections of the male rats.

The prostate weight is used as an important marker of
BPH development (45). Increased prostate weight is an
indication of prostate disorder as reported in earlier
published study (46). Prostate gland enlargement is
defined by the proliferation of the gland's biological
components, including stromal and epithelial cells (47).
Based on the considerable increased of the prostate
weight in the testosterone- induced BPH rats, the results
of this study validated the findings of previous research
investigations that established an increase in prostate size
as a critical predictor of BPH development (48). Agents
used in the treatment of BPH such as finasteride or other
agents are known to decrease prostate weight. In this
study, the male rats with untreated BPH were observed to
show increased prostate weight compare to the control
group. However, the root extract/fractions treated animals
were found to have reduced prostate weight compared to
testosterone only treated BPH group. Also root
extract/fractions treated animals were found to have
reduced prostate index values. Increases in prostate index
have been associated with the development of BPH (49).
These decreases in prostate index further support the
antiprostatic activity of the root extract. These results
indicate that H. africana root extract mitigated the
prostatic growth and enlargement induced by
testosterone. This could have resulted from the reported
genotoxic and cytotoxic activities of H. africana root
extract which demonstrated the ability of the extract to
inhibit cell division and proliferation as well as cause cell
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death (32), highly supporting its previously reported
anticancer activity (25). In addition, these findings were
further supported by histological examination of the
prostate tissue. The animals with untreated BPH presented
with atrophying histo-structure of the prostatic gland, with
hyperplastic glandular epithelial cells and fibrolysis of the
fibro-muscular tissue within the prostatic stroma,
depicting a severe effect in the prostate, whereas the
animals with BPH that had been treated with the root
extract and fractions showed mild or no glandular
hyperplasia especially in the group treated with the DCM
fraction of the root extract. These results suggested that H.
africana root extract/fractions possess the potential to
inhibit the progression of BPH induced by testosterone.

A glycoprotein called prostate sensitive antigen (PSA),
which is present in serum, is a semi-quantitative marker of
prostatic hyperplasia and a predictor of BPH (50).
Abnormal serum PSA level is an indicator of prostatic
disorder. Reduced prostatic hyperplasia is linked to lower
PSA levels, and this has a direct impact on 5a-reductase
inhibition (51). Elevated serum PSA level as observed in
this study due to testosterone propionate injection (3
mg/kg) indicated successful induction of benign prostatic
hyperplasia. Treatment of male rats with finasteride, H.
africana root extract and fractions significantly lowered the
serum PSA level of the extract/fractions treated groups as
compared to the testosterone only group. Finasteride is a
selective inhibitor of type Il 5a-reductase that catalyses
dihydrotestosterone (DHT) formation from testosterone
(52). The administration of root extract and fractions of H.
africana significantly lowered the prostatic condition close
to normal as observed by decreases in serum PSA and
testosterone levels as well as pathological signs in prostate
histology of the treated rats especially in the DCM fraction
treated group. The observed reduction in serum PSA may
suggest the extract/fractions ability to inhibit 5a-reductase
activity which converts testosterone (53). Previous works
on C. sieberiana, Z. portoricensis and Anona muricata
extracts activities on testosterone-induced BPH had shown
similar inhibitory potentials (46, 53, 54).

Blood levels of free testosterone are suggested to
contribute significantly in the development of BPH and is
known to encourage the growth of prostate cells (55). In
TP-induced BPH rats, the extract/fractions significantly and
non dose-dependently inhibited the increase in
testosterone levels. This may suggest the H. africana root
extract and fractions inhibitory potential on the production
of DHT in serum and the prostate, leading to the excretion
of free testosterone. H. africana root extract/fractions can
be developed to treat BPH condition. The results of this
investigation corroborate those of a study by Ibukun et al.
(56) on Annona muricata (Soursop), which reduced
testicular toxicity and prostatic impairment in male rats
with  BPH induced by testosterone propionate were
reported. The significant lowering of serum testosterone
levels in the root extract/fractions-treated rats with BPH
may be linked to improved clearing of unbound
testosterone in the bloodstream, preventing the
conversion of active DHT by 5 a-reductase (57, 58). The
results of this study revealed that testosterone caused a
significant increase in MDA and decreases in SOD, GPx,
GSH and catalase, which suggest oxidative stress
condition. Development and progression of BPH have
been reported to involve oxidative stress mechanisms (4).
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The root extract and fractions of H. africana have been
reported to exert cellular antioxidant, anticancer and
immunomodulatory (22) as well as in vitro and cellular
antioxidant activities (18, 25). H. africana root
extract/fractions administration in this study was found to
significantly elevate the levels of SOD, GPx, GSH and
catalase, while decreasing MDA level. This could have been
possible through the antioxidant potentials of the
constituents of the extract/fractions as reported earlier by
Okokon et al. (15, 18), thereby attenuating oxidative stress
condition induced by testosterone. Moreso, inflammation
has been implicated in the pathogenesis of prostatitis
induced by testosterone propionate (59). The observed
antiprostatic activities of the root extract and fractions, as
seen in the reduced levels of PSA and testosterone as well
as pathological signs in the prostate tissue, could have
resulted from the anti-inflammatory, cellular antioxidant
and immunomodulatory activities of the root extract and
fractions as earlier reported by Okokon et al, (12, 18, 22)
and Umoh et al,, (25). These actions may have contributed
to the ameliorative/preventive activities of the root
extract/fractions of H. africana against testosterone-
induced BPH as evidenced in this study.

Dislipidemia has been associated with the
pathogenesis and progression of BPH (60) and there is a
scientific report on the correlation between hyperlipidemia
and benign prostatic hyperplasia (61). Recent clinical and
basic research evidence has demonstrated a possible
linkage of cholesterol to benign prostatic hyperplasia.
Accumulation of cholesterol within the lipid raft
component of the cellular plasma membrane may
stimulate signaling pathways that promote prostate tumor
growth and progression (62). In this study, administration
of testosterone was observed to caused significant
elevation in levels of total cholesterol, triglyceride, low
density lipoprotein and very low density lipoprotein, while
the high-density lipoprotein level was not significantly
reduced. These lipids parameters were reduced
significantly (p < 0.05-0.001) when compared to
testosterone only treated group following concomitant
treatment with root extract and fractions of H. africana
and finasteride. Although the mechanism in which
dislipidaemia contributes to BPH progression has not been
fully elucidated, studies have associated high triglyceride
levels with prostate inflammation which can ultimately
lead to BPH (60). Furthermore, Kayode et al. (63) reported
alteration in the biochemical and lipid profile of
testosterone  propionate-induced  benign  prostatic
hyperplasia in male Wistar rats treated with ketogenic diet.
The elevated serum triglyceride concentration in the
testosterone only treated BPH group relative to the normal
control, positive control and extract/fractions-treated
groups indicates the adverse effect of BPH on lipid
metabolism, which promoted hyperlipidemia in the BPH
rats. The elevated serum triglyceride level in the BPH
untreated group agrees with Uroko et al. (64), who
reported that high serum triglyceride level is associated
with BPH pathogenesis. The extract's reduction of the
hyperlipidemia induced by testosterone further indicates
and supports the antiprostatic potentials of the root
extract/ fractions of H. africana against testosterone
induced BPH as observed in this study which is largely due
to the activities of the phytochemical constituents.
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Evaluation of H. africana root extract/fractions on the
semen of testosterone propionate-induced benign
prostatic hyperplasia in male rats revealed that H. africana
root has little or no toxic effect on testes and fecundity of
adult male Wistar rats as demonstrated in the significant
(p < 0.05) increased epididymal sperm count, sperm
motility and live spermatozoa along with a simultaneous
decrease in dead spermatozoa as compared to the rats of
the group treated with testosterone only. This was further
supported by the histological study of the testes whereby
mild or no pathological effect was observed in the root
extract/fractions treated rats compared to testosterone
only treated group. This result corroborates earlier
reported testicular protective potential of the root extract
of H. africana (65).

Previous phytochemical analysis of dichloromethane
fraction of H. africana by Okokon et al (18) showed that
the root fraction contain pharmacologically active
compounds such as dehydromevalonic lactone, phenol, 3,
4-dimethoxy-, phenol, 3, 4, 5-trimethoxy-, Xi-Germacr-9-
en-12-oic acid, 6a - hydroxy-1-oxo-, c-lactone,(11S)-,
dehydroxy-3-deoxy, 2 (1H) phenanthrenone, 3, 4, 4a, 9, 10,
10a  hexahydro-6-methoxy-1, 1,  4a-trimethyl-7-(1-
methylethyl)-, (4aS-trans)-, Retinoic acid, methyl ester,
phenanthrene, 1, 2, 3, 4, 4a, 9, 10, 10a-octahydro-6-
methoxy-1, 1, 4a-trimethyl7-(1-methyl ethyl)-,(4aS-trans)-,
Myrcene, a-Phellandrene, 4a (2H) Phenanthrene
carboxaldehyde, 1, 3, 4, 9, 10, 10a-hexahydro-6- methoxy-
1, 1-dimethyl-7-(1-methyl ethyl) (4aS-trans)-, 4a (2H)-
Phenanthrenemethanol, 1, 3, 4, 9, 10, 10a-hexahydro-6-
methoxy-1, 1-dimethyl-7-(-1-methylethyl)-, (4aS-trans)-,
limonene, terpinolene, linalool, a-terpineol among others.
These compounds may have been responsible for the
observed activities in this study.

Conclusion

The results of this study suggest strongly that the root
extract and fractions of H. africana possess antiprostatic
activity against testosterone-induced BPH through the
antioxidant and anti-inflammatory activities of its
phytochemical constituents.
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