
Background
Benign prostatic hyperplasia (BPH) is an andrological 
pathological ailment characterized by proliferation 
of prostatic tissues and growth of prostate stromal 
and epithelial cells in elderly men, resulting in the 
urethral constriction, urgency, hesitancy of urination, 
and compromised urine flow, which ultimately affects 

productivity and quality of life (1,2). Major factors in 
the pathogenesis of BPH are testicular hormones and 
aging. Literature survey evidenced that one-third of 
men over 40 exhibited symptoms connected with lower 
urinary tract symptoms, a condition which usually 
increases with age (3). The involvement of male sexual 
hormones in the pathogenesis of BPH is also well 
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Abstract
Background: Benign prostatic hyperplasia is one of the most common medical conditions affecting ageing 
men, and many available drugs have not yielded the desired outcome. This has prompted the applications of 
phytomedicines for its treatment, and combined Funtumia africana and Abutilon mauritianum leaves have 
been found effective in its treatment. However, there is no information on its effects on the haematological 
and biochemical parameters.
Objectives: This study assessed the effects of combined Funtumia africana and Abutilon mauritianum 
(CFAAM) leaves on haematological and antioxidant parameters of benign prostate hyperplasia (BPH) 
induced rats. 
Methods: The study was divided into 5 groups with 6 rats in each group. Group 1 contained the standard 
control, while group 2 comprised BPH-induced rats that received no treatment. Group 3 had BPH induced 
rats treated with 5 mg/kg Finasteride, whereas groups 4 and 5 consisted of BPH induced rats treated 
with 200 and 600 mg/kg body weight of CFAAM, respectively. BPH in the rats was induced by daily 
subcutaneous administration of 5 mg/kg testosterone propionate over a period of 28 days, while treatments 
with either Finasteride or CFAAM were via the oral route. 
Results: The obtained results showed a significant (P<0.05) decline in the haemoglobin (Hb), red blood 
cell (RBC), packed cell volume (PCV), and platelet counts in the BPH-induced untreated rats compared 
to the normal control. Glutathione peroxidase (GPx), superoxide dismutase (SOD), catalase (CAT), and 
glutathione S-transferase (GST) activities also declined significantly (P<0.05) in the BPH-induced rats 
compared to the normal control. Further, treatment with CFAAM significantly reversed the observed 
haematological and antioxidant anomalies in the BPH induced rats, but their total white blood cell (WBC) 
and differential WBC count values were not significantly altered (P>0.05). 
Conclusion: These findings suggested that CFAAM maintains a healthy haematological profile and improves 
the levels of antioxidant parameters under BPH conditions; furthermore, it may be of value in the search for 
new agents for inhibiting the development and progression of BPH.
Keywords: Abutilon mauritianum, Funtumia africana, Benign prostate hyperplasia, Haematological 
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established; hence, dihydrotestosterone (DHT) and 
estrogen, which are metabolites of testosterone, have 
been associated with BPH pathogenesis (4). Recent 
reports have revealed a progressive decrease in plasma 
DHT and the increased estrogen levels with age in men 
(5). Therefore, popular opinion is that BPH results from 
persistently elevated estrogen levels in the prostate and 
hyper activities of growth factors that stimulate the 
proliferation of cells following the elevation of DHT 
level in the prostate (6). 

The inhibition/blockage of 5α-reductase type 2 
is the target for BPH medication. Most drugs used 
in the treatment of BHP act through impeding the 
generation of DHT from testosterone (7). The activities 
of 5a-reductase enzymes modulate the testosterone and 
DHT levels in the prostate gland, and play crucial roles in 
the proliferation of prostate cells (8). Many parameters 
such as inflammatory mediators, inflammatory genes, 
hormones, dietary factors, and oxidative stress are 
other relevant factors involved in the initiation and 
progression of BPH (8). Oxidative stress occurs when 
the antioxidant system in the body cannot neutralize the 
excessive amount of free radicals generated in the body 
(8). The fact that currently available anti-BPH drugs 
are expensive and cannot produce desired outcomes 
promotes the search for alternative sources of treatment, 
a popular venture. Medicinal plants have appeared 
to be the most valuable alternative so far due to their 
availability, accessibility, and reported effectiveness (9). 

For several years, plants have served as sources of 
treatment against diseases (10). Herbal combinations 
are potent treatment strategies against diseases. 
Abutilon mauritianum, belonging to Malvaceae family, 
is commonly found across Africa, especially in the hot 
areas of Zimbabwe and Nigeria. Herbal formulations 
from A. mauritianum extracts possess hepatoprotective, 
antioxidant, and cytotoxic activities (11). Funtumia 
africana of Apocynaceae family is rich in alkaloids and 
various bioactive constituents and is effective against 
inflammatory diseases, pain, and fever (12,13). A. 
mauritianum and F. africana have vast pharmacological 
properties, and their combination could ameliorate 
the complications in BPH. This study, therefore, 
assessed the effects of a combined ethanol extract of 
F. africana and A. mauritianum leaves (CFAAM) on 
haematological values and antioxidant defense line in 
androgen-induced prostate hyperplasia in rats.

Materials and Methods
Collection of Plant Samples and Preparation of CFAAM
The plants were collected from a Forest Reserved at 
Umuahia North, Abia State, Nigeria, and identified 
as F. africana (voucher no. Jones FHI 13749) and A. 
mauritianum (voucher no. 2694-5) by a plant taxonomist 
at the Department of Forestry in our institution. The 
plant samples were dried under a shade, after which 
they were ground into coarse powders and stored in 

clean plastic containers.

Formulation of a CFAAM
We formulated the combined extract by extracting 
coarsely ground samples of the F. africana and A. 
mauritianum leaves with the ratio of 1:1 (i.e., 250 
g each, corresponding to 500 g of both samples in 
1500 mL analytical grade ethanol for three days). The 
purpose for combining the plants with a ratio of 1:1 for 
extraction was to mimic their local use in traditional 
medicine. Thereafter, it was filtered and concentrated 
until the ethanol solvent was evaporated completely 
within the water bath at 45°C.

Experimental Design
Thirty male albino rats (15–16 weeks, 100–120 g) 
were used and divided into five groups (n = 6). The 
rats received normal rodent feed and access to clean 
drink water for the 14-day adaptation period in the 
new environment. Group 1 was the normal control 
comprising rats without BPH induction, group 2 was 
BPH-induced rats (BPH control) that received no 
treatment, group 3 was BPH-induced rats that received 
5 mg/kg finasteride/day (standard control). Groups 4 
and 5 were BPH-induced rats which received 200 and 
600 mg/kg/d CFAAM, respectively. BPH was induced 
via subcutaneous administration of testosterone 
propionate masked in olive oil as the vehicle (2:1 v/v) 
(5 mg/kg/d) for consecutive 28 days. Administration 
of CFAAM followed one hour after testosterone 
administration for each day. The bodyweights of the 
animals were documented weekly throughout the 
study period. After the 28th day, the rats had no access 
to foods and drinking water for 12 hours. They were 
then anaesthetized with pentobarbital (25 mg/kg) via 
intraperitoneal administration and allowed to remain 
for 10 minutes before collecting the blood samples. 
The collection of blood samples from the rats via 
cardiac puncture, harvesting of the prostate tissues, and 
weighing took place on the 29th day.

Haematological Indices Estimation
The haemocytometry method by Ochei and Kolhatkar 
was utilized for the estimation of the erythrocyte count 
(15). The packed cell volume (PCV) was estimated by 
the microhaematocrit centrifuge (Jouan A13 model), 
while the haemoglobin (Hb) levels were determined 
spectrophotometrically using the cyanmethemoglobin 
method. Similarly, platelet counts were evaluated via 
a haemocytometer. The total white blood cell (WBC) 
counts were estimated according to haemocytometry 
following the method described by Ochei and Kolhatkar 
(15). On the other hand, the differential WBCs were 
quantified with a light microscope.

Antioxidant Estimation
Antioxidant parameters were determined on tissue 
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(liver) samples collected from the rats at the end of 
treatments. One gram of liver sample from each rat 
was homogenized in 5 mL of phosphate buffer and 
centrifuged at 3000 rpm in a bench centrifuge to obtain 
the supernatant, which was subjected to the various 
antioxidant tests. The extent of lipid peroxidation 
was measured by determining the concentrations of 
malondialdehyde (MDA) spectrophotometrically based 
on the method used by Wallin et al (16). Superoxide 
dismutase (SOD) enzyme activity was assayed using 
the method described by Arthur and Boyne (17), while 
catalase (CAT) activity was assayed in each sample 
according to the method utilized by Sinha (18). Further, 
glutathione peroxidase (GPx) activity was determined 
using Paglia and Valentine’s method (19), while 
glutathione transferase and glutathione levels were 
estimated according to the methods used by Exner et 
al (20).

Statistical Analysis
We statistically analyzed the raw data realized from the 
study by analyzing the variance (one-way ANOVA) and 
compared various means with Duncan’s multiple range 
comparison tests at 95% confidence level. The SPSS 22 
“Statistical Products and Service Solutions” software 
was used for this analysis.

Results
Effect of CFAAM on Haematological Indices of BPH-
induced Rats
Values of haematological parameters including Hb 
concentrations, PCV, WBC count, red blood cell (RBC) 
count, and platelet count were all significantly lower in the 
BPH control compared to the normal control (P < 0.05), 
but they were significantly improved following the 

treatment with the standard drug and also all dose levels of 
the combined extract. The effect of the combined extract 
was also dose-dependent and compared favorably with 
that of the standard used drug (Table 1). 

Effects of CFAAM on Differential WBC Counts of BPH-
induced Rats
Results of differential WBC count showed higher neutrophil 
and lymphocyte counts in the BPH control compared with 
the normal control (P < 0.05). However, treatment with 
Finasteride and CFAAM significantly corrected with the 
observed anomalies, restoring the counts of neutrophils 
and lymphocytes to about normal values. Moreover, the 
values of eosinophils were not significantly altered across 
the groups (P > 0.05) when correlated with both the normal 
and BPH control groups (Table 2).

Effect of CFAAM on In Vivo Antioxidant Parameters in 
BPH-induced Rats
Antioxidant parameters like glutathione peroxidase (GPx), 
SOD, CAT, glutathione S-transferase (GST) activities, and 
glutathione (GSH) concentration were all significantly 
lower in the BPH control compared to the normal control 
(P < 0.05). In contrast, there was a significant increment in 
the antioxidant enzyme activities and GSH concentration 
following treatments with the standard drug and varying 
doses of the combined extract (P < 0.05) compared 
to the BPH control group (Figures 1-5). As Figure 6 
illustrates, the elevated MDA value in the BPH control was 
significantly lower in the groups treated with the standard 
drug and combined extract. In addition, values of these 
antioxidant parameters in the extract-treated groups 
correlated favorably with BPH-induced rats treated with 
the standard drug. 

Table 1. Haematological Indices of BPH-induced Rats Treated With CFAAM

Treatment Groups Hb (g/dL) PCV (%) WBC × 109 RBC ×  1012 Platelet

Normal control 11.76 ± 0.24b 55.00 ± 5.00b 71.35 ± 3.06a 168.33 ± 2.89b 253.33 ± 10.55b,c

BPH control 10.12 ± 0.85a 44.00 ± 1.73a 89.22 ± 6.11b 146.67 ± 7.77a 160.00 ± 11.32a

Finasteride Control 13.03 ± 0.41b,c 56.67 ± 3.06b 65.14 ± 2.31a 171.67 ± 5.64b 223.33 ± 12.16b

BPH + 200 mg/kg CFAAM 12.49 ± 0.87b,c 54.33 ± 0.81b 71.13 ± 3.04a 163.33 ± 5.24b 240.00 ± 12.00b

BPH + 600 mg/kg CFAAM 13.63 ± 0.81c 58.00 ± 1.38b 71.23 ± 5.03a 170.00 ± 2.51b 293.33 ± 15.52c

Note. BPH: Benign prostatic hyperplasia; CFAAM: Combined ethanol extract of Funtumia africana and Abutilon mauritianum; Hb: Haemoglobin; PCV: Packed 
cell volume; WBC: White blood cell;  RBC: Red blood cell. Results are presented as mean ± standard deviation (n = 6), and results with unlike letter superscripts 
are considered significantly (P < 0.05) different from the paired mean in the same column.

Table 2. Differential WBC Counts of BPH-induced Rats Treated With CFAAM

Treatment Groups Neutrophils (%) Lymphocytes (%) Eosinophils (%)

Normal control 62.00 ± 2.00a 35.33 ± 4.16a 3.00 ± 1.00a

BPH control 68.67 ± 3.06a 30.67 ± 4.13a 2.00 ± 0.00a

Finasteride control 63.33 ± 5.03a 34.70 ± 5.03a 2.00 ± 0.00a

BPH + 200 mg/kg CFAAM/day 64.67 ± 5.23a 35.33 ± 2.38a 3.00 ± 0.00a

BPH + 600 mg/kg CFAAM/day 60.67 ± 4.16a 37.33 ± 3.26a 2.67 ± 1.15a

Note. WBC: White blood cell; BPH: Benign prostatic hyperplasia; CFAAM: Combined ethanol extract of Funtumia africana and Abutilon mauritianum. Results 
are presented as mean ± standard deviation (n = 6), and results with unlike letter superscripts are considered significantly (P < 0.05) different fromthe paired mean 
in the same column.
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Figure 1. GPx Activity of BPH-Induced Rats Treated With CFAAM. Note. GPx: Glutathione peroxidase; BPH: Benign prostatic hyperplasia; CFAAM: Combined 
ethanol extract of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6); and bars with unlike letters are 
significantly (P < 0.05) different from paired result.

Figure 2. SOD Activity of BPH-induced Rats Treated With CFAAM. Note. SOD: Superoxide ismutase; BPH: Benign prostatic hyperplasia; CFAAM: Combined 
ethanol extract of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6); and bars with unlike letters are 
significantly (P < 0.05) different from paired result.

Figure 3. CAT Activities of BPH-induced Rats Treated With CFAAM. Note. CAT: Catalase; BPH: Benign prostatic hyperplasia; CFAAM: Combined ethanol extract 
of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6), and bars with unlike letters are significantly (P < 0.05) 
different from paired result.

Figure 4. GST Activities of BPH-induced Rats Treated With CFAAM. Note. GST: Glutathione S-transferase; BPH: Benign prostatic hyperplasia; CFAAM: Combined 
ethanol extract of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6); and bars with unlike letters are 
significantly (P < 0.05) different from paired result.
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Discussion
The disproportionate rate of cell proliferation and 
apoptosis could lead to BPH generally due to the 
overgrowth of stromal cells in the prostate (21). 
Increased prostate weight can occur because of 
hyperplasia of cells, which could also cause narrowing 
of the urethral duct with consequent blockage of urine 
flow (22). Oxidative stress leading to prostate tissue 
damage may cause proliferation of compensatory cells 
with consequential hyperplastic growth. A prostatic 
injury could lead to an increased release of free radicals 
like reactive nitric species and reactive oxygen species 
(ROS) (23), which may cause oxidative damage to body 
tissues. Macrophages and neutrophils also release free 
radicals, which trigger hyperplastic transformations via 
oxidative damage to tissues and DNA (24). 

The significant reduction observed in the RBC, Hb, 
PCV, and platelet counts of the BPH control rats are due 
to the negative impact of BPH on nutrient absorption, 
blood loss by haematuria, and impaired erythropoietic 
cell functions. Due to their low Hb concentrations, 
RBC, and PCV counts, the BPH control rats are 
predisposed to various health conditions associated 
with blood disorders such as anaemia and are unable 
to transport oxygenated blood effectively to relevant 
organs in the body. They might have suffered from 
the increased haemolysis of RBCs as indicated in the 

results and further iron loss for haem biosynthesis. In 
addition, loss of impaired nutrient absorption (e.g., 
folate and vitamin B12) and pressure of the BPH on the 
kidney contributed to the reduced Hb concentration, 
which is correlated with the weakness exhibited by the 
BPH control rats. These findings are consistent with the 
report of Speakman et al that bleeding and haematuria 
in BPH patients are common due to the accelerated 
vascularity of major prostate vessels (25). Contrarily, 
the elevated levels of Hb, RBC, PCV, and platelet counts 
in the standard control and CFAAM, respectively, 
indicated recovery of the rats from BPH conditions. 
These findings agree with the earlier findings by Kashif 
et al and Roehrborn et al that treatment of BPH patients 
with therapeutic agents with Finasteride reverses 
complications of BPH pathogenesis including bleeding. 
Similarly, no significant changes observed in the WBC, 
leucocyte, neutrophil, and eosinophil counts suggest 
that BPH pathogenesis has no effects on the immune 
system (26,27). 

Infection and inflammation promote platelet and 
white blood corpuscle production (28). Several studies 
have indicated that prolonged inflammation and/or 
immune response could be related to general cancer 
incidence (29,30), and it is still uncertain if these factors 
are linked precisely to the BPH and prostate cancer 
threats (31,32). However, some potential studies have 
earlier checked the relatives amongst a limited number 

Figure 5. GSH Concentrations of BPH-induced Rats Treated With CFAAM. Note. GSH: glutathione; BPH: Benign prostatic hyperplasia; CFAAM: Combined 
ethanol extract of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6), and bars with unlike letters are 
significantly (P < 0.05) different from paired result.

Figure 6. MDA Concentrations of BPH-induced Rats Treated With CFAAM. Note. MDA: Malondialdehyde; BPH: Benign prostatic hyperplasia; CFAAM: 
Combined ethanol extract of Funtumia africana and Abutilon mauritianum. Results are diplayed as mean ± standard deviation (n = 6), and bars with unlike letters 
are significantly (P < 0.05) different from paired result.
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of haematological parameters and general cancer risk 
(33). 

The impact of inflammation on BPH impairs 
erythrocyte maturation and resultant insufficient 
synthesis of erythropoietin. Oxidative stress and 
inflammation repress erythropoiesis, inhibit 
RBC maturation, and promote anisocytosis (34). 
Inflammatory WBC differentials (i.e., neutrophils, 
monocytes, lymphocytes, and eosinophils) serve as 
sources of soluble factors responsible for abating 
incidences of inflammation-related cancer. The non-
significant reduction in the eosinophil and leucocytes 
and non-significant (P > 0.05) rise in the BPH control 
are a piece of clear evidence linking prostate cancer 
with systemic inflammation. The combined extract 
with different doses and Finasteride control played vital 
roles in alleviating the damage, which was evident in 
the neutrophils level of the groups. This aligns with the 
reports of Keizman et al that links the neutrophil to 
lymphocyte ratio to the treatment response and survival 
in individuals suffering from metastatic castrate-
resistant prostate cancer treated with systemic therapy 
(35).

Human cells generate free radicals from the energy 
obtained from food, oxygen, microbial infections, and 
pollutants/toxins including cigarette smoke (36). The 
cells contain complex antioxidant defense systems, 
which confer protection against ROS attacks. Various 
reports have associated the increased oxidative stress 
with prostatic adenocarcinoma, in which antioxidants 
can guard men from prostatic adenocarcinoma (37). 
Several factors including androgenic modulation, tumor 
suppressor gene (p53), inflammation, and age-related 
oxidative stress could generate free radicals capable 
of initiating prostate cancer (38). Prostate cancer 
development, progression, and recurrence are associated 
with androgen-induced ROS levels in prostate epithelial 
cells (39). The increase in the MDA concentration of 
the BPH control indicated a close relationship between 
BPH and the MDA generation. In addition, the decrease 
in the activities of SOD, CAT, GPx, and GSH along with 
the corresponding increase in MDA in the BPH control 
suggests an interplay between oxidative stress and 
prostate cancer development. This finding corroborates 
earlier reports, highlighting elevated lipid peroxidation, 
inflammatory process, and reduced antioxidant status 
in the developed BPH (40,41). However, CFAAM 
modulated the levels of the antioxidant defense 
system in the rats by significantly reducing the MDA 
concentration in the CFAAM-treated groups. Further, 
the increased expression of antioxidants such as SOD, 
CAT, GPx, GSH concentration by CFAAM suggests a 
potent agent in alleviating the BPH condition in the rats. 

Conclusion
Oxidative stress induced by chronic inflammation could 
lead to BPH development, and intake of antioxidant-

rich products could potentially lessen the risk of 
developing BPH by decreasing the harmful impacts 
of oxidative stress. These findings strongly suggest 
that the administration of CFAAM showed promising 
therapeutic effects on the management of oxidative 
stress and inflammatory leucocyte-associated BPH.
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