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Abstract 

Benign prostatic hyperplasia (BPH) is the most common benign proliferative disease among men 

during aging. The herbal extract of P. africanus has been used for the treatment of BPH since time 

immemorial. However microstructural changes of this extract to the prostate of animal or human 

models are still elusive. Therefore, histological and histomorphometric changes in rats with 

testosterone-induced BPH due to P. africanus herbal extracts were investigated. Twenty-eight 

male Wistar rats (200 ± 50 g) were divided into four groups each with 7 rats. Group 1 (Negative 

control) was given 2 ml/day of olive oil subcutaneously and 2 ml/day of normal saline 

intragastrically for 28 days. Three groups were induced with BPH by subcutaneous injection of 

testosterone propionate 3 mg/kg body weight/day for 28 days. Thereafter Group 2 (BPH) was 

sacrificed, while Group 3 (Positive control) and Group 4 (Treatment group) were administered 

with finasteride 5 mg/kg/day and P. africanus extract 400 mg/kg/day intragastrically for 28 days, 

respectively. BPH group revealed thickening and hyperplasia of tubular epithelium with 

involutions with the stroma showing large spaces and dilated blood vessels. These features were 

restored with P. africanus extract administration. High epithelial height, large stromal area and 

lower luminal area observed in the BPH were greatly reversed with P. africanus extract 

comparable to negative controls. Generally, P. africanus extract restored and ameliorated 

histological and histomorphometrical changes of the BPH-induced rat’s prostates. 
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Introduction 

Benign prostatic hyperplasia (BPH) is a 

histological diagnosis that is associated with an 

unregulated proliferation of connective tissue 

stroma and glandular epithelium within the 

prostatic transition zone (McVary 2006, 

Auffenberg et al. 2009). According to Barkin et 

al. (2009), it is a chronic condition that affects 

aging men predominantly worldwide regardless 

of their culture or ethnic origins. The incidence 

of BPH has been shown to increase by 42% in 

men between 40 and 50 years and up to 90% in 

those over 80 years (McVary 2006, Zhong et 

al. 2015). The prevalence of clinical BPH in 

central Tanzania was estimated to be 61.6% 

and histologically it was observed as the most 

common prostatic disease by 60% 

(Mwashambwa et al. 2015). Traditionally, the 

primary goal of BPH treatment has been to 

alleviate bothersome Lower Urinary Tracts 

Symptoms (LUTS) that result from prostatic 

enlargement (McVary 2002, Wilt et al. 2002, 

Auffenberg et al. 2009). The mainstay 

management of mild to moderate clinical BPH 
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is medical therapy of which different drugs 

have been used singly or in combination 

including finasteride, dutasteride, tamsulosin, 

and prazosin. The most known and common 

side effects of these agents are erectile 

dysfunction, loss of libido, ejaculatory 

dysfunction, gynecomastia, tiredness, 

dizziness, hip fractures, and occasionally 

postural hypotension (Auffenberg et al. 2009, 

Traish 2011). Drug side effects and their high 

costs lead to decreased compliance and 

adherence to the medications which tend to 

reduce the quality of life of patients and 

increase the burden of the disease (Nichol et al. 

2009, Pinto et al. 2015). Alternatively, several 

herbal medicines that appear to have limited 

adverse effects have gained increasing 

popularity in BPH treatments (Zhong et al. 

2015). 

Prunus africanus (synonym Pygeum 

africanus) belongs to the Rosaceae family. It is 

a widespread evergreen tree, growing at an 

altitude of 1500–2000 m. It is usually 10–25 m 

high with alternate leaves, a straight cylindrical 

trunk, a dense rounded crown and small white 

or cream fragrant flowers (Komakech and 

Kang 2019). It has blackish-brown bark, 

shining foliage, and greenish or white flowers. 

It is found in mountains and underlying islands 

in 22 countries mostly on the eastern side of 

Africa, it is also found in central Africa 

(Katanga, Congo), in West Africa, Comoros, 

and Madagascar. Bark extracts of P. africanus 

are used to treat benign prostate hyperplasia 

(Thompson et al. 2019). The stem and root 

bark of P. africanus contain many bioactive 

phytochemicals such as terpenoids, flavonoids, 

phytosterol, fatty acids, and tannins. The 

synergistic interactions of these 

phytochemicals have made P. africanus 

significantly a potent traditional medicine for 

many diseases and conditions such as benign 

prostate hyperplasia. It also has anti-cancer, 

anti-inflammatory, and antiviral effects 

(Komakech and Kang 2019, Thompson et al. 

2019).  According to Jena et al. (2016), 

Pygeum is one of the top-selling herbs in 

European countries for use as a first-line 

treatment for the prevention and cure of BPH, 

and studies conducted in Europe have shown 

that Pygeum bark is also useful in maintaining 

a healthy prostate. Numerous clinical trials 

have demonstrated the clinical usefulness of 

Pygeum bark in improving LUTS to patients 

with BPH. In Tanzania, P. africanus extract is 

available as Prucan capsules produced and 

prescribed by the Institute of Traditional 

Medicine (ITM) of Muhimbili University of 

Health and Allied Sciences, Dar es Salaam, 

Tanzania as an alternative therapy for mild and 

moderate BPH to patients who are willing to 

use it, but there are insufficient local studies 

which support its use. Despite the clinical 

usefulness of Prunus africanus extracts in 

amelioration of bothersome LUTS in mild to 

moderate BPH and their protective effects in 

the prostate,  the histological and 

histomorphometric effects of these extracts to 

the prostate of animal or human models are still 

elusive. Therefore, this study was designed to 

investigate the histological and 

histomorphometric changes to the prostate of 

rat model with testosterone induced BPH 

administered with P. africanus extracts.  

 

Materials and Methods 

Animals 

A total of 28 male Wistar rats (200 ± 50 g) 

three months old were purchased from the 

animal breeding unit of the Faculty of 

Veterinary Medicine, Sokoine University of 

Agriculture, Morogoro Tanzania. Before the 

start of the experiments, rats were allowed to 

adapt to the modified conditions for 2 weeks 

according to Chung et al. (2016). Rats were 

housed in separate standard aluminium cages 

and maintained in an air-conditioned room with 

a 12 hours light/dark cycle, and they were 

provided with tap water and standard rodent 

pellets ad libitum. 

 

Experimental design 

All experimental procedures and animal 

maintenance we conducted following the 

accepted standards of animal care (Sarkar  

2011, Mohr et al. 2016). After the 
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acclimatization period of two weeks, rats were 

randomly divided into four groups each group 

with 7 rats. Group 1 (negative control group) 

rats were subcutaneously injected with vehicle 

agent olive oil 2 ml/day for four weeks and oral 

normal saline 2 ml/day for four weeks). In 

Group 2 (BPH group), BPH was induced by 

subcutaneous injection of testosterone 

propionate (TP) dissolved in olive oil as a 

vehicle agent (Testoviron 250 mg ampoule, 

BM Pharmaceuticals) 3 mg/kg body 

weight/day for four weeks and then sacrificed 

as pathological controls (Ammar et al. 2015,  

Swaroop et al. 2015). In Group 3 (Treatment 

group) and Group 4 (positive control group) 

rats were injected with TP for four weeks to 

induce BPH, and after the BPH induction 

period, Group 3 (Treatment group) rats were 

administered with a crude product of P. 

africanus extracts 400 mg/kg dissolved normal 

saline 10 ml/kg daily for four weeks, and 

Group 4 (positive control group) rats were 

administered with finasteride (Aurobindo 

Pharma Ltd) 5 mg/kg body weight 

intragastrically for four weeks (Chung et al. 

2016). 

 

Preparation and administration of Prunus 

africanus extract 

Stem barks of P. africanus were obtained from 

the Institute of Traditional Medicine of 

Muhimbili University of Health and Allied 

Sciences. They were cleaned, dried, ground and 

soaked in 98% of ethanol for three days to 

ensure complete extraction of the active 

ingredients by the stated solvent. Thereafter, 

the solution was filtered by cotton wool 

followed by concentration of the extract by 

using a rotary evaporator to obtain the crude 

extract. Oral administration of the extracts to 

rats up to 1 g/kg body weight daily for 8 weeks 

does not cause clinical or pathological signs of 

toxicity (Medicines Agency 2016). According 

to Jena et al. (2016), most clinical studies on P. 

africanus against BPH have been carried out at 

the dose levels of 100 and 200 mg/day in 

patients, so to obtain an average dose of 100 

mg/day we decided to use a dose of 400 mg/kg 

body weight whereby the average weight of the 

rats was 250 g. The extract powder was 

dissolved in normal saline and then 

administered intragastrically; the dose-volume 

of normal saline used was 10 ml/kg according 

to Bloomington Institutional Animal Care and 

Use Committee (2020). 

 

Sample collection 

At the end of the experimental period, all 

animals were fasted overnight and euthanized 

using pentobarbital (Oak Pharmaceuticals, Inc, 

US) at a dose of 100 mg/kg body weight 

injected intraperitoneally (Shin et al. 2012). 

Ventral prostates were excised, rinsed, and 

weighed by an analytical balance (Itin Scale 

Co, Inc. Brooklyn, New York), and then the 

ratio of the prostate weight to body weight was 

calculated (prostatic index). The prostatic index 

(PI) is calculated as PW/BW x 100% (Zhong et 

al. 2015). 

 

Histopathological and morphometric study 

Sections of the ventral prostate lobe were fixed 

in 10% neutral buffered formalin, then 

dehydrated in ascending grades of ethanol, 

cleared in xylene and embedded in liquid 

paraffin wax. The tissues were sectioned at a 

thickness of 5 µm (Jena et al. 2016) using the 

Heitz 150 rotary microtome (Cambridge 

model) to get good contrast, sharpness and easy 

appreciation of histological details. Sectioned 

tissues were then subjected to Erlich’s 

Haematoxylin and Eosin (H & E) staining 

technique using Baker and Silverton method 

for histological examinations. Histological 

slides were scanned using the digital slide 

scanning system Motic Easy Scanner (Motic 

Incorporation Ltd Hong Kong). There were two 

investigators; the first investigator read the 

histological findings and the second measured 

histomorphometric parameters of the epithelial 

height, acinar luminal area, and stromal area by 

using four non-overlapping fields. Both 

investigators were not aware of the present 

study (blinded) to reduce observer bias 

(Nandecha et al. 2010, El-Din and Fattah 

2019). All histomorphometric data were 
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collected and analyzed using Image J software 

(Gonzales et al. 2008, El-Din and Fattah 2019). 

 

Data processing and analysis 

Quantitative data were packed and analysed by 

SPSS statistical software (version 20). All the 

values of parameters were expressed in mean 

(M) ± standard deviation (SD). All continuous 

data, including the rats’ body weight, prostate 

weight, epithelial height, acinar luminal area, 

and stroma area were checked for normality 

using the Shapiro–Wilk test and for 

homogeneity of variance using Equal Variance 

Test. Data of different groups were analysed 

using one-way analysis of variance (ANOVA), 

followed by  Tukey’s post hoc test. The data 

showing significance in their variances were 

subjected to Dunnett’s T3 test. A value of p < 

0.05 was considered statistically significant. 

Other histological findings were described 

accordingly.  

 

Ethical clearance 

The study was carried out after ethical 

clearance approval from the Ethical Committee 

of Muhimbili University of Health and Allied 

Sciences letter with Ref. No. 

DA.287/298/01A/. 

 

Results 

A Shapiro–Wilk test (p > 0.05) (Table 1), 

(Shapiro and Wilk 1965, Razali and Wah 2011) 

and a visual inspection of histogram, normal Q-

Q plots and Box plot showed that prostate 

weights were approximately normally 

distributed for all the animal groups, with 

skewness of -0.3259 (SE = 1.014) and kurtosis 

of 1.014 (SE = 2.619) for Negative control, 

skewness of 1.485 (SE = 1.014) and kurtosis of 

2.204 (SE = 2.619)  for BPH, skewness of -

0.615 (SE = 1.014)  and kurtosis of 0.460 (SE 

= 2.619), skewness of 0.005 (SE = 1.014)  and 

kurtosis of -5.787(SE = 2.619). Prostate weight 

of BPH group was numerically higher (n = 4, 

M = 866.50, SD = 63.98) than the negative 

control group (n = 4, Mean or M = 418.50, 

Standard deviation or SD = 9.04). Treatment 

group (n = 4, M = 490.03, SD = 6.03) and 

positive control group (n = 4, M = 447.75, SD 

= 51.28) had lower weights compared to the 

BPH group (n = 4, M = 866.50, SD = 63.98) 

(Table 1). 

 

Table 1:  Prostate weight (mg) of rats and their Normality test (N = 24) 

    95% Confidence 

Interval for Mean 

Shapiro-Wilk 

Group 
n Mean  

Standard 

deviation 

Lower 

bound 

Upper 

bound 
Statistic Df 

p-

value 

Negative 

control 

4 418.50 9.04 404.12 432.88 0.975 4 0.870 

BPH 4 866.50 63.98 764.69 968.31 0.874 4 0.315 

Treatment 4 490.03 6.03 480.43 499.62 0.983 4 0.919 

Positive 

control 

4 447.75 51.28 366.15 529.35 0.800 4 0.103 

Note: value is statistically significant at p < 0.05, Df = Degrees of freedom. 

 

A visual inspection of rats weight’s 

histogram, normal Q-Q plots and Box plot and 

a Shapiro-Wilk test (p < 0.05) showed 

approximately a normal distribution for all 

animal groups (Table 2), with skewness of 

0.203 (SE = 1.014)  and kurtosis of  -4.776 (SE 

= 2.619) for the negative control, skewness of -

0.975 (SE = 1.014) and kurtosis of 1.285 (SE = 

2.619)  for BPH, skewness of  1.049 (SE = 

1.014)   and kurtosis of  0.761(SE = 2.619) for 

treatment and skewness of 0.462 (SE = 1.014) 

and kurtosis of  -1.082 (SE = 2.619)  for 

positive control. 
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Table 2:  Weight of rats (g) and their Normality test (N = 24) 

    95% Confidence 

Interval for Mean 

Shapiro-Wilk 

Group n Mean Standard 

deviation 

Lower 

bound 

Upper 

bound 
Statistic Df 

p-

value 

Negative 

control 

4 225.25 12.09 206.01 244.49 0.851 4 0.229 

BPH 4 223.50 16.54 197.18 249.82 0.953 4 0.733 

Treatment 4 224.00 11.75 205.31 242.69 0.939 4 0.650 

Positive 

control 

4 223.25 12.61 203.19 243.30 0.978 4 0.891 

Note: value is statistically significant at p < 0.05. 

 

Relative prostate weight (prostate/body weight 

ratio) of rats between groups showed that the 

BPH group was heavier (3.81) compared to the 

negative control (1.86), treatment (2.19) and 

positive control (2.02) (Figure 1). 

 
Figure 1: Relative prostate weight of rats. 

 
The distribution of epithelial height, acinar 

luminal area and stroma area across different 

animal groups was approximately normal by a 

visual inspection of their histogram, normal Q-

Q plots and Box plot with skewness and 

Kurtosis as shown in Table 3, but also a 

Shapiro-Wilk test for normality was not 

significant (p > 0.05) (Table 3).  

Epithelial height was higher in the BPH 

group (n = 4, M = 27.15, SD 0.97) than in 

negative control (n = 4, M = 16.14, SD = 0.37), 

positive control (n = 4, M = 16.55, SD = 0.48) 

and in treatment group (n = 4, M = 17.10, SD = 

0.32). BPH group had a small acinar luminal 

area (n = 4, M = 299.50, SD =1.29) compared 

to negative control (n = 4, M = 348.50, SD = 

1.29), positive control (n = 4, M = 349.90, SD 

= 1.67), and treatment group (n = 4, M = 

350.22, SD = 1.10). Stroma    area of the BPH 

group was larger (n = 4, M = 341.13, SD = 

1.26) from that of normal control (n = 4, M = 

246.13, SD = 1.09), positive control (n = 4, M 

= 247.21, SD = 0.32) and treatment group (n = 

4, M = 248.28, SD = 0.49) (Table 4). 
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Table 3: Normality and distribution of epithelial height, acinar luminal area and stroma area  

      Shapiro-Wilk Test 

Group Parameters Skewness Std 

Error 

Kurtosis Std 

Error 
Statistic df Sig. 

Negative C Epithelial H 0.122 1.014 1.475 2.619 0.958 4 0.769 

Acinar L 0.000 1.014 -1.200 2.619 0.993 4 0.972 

Stroma area -0.442 1.014 -2.396 2.619 0.946 4 0.694 

BPH Epithelial H 0.812 1.014 -1.260 2.619 0.958 4 0.769 

Acinar L 0.000 1.014 -1.200 2.619 0.993 4 0.972 

Stroma area -0.826 1.014 0.602 2.619 0.946 4 0.694 

Treatment Epithelial H 0.632 1.014 -1.700 2.619 0.958 4 0.769 

Acinar L 0.125 1.014 -2.196 2.619 0.993 4 0.972 

Stroma area 1.223 1.014 1.085 2.619 0.946 4 0.694 

Positive C Epithelial H -0.290 1.014 -3.958 2.619 0.958 4 0.769 

Acinar L 0.085 1.014 -4.307 2.619 0.993 4 0.972 

Stroma area 0.453 1.014 -2.643 2.619 0.946 4 0.694 

Note; C = Control, H = Height, L = Luminal, Std = standard, value is significant at p < 0.05. 

 

Table 4: Distribution of epithelial height, acinar luminal area and stroma area in different group 

(N = 24) 

     95% Confidence interval 

for mean 

Parameters Group n Mean Std. 

deviation 

Lower 

bound 

Upper 

bound 

Epithelia H 

[μm] 

Negative C 4 16.14 0.37 15.56 16.73 

BPH 4 27.15 0.97 25.61 28.68 

Treatment 4 17.10 0.32 16.60 17.60 

Positive C 4 16.55 0.48 15.79 17.31 

Acinar 

lumen 

[μm²] 

Negative C 4 348.50 1.29 346.45 350.55 

BPH 4 299.50 1.29 297.45 301.55 

Treatment 4 350.22 1.10 348.46 351.98 

Positive C 4 349.90 1.67 347.25 352.55 

Stroma 

area 

[μm²] × 10³ 

Negative C 4 246.13 1.09 244.39 247.86 

BPH 4 341.13 1.26 339.12 343.13 

Treatment 4 248.28 0.49 247.49 249.06 

Positive C 4 247.21 0.32 246.70 247.72 

Note: C = Control, H = Height, Std = Standard. 

 

Table 5: Test of homogeneity of variances 

 Levene statistic df1 df2 Sig. 

Epithelia height 4.134 5 18 0.011 

Acinar lumen 1.659 5 18 0.196 

Stroma area 9.829 5 18 0.000 

Note:  value is significant at p < 0.05. 

 

Levene’s test indicated significant 

differences for epithelial height (p = 0.011) and 

stroma area (p = 0.000) and no significant 

differences for the acinar luminal area (p = 
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0.196) (Table 5), thus the null hypothesis of 

equal variance was rejected for the dependent 

variables of epithelial height and stroma area 

but accepted for the acinar luminal area. 

The ANOVA results showed that the mean 

values differed significantly among different 

animal groups for epithelial height (F5,18 = 

314.28, p = 0.001), acinar luminal area (F5,18 

=1150.24, p = 0.000) and stroma area (F5,18  = 

10910.95, p = 0.000). Therefore, to check for 

the individual differences between groups, post 

hoc comparisons were performed whereby 

Dunnett’s T3 test was selected for dependent 

variables of epithelial height and stroma area 

because equal variance was not assumed, while 

for the acinar luminal area, Tukey’s HSD post 

hoc test was selected since equal variance was 

assumed (Swaroop et al. 2015, Lee and Lee 

2018). The test indicated that the mean 

epithelial heights differed significantly between 

groups, with BPH having higher epithelial 

height than the negative control group (p = 

0.000), positive control group (p = 0.000) and 

treatment group (p = 0.001) (Table 6). There 

was a statistical significant difference between 

groups for the mean acinar luminal area with 

BPH having a smaller luminal area than the 

negative control group (p = 0.000), positive 

control group (p = 0.000) and treatment group 

(p = 0.000) (Table 6). Mean stroma area 

distribution between groups was significantly 

different with the BPH group having a larger 

stroma area compared to negative control (p = 

0.000), positive control group (p = 0.000) and 

treatment group (p = 0.000) (Table 6). 

 

 

Table 6: Multiple comparisons of dependent variable between individual group with Dunnett’s 

T3 test 

Parameter  Group 

(I) 

Group (J) MD (I-

J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

bound 

Upper 

bound 

Epithelial 

height 
BPH 

Negative C 11.00* 0.52 0.000 8.27 13.73 

Positive C 10.10* 0.54 0.000 7.95 13.24 

Treatment 10.05* 0.51 0.001 7.27 12.82 

Acinar 

lumen 
BPH 

Negative C -49.00* 0.85 0.000 -51.70 -46.31 

Positive C -50.40* 0.85 0.000 -53.09 -47.71 

Treatment -50.72* 0.85 0.000 -53.40 -48.03 

Stroma area BPH 

Negative C 95.00* 0.83 0.000 91.42 98.58 

Positive C 93.92* 0.65 0.000 90.20 97.63 

Treatment 92.85* 0.68 0.000 89.30 96.39 

 

Figure 2 shows the histological changes to 

the prostate of rats between animal groups. In 

the control group, normal prostate histology is 

visible showing tubules with normal epithelia 

and lumens are filled with prostatic secretions. 

The connective tissue stroma has normal 

spaces and blood vessels (Figure 2A). BPH 

group reveals thickening of tubules epithelium 

and every tubule almost has developed large 

involutions projecting into the lumen reducing 

the volume of the lumen, while the connective 

tissue stroma showed large spaces and dilated 

blood vessels (Figure 2B). The positive control 

group (Figure 2C) and treatment group (Figure 

2D) showed marked improvements and 

restoration of many histological features 

comparable to the normal prostatic 

characteristics of the negative control in the 

form of reduced acinar epithelium thickness 

with absent involutions and decreased stromal 

spaces. 
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Figure 2: Photomicrographs of the prostate tissues between groups, HE-stained (×40) (A) 

Negative control group; (B) BPH group; (C) Positive control (D) Treatment group; E = Epithelial; 

I = Involution; L = Lumen; and S = Stroma. 

 

Discussion  

This study aimed to investigate the 

histological and histomorphometric changes of 

Prunus africanus extracts to rats with 

testosterone-induced BPH. It was found that 

the altered histological features and abnormal 

histomorphometric parameters caused by 

testosterone-induced BPH were reversed and 

ameliorated in the treatment and positive 

control group comparable to that of the 

negative control group. The prostate weight for 

the BPH group in the present study increased 

significantly compared to that of the negative 

control. This indicated the successfulness of the 

BPH induction in the present study by using 

testosterone propionate as has been reported 

previously by Agrawal et al. (2012) and 

Swaroop et al. (2015). The decrease of prostate 

weight in the positive control and treatment 

group shows grossly how finasteride and P. 

africanus extracts, respectively counteracted 

BPH activity in the prostate. The anti-BPH 

activities of the P. africanus extracts and 

finasteride are known, and they have been used 

as medical therapies in the management of 

LUTS/ BPH (Auffenberg et al 2009, Hutchison 

et al. 2007). 

Histologically, the findings of the present 

study have demonstrated prostate hyperplastic 

activity in the BPH group as has been reported 

also previously by El-Din and Fattah (2019). 

Dihydrotestosterone (DHT), a primary 

metabolite of testosterone, plays a key role in 

hyperplastic prostatic growth. The conversion 

of testosterone to DHT is mediated by the 

enzyme 5α-reductase located in the prostate 

(Anderson et al. 2001). Spaces within the 

connective tissues of the prostate contain 

components like fibres, cells, blood vessels and 

smooth muscles (Peehl and Sellers 1997). The 

fibres were not seen clearly in the present 

study, but cigar-shaped nuclei of smooth 

muscles can be seen. Dilated blood vessels in 

the BPH group showed increased activity in the 

connective tissue stroma due to hyperplasia; 

therefore, large spaces within the connective 

tissue of the prostate indicated the unregulated 

proliferation of its components associated with 

testosterone injection (Auffenberg et al. 2009). 

The treatment and positive control groups 

showed restoration of histological features. 

This is attributed to the fact that finasteride and 

P. africunus  extract are among 5-alpha 

reductase inhibitors that inhibit the conversion 
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of testosterone to dihydrotesterone (DHT) in 

the prostate (Hutchison et al. 2007 Pagano et 

al. 2014), and by reducing the production of 

DHT it will suppress the hyperplastic activity 

of the epithelium and stroma components. The 

restorations of histopathological changes in the 

prostate of rats induced with BPH are 

consistent with the findings of Komakech and 

Kang (2019). 

The histomorphometric data of the present 

study  showed an increase in the epithelial 

height of the BPH group because testosterone 

injection for four weeks does cause hyperplasia 

of the epithelial cells (El-Din and Fattah 2019), 

which increases their thickness and height. The 

positive control and treatment group had an 

epithelial height approximately close to that of 

the negative control, and this finding is 

consistent with that of Shin et al. (2012). The 

significant reduction of the mean acinar 

luminal area in the BPH group compared with 

that of the negative control has been also 

reported by Agrawalet al. (2011), and it is due 

to the projection of thickened epithelial cells 

into the lumen of the prostatic tubules. 

However, in the treatment and positive control 

groups, the acinar luminal area increased 

resembling that of the negative control, and this 

happened because the administration of 

finasteride and P. africanus extracts suppressed 

the uncontrolled proliferation of the epithelial 

cells, therefore epithelial involutions 

diminished (Chung et al. 2016). Prostatic 

stroma is composed of two predominant types 

of cells, fibroblasts and smooth muscle cells 

but it also contains androgen receptors (Peehl 

and Sellers 1997); all these tend to play part in 

the expansion of the stroma for the different 

pathological mechanism underlying BPH like 

androgen hormone (Zhong et al. 2015). 

Pathologically, BPH is characterized by an 

increase in the number of stromal cells (Pagano 

et al. 2014) as we observed in the BPH group 

compared with the other groups. El-Din and 

Fattah (2019) also showed stromal expansion 

with marked collagen deposition in the 

connective tissue stroma of the BPH-induced 

prostate. The significantly lower stroma areas 

in the treatment and positive control group 

compared with BPH showed how finasteride 

and P. africanus extracts reversed the 

hyperplastic activities in the connective tissue 

stroma.  

To the best of our knowledge, this is the 

first study to show histomorphometric changes 

associated with P. africanus extracts in rat 

models. In our local settings, some patients 

with mild to moderate BPH have been using P. 

africanus extracts in a special formulation 

named Prucan capsules as an alternative to 

medical therapy, and they do report to improve 

Lower Urinary Tracts Symptoms (LUTS) of 

BPH. This potential is also supported in the 

literature by Breza et al. (1998), Ishani et al. 

(2000) and Pagano et al. (2014). In European 

countries, phytotherapy has been used as the 

first-line treatment for mild-to-moderate LUTS 

and represents about 90% of all the drugs that 

are prescribed for the treatment of BPH 

(Medicines Agency 2016), therefore, the 

findings of the present study supplement 

histological effects and also adds 

histomorphometric effects of P. africanus 

extracts to what is already known about 

usefulness and efficacy of these extracts in the 

clinical management of BPH (Emmanuel  

2010, Kipkore et al. 2014, Komakech and 

Kang 2019). Therefore, it scientifically 

plausible to recommend the use of P. africanus 

extracts in our local settings as the alternative 

or one of the treatment options for mild to 

moderate BPH. 

 

Conclusion 

This study has demonstrated that P. africanus 

extracts reversed and ameliorated the 

histological and histomorphometric changes of 

the prostate in the BPH-induced rat model. The 

present study employed routine histological 

staining methods which may not succinctly 

elucidate subtle microstructures of the prostate 

tissue. Further studies employing newer and 

robust methods may be needed to appreciate 

fine histological features of the prostate with 

the administration of multiple doses of P. 
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africanus extracts in the rat model and later in 

the human prostate. 
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