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ABSTRACT 
 
The usefulness of methanol extract of Curcuma longa in management of benign prostatic 
hyperplasia (BPH) in rats was studied. Twenty male Wistar rats were divided into five 
groups of 4 rats each. BPH was induced by subcutaneous injection of dihydrotestosterone 
(DHT) and estradiol valerate (10:1) daily for 28 days. The normal control (NC) received 
subcutaneous olive oil (as vehicle) for the same duration. The disease control (HC) and 
drug control groups (DC) were given subcutaneous olive oil and oral finasteride 
(standard drug: 5 mg/kg bw) respectively after induction of BPH. Rats in the test groups 
(T1 and T2) were given 100 and 200 mg/kg.bw of C. longa methanol extracts orally for 28 
days respectively, following disease induction. Phytochemical constituents of plant 
extracts, selected biomarkers of BPH, serum electrolyte and hormonal profile were 
determined using standard methods. Results revealed that C. longa have higher content 
of flavonoid (4.03 ± 0.01 mg/100 g) with lower concentration of terpene (0.40 ± 0.07 
mg/100 g). There was significant decrease (p<0.05) in relative prostate weight and 
prostate specific antigen (PSA) in T1 and T2 compared to the HC group. Calcium and 
sodium showed significant (p<0.05) decreased following administration of plant extract 
while chlorine and bicarbonate recorded no (p>0.05) difference. There was a (p<0.05) 
decrease in serum total testosterone and increase in FSH level, but no difference 
(p>0.05) was seen in serum estradiol levels within all experimental groups. This study 
reveals that C. longa may be useful in the treatment and/or management of BPH and its 
complications. 
 
Keywords: Benign prostatic hyperplasia, Curcuma longa, Induction, hormone profile, Prostate 
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INTRODUCTION 
 
The use of complementary traditional medicine 
in the treatment of various diseases has 
expanded rapidly due to their affordability, 
accessibility and efficacy. Benign prostatic 
hyperplasia (BPH) is the most common disease 

of the prostate in aging men resulting from a 
progressive age-related non-cancerous 
enlargement of the epithelial cells and smooth 
muscle of the prostate gland (Paolone, 2010). 
Generally, BPH affects approximately one in four 
men in their 50s, one in three men in their 60s 
and one in two men in their 80s (Kramer et al., 
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2007; Robert et al., 2009). In Nigeria, Ezeanyika 
et al. (2006) reported that one-in-four men 
older than 40 years have symptoms suggestive 
of BPH. The condition often affects individual’s 
quality of life (Ojewola et al., 2017) and may 
progress into bladder dysfunction and eventually 
lead to acute urinary retention if not corrected 
(Roehrborn et al., 2008). 

The etiology underlying the 
development of BPH is multifactorial and not 
well established. Although ageing represents the 
central mechanism implicated, recent findings 
have linked the development of BPH with 
hormonal alterations (Marker et al., 2003), 
metabolic syndrome (Rees and Kirby, 2014), 
nutritional factors (Bravi et al., 2006) and 
inflammation (Kok et al., 2009). However, none 
of these factors is completely understood and 
data on the hormonal profile and serum 
electrolytes in prostate pathologies are 
ambiguous. Dihydrotestosterone (DHT) a 
metabolite of testosterone that is formed by the 
breakdown of testosterone by an enzyme (5α-
reductase) in the prostate cell-has been 
implicated as the main mediator of BPH 
development (Carson and Rittmaster, 2003). 

Recent studies (Altaf et al., 2016; 
Manappallil et al., 2019) have suggested that 
certain treatment methods of BPH or acute 
urinary retention due to BPH can cause serum 
electrolyte disturbances in addition to any 
underlying chronic diseases such as kidney 
failure. Hydro-electrolytic disorders are very 
common in many clinical and surgical situations 
and may be fatal if not corrected. Recently, 
many developing countries worldwide are 
focusing on phytotherapy as an alternative 
medicine for the management of BPH. This 
approach is becoming popular due to the cost 
and unwanted side effects associated with the 
conventional medical treatment options (Traish 
et al., 2011) in addition to the fact that it is 
readily accessible, cheap and do not require 
medical prescription to be acquired. 

Curcuma longa Linn. (turmeric) is a 
member of the ginger family (Zingiberaceae) 
and native to Southwest India. It is a 
rhizomatous herbaceous perennial plant and has 
a very long history of use in various forms of 
folk medicine because of its many health 

benefits. In Nigeria, the plant is traditionally 
used mainly for the relief of gastrointestinal 
disorders, arthritis, inflammation and gastritis 
and also as spices in food. C. longa has been 
reported to possess some potential therapeutic 
characteristics against several chronic diseases 
such as hyperglycemia (Garkuwa et al., 2017), 
inflammation and oxidative stress (Konak and 
Şener, 2019). It has been shown to possess 
antimicrobial activity against food-borne 
pathogenic bacteria (Onwuegbuchu et al., 2021) 
and has been reported to have a 
hepatoprotective characteristic similar to 
Silymarin (Chattopadhyay et al., 2004). These 
properties of C. longa in traditional medicine to 
treat diseases encouraged this research to 
evaluate its usefulness in the management of 
BPH and its potential effects on serum 
electrolytes level in male Wistar albino rats. 
 
MATERIALS AND METHODS 
  
Plant Collection and Preparation: Matured 
fresh C. longa (Tumeric) rhizomes were 
purchased from local daily market at Umudike, 
Abia State, Nigeria. The sample was identified 
(Onwuegbuchu et al., 2021) and authenticated 
by a plant taxonomist in the Department of 
Plant Science and Biotechnology, Michael 
Okpara University of Agriculture, Umudike. 
Voucher specimen number (MOUAU/PSB/BCH/077) 
was kept in the herbarium of the Department 
for referral. The samples were properly washed, 
cut into pieces, shade dried to a constant 
weight and processed into fine powder using a 
laboratory sized electric blender. The resulting 
powder was transferred into an airtight 
container and stored at room temperature until 
use. 100 g of the C. longa powder was 
macerated in a 250 mL of methanol for 48 
hours and filtered with Whatman No. 1 filter 
paper. Then the filtrate was evaporated to 
dryness at 45 oC using water bath to obtain the 
crude extract.  
 
Quantitative Phytochemical Screening: 
Flavonoid, saponin, tannins and alkaloids were 
evaluated according to the methods of Harborne 
(1998), while cardiac glycosides, phenol, 
anthocyanides, terpenes and steroids were 
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determined following the methods of Trease 
and Evans (1989). All chemicals and drugs used 
in the study were of analytical grade.  
 
Experimental Animal: Fourty five (45) male 
albino rats of the Wistar strain weighing 90 – 
130 grams were procured from the Animal 
Breeding Unit of College of Veterinary Medicine, 
Michael Okpara University of Agriculture, 
Umudike (MOUAU). The animals were housed in 
standard transparent cages with wheat husk 
bedding, renewed every 24 hours. They were 
kept under controlled room temperature (25 to 
29 0C) and humidity (50 ± 20%) in a 12 hours 
light-dark cycle. Animals were acclimatized for 
two weeks to laboratory conditions before 
commencing the study.  The animals were given 
standard rat feed (Vital Feed with 18% crude 
protein and 2800 kcal metabolizable energy) 
and had free access to water throughout the 
duration of the study. Ethical approval for the 
study (MOUAU/EC/21/081) was obtained from 
the MOUAU Committee on Animal Use and Care. 
All investigations were conducted in accordance 
with the accepted principles for laboratory 
animal use and care (NRC, 2011).  
 
Acute Toxicity of Curcuma longa: The acute 
toxicity of the C. longa was determined in two 
phases using the methods of Lorke (1983), in 
which the outcome from each stage determines 
the next step. Fourteen mice were used for this 
study. Phase one is divided into three groups of 
two mice per group and were orally 
administered the extract at the doses of 100, 
400 and 1000 mg/kg respectively. The animals 
were observed for at three hours intervals for 
24 hours for behavioral sign of toxicity and 
mortality. Phase two was also made up of three 
groups of two mice per group which were orally 
administered the extract at the doses of 2000, 
3000, and 5000 mg/kg respectively and also 
observed at three hours intervals for 24 hours 
for behavioral sign of toxicity and mortality. A 
confirmatory test was carried out by 
administering 5000 mg/kg to two animals and 
observed for mortality. LD50 was calculated from 
the formula; LD50= (M0 + M1)/2, where M0= 
highest dose that gave no mortality; M1=  
 

highest dose that gave mortality. 
 
Induction of Benign Prostatic Hyperplasia: 
The animals were fasted for 12 to 14 hours with 
free access to water prior to the induction of 
BPH. BPH was induced in rats using a mixture of 
DHT and estradiol valerate (ratio 10:1) following 
the methods of Ejike and Ezeanyika (2011). 
Dose for induction of benign prostatic 
hyperplasia was formulated as 9 mg/kg body 
weight of DHT and 0.9 mg/kg body weight 
estradiol valerate given by subcutaneous 
injection every other day for 28 days. Stock was 
prepared by dissolving 1 g of DHT and 0.1 g 
estradiol valerate in 100 ml of olive oil. The 
induction of BPH was monitored by measuring 
the PSA levels from the blood drawn from the 
tail vein of the test group after 28 days of 
induction and compared with that of negative 
control rats before commencing the oral 
administration.  
 
Experimental Design: A complete randomized 
experimental design comprising of five 
treatment groups replicated thrice with each 
replicate having three rats was used for the 
study. All administration after induction of BPH 
was done orally for duration of 28 days as 
follows: Group I: Normal; received distilled 
water orally and labeled NC. Group II: BPH 
disease control; received olive oil (1 ml/kg) and 
labeled HC. Group III: BPH; received finasteride 
(5 mg/kg; standard drug) and labeled DC. 
Group IV: BPH; received 100 mg/kg.bw of C. 
longa extract and labeled T1 and Group V: BPH; 
received 200 mg/kg.bw of C. longa extract and 
labeled T2. The sublethal dosage used for this 
study was obtain by dividing the LD50 (5000 
mg/kg) by a factor (50) for the initial dose and 
subsequent dose was double. After 28 days, the 
rats starved overnight were anesthetized by a 
brief exposure to trichloromethane vapor. The 
blood was collected by cardiac puncture into a 
sterile plain tube and allowed to clot. Serum 
was separated within an hour of blood clotting 
by centrifugation at 1200 rpm for 5 minutes at 
room temperature to obtain the serum sample 
which was stored frozen at -20 oC until required 
for assay.  
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Relative Prostate Weight: Prostate, liver and 
kidney were excised, washed with normal 
buffered saline, weighed to obtain absolute 
organ weight. The relative organ weights were 
calculated for each rat as the ratio of absolute 
organ weight to final body weight multiplied by 
100. The relative prostrate weight was 
expressed in g/1000 g, while other relative 
organ weights were expressed in g/100g. 
 
Determination of Serum Electrolyte 
Levels: Serum sodium and potassium 
concentrations were determined using flame 
emission photometry method described by 
Margoshes and Vallee (1956). Serum chloride 
concentration was determined using the titration 
method of Schales and Schales (1941) which is 
based on the precipitation of chloride ions in 
serum using mercuric nitrate which reacts with 
diphenylcarbazone to produce a violet color. 
Titration method of Van Slyke and Neil (1924) 
was employed in determining the concentration 
of bicarbonate. The method is based on the 
release of carbon dioxide from bicarbonate ion 
in serum with dilute hydrochloric acid. The 
excess acid was then titrated with sodium 
hydroxide using phenyl red as indicator. 
 
Assay of Hormone Profile and Serum 
Prostate Specific Antigen: Serum samples 
were assayed for estradiol, total testosterone 
(nmol/L) and follicle stimulating hormone (FSH) 
levels using radioimmunoassay (Diagnostic 
Products Corporation, USA) and the level of 
serum PSA was measured by enzyme-linked 
immunosorbant assay (ELISA) kit (BioCheck Inc., 
USA) strictly following manufacturer’s 
instructions. The value was expressed in nano 
grams per ml (ƞg/ml) of serum. 
 
Statistical Analysis: Data obtained were 
statistically analyzed using one-way analysis of 
variance (ANOVA) with Turkey’s multiple 
comparison post hoc tests to compare the level 
of significance between experimental means. 
Probability value of p<0.05 was considered as 
significant. The results were expressed as mean 
± standard error of mean (SEM).   
 

RESULTS 
 
Quantitative Phytochemical Constituents 
of Methanol Extract of Curcuma longa: The 
result of the quantitative phytochemical 
evaluation of methanol extract of C. longa is 
shown in Table 1. From the result, the extracts 
of C. longa have high content of flavonoid 
followed by alkaloid and tannin. Terpene and 
phenol had the lowest concentration. 
 
Table 1: Quantitative phytochemical 
composition of methanol extract of 
Curcuma longa 
Parameters Concentration (mg/100 g) 
Alkaloid  2.40 ± 0.07j 
Anthocyanin 1.61 ± 0.01e 
Cardiac glycoside 1.55 ± 0.04d 
Flavonoid 4.03 ± 0.04k 
Phenol  0.51 ± 0.02c 
Saponin 1.87 ± 0.14f 
Steroids 0.33 ± 0.02a 
Tannins  2.22 ± 0.04i 
Terpene 0.40 ± 0.07b 
Values are expressed as mean ± standard error of three 
determinations 
 
Acute Toxicity of Curcuma longa:  C. longa 
extract was not toxic because no mortality and 
behavioral sign of toxicity was recorded at the 
highest dose of 5000 mg/kg except for loss of 
appetite.  
 
Effects of Extract on the Mean Body 
Weight of Animals: The results of mean body 
weight of animals treated with leaf extract of C. 
longa are showed in Table 2. The mean body 
weight of the animals treated with different 
doses of C. longa (T1 and T2) extract had less 
significant gain (p<0.05) in weight after 28 days 
of treatment compared with the NC.  
  
Effect of Curcuma longa Extract Relative 
Organ Weight of Rats: The result for the 
effect of the extract on relative weight of 
prostate, liver and kidney is presented in Table 
3. There was significant change (p<0.05) in 
relative liver, kidney and prostate weight in all 
the groups when compared with that of disease 
group (HC) after the 28-day experimental 
period.  
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Table 2: The body weight changes of benign prostatic hyperplasia male rats treated with 
methanol extract of Curcuma longa 
Weight 
(g) 

Group I 
(Normal 
control) 

Group II 
(Disease 
control) 

Group III 
(Drug control) 

Group IV 
(100 mg/kg 

extract) 

Group V 
(200 mg/kg 

extract) 
Initial weight (g) 96.70 ± 1.06a 104.00 ± 1.60b 129.70 ± 3.70d 117.00 ± 1.70c 130.20 ± 1.90d 

Final weight (g) 142.10 ± 4.50b 130.90 ± 5.90a 149.40 ± 4.60d 145.9 ± 3.01c 144.70 ± 3.40c 

% body weight 43.40d 26.00c 19.70b 19.80b 10.00a 
Means on the same row with different letter superscripts are significantly different (p<0.05) 
 
Table 3: Relative organ weights of benign prostatic hyperplasia male rats treated with 
methanol extract of Curcuma longa  
Treatments Absolute organ weight (g) Relative organ weight (g) 

Liver Kidney Prostate Liver Kidney Prostate 
NC 5.24 ± 0.17a 1.27 ± 0.08a 0.10 ± 0.05c 3.69 ± 0.17b 0.89 ± 0.08c 0.07 ± 0.05c 
HC 5.28 ± 0.03c 1.28 ± 0.02b 0.20 ± 0.01d 4.03 ± 0.03c 0.97 ± 0.02c 0.15 ± 0.01d 
DC 5.27 ± 0.03b 1.28 ± 0.01b 0.09 ± 0.02b 3.53 ± 0.03a 0.86 ± 0.01a 0.06 ± 0.02b 

T1 5.28 ± 0.02c 1.28 ± 0.01b 0.09 ± 0.03b 3.62 ± 0.02b 0.88 ± 0.01b 0.06 ± 0.03b 

T2 5.29 ± 0.02d 1.29 ± 0.01c 0.05 ± 0.06a 3.66 ± 0.02b 0.89 ± 0.01c 0.03 ± 0.06a 
NC = Normal control, HC = Disease control, DC = Drug control, T1= 100 mg/kg bw, T2= 200 mg/kg bw, means on the same 
row with different letter superscripts are significantly different (p<0.05) 
 
Table 4: Serum electrolytes concentrations of benign prostatic hyperplasia male rats 
treated with methanol extract of Curcuma longa 
Treatments Sodium (Na) Bicarbonate Chlorine (CL) Calcium (Ca2+) 
NC 127.23 ± 2.31a 26.85 ± 1.29 96.75 ± 1.50c 9.18 ± 0.36c 
HC 169.10 ± 2.15c 27.25 ± 1.26 96.25 ± 1.50c 13.01 ± 0.21d 
DC 197.30 ± 17.83d 27.00 ± 1.15 95.25 ± 1.50b 8.36 ± 0.15b 
T1 157.88 ± 2.54b 27.13 ± 0.48 94.50 ± 1.50a 6.93 ± 0.60a 
T2 162.67 ± 1.77c 27.50 ± 0.58 94.00 ± 1.41a 8.71 ± 0.13b 
NC = Normal control, HC = Disease control, DC = Drug control, T1= 100 mg/kg bw, T2= 200 mg/kg bw, means on the same 
row with different letter superscripts are significantly different (p<0.05) 
 
Following the oral administration of methanol 
extract of C. longa, there was significant decrease 
(p<0.05) in relative prostate weights in the 
experimental group (T1andT2) compared to the 
HC. Similar trend was seen in the relative weight 
of liver and kidney. 
 
Effect of Methanol Extract of Curcuma longa 
on Serum Electrolytes: Table 4 showed the 
effect of extract administration on serum 
electrolytes of DHT-estradiol valerate induced BPH 
Wistar albino rats. There was no significant 
differences (p>0.05) in bicarbonate and chloride 
levels in all the variables evaluated when 
compared with the disease control group (HC). 
The result of serum sodium and calcium 
concentration revealed a significant decrease 
(p<0.05) in all experimental groups when 
compared with the disease control groups (HC).   

Effect of Methanol Extract of Curcuma longa 
on Serum PSA and Hormone Profile: There 
was significant decrease (p<0.05) in the serum 
PSA levels (Figure 1) and total serum testosterone 
levels (Figure 2) but significant increase (p<0.05) 
in FSH levels (Figure 3) in the experimental groups 
(T1and T2) when compared with that of the HC. 
But no significant effect (p>0.05) was seen with 
estradiol levels (Figure 4) in all experimental 
groups.  
 
DISCUSSION 
 
Phytotherapy is increasing becoming important in 
the treatment of numerous diseases due to many 
side effects of surgery, synthetic drugs and long 
latency of benign prostatic hyperplasia (BPH) thus 
phytotherapy based on product derived naturally 
from plant has emerged as an alternative 
treatment for BPH (Allkanjari and Vitalone, 2015).  
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extract is effective in 
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regulation of body weight gain and obesity (Kim 
et al., 2016).  

In this study the prostate weight 
significantly increased in the disease group 
compared with the NC and the extract treated 
groups. This could be due to growth in the 
quantity of cellular components of the prostate 
tissue (Akbari et al., 2021). When sufficiently 
large, the prostate constricts the urethral canal 
and cause partial or complete obstruction of the 
urethra (Parsons and Kashefi, 2008).  The result 
is also in agreement with Veeresh Babu et al. 
(2010) who reported increase in prostate weight 
as one of the important biomarkers in the 
development of BPH. Thus   many studies have 
tested the inhibitory effects of various 
substances on the development of BPH by 
measuring relative prostate weight. Therefore 
the reduction of prostate weight by methanol 
extract of C. longa may be the reason for its use 
in the management of BPH. 

From the results, variations in different 
electrolyte concentrations were observed among 
the groups. Clinically electrolyte such as sodium, 
chloride and bicarbonate ions are among the 
parameters that are useful in the determination 
of kidney function (Ahmad et al., 2013). A 
significant increase in serum sodium ion was 
observed in HC when compared to the NC. This 
could be attributable to the inability of the 
kidneys to excrete adequate sodium from the 
tubular fluid due to BPH, which led to the 
excess sodium ion levels in the diseased 
animals. The plant extracts reduced sodium 
concentration in treated rats though the effect 
was not significant when compared with the 
untreated group.  

A total calcium levels is often measured 
as part of routine health screening and 
abnormal result is an indicator of an underlying 
problem often associated with kidney disease 
(Kim et al., 2011). The calcium concentration of 
the diseased animal in this study increased 
significantly (p<0.05) when compared with that 
of the NC. However, administration of the plant 
extracts showed a dose-dependent reduction in 
calcium concentration in treated groups. 
Bicarbonate buffer system is the most important 
amongst blood buffers when the pH of the 
blood is considered (Kendrick et al., 2017) thus 

any reduction in serum bicarbonates implies a 
reduction in blood pH. However the result 
showed no significant alteration of bicarbonate 
concentration in all groups indicating that the 
induction of BPH did not alter the pH 
haemostasis. The low serum chloride 
concentration observed in the treated groups 
may be associated with metabolic alkalosis 
which could be due to volume loss from gastric 
content as gastric fluid is rich in chloride (CL-). 
The result of this study is in line with previous 
study reported by Garkuwa et al. (2021). 

Prostate specific antigen (PSA) is 
produced in the prostate and it is normally 
present in small quantities in the serum (Lilja, 
2003). However, its level is elevated under the 
condition of BPH and prostate cancer. Thus a 
decrease in PSA is associated with reduction in 
BPH due to inhibition of 5-alpha reductase, the 
enzyme that catalyze the conversion of 
endogenous testosterone to hydrotestosterone 
which is one of the underlying cause of BPH 
(Iweala and Ogidigo, 2015).  From the result, 
the PSA level in disease control was found to be 
significantly higher than that of the NC. This is 
in agreement with report of Wilt and N’Dow 
(2008) who reported an increase in PSA due to 
BPH. Several medicinal plants and products 
have been reported to possess 5-alpha 
reductase inhibitory activity and attenuate the 
development of BPH. In this study, the 
methanolic extract of C. longa caused great 
reduction in the PSA level indicating that it has a 
positive effect in the management of BPH.  

From the result, there was a significant 
increase in testosterone in disease group when 
compared to the NC group and the extract 
treated groups. The increase in testosterone 
level in BPH rats seen in this study agrees with 
the reports of Stege and Carlstrom (1992), 
however, the result of this study is not in 
agreement with Weisser and Krieg (1997) that 
observed  reduction serum testosterone levels in 
BPH animals, while Suzuki et al. (1995) revealed 
no relationship between testosterone levels and 
the prostate dimensions. Therefore the 
reduction in testosterone level in the groups 
treated with the extracts at the concentrations 
used in this study is an indicator of the potential 
effect of C. longa in the management of BPH 
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which could be attributed to the presence of 
wide array of phytochemicals present in the 
plant. 
 
Conclusion: C. longa methanolic extract has 
shown a great potential in reducing the relative 
weight of prostate, PSA level and improved 
serum electrolyte level that was altered due to 
BPH induction. The study showed that methanol 
extract of C. longa could be useful in the 
management of BPH and the results will 
contribute significantly to the search for locally 
available medicinal plants for the management 
and/or treatment of BPH. Thus it is not 
unreasonable to attribute this effect observed in 
the study the presence of active bioactive 
constituents present in C. longa 
 
ACKNOWLEDGEMENTS 
 
Authors wish to appreciate the technical staff of 
department of biochemistry laboratory for their 
assistance in handling and feeding the animals. 
 
REFERENCES 
 
AHMAD, I. M., WUDIL, A. M. and YUNUSA, I. 

(2013). Effect of oral administration of 
aqueous leaves extract of Vitex doniana 
on serum electrolyte levels in 
rats. Pakistan Journal of Biological 
Sciences, 16(23): 1819 – 1822. 

AKBARI, F., AZADBAKHT, M., MEGHA, K., 
DASHTI, A., VAHEDI, L., NEJAD, A. B., 
MAHDIZADEH, Z., SARKAMI, S. A. and 
SADATI, M. (2021). Evaluation of 
Juniperus communis L. seed extract on 
benign prostatic hyperplasia induced in 
male Wistar rats. African Journal of 
Urology, 27: 48. https://doi.org/10.118 
6/s12301-021-00137-x  

ALLKANJARI, O. and VITALONE, A. (2015). 
What do we know about phytotherapy 
of benign prostatic hyperplasia? Life 
Sciences, 126: 42 – 56.  

ALTAF, J., ARAIN, A. H., DEVRAJANI, B. R. and 
BALOCH, S. (2016). Serum electrolyte 
disturbances in benign prostate 
hyperplasia after transurethral resection 
of the prostate. Journal of Nephrology 

and Therapeutics, 6(1): 238. http:// dx. 
doi.org/10.4172/2161-0959.1000238  

BRAVI, F., BOSETTI, C., DAL MASO, L., 
TALAMINI, R., MONTELLA, M., NEGRI, 
E., RAMAZZOTTI, V., FRANCESCHI, S. 
and LA VECCHIA, C. (2006). Food 
groups and risk of benign prostatic 
hyperplasia. Urology, 67(1): 73 – 79. 

CARSON III, C. and RITTMASTER, R. (2003). 
The role of dihydrotestosterone in 
benign prostatic hyperplasia. Urology, 
61(4): 2 – 7. 

CHATTOPADHYAY, I., BISWAS, K., BANDYOPADHYAY, 
U. and BANERJEE, R. K. (2004). Turmeric 
and curcumin: biological actions and 
medicinal applications. Current Science, 
87(1): 44 – 53. 

EJIKE, C. E. and EZEANYIKA, L. U. (2011). 
Management of experimental benign 
prostatic hyperplasia in rats using a 
food-based therapy containing Telfairia 
occidentalis seeds. African Journal of 
Traditional, Complementary and 
Alternative Medicines, 8(4): 398 – 404. 

EZEANYIKA, L. U., EJIKE, C. E., OBIDOA, O. and 
ELOM, S. O. (2006). Prostate disorders 
in an apparently normal Nigerian 
population 1: prevalence. Biokemistri, 
18(2):127 – 132. 

GARKUWA, U. A., ALHASSAN, A. W. and 
TANKO, Y. (2017). Effect of Curcumin 
on blood glucose level and some 
neurobehavioral responses in alloxan-
induced diabetic Swiss albino mice. 
Journal of Advances in Medical and 
Pharmaceutical Sciences, 14(1): 1 – 7. 

GARKUWA, U. A., ALHASSAN, A., TANKO, Y., 
IBRAHIM, B., YAKUBU, A. and GARKUWA, 
A. (2021). Curcumin improves serum 
electrolytes and lipid profiles of diabetic 
Wistar rats. Duste Journal of Pure and 
Applied Sciences, 7(1): 242 – 249. 

HARBORNE, A. J. (1998). Phytochemical Methods a 
Guide to Modern Techniques of Plant 
Analysis. Springer Science and Business 
Media, Berlin, Heidelberg, Germany. 

IWEALA, E. E. J. and OGIDIGO, J. O. (2015). 
Prostate specific antigen, antioxidant 
and hematological parameters in 
prostatic rats fed Solanum macrocarpon 

4101 



Effects of Curcuma longa on benign prostatic hyperplasia male rats                               4096 

Animal Research International (2021) 18(2): 4094 – 4103 

L. leaves. Asian Journal of Biological 
Sciences, 8(1): 30 – 41. 

KENDRICK, J. B., ZELNICK, L., CHONCHOL, M. 
B., SISCOVICK, D., HOOFNAGLE, A. N., 
IX, J. H., SARNAK, M., SHLIPAK, M. G., 
KESTENBAUM, B. and DE BOER, I. H. 
(2017). Serum bicarbonate is associated 
with heart failure in the multi-ethnic 
study of atherosclerosis. American 
Journal of Nephrology, 45(2): 118 – 
126. 

KIM, J. H., KIM, O. K., YOON, H. G., PARK, J., 
YOU, Y., KIM, K., LEE, Y. H., CHOI, K. 
C., LEE, J. and JUN, W. (2016). Anti-
obesity effect of extract from fermented 
Curcuma longa L. through regulation of 
adipogenesis and lipolysis pathway in 
high-fat diet-induced obese rats. Food 
and Nutrition Research, 60(1): 30428. 
https://doi.org/10.3402/fnr.v60.30428  

KIM, W. T., CHOI, Y. D., PARK, C., KIM, Y. W., 
YUN, S. J., KIM, I. Y. and KIM, W. J. 
(2011). Parathyroid hormone is not 
involved in prostate growth in patients 
with benign prostatic hyperplasia. 
Prostate, 71(11): 1210 – 1215. 

KOK, E. T., SCHOUTEN, B. W., BOHNEN, A. M., 
GROENEVELD, F. P., THOMAS, S. and 
BOSCH, J. R. (2009). Risk factors for lower 
urinary tract symptoms suggestive of 
benign prostatic hyperplasia in a 
community based population of healthy 
aging men: the Krimpen study. Journal 
of Urology, 181(2): 710 – 716. 

KONAK, Ş. and ŞENER, E. H. (2019). Antioxidant 
effects of curcumin on the blood tissue 
in rats. Mehmet Akif Ersoy University 
Journal of Health Sciences Institute, 
7(1): 8 – 14. 

KRAMER, G., MITTEREGGER, D. and MARBERGER, 
M. (2007). Is benign prostatic hyperplasia 
(BPH) an immune inflammatory disease? 
European Urology, 51(5): 1202 – 1216. 

KUMAR, S. and PANDEY, A. K. (2013). Chemistry 
and biological activities of flavonoids: an 
overview. Scientific World Journal, 
2013: 162750. https://doi.org/10.1155 
/2013/162750   

LILJA, H. (2003). Biology of prostate-specific 
antigen. Urology, 62(5): 27 – 33. 

LORKE, D. (1983). A new approach to practical 
acute toxicity testing. Archives of 
Toxicology, 54(4): 275 – 287. 

MARGOSHES, M. and VALLEE, B. L. (1956). 
Flame photometry and spectrometry 
principles and applications. Methods of 
Biochemical Analysis, 3: 353 – 407. 

MANAPPALLIL, R. G., CHALLY, R. and 
JOSEPHINE, B. (2019). Symptomatic 
hyponatremia: a consequence of acute 
urinary retention due to benign 
prostatic hyperplasia. Indian Journal of 
Case Reports, 5(3): 295 – 296. 

MARKER, P. C., DONJACOUR, A. A., DAHIYA, R. 
and CUNHA, G. R. (2003). Hormonal, 
cellular, and molecular control of 
prostatic development. Developmental 
Biology, 253(2): 165 – 174. 

NRC (2011). Guide for the Care and Use of 
Laboratory Animals. Eighth Edition, 
Committee for the Update of the Guide 
for the Care and Use of Laboratory 
Animals, Institute for Laboratory Animal 
Research, National Research Council 
(NRC), The National Academic Press, 
Washington DC, USA. 

OJEWOLA, R. W., ORIDOTA, E. S., BALOGUN, 
O. S., ALABI, T. O., AJAYI, A. I., 
OLAJIDE, T. A., TIJANI, K. H., JEJE, E. 
A., OGUNJIMI, M. A. and OGUNDARE, 
E. O. (2017). Prevalence of clinical 
benign prostatic hyperplasia amongst 
community-dwelling men in a South-
Western Nigerian rural setting: a cross-
sectional study. African Journal of 
Urology, 23(2): 109 – 115. 

ONWUEGBUCHU, P. N., ANYIAM, P. N. and 
FRANCISCO, J. M. (2021). Phytochemical 
profile and inhibitory activity of 
Curcuma longa and Zingiber officinale 
extracts against food-borne pathogenic 
bacteria. Direct Research Journal of 
Agriculture and Food Science, 9(4): 98 
– 104. 

PAOLONE, D. R. (2010). Benign prostatic 
hyperplasia. Clinics in Geriatric Medicine, 
26(2): 223 – 239.  

PARSONS, J. K. and KASHEFI, C. (2008). 
Physical activity, benign prostatic 
hyperplasia, and lower urinary tract 

4102 



Onyeabo

PAWAR, M., PATIL, S. and NAGRIK, D. (2015). 

REES, J.

ROBERT, G., DESCAZEAUD, A., ALLORY, Y., 

ROEHRBORN, C. G., SIAMI, P., BARKIN, J., 

SCHALES, O. and SCHALES, S. S. 

SHIN, I. S., LEE, M. Y., HA, H. K., SEO, C. S. and

STEGE, R. 

 

Onyeabo et al.                                                                                                                         

symptoms. European
1228 – 1235.

PAWAR, M., PATIL, S. and NAGRIK, D. (2015). 
Phytochemical and physicochemical 
investigation of 
rhizome. International Journal of 
Chemical and Physical Sciences, 
– 463. 

, J. and KIRBY
syndrome and common urological 
conditions: looking beyond the obvious.
Trends in Urology 
Health, 5(3):

ROBERT, G., DESCAZEAUD, A., ALLORY, Y., 
VACHEROT, F. and DE LA TAILLE, A. 
(2009). Should we investigate prostatic 
inflammation for the management of 
benign prostatic hyperplasia?
Urology Supplements

ROEHRBORN, C. G., SIAMI, P., BARKIN, J., 
DAMIÃO, R., MAJOR
MORRILL, B., MONTORSI, F. and 
COMBAT STUDY GROUP (2008). The 
effects of dutasteride, tamsulosin and 
combination therapy on lower urinary 
tract symptoms in men with benign 
prostatic hyperplasia and prostatic 
enlargement: 2
CombAT study.
179(2): 616 

SCHALES, O. and SCHALES, S. S. 
simple and accurate method for the 
determination of chloride in biological 
fluids. Journal of Biological Chemistry
140(5): 879 

SHIN, I. S., LEE, M. Y., HA, H. K., SEO, C. S. and
SHIN, H. K. (2012). Inhibitory effect of 
Yukmijihwang
formula against testosterone
benign prostatic hyperplasia in 
Complementary and Alternative
12: 48. https://doi.org/10.1186/1472
6882-12-48 

STEGE, R. and CARLSTRÖM, K. (1992). Testicular
and adrenocortical function in healthy 

                                                                                                                         

Animal Research International 

European Urology
1235. 

PAWAR, M., PATIL, S. and NAGRIK, D. (2015). 
Phytochemical and physicochemical 
investigation of Curcuma longa

International Journal of 
Chemical and Physical Sciences, 

KIRBY, M. (2014). Metabolic 
syndrome and common urological 
conditions: looking beyond the obvious.
Trends in Urology 

: 9 – 14. 
ROBERT, G., DESCAZEAUD, A., ALLORY, Y., 

VACHEROT, F. and DE LA TAILLE, A. 
(2009). Should we investigate prostatic 

lammation for the management of 
benign prostatic hyperplasia?
Urology Supplements, 8(13): 879 

ROEHRBORN, C. G., SIAMI, P., BARKIN, J., 
DAMIÃO, R., MAJOR
MORRILL, B., MONTORSI, F. and 
COMBAT STUDY GROUP (2008). The 

dutasteride, tamsulosin and 
combination therapy on lower urinary 
tract symptoms in men with benign 
prostatic hyperplasia and prostatic 
enlargement: 2-year results from the 
CombAT study. Journal of Urology
179(2): 616 – 621. 

SCHALES, O. and SCHALES, S. S. 
simple and accurate method for the 
determination of chloride in biological 

Journal of Biological Chemistry
140(5): 879 – 882. 

SHIN, I. S., LEE, M. Y., HA, H. K., SEO, C. S. and
SHIN, H. K. (2012). Inhibitory effect of 
Yukmijihwang-tang, a traditional herbal 
formula against testosterone
benign prostatic hyperplasia in 
Complementary and Alternative

https://doi.org/10.1186/1472
 

and CARLSTRÖM, K. (1992). Testicular
and adrenocortical function in healthy 

This article and articles in Animal Research International are Freely Distributed  Online 
and Licensed under a 
https://creativecommons.org/licenses/by/4.0/

                                                                                                                         

Animal Research International 

Urology, 53(6): 

PAWAR, M., PATIL, S. and NAGRIK, D. (2015). 
Phytochemical and physicochemical 

Curcuma longa Linn 
International Journal of 

Chemical and Physical Sciences, 4: 458 

(2014). Metabolic 
syndrome and common urological 
conditions: looking beyond the obvious.
Trends in Urology and Men's 

ROBERT, G., DESCAZEAUD, A., ALLORY, Y., 
VACHEROT, F. and DE LA TAILLE, A. 
(2009). Should we investigate prostatic 

lammation for the management of 
benign prostatic hyperplasia? European 

8(13): 879 – 886.
ROEHRBORN, C. G., SIAMI, P., BARKIN, J., 

DAMIÃO, R., MAJOR-WALKER, K., 
MORRILL, B., MONTORSI, F. and 
COMBAT STUDY GROUP (2008). The 

dutasteride, tamsulosin and 
combination therapy on lower urinary 
tract symptoms in men with benign 
prostatic hyperplasia and prostatic 

year results from the 
Journal of Urology

SCHALES, O. and SCHALES, S. S. (1941). A 
simple and accurate method for the 
determination of chloride in biological 

Journal of Biological Chemistry

SHIN, I. S., LEE, M. Y., HA, H. K., SEO, C. S. and
SHIN, H. K. (2012). Inhibitory effect of 

a traditional herbal 
formula against testosterone-induced 
benign prostatic hyperplasia in rats. BMC 
Complementary and Alternative Medicine

https://doi.org/10.1186/1472

and CARLSTRÖM, K. (1992). Testicular
and adrenocortical function in healthy 

This article and articles in Animal Research International are Freely Distributed  Online 
and Licensed under a 
https://creativecommons.org/licenses/by/4.0/

                                                                                                                         

Animal Research International (2021) 18(2

53(6): 

PAWAR, M., PATIL, S. and NAGRIK, D. (2015). 
Phytochemical and physicochemical 

Linn 
International Journal of 

4: 458 

(2014). Metabolic 
syndrome and common urological 
conditions: looking beyond the obvious. 

Men's 

ROBERT, G., DESCAZEAUD, A., ALLORY, Y., 
VACHEROT, F. and DE LA TAILLE, A. 
(2009). Should we investigate prostatic 

lammation for the management of 
European 

886. 
ROEHRBORN, C. G., SIAMI, P., BARKIN, J., 

WALKER, K., 
MORRILL, B., MONTORSI, F. and 
COMBAT STUDY GROUP (2008). The 

dutasteride, tamsulosin and 
combination therapy on lower urinary 
tract symptoms in men with benign 
prostatic hyperplasia and prostatic 

year results from the 
Journal of Urology, 

(1941). A 
simple and accurate method for the 
determination of chloride in biological 

Journal of Biological Chemistry, 

SHIN, I. S., LEE, M. Y., HA, H. K., SEO, C. S. and 
SHIN, H. K. (2012). Inhibitory effect of 

a traditional herbal 
induced 

BMC 
Medicine, 

https://doi.org/10.1186/1472-

and CARLSTRÖM, K. (1992). Testicular 
and adrenocortical function in healthy 

SUZUKI, K., ITO, K., ICHINOSE, Y., KUROKAWA, 

WILT,

TRAISH, A. M., HASSANI, J., GUAY, A. T., 

TREASE, G. E. and EVANS, W. C. (1989) 

VAN SLYKE, D. 

VEERESH BABU, S., VEERESH, B., PATIL, A. A. 

WEISSER, H. and KRIEG, M. (1997). Benign 

This article and articles in Animal Research International are Freely Distributed  Online 
and Licensed under a Creative Commons Attribution 4.0 International License 
https://creativecommons.org/licenses/by/4.0/

                                                                                                                         

(2021) 18(2): 4094

men and in men wit
hyperplasia. 
and Molecular Biology
362. 

SUZUKI, K., ITO, K., ICHINOSE, Y., KUROKAWA, 
K., SUZUKI, T., IMAI, K., YAMANAKA, H. 
and HONMA, S. (1995). Endocrine 
environment of benign prostatic 
hyperplasia: prostate size and volume 
are correlated with serum estrogen 
concentration.
Urology and Nephrology
68. 

WILT, T. J. and N’DOW, J. (2008). Benign prostatic
hyperplasia. Part 2 
British Medical Journal
– 210. 

TRAISH, A. M., HASSANI, J., GUAY, A. T., 
ZITZMANN, M. and HANSEN,. 
Adverse side effects of 5α‐reductase 
inhibitors t
libido and erectile dysfunction and 
depression in a subset of patients.
Journal of Sexual Medicine
884. 

TREASE, G. E. and EVANS, W. C. (1989) 
Pharmacognosy
Tindall, London.

VAN SLYKE, D. 
determination of gases in blood and 
other solutions by vacuum extraction 
and manometric measurement. I.
Journal of Biological Chemistry
523 – 573.

VEERESH BABU, S., VEERESH, B., PATIL, A. A. 
and WARKE, Y. B. (2010). 
and myristic acid prevent testosterone 
induced prostatic hyperplasia in rats.
European Journal of Pharmacology
626(2-3): 262 

WEISSER, H. and KRIEG, M. (1997). Benign 
prostatic hyperplasia
age-induced alteration of andro
estrogen balance?
3 – 9. 

This article and articles in Animal Research International are Freely Distributed  Online 
Creative Commons Attribution 4.0 International License 

https://creativecommons.org/licenses/by/4.0/ 

                                                                                                                         

4094 – 4103 

men and in men wit
hyperplasia. Journal of 
and Molecular Biology

SUZUKI, K., ITO, K., ICHINOSE, Y., KUROKAWA, 
SUZUKI, T., IMAI, K., YAMANAKA, H. 

and HONMA, S. (1995). Endocrine 
environment of benign prostatic 
hyperplasia: prostate size and volume 
are correlated with serum estrogen 
concentration. Scandinavian Journal of 
Urology and Nephrology

T. J. and N’DOW, J. (2008). Benign prostatic
hyperplasia. Part 2 
British Medical Journal

 
TRAISH, A. M., HASSANI, J., GUAY, A. T., 

ZITZMANN, M. and HANSEN,. 
Adverse side effects of 5α‐reductase 
inhibitors therapy: persistent diminished 
libido and erectile dysfunction and 
depression in a subset of patients.
Journal of Sexual Medicine

TREASE, G. E. and EVANS, W. C. (1989) 
Pharmacognosy. 11
Tindall, London. 

VAN SLYKE, D. D. and NEILL, J. M. (1924). The 
determination of gases in blood and 
other solutions by vacuum extraction 
and manometric measurement. I.
Journal of Biological Chemistry

573. 
VEERESH BABU, S., VEERESH, B., PATIL, A. A. 

and WARKE, Y. B. (2010). 
and myristic acid prevent testosterone 
induced prostatic hyperplasia in rats.
European Journal of Pharmacology

3): 262 – 265.
WEISSER, H. and KRIEG, M. (1997). Benign 

prostatic hyperplasia
induced alteration of andro

estrogen balance? The Urologist

This article and articles in Animal Research International are Freely Distributed  Online 
Creative Commons Attribution 4.0 International License 

                                                                                                                         

men and in men with benign prostatic 
of Steroid Biochemis

and Molecular Biology, 42(3-4): 357 

SUZUKI, K., ITO, K., ICHINOSE, Y., KUROKAWA, 
SUZUKI, T., IMAI, K., YAMANAKA, H. 

and HONMA, S. (1995). Endocrine 
environment of benign prostatic 
hyperplasia: prostate size and volume 
are correlated with serum estrogen 

Scandinavian Journal of 
Urology and Nephrology, 29(1): 65 

T. J. and N’DOW, J. (2008). Benign prostatic
hyperplasia. Part 2 - management.
British Medical Journal, 336(7637): 206 

TRAISH, A. M., HASSANI, J., GUAY, A. T., 
ZITZMANN, M. and HANSEN,. M. L 
Adverse side effects of 5α‐reductase 

herapy: persistent diminished 
libido and erectile dysfunction and 
depression in a subset of patients.
Journal of Sexual Medicine, 8(3): 872 

TREASE, G. E. and EVANS, W. C. (1989) 
. 11th Edition, Bailliere 

D. and NEILL, J. M. (1924). The 
determination of gases in blood and 
other solutions by vacuum extraction 
and manometric measurement. I.
Journal of Biological Chemistry

VEERESH BABU, S., VEERESH, B., PATIL, A. A. 
and WARKE, Y. B. (2010). Lauric acid 
and myristic acid prevent testosterone 
induced prostatic hyperplasia in rats.
European Journal of Pharmacology

265. 
WEISSER, H. and KRIEG, M. (1997). Benign 

prostatic hyperplasia - the outcome of 
induced alteration of andro

The Urologist

This article and articles in Animal Research International are Freely Distributed  Online 
Creative Commons Attribution 4.0 International License (CC-BY 4.0)

                                                                                                                         4095 

h benign prostatic 
Steroid Biochemistry 

4): 357 – 

SUZUKI, K., ITO, K., ICHINOSE, Y., KUROKAWA, 
SUZUKI, T., IMAI, K., YAMANAKA, H. 

and HONMA, S. (1995). Endocrine 
environment of benign prostatic 
hyperplasia: prostate size and volume 
are correlated with serum estrogen 

Scandinavian Journal of 
29(1): 65 – 

T. J. and N’DOW, J. (2008). Benign prostatic 
management. 

336(7637): 206 

TRAISH, A. M., HASSANI, J., GUAY, A. T., 
M. L (2011). 

Adverse side effects of 5α‐reductase 
herapy: persistent diminished 

libido and erectile dysfunction and 
depression in a subset of patients.  

8(3): 872 – 

TREASE, G. E. and EVANS, W. C. (1989) 
Edition, Bailliere 

D. and NEILL, J. M. (1924). The 
determination of gases in blood and 
other solutions by vacuum extraction 
and manometric measurement. I. 
Journal of Biological Chemistry, 61(2): 

VEERESH BABU, S., VEERESH, B., PATIL, A. A. 
Lauric acid 

and myristic acid prevent testosterone 
induced prostatic hyperplasia in rats. 
European Journal of Pharmacology, 

WEISSER, H. and KRIEG, M. (1997). Benign 
the outcome of 

induced alteration of androgen-
The Urologist, 36(1): 

This article and articles in Animal Research International are Freely Distributed  Online 
BY 4.0) 

4103 


