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Evaluation of Ocimum gratissimum leaf Extract on Lipid
Profile of Experimentally-Induced Prostatic Hyperplasia

Animal Model

Abstract

Background: Benign Prostate hyperplasia (BPH) is a highly prevalent disease among older
men and a substantial public health problem. We investigated leaf extract of Ocimum
gratissimum (OG) effect on lipid prolife in BPH.

Methods: BPH was induced in male rats weighing 200-300g through exogenous
administration of testosterone and estradiol. Thirty (30) rats were divided into five groups.
Four groups received subcutaneous injections of the two hormones and one group was used
as a control with injections of hormones. Groups I to II were administered orally with
different doses of extract and group III received standard drug, group IV was not treated and
group V served as normal control. After Thirty-five days of treatment, the rats were sacrificed
and blood collected through cardiac puncture for biochemical analysis. The prostate were
harvested and weighed.

Results: In rats treated with extract and standard drug a significant decrease in the size of the
enlarged prostate was observed (P<0.05) when compared with the BPH control group.
Weight gain was observed in rats treated with extract and finasteride. The level of
cholesterol, LDL-C and VLDL-C were significantly reduced while HDL-C increased when

compared to the BPH control.
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Conclusion: The significant reduction of cholesterol, LDL, VLDL-C and increase in HDL-C
in the treated groups supported by decline in prostate weight suggest that the extract have the
capacity of managing the lipid alterations caused by induction of BPH in rats.

Keywords: Testosterone, estradiol, Lipoprotein, Prostate, Ocimum gratissimum

1. Introduction

Benign Prostate hyperplasia (BPH) is a common disease in the aging men and causes
substantial adverse health effects. BPH, leading to enlargement of the prostate and in turn
resulting in lower urinary tract symptoms (LUTS), has high prevalence and socio-economic
burden [1, 2, 3]. Therefore, it is important to determine the risk factors of BPH progression
and to keep men away from them. However limited data are available concerning factors that
might be protective against the development of BPH. Recently a growing amount of
researches demonstrated that metabolic syndrome (MS) and/or its individual components are
involved in the development and progression of BPH [4, 5, 6]. The individual components of
MS, including insulin resistance [7], dyslipidemia [8], obesity [9], hypertension [10] and the
syndrome itself might predispose patients to greater risks of BPH and LUTS.

Available data indicate that BPH patients have higher total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) levels and lower high-density lipoprotein cholesterol
(HDL-C) levels compared with non-BPH patients [11]. Furthermore several reports
suggested that BPH is one of components of MS [12]. With the accumulation of knowledge
about MS and BPH, it has been known that insulin resistance (IR) is the cornerstone of MS
and play a critical role in the growth of prostate and the progression of BPH [13, 14]. In
addition to IR, inflammation and oxidative stress were reported to be involved in the
development and progression of BPH [15, 16, 17]. Despite the fact that the association
between prostate diseases and MS is generally accepted, the pathogenetic link still needs to

be deeply elucidated.
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Scientific evaluation of medicinal plants is important to the discovery of novel drugs
and also helps to assess toxicity risks associated with the use of either herbal preparations or
conventional drugs of plant origin.

Some studies have established the Sa-reductase inhibitory activities of certain herbs
such as Ganoderma lucidum, Urtica dioica, Caesalpinia bonducella, Tribulus terrestris,
Pedalium murex, Sphaeranthus indicus, Cuscuta reflexa, Citrullus colocynthis, Benincasa
hispida, Phyllanthus niruri, Echinops echinatus, Pygeum africanum and Hypoxis rooperi,
confirming that they are useful in the management of androgenic disorders which include
BPH [1, 2, 18, 19, 20, 21, 22, 23]. Several studies have established the usefulness of herbal
medicine in the management of BPH [2, 20, 24]. Previous reports on phytotherapeutic
management of BPH established the inhibitory effect of Lepidium meyeni extract [25] and
protective effect of Echinops echinatus and Ganoderma lucidum extracts [20, 21] on
testosterone induced BPH. Benincasa hispida Congn., Sphaeranthus indicus, Abrus
precatorious and Urtica dioica were reported to inhibit S-alpha reductase enzyme activity [1,
26] and these plants have demonstrated ameliorative effect on testosterone-induced prostate
hyperplasia by reducing relative prostate weight in treated animals [1, 22, 23]. Seronoa
repens also known as saw palmetto contains sterols and its inhibitory effect on 5S-alpha
reductase activity with attendant decrease in DHT production has been reported to be useful
in the management of [27]. Peng et al. [28] established that antrodan, a B-glucan obtained
from Antrodia cinnamomea mycelia, is helpful in managing benign prostate hyperplasia.

Ocimum gratissimum contain different compounds such as alkaloids, saponins,
tannins, anthraquinone, flavonoids, steroids, terpenoids and cardiac glycosides [29, 30, 31]
which makes it useful in traditional medication. This study investigated the usefulness of the
leaf extract of Ocimum gratissimum in the management of the experimentally hormone-

induced BPH in Wistar rats and its effect on lipid metabolism. The results will contribute to
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the search for locally available phytotherapeutic agents that can help in managing this
debilitating disease especially in among the poor ones.
2. Materials and Methods

2.1. Plant Material

Fresh leaves of Ocimum gratissimum were harvested from a garden in Okuku in Yala
Local Government of Cross River State, South-South, Nigeria. The plant was identified and
authenticated by Dr. Michael Eko, a botanist in the Department of Biological Sciences,
University of Calabar and a voucher specimens number 431 deposited in a herbarium in the
Department of Botany. Their fresh leaves were washed and dried under the shade for seven
days. The dried leaves were pulverized using pestle and mortar to get a powder that was used

for extraction.

2.1.1. Preparation of extract

The powered sample of Ocimum gratissimum 200g was soaked into 200ml of distilled
water, this was filtered after 48 hours and filtrate was concentrated in water bath. The
solutions were diluted with corn oil, to produce a solution 100mg/ml. The administration of

extract was totally by gavage.

3.0 Hormones

Testosterone propionate Brand name: Ricostrone; a product of Greenfield pharma,
Jiangsu Co Ltd., China. Estradiol valerate (by Medipharm Ltd., 108-Kotlakhpat industrial
Est; Lahore, India. Testosterone propionate (T) and estradiol valerate E, (puregynon depot)
were used for the induction of prostate enlargement at doses of 400ug T and 80ug E; [32]

respectively. This was administered to the rats for three weeks subcutaneously in the inguinal
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region. All Chemicals used in this study were of analytical grade and were obtained from

reputable companies.

3.1. Animals

A total of thirty (30) Wistar rats weighing between 200-300g were obtained from the
animal house of the Faculty of Basic Medical Sciences, Cross River University of
Technology, Okuku Campus, Nigeria. The rats were used for the experiment. The rats were
acclimatized for two weeks before the experiment commences. The rats were exposed to
approximately 12-hour light/dark cycles under humid tropical conditions, given tap water and
feed ad libitum, and were housed in standard plastic cages (five per cage) throughout the 35-
day duration of the study. The animal room was well be ventilated with a temperature range
of 27-29 °C. [The Institutional Animal Ethics Committee, Cross River University of
Technology, Calabar, Nigeria, IAEC/CRUTECH/17/083) approved the study before the

experiment and certified all experimental protocols.

2.3.1. Induction of BPH

BPH was induced by exogenous administration of testosterone and estradiol in
staggered doses three times a week respectively for three weeks. The hormones were diluted
with corn oil which served as the solvent. The dilution was done by taken 19 mL of corn oil
and adding it to 1 mL (25 mg) of testosterone to form a 20 mL stock solution while 24 mL of
corn oil was added to 1 mL of estradiol to make up a stock solution of 25 mL. From the stock
solutions prepared, 200g rat was injected with 400 pg of testosterone and 80 ug of estradiol

separately at the different thighs [32] with modification by Mbaka et al. [33].

2.3.2. Animal grouping and treatment
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The animals were divided into five (5) groups each comprised of six (6) male rats.
Four groups were induced with BPH which were grouped as group I to group IV). Groups I
and II received 50 and 100mg kg’1 body weight (bw) of Ocimum gratissimum extract; group
III received finasteride (orthodox drug) at 0.1mg kg’l; all by gavages for thirty five days,
group IV was left untreated for thirty five days before sacrifice to assess possible reversal of
the exogenous induction and group 5 served as normal control. The animals were weighed
prior to the commencement of the experiment and subsequently every week till the end of the

experiment.

Table 1: Animal grouping and treatment (Daily for 35 days)

GROUP TREATMENT

I BPH + 50 mg/kg OG

I BPH + 100 mg/kg OG

I BPH + 0.1 mg/kg of FINASTERIDE
v BPH CONTROL

\% NORMAL CONTROL

2.4. Determinations of Biochemical Parameters

After 35 days, the rats were anaesthetized by a brief exposure to trichloromethane
vapour and bled by cardiac puncture. The sera were carefully separated and used for the
determination of various biochemical analyses. Each rat’s carcass was promptly dissected and
the prostates were carefully excised. The prostates were freed of external fascias, washed in

cold normal saline, blotted with filter paper and weighed on a sensitive balance.
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3.4.1 Determination of total cholesterol, High density lipoprotein (HDL-cholesterol) and

Triacylglycerol determination

Determination of total cholesterol, high density lipoprotein (CHOD-PAP method) as
described by the National Cholesterol Education Program (NCEP) [34] while Triacylglycerol
(GPO-PAP method) as described by Tietz [35]. Low density lipoprotein was determined as

described by Assmann [36]. All were done using Randox assay kits.

3.5. Statistical Analysis

The experimental data were analysed for statistical significance by one-way analysis
of variance and post hoc comparison using the SPSS version. All data were reported as mean

+ SD and statistical significance was accepted at P < 0.05.

4.0 Results

Table 2: Effect of extract of OG and finasteride body weight, prostate weight and
prostate/body weight ratio

GROUP BW (g) PW (mg) P/BW ratio (mg/g)
BPH + 50mg OG 254.30+7.22° | 700£300.00° | 2.75+0.04°

BPH + 100mg OG 267.70+8.60° | 1000+400.00° | 3.74+0.05°

BPH + FINASTERIDE | 270.30+7.98° | 530+220.00" | 1.96+0.03"

BPH CONTROL 220.304£7.92° | 2110£270.00° | 9.58+0.07°
NORMAL CONTROL | 272.10+7.90° | 310+60.00° 1.14+0.1°

Values are expressed as Mean + SD. Benign prostate hyperplasia (BPH), Ocimum
gratissimum (OG), Body weight (BW), Prostate weight (PW), Prostate/body weight (P/BW)
ratio. Non- identical superscripts (i.e. a, b, ¢) means there is significance between the
comparing groups at P < 0.05.



152  4.1. Effect of extract of OG and finasteride on body weight, prostate weight and
153  prostate/body weight ratio
154 The effect of oral administration of extract and finasteride on body weight is shown in
155  Table 2. The BPH-control group exhibited a decline in body weight when compared with
156  normal control. The extract and standard drug (finasteride) treated groups exhibited an
157  increase in body weight when compared with the BPH control group. Administration of
158  extract or standard drug (finasteride) improved the body weight near normal level when
159  compared with normal control.
160 The weight of the prostates and prostate/body weight ratio were at the highest in the
161  BPH control group when compared with normal control group (Table 2). BPH control group
162  exhibited a significant (P< 0.05) increase in prostate weight and prostate/body weight ratio
163  when compared to normal control. The extract and standard drug treated groups showed a
164  decrease in prostate weight and prostate/body weight ratio when compared with the BPH-
165  control group.
166  Table 3: Effect of extract of OG and finasteride on serum lipid profile
GROUP CHOLESTEROL TRIACYL- HDL-c (mg/dl) LDL-c (mg/dl) VLDL-c
GLYCEROL (mg/dl) (mg/dl)
(mg/dl)
BPH + 50mg OG 147.70+3.93" 70.001.20° 59.78+3.18" 12.27+3.93% 15.20+0.26°
BPH + 100mg OG 146.46+3.42° 69.24+1.75° 60.81+4.07° 11.58+1.98% 15.05+0.37°
BPH + FINASTERIDE  155.00+6.93% 68.37+5.04" 60.73+1.57" 15.85+3.59" 14.88+1.03°
BPH CONTROL 175.82+11.81° 76.12+5.32° 79.78+3.86° 22.27+12.35° 16.43+1.08°
NORMAL CONTROL  131.78+4.89" 61.37+£1.52% 63.32+1.64" 7.35+2.69% 13.48+0.32"

167
168

Values are expressed as Mean + SD. Benign prostate hyperplasia (BPH), High density
lipoprotein (HDL), Low density lipoprotein (LDL), Ocimum gratissimum (OG). Identical
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superscript (i.e. a) means there is no significant difference between the comparing group
P>0.05. Non- identical superscripts (i.e. a, b, c, d, €) means there is significance between the
comparing groups at P < 0.05.

4.2. Lipid Profile

There was a significant (P < 0.05) rise in the serum cholesterol level in BPH control
group when compared with the treated groups. In all the treated groups there was an
improved reduction of serum cholesterol levels when compared to the BPH control group.

The results indicate that there was a significant reduction in the TG concentration in
the OG treated and standard drug treated groups when compared the BPH control group. A
significant (P < 0.05) decrease in the serum HDL-C level in BPH control group was observed
when compared with the treated groups. In all the treated groups there was an increase in
serum HDL-C concentrations when compared to the BPH control group.

There was a significant (P< 0.05) rise in LDL-C level of BPH control group when
compared with the treated groups. Treatment with the extract showed a significant decline in

the levels of LDL concentrations when compared to the BPH control (Table 3).

Discussion

In the prostate gland, lipids promote the cellular proliferation, contractility and overall
enlargement of the prostate and thus represent a potential risk factor for BPH and prostate
cancer [37, 38]. The prostate is a cholesterol-rich tissue; therefore elevated serum cholesterol
may result in the accumulation of cholesterol in the cell membrane forming large lipid rafts
[39]. These lipid rafts have been shown to have pro-carcinogenic cell signalling effects that

will result in the enlargement of prostate.

Some data point outs that modifiable risk factors of cardiovascular disease might raise

the risk of BPH and contribute to its development. Obesity [7, 40, 41, 42] elevated fasting
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plasma glucose levels [43, 44] diabetes [10], and the metabolic syndrome, have been linked
to cause an increased risk of BPH and male LUTS. Anomalous in concentrations of lipids and
lipoproteins are well-proved risk factors for cardiovascular disease, and include elevated
serum low density lipoprotein cholesterol, decreased serum high-density lipoprotein (HDL-
¢), and increased serum triglycerides. These factors make-up the metabolic syndrome and
often arise in association with other cardiovascular risk factors, including diabetes. This
observation raises the likelihood that abnormal lipids and lipoproteins might also be linked to

the cause of BPH [45].

Some researchers [46] observed that prostate weight was significantly higher in
hyperlipidemic rats than in controls. The increased prostate weight is used as one of crucial
markers of BPH according to previous study [47, 48]. BPH is characterized by stromal and
epithelial cells hyperplasia, resulting in prostate enlargement. In previous studies, animals
with BPH had a significant increase in prostate weight compared with normal control
animals, whereas those of animals treated with finasteride or others herbal remedies for the
management of BPH had significantly reduced the weight compared with BPH animals [47,

49, 50]

In a subsequent report, some researchers [51] observed that men with BPH had
significantly higher total cholesterol and low-density lipoprotein (LDL) cholesterol levels
than did men without BPH. Obesity and dyslipidemia have been well reported to increase risk

of BPH and high grad CaP [11, 52].

The estimation of lipid profile indicated that the extract was capable of reducing the
concentrations of cholesterol, triacylglcerol, low density lipoprotein and very low density
lipoprotein in the treated rats. Some pervious researches indicated similar progression [3, 53].

Total-cholesterol and low-density lipoprotein have been established to be significantly high

10
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in BPH patients compared to normal person [51]. It has been established that the amount of
body fat found in males increases as one gets older [54]. It is likely that the increase amount
of body fat as a result of increased age can join to increase the development and progression

of BPH.

Increase in concentrations of cholesterol, triacylglcerol, low density lipoprotein and
very low density lipoprotein and decrease in high density lipoprotein in BPH control group
implies lipid metabolism is implicated in BPH condition. Treatment with extract was able to
attenuate this alteration in lipid metabolism. It therefore means that reduction of the body fat
is crucial in improving the management of BPH. This study indicates that Ocimum
gratissimum has the capacity to control the metabolism of lipid which can very helpful in the

management of benign prostate hyperplasia.

Conclusion

The assessment of lipid profile indicated that the extract was capable of reducing the
concentrations of cholesterol, triacylglcerol, low density lipoprotein and very low density
lipoprotein in the treated rats. As it has been established, that lipids can promote cellular
proliferation, contractility and overall enlargement of the prostate gland. It is therefore logical
to suggest that reduction of lipid component of the body will go a long way in management
of benign prostatic hyperplasia.

Consent: NA

References

1. Nahata A and Dixit VK. Sphaeranthus indicus Attenuates Testosterone induced Prostatic
Hypertrophy in Albino Rats. Phytotherapy Research, 2011; 25(12):1839-1848.
2. Nahata A and Dixit VK. Ameliorative effects of stinging nettle (Urtica dioica) on

testosterone-induced prostatic hyperplasia in rats. Andrologia, 2012; 44 Suppl 1:396-409.

11



243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

10.

11.

12.

13.

14.

Ugwu MN, Asuk AA, Eteng MU, Amaku EE. Effect of Prosopis africana seed extract on
lipid profile of experimentally induced prostatic hyperplasia animal model. The
Pharmaceutical and Chemical Journal, 2018a; 5(1):10-16.

Ozden C, Ozdal OL, Uryancioglu G, Koyuncu H, Gokkaya S, Memis A. The correlation
between metabolic syndrome and prostatic growth in patients with benign prostatic
hyperplasia. Eur Urol., 2007; 51: 199-206.

Parsons JK, Bergstrom J, Barrett-Connor E. Lipids, lipoproteins and the risk of benign
prostatic hyperplasia in community-dwelling men, BJU International, 2007; 101 , 313 —
318.

De Nunzio C, Aronson W, Freedland SJ, Giovannucci E, Parsons JK. The correlation
between metabolic syndrome and prostatic diseases. Eur Urol., 2012; 61: 560-570.

Gacci M. Editorial comment on Zhang et al.: impact of metabolic syndrome on benign
prostatic hyperplasia in elderly Chinese men. Urol Int., 2014; 93: 214-219.

Gacci M, Vignozzi L, Sebastianelli A, Salvi M, Giannessi C, De Nunzio C, Tubaro A,
Corona G, Rastrelli G, Santi R, Nesi G, Serni S, Carini M, Maggi M. Metabolic syndrome
and lower urinary tract symptoms: the role of inflammation. Prostate Cancer Prostatic
Dis., 2013; 16: 101-106.

Kristal AR, Arnold KB, Schenk JM, Neuhouser ML, Weiss N, Goodman P, Antvelink
CM, Penson DF, Thompson IM. Race/ethnicity, obesity, health related behaviors and the
risk of symptomatic benign prostatic hyperplasia: results from the prostate cancer
prevention trial. J Urol., 2007; 177: 1395-1400.

Rohrmann S, Smit E, Giovannucci E, Platz E. Association between markers of the
metabolic syndrome and lower urinary tract symptoms in the Third National Health and
Nutrition Examination Survey (NHANES III). Int J Obes (Lond), 2005; 29: 310-316.
Parsons JK, Bergstrom J, Barrett-Connor E. Lipids, lipoproteins and the risk of benign
prostatic hyperplasia in community-dwelling men. BJU Int., 2008; 101: 313-318.
Hammarsten J, Hogstedt B. Clinical, haemodynamic, anthropometric, metabolic and
insulin profile of men with high-stage and high-grade clinical prostate cancer. Blood
Press, 2004; 13: 47-55.

Vikram A, Jena G, Ramarao P. Insulin-resistance and benign prostatic hyperplasia: the
connection. Eur J Pharmacol., 2010a; 641: 75-81.

Vikram A, Jena GB, Ramarao P. Increased cell proliferation and contractility of prostate
in insulin resistant rats: linking hyperinsulinemia with benign prostate hyperplasia.

Prostate, 2010b; 70: 79-89.

12



277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Shankar E, Bhaskaran N, MacLennan GT, Liu G, Daneshgari F, Gupta S. Inflammatory
signaling involved in high-fat diet induced prostate diseases. J Urol Res., 2015; 2.
McVary KT. A review of combination therapy in patients with benign prostatic
hyperplasia. Clin Ther., 2007; 29: 387-398.

Vikram A, Jena G, Ramarao P. Pioglitazone attenuates prostatic enlargement in diet-
induced insulin-resistant rats by altering lipid distribution and hyperinsulinaemia. Br J
Pharmacol., 2010c; 161: 1708-1721.

Wilt TJ, Ishani A, Stark G, Mac Donald R, Lau J, Mulrow C. Saw palmetto extracts for
treatment of benign prostatic hyperplasia: A systematic review. JAMA. 1998; 80:1604-
1609.

Wilt TJ, Ishani A, Rutks I, Mac Donald R. Phytotherapy for benign prostatic hyperplasia.
Public Health Nutr. 2000; 3:459-472.

Nahata A, Dixit VK. Ganoderma lucidum is an inhibitor of testosterone-induced prostatic
hyperplasia in rats. Andrologia. 2012; 44(Suppl 1):160-74.

Agrawal M, Nahata A, Dixit VK. Protective effects of Echinops echinatus ontestosterone-
induced prostatic hyperplasia in rats. European Journal of Integrative Medicine.
2012;4:e177-185.

Nahata A, Dixit VK. Evaluation of Sa- reductase inhibitory activity of certain herbs
useful as antiandrogens. Andrologia. 2014; 46(6):592-601.

Nandecha C, Nahata A, Dixit VK. Effect of Benicasa hispida fruits on testosterone
induced prostatic hypertrophy in albino rats. Current Therapeutic Research Clinical and
Experimental. 2010;71(5): 331-343.

Fujita R, Liu J, Shimizu K, Konishi F, Noda K, Kumamoto S. Anti-androgenic activities
of Gonoderma lucidium. J Ethnopharmacol. 2005;102:107-12.

Gasco M, Villegas L, Yucra S, Rubio J, Gonzales GF. Dose-response effect of Red Maca
(Lepidium meyeni) on benign prostatic hyperplasia induced by testosterone enanthate.
Phytomedicine. 2007;14:460-4.

Bello I, Kunle-Alabi OT, Abraham TF, Raji Y. Effect of Ethanol Extract of Abrus
precatorious Seed on Testosterone-Induced Benign Prostatic Hyperplasia in Adult Male
Wistar Rats. Journal of Cancer and Tumor International. 2017; 6(3): 1-11.

Bayne CW, Ross M, Donnelly F, Habib FK The selectivity and specificity of the actions
of the lipido-sterolic extract of Serenoa repens (Permixon) on the prostate. J Urol.

2000;164:876-881.

13



310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Peng C, Lin Y, Chen Okay, Chyau C, Peng R. Antrodan, a B-glucan obtained from
Antrodia cinnamomea mycelia, is helpful to benign prostate hyperplasia. Food Funct.
2015;6(2):635-645.

Prabhu KS,. Lobo R, Shirwaikar AA, Shirwaikar A. Ocimum gratissimum: A Review of
its Chemical, Pharmacological and Ethnomedicinal Properties, The Open Complementary
Medicine Journal, 2009; 1, 1-15.

Adeogun OO, Maroyi A, Afolayan AJ. Effects of Leaf Extracts of Ocimum gratissimum
L. on Quality of Fresh Cut Cucumis sativus L., Asian Journal of Plant Pathology, 2017,
11: 174-184.

Oladosu-Ajayi RN, Dienye HE, Ajayi CT, Erinle OD. Comparative Screening of
Phytochemical Compounds in Scent Leaf (Ocimum gratissimum) and Bitter Leaf
(Vernonia amygdalina) Extracts. J Fisheries Livest Prod, 2017, Vol 5(3): 242.

Bernoulli J. An Experimental Model of Prostatic Inflammation for Drug Discovery.
Finland: University of Turku, 2008; 139.

Mbaka GO, Ogbonnia SO, Olarewaju OT, Duru FI. The effects of ethanol seed extract of
Raphia hookeri (Palmaceae) on exogenous testosterone and estradiol induced benign
prostatic hyperplasia in adult male rats. Journal of Morphological Science, 2013; 30 (4):
235-243.

NCEP. The Expert Panel. Executive summary of the third report of the National
Cholesterol Education Program (NCEP) expert panel on detection, evaluation and
treatment of high blood cholesterol in adults (Adult Treatment Panel III). The Journal of
the American Medical Association (JAMA), 2001, 285, 2486-2497.

Tietz N.W. Clinical guide to laboratory tests (3"ed). Philadelphia: WB Saunders
Company, PA, 1995, pp. 518-519.

Assmann G, Jabs H. U, Kohnert U, Nolte W, Schriewer H. LDL-cholesterol
determination in blood serum following precipitation of LDL with polyvinylsulfate.
Clinica Chimica Acta, 1984, 140:77-83.

Duru RC, Njoku OU, Maduka IC, Ugonabo MC, Ugwuene FO. Atherogenic lipid
markers and testosterone levels in Nigerian men with prostate disorders. Asian Pac. J.
Health Sci., 2015; 2(2): 48-55.

Liu Y, Zuckier LS, Ghesani NV. Dominant uptake of fatty acid over glucose by prostate
cells: a potential new diagnostic and therapeutic approach. Anticancer Res., 2010; 30:

369-374.

14



343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362

363
364

365
366
367
368
369
370

371
372
373
374

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Oh HY, Lee EJ, Yoon S, Chung BH, Cho KS, Hong SJ. Cholesterol level of lipid raft
microdomains regulates apoptotic cell death in prostate cancer cells through EGFR-
mediated Akt and ERK signal transduction. Prostate, 2007; 67:1061-1069.

Parsons JK, Carter HB, Partin AW. Metabolic factors associated with benign prostatic
hyperplasia. J Clin Endocrinol Metab., 2006; 91: 2562-8

Rohrmann S, Smit E, Giovannucci E, Platz EA. Associations of obesity with lower
urinary tract symptoms and noncancer prostate surgery in the Third National Health and
Nutrition Examination Survey. Am J Epidemiol., 2004; 159: 390-7.

Seim A, Hoyo C, Ostbye T, Vatten L. The prevalence and correlates of urinary tract
symptoms in Norwegian men: the HUNT study. BJU Int., 2005; 96: 88-92

Parsons JK. Modifiable risk factors for benign prostatic hyperplasia and lower urinary
tract symptoms: new approaches to old problems. J Urol., 2007; 178: 395-401.

Gupta A, Gupta S, Pavuk M, Roehrborn CG. Anthropometric and metabolic factors and
risk of enign prostatic hyperplasia: a prospective cohort study of Air Force veterans.
Urology, 2006; 68:1198-205.

Mitropoulos D, Ploumidou K. Hypercholesterol diet alters serum lipid profile and ventral
prostate structure in rats. Eur Urol Suppl., 2003; 2:20.

Rahman NU, Phonsombat S, Bochinski D, Carrion RE, Nunes L, Lue TF. An animal
model to study lower urinary tract symptoms and erectile dysfunction: the

hyperlipidaemic rat. BJU Int; 2007; 100:658-63.

Pais P. Potency of a novel saw palmetto extract, SPET-085, for inhibition of 5alpha-
reductase II. Advances in Therapy, 2010; 27:555-563.

Arruzazabala ML, Mas R, Molina V, Noa M, Carbajal D. Effect of D-004, a lipid extract
from the cubal royal palm fruit, on atypical prostate hyperplasia induced by
phynylephrine. Drugs in R & D; 2006; 7: 233—41.

Bisson JF, Hidalgo S, Roza P, Messaoudi M. Therapeutic effect of ACTICOA powder, a
cocoa polyphenolic extract on experimentally induced prostate hyperplasia in Wistar-

Unilever rats. Journal of Medicinal Food, 2007; 10:628-635.

Ugwu MN, Eteng M.U, Ogueche P.N. Amaku E.E. Effect of Prosopis africana Seed
Extract on Histology and Biochemical Indices of Prostate Functions in Testosterone and
Estradiol induced Enlarged Prostate in Adult Rats. The Pharmaceutical and Chemical
Journal, 2018b; 5(1):1-9

15



375
376
377
378
379
380
381
382
383
384

385

51. Nandeesha H, Koner B.C, Dorairajan L.N, Sen S.K. Hyperinslinemia and dyslipidemia in
non-diabetic BPH. Clinica Chimica Acta, 2006, 370: 89-93.

52. Prabhat P, Tewari R, Natu SM, Dalela D, Goel A, Goel MM, Tandon P. Is central
obesity, hyperinsulinemia, and dyslipidemia associated with high-grade prostate cancer?
A descriptive cross-sectional study. Ind J Urol.; 2010; 26:502-506.

53. Kiran T. Effects of CR002, a nutraceutical on testosterone induced benign prostatic
hyperplasia in wistar rats. International Journal of Pharmacology and Toxicology
Science, 3(3): 2013, 41-60.

54. Kim H. M, Han S. B, Oh G. T, Kim Y. H, Hong N. D, Yoo L.D. Effect of Phellius linteus
water extract on BPH. Nutrition Research and Practice, 2013; 7(3): 172-177.

16



