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ABSTRACT

Background. Benign prostate hyperplasia (BPH) is a non-cancerous enlargement of the prostate gland as 
a result of an overgrowth of prostate cells and muscles found around the prostatic transition. It is age-depend-
ent and characterized by benign prostate enlargement (BPE), bladder outlet obstruction (BOO) and lower uri-
nary tract symptoms (LUTS). The study investigated the effects of a combined extract of Funtumia africana 
and Abutilon mauritianum leaves (CEFA) on the lipid profile and renal indices of testosterone-induced BPH 
in male albino rats. 
Materials and methods. Thirty (30) male albino rats (100–150 g) divided into 5 groups (n = 6) were used. 
BPH was induced subcutaneously with 2 ml of testosterone propionate. Groups 1–3 served as normal, BPH 
untreated and standard drug controls respectively, while groups 4 and 5 were BPH-induced and treated with 
low (200 mg/kg) and high (600 mg/kg) doses of CEFA respectively. After twenty-eight days of treatment, the 
rats were anaesthetized, blood was collected by cardiac puncture and the sera centrifuged to determine lipid 
profile and renal indices using standard analytical procedures. 
Results. The acute toxicity result of CEFA indicated no mortality or adverse reactions. The results of the 
lipid profile and renal function studies showed a significant (p < 0.05) increase in triacylglycerol (TAG), total 
cholesterol (TC), urea and creatinine, and a significant (p < 0.05) decrease in high-density lipoprotein (HDL) 
concentrations in the BPH control group when compared to the normal control. Treatment with CEFA caused 
a significant (p < 0.05) decrease in TAG, urea and creatinine concentrations and a significant (p < 0.05) in-
crease in HDL-C when compared to the untreated group. No significant (p > 0.05) difference was observed in 
serum concentrations of TC and low-density lipoprotein (LDL) in the treatment groups compared to the BPH 
control. The histopathological result indicated no toxic insult on the kidney tissues. 
Conclusion. The findings suggest that CEFA possesses antilipidaemic properties in terms of elevation and de-
crease in HDL and TAG concentrations respectively. Also, CEFA possesses renoprotective potential in terms 
of reducing urea and creatinine concentrations.

Keywords: antilipidaemia, renoprotective, Funtumia africana, Abutilon mauritianum, benign prostatic 
hyperplasia
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a histologic 
condition characterized by proliferation of tissues of 
the epithelial glands, smooth muscle, and connective 
tissues found around the prostatic transition zone. BPH 
is pervasive in the ageing male with its pervasiveness 
growing with age (Foster et al., 2018; Parsons and 
Kashefi, 2008). Benign prostatic hyperplasia – BPH is 
mainly characterized by benign prostate enlargement 
(BPE), together with bladder outlet obstruction (BOO) 
and lower urinary tract symptoms (LUTS) (Wu et al., 
2017). 

Benign prostatic hyperplasia – BPH is mainly man-
aged by surgery or use of orthodox drugs including 
alpha-adrenergic blocking agents, 5-alpha reductase 
inhibitors or a combination of both (de Souza et al., 
2011). However, despite the temporary relief offered 
by these drugs, they are usually associated with reoc-
currence and/or some side effects including faintness, 
erectile dysfunction, diminished libido, and reduced 
ejaculate volume and in uncommon circumstances 
breast enlargement or soreness (Naslund et al., 2007; 
American Urological Association, 2003). 

Conflicting studies about the biologic effects of se-
rum lipid levels on the prostate have been reported. 
According to Lekili et al. (2006), high serum lipid lev-
els may portend BPH and lowering high serum lipid 
levels may prove important in averting the advance-
ment of BPH and also decrease the need for surgery. 
Likewise, higher serum LDL was reported to increase 
the risk of BPH among diabetics (Parsons et al., 2008). 
On the other hand, no correlations of serum lipids with 
International Prostate Symptom Score or prostate vol-
ume were reported (Gupta et al., 2006; Lekili et al., 
2006; Zucchetto et al., 2005). A positive and signifi-
cant cross-sectional relationship between BOO and 
chronic kidney disease in community-dwelling men 
has been reported with a characteristic elevated serum 
creatinine level (Rule et al., 2005). Furthermore, Asuk 
and Ugwu (2018) and Weinstein et al. (2009) reported 
alterations in urea and creatinine levels in cases of 
BPH, and they could be used as a tool to measure the 
risk of BPH (Chiong et al., 2005).

More attention has been channeled towards phy-
totherapeutics in terms of providing a more effective 
and safer treatment strategy for patients with BPH, 

with many plants showing significant anti-BPH effects 
(Sharma et al., 2017), including aqueous extracts of 
Metapanax delavayi (Sun et al., 2020) and Yongdam-
sagan-tang (Park et al., 2016).

Combining herbs is the use of two or more herbs 
in a therapeutic preparation (Parasuraman et al., 2014). 
It  is a vital model, as herbal medicine often necessi-
tates the mixture of a number of herbs in a thoughtful, 
rational and systematic way. Combined herbs are used 
in the treatment of many diseases (Aslam et al., 2016). 
Combining herbs is known to express high effective-
ness in treating a vast number of diseases compared to 
a single herbal formulation. As previously mentioned, 
the therapeutic effects of herbal medicines are exerted 
due to the presence of different phytochemical con-
stituents and the effects are further potentiated when 
compatible herbals are formulated together. 

Funtumia africana (Benth.) Stapf (Family = Ap-
ocynaceae) is native to and commonly distributed 
throughout eastern, central and western Africa; the 
species is likewise found in certain southern Afri-
can countries like Mozambique (Beentje et al., 1994; 
Orwa et al., 2009). In West Africa, F. africana is found 
to be useful in the management of fever soreness, ma-
laria, malignancy, amoebic dysentery, urinary inconti-
nence and burns (Ashidi et al., 2010; Odugbemi et al., 
2007). Because of the presence of a range of medically 
active compounds in Abutilon mauritianum, like sapo-
nins, flavonoids, tannins and alkaloids, the plant parts 
are widely used in traditional African medicine. The 
leaves possess antibacterial and antimicrobial proper-
ties, while the bark is diuretic and used in the treat-
ment of diarrhoea, stomach-ache, parasitic infections, 
venereal diseases, malaria, coughs and colds (Burkill, 
2004; Cowan, 2000). 

These phytoconstituents of Funtumia africana 
and Abutilon mauritianum, as seen in other plants, 
have been shown to possess inhibitory effects against 
5-alpha reductase, anti-inflammatory and free radical 
scavenging activities, modulatory effects on prolactin-
induced prostatic growth and protective effects on 
bladder and detrusor function (Sharma et al., 2017). 

Funtumia africana and Abutilon mauritianum have 
over the years proven to be very important plants in 
traditional medicine and are found almost everywhere 
as they adapt easily to various environmental condi-
tions. Hence, this study was aimed at evaluating the 
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effects of the combined extract of F. africana and 
A. mauritianum leaves on the lipid profile and kidney 
function indices of testosterone-induced benign pros-
tatic hyperplasia in rats.

MATERIALS AND METHODS

Collection, identification and preparation  
of plant materials
Fresh leaves of F. africana and A. mauritianum were 
collected from a farm located in the Michael Okpara 
University of Agriculture, Umudike (MOUAU), Abia 
State, Nigeria in June, 2019 and authenticated in the 
Department of Forestry, MOUAU. These plant mate-
rials were thoroughly cleaned, washed with tap wa-
ter and dried at room temperature. The dried samples 
were pulverized into a coarse powder using an elec-
tric blender. At a ratio of 1:1 (i.e. 250 mg of coarsely 
ground sample each equivalent to 500 g of both plant 
samples), the combined sample was soaked in 1.5 L 
of absolute ethanol for 72 hours. The extracted ma-
terial was filtered with a muslin cloth and thereafter 
with Whatman No 1 filter paper. The filtrate obtained 
was concentrated till the ethanol solvent completely 
evaporated in a water bath at 65°C and the percentage 
yield determined. 

Collection and acclimatization  
of experimental animals
Thirty (30) male albino rats weighing 100–150 g were 
purchased from the Animal House of the Department 
of Zoology and Environment Sciences, Faculty of 
Biological Sciences, University of Nigeria Nsukka, 
Nigeria and housed at the Animal House of the De-
partment of Biochemistry, College of Natural Scienc-
es, MOUAU for 7 days under twelve hours dark and 
light cycle with access to standard animal feed (Vital 
Feeds) and water ad libitum. On approval by the Re-
search Ethics Board of the Department of Biochem-
istry, the animals were handled in adherence with the 
National Institute of Health’s guidelines for the care 
and use of Laboratory animals (Institute of Laboratory 
Animal Resources, 1986).

Experimental design
After acclimatization, the rats were distributed into 
5 groups containing 6 rats each. Group 1 was made 
up of normal rats that received only animal fed and 
1 mL/kg of distilled water and olive oil in the ratio of 
1:1 (v/v). Group 2 was the BPH control that was BPH- 
-induced but untreated, while group 3 was the stand-
ard control that was BPH-induced and treated with 
0.8  mg/kg/day of finasteride. Groups 4 and 5 were 

    

Fig. 1. Funtumia africana (A) and Abutilon mauritianum (B) leaves
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made up of BPH-induced rats treated with 200 and 
600 mg/kg of combined ethanol extract of Funtumia 
africana and Abutilon mauritianum leaves respective-
ly according to their respective body weights. Benign 
prostatic hyperplasia – BPH was induced in the rats 
by subcutaneous injection of testosterone propionate 
mixed with olive oil at a ratio of 1:1 (v/v; 3 mg/kg 
body weight) for 28 consecutive days. The combined 
extracts and finasteride respectively were adminis-
tered orally 1 hour after the testosterone propionate 
(TP) injection for the 28 consecutive days. After the 
last day of administration of testosterone propionate 
and treatments on the 28th day, the rats were placed 
on a fast overnight and blood samples and kidney tis-
sues were collected from the animals for biochemical 
analyses and histological examination respectively. 

Acute toxicity (LD50) of the plant
The acute toxicity test was conducted on the leaves 
in two phases in accord with Lorke’s method (Lorke, 
1983). 

Determination of lipid profile
The total cholesterol and high-density lipoprotein 
(HDL) concentrations of the serum were determined 
spectrophotometrically using the method of Allain et 
al. (1974) and Albers et al. (1978) respectively as con-
tained in the procedures stated in the respective QCA 
commercial kits. The triacylglycerol (TAG) concen-
tration of the serum was determined according to the 
method of Albers et al. (1978) as contained in Ran-
dox commercial kit, whereas the serum low-density 
lipoprotein cholesterol (LDL) and very low-density 
lipoprotein cholesterol (VLDL) concentrations were 
calculated using the Friedelwald equation (Friedel-
wald et al., 1972). 

Determination of serum urea and creatinine 
concentrations
The urea concentration of the serum was determined 
using urease Berthelot according to the method de-
scribed by Fawcett and Scott (1960) as outlined in 
Randox commercial kit, while the creatinine con-
centration was determined using direct endpoint ac-
cording to the method of Henry (1974) as described 
in Randox commercial kit.

Histopathological examination
Tissue preparation. The kidneys were fixed in 10% 
phosphate-buffered formalin for 48 hours before tis-
sue preparation. The tissues were clipped afterwards, 
dehydrated in 4 ascending grades of alcohol (70%, 
80%, 90% and 100%), cleared in 3 grades of xylene 
and embedded in molten wax. After embedding, the 
tissue-containing wax blocks were cut into 5 µm thick 
sections with a rotary microtome, floated in a water 
bath at 60°C, placed on clean grease-free glass slides 
and placed on a slide warmer set at 60°C overnight. 
Afterwards, the 5 µm thick sectioned tissues on glass 
slides were cleared in 3 grades of xylene and rehydrat-
ed in 3 descending grades of alcohol (90, 80 and 70%). 
The sections were then stained with Mayer’s hema-
toxylin for 5 minutes. Blueing was done with ammo-
nium chloride. Differentiation was done with 1% acid 
alcohol before counterstaining with Eosin. Permanent 
mounts were made on degreased glass slides using 
a mountant.

Slide examination. The prepared slides were in-
spected using a Motic™ compound light microscope 
with ×4, ×10 and ×40 objective lenses. The photo-
micrographs were taken using a Motic™ 5.0 meg-
apixel microscope camera at ×100, ×160 and ×400 
magnifications.

Statistical analysis
The data obtained were statistically analysed using 
One-way Analysis of Variance (ANOVA) with the aid 
of Statistical Product and Service Solutions (SPSS) 
version 22. The means were compared using Duncan 
multiple range tests and significance was established 
at p < 0.05.

RESULTS AND DISCUSSION

Percentage yield
After filtration and concentration, the concentrated 
combined extract gave a total yield of 22.7% (26.06 g).

Acute toxicity result
The acute toxicity test results of the combined ethanol 
extract of F. africana and A. mauritianum leaves on 
male albino rats showed no death or adverse reactions 
in the rats.
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Lipid profile results
Figure 2 showed that the TAG concentration in BPH- 
-induced control rats was significantly (p < 0.05) high-
er when compared with the TAG concentration of the 
normal control rats and treatment groups (200 and 600 
mg/kg b.w. of CEFA). However, the TAG concentra-
tions in the standard control and groups treated with 
200 and 600 mg/kg of CEFA showed no significant 
(p > 0.05) difference in the TAG concentration rela-
tive to the normal control. Also, the standard control 
rats that received Finasteride and BPH-induced rats 
treated with low (200 mg/kg) and high doses (600 mg/
kg) of CEFA showed a significant (p < 0.05) decrease 
in their TAG concentrations when compared with the 
BPH control that was not treated. The result in Fig-
ure 3 showed that the HDL concentration in the BPH- 
-induced rats was significantly (p < 0.05) lower when 
compared with the NC, standard control and treatment 
groups (200 and 600 mg/kg of CEFA). There was no 
significant (p > 0.05) difference in HDL-C among the 
normal control, standard control and combined extract 
(200 and 600 mg/kg) treatment groups.

From Figure 4, the TC concentration in the BPH 
control rats was significantly (p < 0.05) elevated when 
compared with the normal control rats. However, 
the TC concentration in standard control and groups 
treated with 200 and 600 mg/kg of CEFA showed no 

significant (p < 0.05) differences when compared with 
the NC. Also, there was no significant (p > 0.05) dif-
ference in TC concentration of the standard control 
and BPH-induced rats treated with low (200 mg/kg) 
and high doses (600 mg/kg) of CEFA leaves. Fig-
ure  5 showed that LDL-C in the BPH control rats 
was higher, although not significantly (p > 0.05), 

Fig. 2. Triacylglycerol (TAG) concentrations of BPH- 
-induced rats treated with combined extracts of F. africana 
and A. mauritianum leaves (CEFA): NC – normal control, 
CEFA – combined extract of F. africana and A. mauritianum 
leaves. Each bar depicts means ±standard deviation (n = 6). 
Bars with differing superscripts are significantly different 
(p < 0.05)

Fig. 3. High-density lipoprotein (HDL) concentrations of 
BPH-induced rats treated with CEFA: NC – normal control, 
CEFA – combined extract of F. africana and A. mauritia-
num leaves. Each bar depicts the means ±standard deviation 
(n = 6). Bars with differing superscripts are significantly dif-
ferent (p < 0.05)

Fig. 4. Total cholesterol (TC) concentrations of BPH-in-
duced rats treated with CEFA leaves: NC – normal control, 
CEFA – combined extract of F. africana and A. mauritianum 
leaves. Each bar depicts the means ±standard deviation (n = 
6). Bars with differing superscripts are significantly different 
(P < 0.05)
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when compared with the NC, standard control and 
CEFA groups. Furthermore, there was an insignificant 
(p > 0.05) difference in the LDL concentration among 
the other groups.

Kidney function indices
Figure 6 shows the effects of the combined extract of 
F. africana and A. mauritianum leaves (CEFA) on urea 
concentration in BPH-induced albino rats. The urea 

concentration in the BPH control rats, standard con-
trol rats and groups treated with low and high doses 
(200 and 600 mg/kg respectively) of CEFA was sig-
nificantly (p < 0.05) higher compared to the NC. Also, 
the standard control group treated with Finasteride 
and 600 mg/kg b.w. of CEFA caused a significant 
(p < 0.05) decrease in the urea concentration when 
compared with the untreated BPH-induced control 
group. Treatment with 200 mg/kg of CEFA showed 
a significant (p < 0.05) increase in the urea concen-
tration when compared with the standard control. As 
seen in Figure 7, the creatinine concentrations of the 
BPH-induced groups treated with 200 and 600 mg/kg 
of CEFA were significantly (p < 0.05) increased when 
compared to the NC. The creatinine concentration in 
the BPH-induced rats treated with a low dose (200 mg/
kg) of CEFA was significantly (p < 0.05) increased, 
while the one treated with a high dose (600 mg/kg) of 
CEFA was not significantly (p > 0.05) increased when 
compared to the BPH-induced control.

Histopathological examination results
Plates 1–5 show the effects of the combined extract 
of F. africana and A. mauritianum leaves (CEFA) on 
kidney histomorphology in BPH-induced albino rats. 
Sections of the kidney from the normal control rats 
showed normal renal histomorphology for laboratory 
rodents. Normal glomeruli (G) were observed in the 

Fig. 5. Low-density lipoprotein (LDL) concentrations of 
BPH-induced rats treated with CEFA: NC – normal control, 
CEFA – combined extract of F. africana and A. mauritianum 
leaves. Each bar depicts the means ±standard deviation (n = 
6). Bars with differing superscripts are significantly different 
(P < 0.05)

Fig. 6. Urea concentrations of BPH-induced rats treated 
with combined extract of F. africana and A. mauritianum 
leaves: NC – normal control, CEFA – combined extract of 
F. africana and A. mauritianum leaves. Each bar depicts the 
means ±standard deviation (n = 6). Bars with differing su-
perscripts are significantly different (P < 0.05)

Fig. 7. Creatinine concentrations of BPH-induced rats treat-
ed with combined extract of F. africana and A. mauritianum 
leaves: NC – normal control, CEFA – combined extract of 
F. africana and A. mauritianum leaves. Each bar depicts the 
means ±standard deviation (n = 6). Bars with differing su-
perscripts are significantly different (P < 0.05)
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cortex, surrounded by normal renal tubules (arrow). 
The renal tubules were also normal in the outer medul-
la and the inner medulla (plate 1). Similarly, the sec-
tions of kidneys from the BPH-induced untreated rats 
(plate 2), BPH-induced rats treated with Finasteride 
(i.e. standard control) in plate 3, and BPH-induced rats 
treated with 200 and 600 mg/kg of CEFA (plates 4 and 
5 respectively) showed normal kidney histomorphol-
ogy of normal rodents.

Plate 1. Histomorphology of kidney section from normal 
control rats that were not induced with benign prostatic hy-
perplasia (BPH)

Plate 2. Histomorphology of kidney section from BPH- 
-induced untreated rats

Plate 3. Histomorphology of kidney section from BPH- 
-induced rats treated with 5 mg/kg of Finastride 

Plate 4. Histomorphology of kidney section from BPH- 
-induced rats treated with 200 mg/kg of CEFA

Plate 5. Histomorphology of kidney section from BPH- 
-induced rats treated with 600 mg/kg CEFA
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DISCUSSION

The acute toxicity (LD50) result of the combined ex-
tract on male albino rats showed no death or adverse 
reactions such as drowsiness or removal of hair, and 
suggests that the combined ethanol extract is relatively 
safe for consumption.

Triacylglycerols are the core components of body 
fat in humans (Lampe et al., 1983). The significant 
elevation in TAG concentration observed in group 2 
(BPH-induced control) suggests that the impact of 
high toxicity may alter the TAG level, which may re-
sult in a buildup of lipid molecules in the arteries lead-
ing to atherosclerosis (Zhang et al., 2008). However, 
the significant decrease in groups 4 and 5 treated with 
200 and 600 mg/kg of combined extract respectively, 
suggests no or less toxicity at such doses and so may 
have little or no impact on the heart when compared 
to group 2.

High-density lipoprotein – HDL is an essential 
marker for the transportation of lipids from exterior 
tissues to the kidney or liver. They can convey fat mol-
ecules out of the artery walls, diminish macrophage 
buildup, and aid in managing atherosclerosis (AUA, 
2003). The substantial decline in HDL concentra-
tion detected in group 2 suggested a risk of cardio-
vascular disease when related to the normal control. 
However, the noteworthy surge in HDL concentration 
observed in groups 4 and 5 treated with 200 and 600 
mg/kg CEFA respectively, suggested a protective ef-
fect against hyperlipidemia and cardiovascular disease 
when compared to the BPH-induced control (group 2) 
that was not treated.

According to the result of total cholesterol on the 
effects of ethanol combined with the extract of F. afri-
cana and A. mauritianum leaves, it was observed that 
there was a significant increase in group 2 (BPH- 
-induced control) when compared to the normal and 
standard controls respectively, illustrating that a high 
level of cholesterol amplifies and accelerates the risk 
of atherosclerosis in both middle and old age. 

Low-density lipoprotein cholesterol (LDL) is an 
important marker for the risk of developing heart dis-
ease (Zhang et al., 2008). The non-significant eleva-
tion in LDL concentration in all groups (1–5) suggests 
no or low impact in the heart when compared to the 
normal, BPH-induced and standard controls.

Urea is a key metabolic product of biological 
pathways comprising ammonia, which is noxious to 
the body (D’Apolito et al., 2010). Therefore, its con-
veyance plays a vital part in nitrogen removal and 
osmotic homeostasis. The elevation in urea concen-
tration caused by BPH was significantly lowered by 
the standard drug and 600 mg/kg of the combined ex-
tract. This is in line with the report of Asuk and Ugwu 
(2018) who reported a reduction in urea and creati-
nine levels in BPH-induced rats treated with Vernonia 
amygdalina. This suggests that a higher concentration 
of the combined extract and possibly longer-term ad-
ministration may be more effective in ameliorating re-
nal impairment in BPH patients. 

Creatinine in serum is connected with a great risk 
of prostate cancer; especially in progressive cases 
where the risks of survival are low (Weinstein et al., 
2009) and is also regarded as a veritable prostate 
cancer staging and predictive marker (Chiong et al., 
2005). The  rats treated with 200 and 600 mg/kg of 
CEFA showed an elevated level of creatinine when 
compared to the normal control, signifying impaired 
kidney function. However, the lower dose (200 mg/kg) 
of the combined extract caused a significant reduc-
tion in creatinine concentration when compared to the 
BPH-induced group. This result agrees with that of 
Reshma et al. (2014), who evaluated markers of renal 
dysfunction in prostate disorders and healthy controls. 
This suggests that lower doses of the combined extract 
may possess better nephroprotective potentials against 
testosterone propionate-induced benign prostatic hy-
perplasia in male albino rats.

According to the histomorphology of kidney sec-
tions of group 1 from renal histology, normal glomer-
uli in Bowman’s capsule, bordered by a sea of renal 
tubules (arrow) were observed. Likewise, the kidney 
in group 2 showed its normal histology. This shows 
that the combined extract of F. africana and A. mau-
ritanum leaves had no negative impact on the kidney 
tissues. However, the extract possesses the potential of 
ameliorating cardiovascular diseases and atheroscle-
rosis and protecting against kidney damage. 

CONCLUSION

This study has revealed that a combined ethanol ex-
tract of F. africana and Abutilon mauritianum leaves 
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is capable of averting the risks of hyperlipidaemia and 
renal injury. This is demonstrated by the significant 
positive modulation of HDL and TAG levels by CEFA 
in the treated rats. Also, the combined ethanol extract 
of F. africana and Abutilon mauritianum leaves atten-
uated the elevated renal indices in BPH-induced rats 
by significantly decreasing urea and creatinine levels 
after treatment; hence, indicating a renoprotective po-
tential. Despite the effects of the combined ethanol 
extract of F. africana and Abutilon mauritianum on 
BPH-induced albino rats, the exact constituents re-
sponsible for these effects are not fully known, hence 
allowing for further studies.
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