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Significance of the Study

•	 In this study, 28-day consecutive treatment of rats with testosterone caused a significant increase in 
prostate weight, prostate index, serum testosterone, and prostate-specific antigen, suggestive of an 
ameliorative effect of Moringa oleifera leaf extract on testosterone-induced benign prostatic hyperpla-
sia (BPH). Moreover, testosterone-induced disruption of prostate morphology as well as an increase 
in oxidative stress parameters were attenuated by M. oleifera. Hence, M. oleifera could be a potential 
phytotherapeutic agent in the treatment of BPH.
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Abstract
Objective: This study sought to evaluate the protective ef-
fect of ethanolic leaf extract of Moringa oleifera on testoster-
one-induced benign prostatic hyperplasia (BPH) in male 
Sprague-Dawley rats. Materials and Methods: BPH was in-
duced in rats by the administration of testosterone propio-
nate (3 mg/kg, s.c., in olive oil) for 4 weeks. M. oleifera (50, 
100, or 200 mg/kg), celecoxib (20 mg/kg), or M. oleifera (50 
mg/kg) + celecoxib (20 mg/kg) were orally administered dai-
ly 15 min before testosterone. On day 29, blood was collect-
ed to measure the levels of serum testosterone and prostate-

specific antigen before the animals were sacrificed. The pros-
tates were weighed, assayed, and histologically examined. 
Results: M. oleifera significantly reduced the testosterone-
induced increase in prostate weight (20.16%), prostate index 
(65.85%), serum testosterone (72.86%), and prostate-specif-
ic antigen (48.49%). Testosterone caused a significant in-
crease in malondialdehyde (73%) as well as a reduction in 
glutathione (62.5%), superoxide dismutase (50%), and cata-
lase (64%) activities which were attenuated by M. oleifera 
with a peak effect obtained at 100 mg/kg. The disruption of 
prostate histoarchitecture by testosterone was also amelio-
rated by M. oleifera. Conclusion: M. oleifera prevented testos-
terone-induced BPH through enhancement of antioxidant 
defence mechanisms, and hence could be used as an ad-
junct in the treatment of BPH. © 2017 The Author(s) 
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Introduction

Benign prostatic hyperplasia (BPH) is the most com-
mon urological disease in elderly men, affecting well over 
42% of men in their 50s and more than 80% of octogenar-
ians [1]. BPH is a chronic, slowly progressive disease 
which begins as a simple micronodular hyperplasia that 
evolves into macroscopic nodular enlargement [2]. It is 
the most common cause of lower urinary tract symptoms 
in men. It clinically manifests as urinary hesitancy or 
straining in initiating urination, causing deterioration in 
urinary function and quality of life. Several stimuli, in-
cluding infectious agents, hormones, urinary reflux, met-
abolic syndrome, ageing process, and autoimmune re-
sponse, have been described as triggers for the dysregula-
tion of the prostatic immune system through different 
molecular pathways involving the development of in-
flammatory infiltrates [3]. Based on the pathophysiology, 
subsequent tissue damage and chronic tissue healing 
could result in the development of BPH nodules [2, 3].

The mainstay in the clinical management of BPH are 
α1-blockers and/or 5α-reductase inhibitors, but not with-
out adverse effects. The majority of the populace in devel-
oping countries depend on herbal medicines for their 
health care needs [4]; hence, this could be a better alterna-
tive for the discovery of cheap and safer drugs for BPH. 
Moringa oleifera Lam (Moringaceae), also known as the 
“drumstick,” “horseradish,” or miracle tree, is a fast-
growing, drought-resistant tree cultivated across the low-
land dry tropics worldwide for its nutritious leaves [5]. It 
is an affordable and readily available source of major es-
sential nutrients and nutraceuticals. The different parts of 
the M. oleifera tree, including roots, bark, leaves, flowers, 
fruits, and seeds, are traditionally used in various thera-
peutic applications, including abdominal tumours, hyste-
ria, scurvy, paralysis, helminthic bladder, prostate prob-
lems, sores, and skin infections [6]. Dried leaves of M. 
oleifera are a good source of polyphenol: total flavonoid 
concentration in dried leaves ranges from 5.059 to 12.16 
mg/g of dried extract [7]. Myricetin, quercetin, and 
kaempferol are the main flavonoids found in M. oleifera 
leaves, respectively [8]. Infusion of M. oleifera leaves in 
alcohol is used by traditional healers in Southwest Nigeria 
for the treatment of prostate and bladder problems. 

Antiproliferative, antioxidant, pro-apoptotic [8], anti-
quorum sensing, DNA-protective [9], anti-inflammatory, 
anti-hyperglycaemic, hepatoprotective, and nephropro-
tective [10] effects of M. oleifera have been reported. Sim-
ilarly, toxicological evaluation of the aqueous leaf extract 
of M. oleifera showed that it is relatively safe when admin-

istered orally [11]. This study sought to evaluate the effect 
of ethanolic leaf extract of M. oleifera on testosterone-in-
duced BPH in rats and to investigate possible synergy 
when co-administered with celecoxib (COX-2 inhibitor). 

Materials and Methods

Laboratory Animals
Forty-nine male Sprague-Dawley rats weighing 200–250 g were 

obtained from the Laboratory Animal Centre, College of Medi-
cine, University of Lagos, Lagos, Nigeria and were divided into 7 
groups (7 in each group). The rats were allowed to acclimatize for 
a week prior to experiments. All the rats were housed in a well-
ventilated room under a 12 h light/dark cycle and had access to 
feed and water ad libitum. The experimental procedures adopted 
were in accordance with the Health Research and Ethics Commit-
tee of the College of Medicine, University of Lagos and the US Na-
tional Institute of Health Guidelines for Care and Use of Labora-
tory Animals in Biomedical Research (2011).

Plant Material
The M. oleifera leaves used in this study were obtained from 

Mushin Herbal Market, Mushin, Nigeria. Botanical identification 
and authentication was done by Mr. Oyebanji Oyetola (Herbarium 
Curator) and Prof. J.D. Olowokudejo of the Department of Bota-
ny, University of Lagos, Nigeria. A voucher specimen was depos-
ited in the Herbarium for reference purposes (No. LUH 6516).

Drugs and Chemicals
Testosterone propionate (TESTOSTTM; Laborate Pharmaceuti-

cals Ltd., India), celecoxib (CelebrexTM; Pfizer Pharmaceuticals 
Ltd., lllertissen, Germany), olive oil (Goya En Spana S.A.U, Spain), 
testosterone ELISA kit (Cayman, Ann Arbor, MI, USA), prostate-
specific antigen (PSA) (Novatein Biosciences, Woburn, MA, 
USA), ethanol, thiobarbituric acid, bovine serum albumin, 5,5′-di-
thiobis (2-nitrobenzoic acid) (DTNB), trichloroacetic acid, glacial 
acetic acid, sodium chloride, and sodium hydroxide were pur-
chased from Sigma Aldrich (St, Louis, MO, USA)

Preparation of Plant Extract
The collected M. oleifera leaves were air dried (320 g), and then 

pulverized into powder. The powdered leaf was soaked in 3.75 L of 
ethanol (70%) with intermittent agitation for 72 h. The extract was 
filtered and the filtrate obtained was oven dried at 40  ° C, with a 
percentage yield of 7.5% w/w (24 g; deep brown). The choice of 
ethanolic extraction was based on folkloric preparation.

Quantitative Phytochemical Analysis
Preliminary quantitative analyses of phytochemical constitu-

ents of M. oleifera were done using previously reported protocols: 
total phenolic content [12], total flavonoid content [12], and total 
antioxidant capacity [13] (n = 3).

In vitro Antioxidant Assays
1,1 Diphenyl-2-Picrylhydrazyl Radical Scavenging Assay
The free radical scavenging activity of M. oleifera was assayed 

based on the ability of the extract to bleach stable 1,1 diphenyl-
2-picrylhydrazyl (DPPH) radicals. Briefly, 500 μL of DPPH was 
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mixed with aliquots of gallic acid or M. oleifera (0–100 mg/mL), or 
dimethylsulfoxide (DMSO; control). The mixture was incubated 
for 30 min at 37  ° C in the dark and absorbance was read at 517 nm 
[13] (n = 3). Percentage inhibition was calculated according to the 
equation:

absorbance of control absorbance of sample
% Inhibition 100.

absorbance of control
-

= ´  

Nitric Oxide Scavenging Assay
The ability of M. oleifera to inhibit nitric oxide radicals was es-

timated using the Griess reaction method [14]. Griess reagent is 
comprised of 1% sulphanilamide in 5% v/v phosphoric acid and 
0.01% naphthylethylenediamine in distilled water in equal vol-
umes. Sodium nitroprusside (5 µM) in phosphate buffer (0.025 M, 
pH 7.4) was added to different concentrations of M. oleifera or gal-
lic acid (0–100 mg/mL) and incubated for 5 h at 37  ° C. An equal 
amount of methanol was taken as control. Five hours later, 500 µL 
of Griess reagent was added. The absorbance of chromophore 
formed during the digitization of nitrite with sulphanilamide and 
its subsequent coupling with napthylethylenediamine was read at 
546 nm (n = 3).

Reducing Power Assay
The ferric ion-reducing power of M. oleifera was determined 

according to the method of Oyaizu [15]. Briefly, 1 mL of M. oleifera 
(0–100 mg/mL) was mixed with 2.5 mL of phosphate buffer  
(0.2 M, pH 6.6) and 2.5 mL of potassium ferricyanide (1%). The 
reaction mixture was incubated for 20 min at 50  ° C. Then, 2.5 mL 
of trichloroacetic acid (10%) was added and centrifuged for  
10 min. An aliquot of 2.5 mL was mixed with 2.5 mL of distilled 
water and 0.5 mL of FeCl3 (0.1%). The absorbance of all solutions 
was measured at 700 nm and expressed as milligrams of gallic acid 
equivalent (GAE) per gram of powder. 

Acute Toxicity Test
Acute toxicity was tested in 10 female albino mice (18–25 g) 

according to the OECD (Organization for Economic Co-Opera-
tion and Development) (OECD, TG420, 2001) procedure for 
acute toxicity. Three doses were assayed: maximum-tolerated 
(5,000 mg/kg, p.o.; n = 5), medium (500 mg/kg, p.o.; n = 2), and 
low-dose (50 mg/kg, p.o.; n = 2) levels M. oleifera, or vehicle con-
trol (10 mL/kg, p.o.; n = 1) (which did not cause any unacceptable 
sign of toxicity or death). The mice were closely observed for 
signs of toxicity during the first 30 min and hourly for 3 h, then 
during the first 24 h, and then daily for 14 days for delayed toxic-
ity or mortality. 

Treatment Regimens
After an acclimatization period of 7 days, 49 male Sprague-

Dawley rats were randomly divided into 7 groups (n = 7) and treat-
ed for 28 consecutive days as follows: group 1: vehicle (10 mL/kg, 
p.o., normal), group 2: vehicle (10 mL/kg, p.o.), groups 3–5: M. 
oleifera (50, 100, or 200 mg/kg, p.o., respectively), group 6: cele-
coxib (20 mg/kg, p.o.), and group 7: M. oleifera (50 mg/kg) + cele-
coxib (20 mg/kg). Fifteen minutes after drug or vehicle administra-
tion, testosterone propionate (3 mg/kg, s.c.) in olive oil was given 
to the animals in groups 2–7. Body weights were recorded before 
and weekly until the end of the study.

Body and Prostate Weights
On the 29th day, the rats were anaesthetized with chloral hy-

drate (300 mg/kg, i.p.) and blood was collected via retro-orbital 
puncture. Following blood collection, the rats were euthanized and 
prostate tissues harvested. The prostate index was calculated as the 
ratio of the prostate weight to the total body weight.

Measurement of Serum Testosterone and PSA Levels
The serum levels of testosterone and PSA were assayed using 

ELISA (Cayman, USA and Novatein Biosciences, Woburn, MA, 
USA, respectively) following the manufacturer’s instructions. 

Histological Studies
The prostate tissues were rapidly dissected out and weighed. 

Sections of the ventral lobes were fixed in 10% neutral buffered 
formalin and embedded in paraffin for histological examinations. 

Assessment of Oxidative Stress Markers
The prostate was washed with cold phosphate buffer, blotted, 

and weighed. A 10% (w/v) prostate in 0.03 M sodium phosphate 
buffer (pH 7.4) was homogenized with Ultra-Turrax T25 (USA) 
homogenizer at 9,500 rpm. The homogenate was stored at –20  ° C 
until use.

Estimation of Malondialdehyde Level 
Malondialdehyde (MDA), an index of lipid peroxidation, was 

determined using the method of Buege and Aust [16]. Briefly, 500 
μL of tissue homogenate in phosphate buffer (pH 7.4) were added 
to reaction mixture containing 300 µL of 30% trichloroacetic acid, 
150 µL of 5N HCl, and 300 µL of 2% (w/v) 2-thiobarbituric acid. 
The mixture was heated for 15 min at 90  ° C and centrifuged at 
12,000 g for 10 min. A pink colour supernatant was obtained, 
which was measured spectrophotometrically at 532 nm.

Estimation of Reduced Glutathione 
Glutathione (GSH) content of the prostate as non-protein sul-

phydryls was estimated according to the method described by Sed-
lak and Lindsay [17]. GSH was determined by its reaction with 
DTNB (Ellman’s reagent) to yield a yellow chromophore which 
was measured spectrophotometrically. In brief, 500 μL of prostate 
homogenate were added to 500 μL of 10% trichloroacetic acid and 
centrifuged (Remi cold centrifuge) at 2,000 g for 10 min at 4  ° C. An 
aliquot of 33 μL of supernatant was added to the reaction mixture 
containing 66 μL of 100 mM of DTNB and 900 μL of 0.1 M phos-
phate buffer (pH 7.4). The absorbance was read at 412 nm.

Superoxide Dismutase Activity
Superoxide dismutase (SOD) activity was determined using the 

method of Winterbourn et al. [18]. An aliquot of 200 μL of super-
natant was added to the reaction mixture containing 500 μL of 100 
mM TRIS/HCl (pH 7.8), 200 μL of 75 mM nitro-blue-tetrazolium, 
200 μL of 2 μM riboflavin, and 200 μL of 6 mM EDTA. The absor-
bance was read at 560 nm. One unit of SOD is defined as the quan-
tity required to inhibit the rate of nitro-blue-tetrazolium reduction 
by 50%. The enzyme activity is expressed as units/mg protein.

Determination of Catalase Activity 
Catalase activity was determined according to the method of 

Higashi and Peters [19]. The reaction mixture contained 250 μL of 
0.01 M phosphate buffer (pH 7.0), 25 μL of tissue homogenate, and 
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100 μL of 2M H2O2. The reaction was stopped by the addition of 
500 μL of dichromate-acetic acid reagent (5% potassium dichro-
mate and glacial acetic acid were mixed in a1: 3 ratio). The absor-
bance was read at 620 nm and expressed as micromoles of H2O2 
consumed/min/mg protein at 25  ° C.

Protein Estimation
Protein estimation was carried out using the method of Lowry et 

al. [20] and bovine serum albumin (1 mg/mL) was used as standard.

Statistical Analysis
All the data are expressed as mean ± SEM (n = 6). All statistical 

analyses were performed using the GraphPad Prism, version 6.01. 
Multiple comparisons were performed using one-way ANOVA 
followed by the Tukey post hoc multiple comparisons test.

Results

Preliminary Quantitative Phytochemical Analysis
Results of the preliminary quantitative analyses of 

phytochemical constituents of M. oleifera were as follows: 
total phenolic content 22.45 ± 0.12 mg/100 g GAE, total 
flavonoid content 13.61 ± 0.08 mg/100 g GAE, and total 
antioxidant capacity 26.96 ± 0.08 mg/100g GAE. 

In vitro Antioxidant Activity
M. oleifera showed significant free radical scavenging 

activity, with an inhibitory concentration (IC50) of 60.87 
µg/mL (y = 0.55 • x + 16.52) while ascorbic acid had an 
IC50 of 41.41 µg/mL (y = 0.58 • x + 26.07) on DPPH free 
radicals. Similarly, the nitric oxide free radical scavenging 
effect of M. oleifera was similar to that of ascorbic acid 
with an IC50 of 49.72 (y = 0.49 • x + 25.53) and 40.74 µg/
mL (y = 0.55 • x + 27.40), respectively. The reducing capa-
bilities of M. oleifera and ascorbic acid were 94.00 µg/mL 
(y = 0.004 • x + 0.03) and 64.47 µg/mL (y = 0.006 • x + 0.02), 
respectively. 

Acute Toxicity Test 
Acute oral administration of M. oleifera up to 5,000 

mg/kg did not induce mortality but the observed toxic 
behavioural changes include increased respiratory rate 
(tachypnoea), grooming, rearing, and restlessness. 

Effect on Prostate Weight and Prostate Index
Subchronic injection of testosterone for 28 consecu-

tive days produced no significant change in body weight 
but significantly increased prostate weight (0.11 ± 0.04 in 
normal controls to 1.23 ± 0.15 in the vehicle-testosterone-
treated group) and prostate index (0.29 ± 0.02 in vehicle-
control-treated animals to 0.80 ± 0.07 in the vehicle-tes-

tosterone-treated group), indicating prostate hyperpla-
sia. However, pretreatment of rats with M. oleifera 
prevented an increase in prostate weight and prostate in-
dex with a peak effect observed at M. oleifera 100 mg/kg 
(65.85% inhibition) (Table 1). In contrast, oral adminis-
tration of celecoxib and combined treatment reduced the 
prostate index, though not significantly. 

Effect on Serum Level of Testosterone and PSA
Subcutaneous injection of testosterone significantly  

(p < 0.001) increased serum testosterone from 11.97 ± 
1.78 in controls to 26.68 ± 4.90. The increase in serum 
testosterone was reduced by pretreatment of rats with M. 
oleifera with a peak effect observed at 100 mg/kg (72.86% 
inhibition) (Fig. 1a). Similarly, the COX-2 inhibitor cele-
coxib significantly reduced testosterone levels by 38.34%. 
Conversely, co-administration of celecoxib and M. oleif-
era failed to produce a significant reduction in testoster-
one levels. In another experiment, administration of  
testosterone for 28 consecutive days increased PSA by 
45.45% compared with vehicle-control-treated animals. 
Pretreatment of rats with M. oleifera reduced PSA levels 
2-fold (48.49%) compared with the vehicle-testosterone-
treated group. Similarly, celecoxib administration re-
duced PSA levels 2.25-fold, while co-administration of 
celecoxib and M. oleifera markedly reduced PSA levels 
2.30-fold (56.06%) (Fig. 1b).

Effect on in vivo Antioxidant Systems
Subcutaneous injection of testosterone significantly 

increased MDA levels 3-fold when compared with vehi-

Table 1. Effect of Moringa oleifera on body weight and prostate 
index

Treatment Prostate 
weight, g

Prostate 
index

Vehicle 0.41±0.09 0.29±0.05
Testosterone 1.23±0.27*** 0.80±0.19***
M. oleifera 50 mg/kg 0.52±0.16γ 0.32±0.09γ

M. oleifera 100 mg/kg 0.42±0.12γ 0.26±0.05γ

M. oleifera 200 mg/kg 0.92±0.28α 0.54±0.17α

Celecoxib 20 mg/kg 1.31±0.29 0.73±0.19
M. oleifera 50 mg/kg +

celecoxib 20 mg/kg 1.18±0.32 0.69±0.12

Values are expressed as mean ± SD (n = 7). *** p < 0.001 versus 
vehicle; α p < 0.05; γ p < 0.001 versus vehicle-testosterone-treated 
animals. One-Way ANOVA followed by Tukey post hoc multiple 
comparison tests.
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cle-control-treated animals. However, M. oleifera (50, 
100, or 200 mg/kg) significantly (p < 0.001) attenuated 
MDA levels (F[4, 24] = 34.35, p < 0.0001) compared with 
vehicle-testosterone-treated animals. Similarly, pretreat-
ment of rats with celecoxib significantly reduced levels of 
MDA. Interestingly, the combination of M. oleifera (50 
mg/kg) + celecoxib (20 mg/kg) significantly reduced 
MDA level 3-fold (Fig. 2a). Subchronic injection of tes-
tosterone significantly reduced prostate GSH levels 2-fold 
in comparison with the vehicle-treated group. However, 
pretreatment of rats with M. oleifera (50, 100, or 200 mg/
kg) enhanced the level of prostate GSH. Similarly, cele-
coxib alone and co-treatment with M. oleifera increased 
the level of GSH (Fig. 2b). Subchronic administration of 
testosterone reduced SOD activity. However, pretreat-
ment of rats with M. oleifera increased SOD activity 2-fold 
with a peak effect observed at 100 mg/kg. Although pre-
treatment of rats with celecoxib alone produced no sig-
nificant change in SOD activity, co-administration of ce-
lecoxib with M. oleifera significantly increased SOD ac-
tivity (Fig.  2c). Catalase activity was also reduced by 
testosterone administration but pretreatment of rats with 
M. oleifera (50, 100, or 200 mg/kg) increased catalase ac-
tivity (Fig. 2d). 

Histological Examination
Figure 3a shows the normal histological architecture 

of the prostate gland in the vehicle-treated group. How-

ever, the vehicle-testosterone-treated group showed 
disruption of the architecture of the prostate gland, ev-
idenced in the increase in intraluminal secretion, thick-
ened epithelial cells, and involution of the epithelial 
cells into the lumen (Fig. 3b). Figure 3c–e shows the ef-
fect of M. oleifera (50, 100, and 200 mg/kg, respectively): 
involution of the epithelial cells into the lumen which 
result in the narrowing of the lumen, an increase in in-
traluminal secretions, and thickened epithelial cells 
(Fig. 3c), and preservation of the integrity of prostate 
cells when compared with the vehicle-testosterone-
treated group (Fig. 3d, e). Celecoxib (an anti-inflamma-
tory drug) preserves the integrity of the prostate, as ev-
idenced in the absence of intraluminal secretions and 
normal lumen of the acini (Fig. 3f). Co-administration 
of celecoxib and M. oleifera improved the cytoarchitec-
ture of the prostate gland, as shown by the reduced in-
traluminal secretions in the glandular acini and in-
creased epithelial cell occlusions into the lumen of the 
glandular acini (Fig. 3g). 

Discussion

In the present study, treatment of rats with testoster-
one propionate for 28 days increased prostate weight and 
prostate index as well as levels of serum testosterone and 
PSA, indicating BPH [1]. In addition, testosterone in-
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creased levels of prostate MDA and reduced GSH, SOD, 
and catalase activity, suggestive of oxidative stress. The 
pretreatment of rats with M. oleifera ameliorated the ef-
fect of testosterone as shown by the reduction of prostate 
weight, prostate index, serum testosterone, and PSA. In-
terestingly, M. oleifera enhanced antioxidant defence 
mechanisms. Histological examination also showed that 
oral administration of the leaf extract of M. oleifera at-
tenuated testosterone-induced prostatic hyperplasia. The 
role of inflammation in BPH is well known [2]. In this 
study, celecoxib (COX-2 inhibitor) alone or in combina-
tion with M. oleifera ameliorated testosterone-induced 
BPH, justifying the roles of inflammation [21]. 

Several studies have alluded to the fact that an increase 
in prostate index is indicative of the development of BPH 
[22–24]. Pretreatment of rats with M. oleifera leaf extract 
caused a significant reduction in the prostate index with 
a peak effect observed at 100 mg/kg. It is of interest to note 
that these results were consistent with histological exam-
ination of the prostate tissues. 

Subchronic administration of testosterone increased 
serum levels of testosterone and PSA, confirming the in-
duction of BPH. Androgens play a permissive role in BPH 
pathogenesis; thus, in clinical practice, inhibitors of 
5α-reductase (which converts testosterone to the more 
potent androgen dihydrotestosterone) have proven effec-
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Fig. 2. a–d Effects of M. oleifera and/or celecoxib on prostate levels 
of malondialdehyde (MDA) (a), glutathione (GSH) (b), superox-
ide dismutase (SOD) activity (c), and catalase (CAT) activity (d) 
in testosterone-induced BPH rats. Values are expressed as mean ± 
SD (n = 6). ** p < 0.01; *** p < 0.001, versus vehicle-control-treat-

ed animals; α p < 0.05; β p < 0.01; γ p < 0.001, versus vehicle-testos-
terone-treated animals. One-way ANOVA followed by Tukey post 
hoc multiple comparison tests. VEH, vehicle-control; TESTO, ve-
hicle-testosterone; MO, M. oleifera (50, 100, 200 mg/kg); CE, cele-
coxib (20 mg/kg). 

http://dx.doi.org/10.1159%2F000486349


Effect of M. oleifera on BPH 7Med Princ Pract
DOI: 10.1159/000486349

tive in the management of BPH, confirming an essential 
role for androgens in the pathophysiology of BPH [25]. 
The increase in serum testosterone and PSA induced by 
testosterone was attenuated by pretreatment with M. ole-
ifera. Moreover, animals treated with celecoxib alone and 
co-treatment with M. oleifera (50 mg/kg) had significant 
attenuation of serum testosterone and PSA, corroborat-
ing the findings of previous studies [26, 27]. 

In the present study, testosterone caused a significant 
increase in MDA and a deficit in GSH, SOD, and catalase, 
suggestive of oxidative stress. Oxidative stress is consid-
ered to be one of the mechanisms that trigger the chain of 
reactions involved in the development and progression of 
BPH [28]. Interestingly, the pretreatment of rats with M. 
oleifera resulted in attenuation of testosterone-induced 
lipid peroxidation, GSH, SOD, and catalase deficit. More-
over, co-administration of celecoxib 20 mg/kg and M. ole-
ifera significantly enhanced antioxidant defence mecha-
nisms of the prostate [9, 11, 13]. 

A wide variety of polyphenols and phenolic acids as 
well as flavonoids, glucosinolates, and possibly alkaloids 

are believed to be responsible for the observed effects 
[29]. Our in vitro antioxidant assays showed the poten-
tials of M. oleifera in scavenging of DPPH and nitric oxide 
radicals as well as its reductive capability. These findings 
corroborated the reports of Leone et al. [29]; of the vari-
ous plant parts of M. oleifera, the leaves possessed the 
highest content of total phenolics, β-carotene, and lyco-
pene. Leaves also showed maximum antioxidant poten-
tial in the nitric oxide scavenging assay and deoxyribose 
degradation assay [30]. 

Conclusion

Findings from this study showed that the ethanolic leaf 
extract of M. oleifera prevented testosterone-induced 
BPH possibly through enhancement of antioxidant de-
fence mechanisms or inhibition of inflammatory media-
tors. Thus, M. oleifera could be a potential phytothera-
peutic agent in the management of BPH in men. 

a b c

d e f

g

Fig. 3. a–g Photomicrographs of prostate 
samples of vehicle-control normal group 
(a), vehicle-testosterone-treated group (b), 
M. oleifera 50 mg/kg (c), M. oleifera 100 
mg/kg (d), M. oleifera 200 mg/kg (e), cele-
coxib 20 mg/kg (f), and M. oleifera 50 mg/
kg + celecoxib 20 mg/kg (g). ×40. L, lumen; 
S, stromal compartment; I.S., intraluminal 
secretions; C, prostatic concretions.
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