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Introduction

Benign prostatic hyperplasia (BPH) is a non-cancerous 
enlargement of the prostate gland that can affect greater 
than 25% of males over 50 years old and the majority 
of males in their 80s (McVary, 2006). Once diagnosed, 
BPH has a negative health impact on the quality of 
life. Most of the current active clinical treatments in 
BPH involve procedural interventions accompanied by 
conventional treatments of beta-blockers and 5-alpha 
reductase inhibitors (5-ARIs) depending on the size of 
the prostate. Likewise, another treatment option includes 
the use of  phosphodiesterase-5 (PDE-5) inhibitors 
(Clifford and Farmer 2000; Van Asseldonk et al., 2015). 
However, the current  BPH treatments have been reported 
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to be associated with side effects including loss of 
libido, erectile dysfunction, and ejaculatory disorders 
(Mirone et al., 2011). Therefore, continuous investigation 
of novel drug therapies is in progress (Buford et al., 
2019). Indeed interest in complementary and alternative 
medicine (CAM) treatment options for BPH have become 
more prevalent in recent years in Europe and the USA 
(Fourcade et al., 2008; Smith et al., 2015). A list of 
different phytotherapy drugs to treat BPH has been drawn 
up as an alternative to conventional treatments assuming 
possible lower side effects (Migdady et al., 1998; Zlotta 
et al., 2005; Keehn et al., 2016; Al-Trad et al., 2017). For 
instance, Al Trad et al ., (2017) demonstrated a positive 
impact of thymoquinone derived from N. Sativa on animal 
models in which they reported a reduction in prostate 
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size, epithelial hyperplasia, IL-6, TGF-β1, and VEGF-A. 
In addition, the new nanotechnological approaches have 
been investigated as options for the treatment of BPH (Al 
Zoubi et al., 2019). 

Moringa peregrina (Moringaceae) is classified as 
a rare medicinal plant in Jordan (Oran, 2014). It is a 
drought-tolerant tree, growing in different geographical 
locations from Dead Sea-Jordan along the Red Sea to 
Somalia, Arabian Peninsula, Persian Gulf, and Sinai 
Mountains (Osman and Abohassan, 2012). Various 
studies have investigated the chemical components and 
medicinal use of M. peregrina aerial parts and seeds. For 
instance, M. peregrina leaf extracts display antioxidant 
activities (Dehshahri et al., 2012) and proteins with 
antimicrobial activity (Somali et al., 1984; Lalas et al., 
2012). Similarly, the extracts of different moringa species 
are reported to possess effective antitrypanosomally, 
cardioprotective, hepatoprotective, antihypertensive, 
diuretic, and anti-diabetic activities (Morton, 1991; 
Gilani et al., 1994; Pal et al., 1995; Faizi et al., 1998; 
Ghasi et al., 2000; Pari and Kumar, 2002; Ayyari et al., 
2014). Furthermore, toxicological studies on M. peregrina 
extracts showed a safe and non-toxic effect on the liver by 
measuring different biochemical parameters and histology 
(El-Hak et al., 2018). Studies on anticancer effects of 
M. oleifera extract in different models including breast, 
leukemias, hepatocarcinoma and colorectal cancers 
showed no toxicity signs (Khalafalla et al., 2010; Nair 
and Varalakshmi, 2011; Jung, 2014; Al-Asmari et al., 
2015; Elsayed et al., 2016). However, to the best of 
our knowledge, no study is reported on inflammation 
associated with testosterone-induced prostate hyperplasia 
and its effect on biochemical parameters. Therefore, 
in the current study, we aimed to investigate the 
anti-inflammatory and biochemical effects of M. peregrina 
leaf extracts on testosterone-induced benign prostatic 
hyperplasia in rats. 

Materials and Methods

The aerial parts of the M. peregrina were collected 
by Prof. Wesam Al-Khateeb (Professor of Botany at 
the Department of Biological Sciences at the Faculty 
of Sciences at Yarmouk University) during the spring 
of 2019 from the Dead Sea area/Jordan (31°35’52.6”N 
35°33’39.3”E, 31.597931, 35.560911) and formally 
identified by Prof. Ahmad El Oqlah (Professor of 
Taxonomy at the Department of Biological Sciences at 
the Faculty of Sciences at Yarmouk University).

Ethanolic Extract (EE)
Aerial parts of the M. peregrina including leaves 

were dried in shade at room temperature (24 to 26°C). 
This was grounded into a powder and stored in a closed 
flask. Ethanolic extraction was performed on 50 g 
of M. peregrina powder by mixing with 500 mL of 
95% ethanol followed by shaking (120 rpm/30 min) a 
precipitate was formed at 72 hours. The extract was filtered 
by Whatman filter paper then concentrated using a rotary 
evaporator and air-dried (Al-Qudah, Onizat et al. 2021).

Oil Extract (OE)
Essential oil separation was performed by the 

hydrodistillation approach using a Clevenger-type 
apparatus. Briefly, 100 g of M. peregrina plant fresh leaves 
were distilled for 3 hours in 200 ml water. The recovered 
essential oil was dried over anhydrous sodium sulfate and 
stored at 4°C until use (Lakshmi and Nandagopal, 2017).

Aqueous Extract (AE)
For the aqueous extraction, 10 g of air-dried aerial parts 

of M. peregrina specimens were mixed with warm distilled 
water (~ 65ºC), followed by filtration and evaporation to 
prepare a dried product (Koheil et al., 2011).

Oral Acute Toxic Study
All animal procedures and protocols were approved by 

the research and ethics committee at Yarmouk University 
under the following approval number: REC/YU/2686/107. 
Male Sprague-Dawley rats (weighing 220-250 g; n=5/
group) were prepared by the animal house unit at Yarmouk 
University. Different doses of oil, aqueous and ethanolic 
extracts of M. peregrina were used to estimate the 
mortality and any sign of toxicity for the first 24 hours, 
and the LD50 was checked daily for 14 days.

Experimental Design
The administration routes of different extracts of 

M. Peregrina were as the following: Oil extract (OE): 50, 
100, mg/kg (subcutaneous), EE: 500 mg/kg (orally), and 
(Aqueous extract) AE: 1000 mg/kg (orally). Experimental 
rats were randomly assigned to 6 groups. G1: normal 
control (100 μL corn oil subcutaneously), G2: BPH 
group which received testosterone propionate (3 mg/
kg/ subcutaneously, diluted in corn oil in a volume of 
100 μl ) for benign prostatic hyperplasia, induction. 
G3: testosterone propionate induced BPH + OE of 
M. peregrina (50 mg/kg/ subcutaneously), G4: testosterone 
propionate induced BPH + OE of M. peregrina (50 mg/
kg, subcutaneously), G4: testosterone propionate 
induced BPH + OE of M. peregrina (100 mg/kg, 
subcutaneously), G5: testosterone propionate induced 
BPH + EE of M. peregrina (500 mg/kg, orally) and G6: 
testosterone-induced BPH + AE of M. peregrina (1,000 
mg/kg, orally).

After 3 weeks of treatment, all animals were sacrificed 
under anesthetic conditions and their prostatic tissue 
specimens were immediately resected for histological 
and molecular procedures. Part of the tissue specimens 
was stored in liquid nitrogen for RNA isolation while 
other parts were washed with normal saline and processed 
for the preparation of histological slides as previously 
described (Al-Trad et al., 2017; Al Zoubi et al., 2019). 
Briefly, Spin Tissue Processor STP-120 (Thermo Fisher 
Scientific, USA) was used for fixation, clearing and 
dehydration. Finally, paraffin blocks were stored at room 
temperature until use.

Prostate Weight Index and Histology
The prostate-weight to body weight (PW/BW) 

ratios of the experimental rats were calculated (mg/g). 
For histological slide preparation, serial sections of 
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Determination of liver function, renal function, lipid 
profile and Glucose

Alanine transaminase (ALT) and aspartate transaminase 
(AST) enzyme activity were measured using ALT/GPT 
BR kit (Montgat Barcelona, Spain) according to the 
manufacturer’s instructions. Albumin was measured 
using (BCG, Bromocresol Green) albumin assay kit 
(ACROMEX). Similarly, Creatinine was measured using 
the enzymatic creatinine method (BIOLABO REAGENT, 
Maizy, France) and urea was analyzed using the UREA/
BUN – COLOR (Biosystems S.A. Costa Brava 30, 
Barcelona, Spain). Lipid profile parameters such as  
Cholesterol level were measured using the cholesterol LR 
(ACROMEX) and Triglycerides level was measured using 
TRIGLYCERIDES MR (LiNEAR CHEMICALS, SL) kit 
according to the manufacturer’s instructions. The glucose 
level was measured using the glucose (TRINDER) GOD/
PAP (Glucose Oxidase/Peroxidase) method (ACROMEX) 
kit according to the manufacturer’s instructions.

Statistical analysis
GraphPad Prism 6 (GraphPad, San Diego, CA, USA) 

software was used for the analysis of all data and expressed 
as mean ± SEM. Analysis of variance (ANOVA) was 
calculated to compare between different groups. P ≤ 0.05 
was considered statistically significant.

Results 

Histological examinations
The histological examination of the normal prostate 

gland from the control group, showed normal features 
of the prostate gland, mainly in the gland sizes, stroma, 
epithelial thickness, and folding. On the other hand, 
testosterone induced BPH rats exhibited prostatic 
epithelial hyperplasia with a noticeable enlargement in 
the prostate size and a significant increase in gland sizes, 
stroma and epithelial cells (Figure 1). Compared to the 

5 μm thickness were obtained using Leica RM 2135 
microtome (Leica Biosystem, Germany). Sections 
were deparaffinized, rehydrated and stained with 
Mayers Haematoxylin and counterstained with Eosin 
as previously described (Al-Trad et al., 2017; Al Zoubi 
et al., 2019). Glass coverslips were added using Canada 
Balsam. The prepared slides were visualized under a 
light microscope B-150 DB (Optika, Italy) to measure 
the prostate epithelial thickness using Image J software 
(NIH, Bethesda, MD, USA).

RNA preparation and Reverse Transcription
RNA extraction was performed using an RNA 

isolation kit according to the manufacturer’s instructions 
(JenaBioscience, Germany). The extracted RNA quantity 
and integrity were determined using the QuantiFluor 
RNA System (Promega, Madison, USA) and Quantus 
Fluorometer (Promega, Madison, USA). cDNA was 
prepared using a commercially available kit according to 
the manufacturer’s instructions (RevertAid First Strand 
cDNA Synthesis Kit, Thermo Scientific, Lithuania) and 
stored at -20oC until RT-PCR procedure. 

Quantitative Real-Time PCR (qRT-PCR)
The levels of  IL-6, VEGF and PCNA were assessed 

by RT-PCR using specific pairs of primers (Table 1). The 
thermal cycler amplification was carried out on Line-Gene 
9600 Real-Time PCR system (Bioer Technology, 
Bingjiang, China). Beta-actin (β-actin) gene was used as 
a reference gene for the evaluation of the aforementioned 
gene expressions. The RT-PCR reaction was performed 
using SYBR-PCR master-mix (lunaRUnversal qPCR 
Master Mix) according to the recommended procedure. 
The relative gene expression levels were determined by 
the 2−ΔΔCT method as described by Livak and Schmittgen 
(Livak and Schmittgen 2001). Finally, levels of gene 
expression were expressed as a normalized ratio of gene 
expression relative to β-actin mRNA level.

Figure 1. Histological Features of the Prostatic Tissues (epithelial thickness), A, Control: Normal prostate gland. B, 
BPH (Testosterone): Testosterone-induced BPH.C, 50 Oil: Testosterone-induced BPH treated with 50 mg/kg of oil 
extract. D, 100 Oil: Testosterone-induced BPH treated with 100 mg/kg of oil extract. E, 500 ethanol: Testosterone-
induced BPH treated with 500 mg/kg of ethanol extract. F, 1000 aqueous: Testosterone-induced BPH treated with 
1000 mg/kg of aqueous extract. Magnification of 200 X and Scale bar at 50µm.
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untreated testosterone-induced BPH (G2), the treated 
groups of testosterone-induced BPH showed significant 
improvement in the histological feature of prostate glands 
(P < 0.05) (Figures 1 and 2). 

Prostate weight to body weight ratio (PW: BW)
As expected, PW: BW ratio of the testosterone-

induced BPH (G2) group displayed a substantial increase 
compared to the control group. On the other hand, 
testosterone-induced BPH rats that were treated with 
M. peregrina extracts (oil, ethanol and aqueous) did not 
show any significant reduction in the PW: BW ratios 
(Figure 1). 

Prostate epithelial thickness
Testosterone-induced BPH groups treated with various 

M. peregrina extracts such as 50 and 100 mg/kg OE (oil 

extract), 500 mg/kg EE (ethanolic extract) and 1000 mg/
kg AE (aqueous extract) showed improved features of 
their prostate glands such as in epithelial thickness and 
stromal folding. The OE and AE extracts of M. peregrina 
showed a significant reduction in epithelial thickness in 
the treated groups compared to the BPH-untreated group 
as presented in Figures 2Aand 2B.

Quantitative real time-PCR (qRT-PCR)
IL-6 expression

The prostatic level of mRNA was significantly 
increased in the BPH group (G2) compared to the control 
group. However, a significant reduction in the expression 
of the IL-6 gene was observed in treated groups compared 
to the BPH group (P < 0.05) (Figure 3A).

Figure 2. A. Epithelial thickness and B. Prostate index (PW/BW ratio). Control: Normal prostate gland. Testosterone: 
Testosterone-induced BPH. 50 Oil: Testosterone-induced BPH treated with 50 mg/kg of oil extract. 100 Oil: 
Testosterone-induced BPH treated with 100 mg/kg of oil extract. 500 ethanol: Testosterone-induced BPH treated with 
500 mg/kg of ethanol extract. 1000 aqueous: Testosterone-induced BPH treated with 1000 mg/kg of aqueous extract. 
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PCNA expression
The testosterone induced BPH group (G2) displayed 

a significant increase in the mRNA expression level of 
the PCNA gene compared to the normal control group. 
On the other hand, a significant decline in expression of 
levels of the PCNA gene was noticed in the testosterone-
induced BPH+OE treated group (50 and 100 mg/kg) 
(P < 0.05) compared to the testosterone-induced BPH 
untreated group (Figure 3A).
VEGF-A expression

Not surprisingly, the testosterone-induced BPH group 
(G2) significantly overexpressed the prostatic mRNA 
level of the VEGF-A gene compared to the control 
group. However, a significant reduction in expression of 
the VEGF-A gene was observed in BPH+OE, BPH+EE 
and BPH+AE treated groups compared to the BPH 
group (P < 0.05) (Figure 3A).

Biochemical parameters
Measurement of ALT and AST enzyme activities and 

the concentration of albumin did not show any significant 
difference between all animal groups which implies the 
lack of toxicity of M. peregrina leaf extracts as shown 
in figure 3B. In addition, renal function tests (urea and 
creatinine) showed a lack of toxicological effect of M. 
peregrina leaf extracts as shown in Figure 4A. The 
other biochemical parameters (glucose, triglycerides 
and cholesterol) showed no difference between all 
experimental groups as shown in Figure 4B. 

 
Discussion

This study investigated the effect of administering leaf 
extracts of M. peregrina on testosterone-induced BPH in 
vivo using male Sprague-Dawley rats. BPH is associated 
with both stromal growth and epithelial growth due to 
active stromal cell proliferation and reduced glandular 
apoptosis, respectively (Kyprianou et al., 1998; Lee and 
Peehl, 2004; Zhang et al., 2006). Our results demonstrated 
an improvement in the histological morphology of 

A B

Figure 3. A). IL-6, PCNA and VEGF-A mRNA relative expression. Control: Normal prostate gland. Testosterone: 
Testosterone-induced BPH. 50 Oil: Testosterone-induced BPH treated with 50 mg/kg of oil extract. 100 Oil: 
Testosterone-induced BPH treated with 100 mg/kg of oil extract. 500 ethanol: Testosterone-induced BPH treated with 
500 mg/kg of ethanol extract. 1000 aqueous: Testosterone-induced BPH treated with 1000 mg/kg of aqueous extract. 
B). Liver function test, Albumin, ALT and AST activity. Control: Normal prostate gland. Testosterone: Testosterone-
induced BPH. 50 Oil: Testosterone-induced BPH treated with 50 mg/kg of oil extract. 100 Oil: Testosterone-induced 
BPH treated with 100 mg/kg of oil extract. 500 ethanol: Testosterone-induced BPH treated with 500 mg/kg of ethanol 
extract. 100 aqueous: Testosterone-induced BPH treated with 1000 mg/kg of aqueous extract.
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testosterone induced BPH after treatment with oil, ethanol 
and aqueous extracts of M. peregrina leaves. In particular, 
the glandular epithelial thickness showed a significant 
reduction as well as a loss of stromal foldings in the treated 
BPH groups compared to the untreated animals. At the 
molecular level, we investigated the expression markers of 
BPH development such as VEGF-A, IL-6 and PCNA. The 
overexpression of these genes is linked to the pathogenesis 
of BPH (Soulitzis et al., 2006; Zhong et al., 2008; Nguyen 
et al., 2014). In the current study, we demonstrated a 
reduction in mRNA expression of VEGF-A, IL-6 and 
PCNA genes in the treated BPH groups compared to the 
untreated BPH group. These findings are consistent with 
the histological improvement features in the BPH tissues. 

Testosterone induction of BPH in rats showed a 
dramatic change in the histological morphology of 
the prostatic glandular structure mainly the thickness 
of epithelial cells. Consistently, testosterone-induced 
BPH showed a significant increase in the PW/BW ratio 
compared with the control group; nevertheless, treatment 
of BPH rats with M. peregrina leaf extracts did not show a 
significant enhancement in PW/BW ratios.  In a previous 
study, M. peregrine OE exhibited an anti-proliferation 
activity effect on MCF-7, HepG2 and HCT-116 cell lines 
which were attributed to the apoptotic effect of the fatty 

acid constitution (El Baky and El-Baroty, 2013). Despite 
the beneficial effect of all leaf extracts of M. peregrina 
(OE, EE, and AE), it was noticed that OE showed the 
most powerful amelioration of prostate histology in the 
treated BPH rats compared to the untreated BPH group. 
Our findings support the beneficial effects of the OE of 
M. peregrina in the treatment of BPH by improving the 
histological morphology of the epithelial cells but not 
the prostate size which may need prolonged treatment 
to elicit a possible effect on the prostate index. Also, the 
effect of the EE of M.peregrina leaves may be attributed 
to the high contents of polyphenols, specifically tannins 
and flavonoids which were found in similar species 
M. oleifera (Arya et al., 2014). It has been suggested 
that phenolic compounds exhibit anticancer, antioxidant, 
hepatoprotective, antimicrobial and anti-inflammatory 
effects (Al-Owaisi et al., 2014). Moreover, previous 
findings demonstrated the presence of anti-oxidant and 
anti-proliferative compounds in M. peregrina (Padayachee 
and Baijnath, 2012). Consistently, in the current study, 
the OE treatment of M. peregrina showed a significant 
reduction in gene expression of PCNA, the proliferative 
marker in prostatic hyperplasia which is demonstrated by 
the reduction of epithelial thickness.  

In addition, BPH development relies on the angiogenesis 

A B

Figure 4. A, Renal function test by urea and creatinine. Control: Normal prostate gland. Testosterone: Testosterone-
induced BPH. 50 Oil: Testosterone-induced BPH treated with 50 mg/kg of oil extract. 100 Oil: Testosterone-induced 
BPH treated with 100 mg/kg of oil extract. 500 ethanol: Testosterone-induced BPH treated with 500 mg/kg of ethanol 
extract. 1000 aqueous: Testosterone-induced BPH treated with 1000 mg/kg of aqueous extract; B. Triglyceride, 
cholesterol and glucose concentration. Control: Normal prostate gland. Testosterone: Testosterone-induced BPH. 50 
Oil: Testosterone-induced BPH treated with 50 mg/kg of oil extract. 100 Oil: Testosterone-induced BPH treated with 
100 mg/kg of oil extract. 500 ethanol: Testosterone-induced BPH treated with 500 mg/kg of ethanol extract. 1000 
aqueous: Testosterone-induced BPH treated with 1000 mg/kg of aqueous extract.
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process which is emphasized by the overexpression of the 
VEGF-A (Jackson et al., 1997; Soulitzis et al., 2006; Kim 
et al., 2011). Moreover, VEGF-A promotes the migration 
of endothelial cells (Urbich et al., 2005; Suzuki et al., 
2008; Hayakawa et al., 2012). In the current study, a 
significant reduction in the expression of the VEGF-A 
gene was observed in the BPH+OE, BPH+EE and 
BPH+AE treated groups compared to the testosterone-
induced BPH control group (P < 0.05).

This inflammation process is one of the major markers 
of the BPH condition. For instance, IL-2, IL-6 and 
TNF-alpha cytokines have been reported to be elevated 
in BPH patients (Michalaki, Syrigos et al. 2004, Penna, 
Mondaini et al. 2007, Bouraoui, Ricote et al. 2008). 
Accumulating evidence supports the role of inflammation 
in the induction of epithelial proliferation and abnormal 
stromal morphology (Al-Trad et al., 2017). Our findings 
showed a significant increase in the expression of IL-6 
mRNA in the testosterone-induced BPH group. However, 
a significant reduction in the level of the IL-6 gene was 
noticed in the BPH treated groups (P < 0.05). 

The toxicological effect of the M. peregrina leaf 
extracts on rats have been assessed by the analysis of liver 
and kidney biochemical markers. Alanine aminotransferase 
activity (ALT), aspartate aminotransferase activity (AST) 
and albumin were measured as general markers for liver 
function. These results did not show any significant 
difference between all tested groups. This indicates a safe 
use of M. peregrina leaf extracts in the animal model. 
However, the toxicological effect should be further 
investigated in larger-scale studies utilizing different 
animal models. Moreover, the renal function test which 
measures urea and creatinine assumed that M. peregrina 
leaf extracts have no toxicological effects on renal 
function. Furthermore, the glucose and lipid profile levels 
did not show any significant difference between all tested 
rats. Collectively, our results showed a nontoxic effect of  
M. peregrina leaf extracts on the rats. 

In conclusion, the results of the current research 
suggest that M. peregrina leaf extracts (OE, EE and AE) 
are effective anti-inflammatory, anti-proliferative and 
anti-angiogenic medicinal treatment in vivo. In particular, 
OE showed the most powerful anti-inflammatory, 
anti-proliferative and anti-angiogenic effect against the 
development of BPH. Importantly, M. peregrina leaf 
extract showed no signs of toxicity in liver and kidney 
function tests. The outcomes of this study support 
the use of medicinal plants as an alternative option 
for the available treatments of BPH which have been 
associated with undesirable side effects (Traish et al., 
2011). However, before coming to a conclusive remark 
more research is needed to fully understand the role of 
M. peregrina in testosterone-induced BHP. 
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