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Abstract  

 

Background: Diclofenac (DCF) is a drug widely consumed in developing countries like Nigeria, because of its fast and 

immediate effect on pains. Objectives: The high number of adult males falling victims to BPH made DCF a suspect in the 

predisposition to BPH. Methods: Thirsty Six (36) Male Wistar albino rats were divided into five groups of six animals 

each. Group 1; the Normal control (NC) was injected subcutaneously with olive oil only, Group 2; standard group treated 

with testosterone Propionate in olive oil (3 mg / kg b.wt.). Groups 3, 4, and 5 were treated with Diclofenac, potassium in 

solution as low (2 mg / kg b.wt.), mid (4 mg / kg b.wt.), and high (6 mg / kg b.wt.) doses respectively. All animals were 

fed same diets throughout the twelve (12) weeks. After this period, the rats were allowed to fast overnight then Blood 

samples were collected and analyzed for liver function, kidney function, lipid profile, prostate specific antigen (PSA), 

and haematological parameters. Results: The result showed an elevation in liver parameters; ALT, ALP, AST, total 

bilirubin, conjugated bilirubin in the treatment groups compared to the control. Conversely, the concentration of Na
+
, Cl

- 

and HCO3
-
 revealed no significant difference compared to the control while urea and creatinine increased significantly. 

Haematological parameters showed increase in WBC, PCV, PLT in the treatments groups while RBC, Hb, MCV 

decreased. For lipid profile; Total cholesterol, TG, HDL and LDL increased significantly in the groups treated with mid 

and high dose DCF. Conclusion: The level of PSA was found to increase in all the treatment groups compared to the 

control. This result revealed that DCF-Potassium at high concentration can inter fare with the liver and kidney functions, 

lipid profile and haematological parameters as well as increasing PSA level. Thus, we conclude that persistent 

consumption of DCF can likely predispose to BPH. 
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INTRODUCTION 
Benign Prostate Hyperplasia (BPH) is a 

progressive pathologic condition associated with elderly 

men and characterized by proliferation of prostatic 

tissues, prostate enlargement and consequent lower 

urinary tract symptoms [1]. These include urinary 

reluctance, frequent urination, weak stream, and 

nocturia [2]. Although nearly 70% of men, experience 

prostate enlargement, after the age of 50, the 

pathogenesis of BPH is yet to be fully understood [2]. 

Within the transitional zone of the prostate, 

proliferation of both epithelial and stromal cells occurs. 

This accumulation of cells could lead to prostatitis and 

fibrosis, collectively causing lower urinary tract 

symptoms [3]. BPH development is associated with 

increased levels of dihydrotestosterone (DHT), 

produced from testosterone by the 5α-reductase enzyme 

within the prostate glands [2, 3].There is an increased 

accumulation of DHT in the prostate with aging which 

results in increased cell growth and hyperplasia [3]. 

 

Benign prostate hyperplasia also involves 

increased adrenergic tone in prostate smooth muscle 

mediated by α1-adrenoceptors [4]. Prostatic epithelial 

cells secrete Prostate-Specific Antigen (PSA); a 

glycoprotein in humans that performs various functions 

during copulation and fertilization [4, 5]. Serum PSA 

levels are often elevated in prostate disorders such as 

BPH and are used as a clinical marker for disease 

prognosis [5, 6]. 
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The etiology of benign prostatic hyperplasia is 

complex and not completely elucidated but involves 

age-related hormonal alterations, metabolic syndrome 

and inflammation [6]. Also, several studies have shown 

that other processes such as chronic inflammation and 

increased oxidative stress may play important roles in 

the development of BPH [6].  

 

Inflammatory disorders may include; 

musculoskeletal complaints, especially arthritis, 

rheumatoid arthritis, dental pain among others [7]. 

Diclofenac is used commonly to treat mild to moderate 

postoperative or post-traumatic pain, in particular when 

inflammation is also present, and is effective against 

menstrual pain and endometriosis [7, 8]. Researches 

have shown that, there are different risk factors which 

could predispose to BPH; such as drugs, age, 

consumption of alcohol and dietary pattern, but 

amongst these, painkiller drugs are the most common 

drugs often consume at later age due to arthritis and 

other ailments [8]. In this research, we studied the effect 

of DCF-Potassium, as a predisposer of Benign Prostate 

Hyperplasia (BPH) in rat model.  

 

MATERIALS AND METHODS 
Materials and Reagents 

Diclofenac Potassium 50mg, Testosterone 

propionate injection, Olive oil, Diethyl ether P-

nitrophenylphosphate, buffer solution for ALP 

containing 0.5mmol magnesium chloride, 2,4-

dinitrophenylhydrazine,  Buffer solution containing 

100mmol/L phosphate buffer, Monoclonal anti-free 

PSA alkaline phosphate, Standard Cholesterol reagents, 

Standard triglycerides, Phosphotungstate, Magnesium 

chloride.  

 

Experimental Design and Animal Treatment 

Thirsty Six (36) Male Wistar albino rats (24) 

weeks were purchased from National Veterinary 

Research Institute (NVRI), Vom. Plateau State, Nigeria. 

They were kept in the Animal House of the Department 

of Biochemistry and Molecular Biology, Nasarawa 

State University, Keffi; with proper ventilation 

condition and 12 hours day light as well as 12 hours 

dark night cycle. The rats were weighed and divided 

into five groups of six animals each and acclimatized 

for two weeks before the experiment commenced.  

Group 1; the Normal control  (NC) was  injected  

subcutaneously  with  the  vehicle  (olive  oil)  only  and  

served  diet. Group 2; standard group treated with 

testosterone Propionate in olive oil (3 mg / kg b.wt.). 

Groups 3, 4, and 5 were treated with Diclofenac, 

potassium in solution as low (2 mg / kg b.wt.), mid (4 

mg / kg b.wt.), and high (6 mg / kg b.wt.) doses 

respectively, and served feed. The experiment lasted for 

twelve (12) weeks [9]. 

 

Animal Sacrifice and Blood Sample Collection 

After the treatment period, the rats was 

allowed to fast overnight and sacrificed under mild 

euthanasia with pentobarbital. Blood samples were 

collected by cardiac perforation into plain, and EDTA 

bottles, respectively for chemistry and hematological 

assays. The blood in the plain bottles was allowed to 

clot and the serum separated at 3500 rpm for 15 min 

was used for determination of Prostate Specific Antigen 

(PSA), Kidneys and liver functions.  

 

Determination of Serum Prostate specific antigen 

(PSA) 

The serum Prostate Specific Antigen (PSA) 

levels were determined with a PSA ELISA kit 

according to the manufacturer’s instructions (Rapid 

Labs. Ltd, Colchester, Essex, UK) The absorbance was 

measured at 450 nm using a micro plate reader (Bio-

Rad Laboratories, Inc.). The values were expressed as 

ng protein mLG. 

 

Biochemical Analysis 

Biochemical analysis were carried out to 

determine liver function (serum concentrations of AST, 

ALT, ALP, conjugated and total bilirubin), Kidney 

function (Urea, Creatinine and electrolytes) using 

Automated Biochemical Analyzer. While kits (Bio-Rad 

Company), were used to assay for lipid profile (Total 

cholesterol, VLDL, LDL and HDL) according to 

manufacturer’s instructions. 

 

STATISTICAL ANALYSIS 
One-way analysis of variance was used in 

analyzing the results using the Predictive Analytics 

Software (International Business Machines (IBM), 

United States) Statistics 18 package. All the results 

were expressed as mean ± standard error and P < 0.05 

was taken to be significant [10].  

 

Table-1:  Effect of Diclofenac on Liver Function of Rats 

Groups Total Bil. 

(µmol/L) 

Conjugated Bil. 

(µmol/L) 

ALP 

(IU/L) 

ALT 

(IU/L) 

AST 

(IU/L) 

1 3.30±0.08
a
 0.35±0.10

c     
 197.10±13.02

g
 80.00±0.28

i
 53.00±0.43

m
 

2 3.30±0.04
a
 1.35±0.02

d     
 196.00±21.43

g  
 210.00±25.2

j
 210.00±25.12

o
 

3 3.30±0.04
a
 3.65±0.36

e    
 276.85±4.53

h
 75.15±4.93

i
 129.60±26.45

n
 

4 5.60±0.00
a
 2.80±1.2

f      
 239.80±28.00

h
 97.50±0.24

k
 160.23±23.06

p
 

5 6.25±3.22
b
 3.45±0.53

e   
 193.65±4.12

g
 94.42±36.47

l
 48.95±1.75

m
 

Results are expressed in Means ± SD (n = 6) Mean values with different letters as superscripts down the rows are considered 

significant at p < 0.05. Group 1 = Negative Control (treated with vehicle), Group 2 = Testosterone treated, Group 3 = Low dose + 

normal feed, Group 4 = Middle dose + normal feed, Group 5 = High dose + normal feed 
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As shown in table, total bilirubin concentration 

increased significantly (P < 0.05) in groups 4 when 

compared to the control group while conjugated 

bilirubin increased significantly (P < 0.05) in all the 

treatment groups compared to group 1. ALP levels 

significantly (P < 0.05) increased in groups 3, 4 and 5 

compared to the control. ALT levels was found to be 

significantly (P < 0.05) high in groups 2, 4, 5 and 

significantly (P < 0.05) lower in groups 3 when 

compared to the control group while AST levels 

increased significantly (P < 0.05) in groups 2, 3,and 4 

respectively. 

 

Table-2: Effect of Diclofenac on Kidney Function of Rats 

Groups  Na
+ 

(mmol/L) 

K
+
 

(mmol/L) 

Cl
-
 

(mmol/L) 

HCO3
-
 

(mmol/L) 

Urea 

(mmol/L) 

Creatinine 

(mmol/L) 

1 151.42±0.16
a
 3.00±0.04

c
 103.87±0.18

g
 19.77±0.14

k
 5.67±0.06

n      
 76.10±0.04

r
 

2 149.00±-0.53
a
 3.20±0.16

c
 100.87±0.14

g
 21.10±0.81

k
 6.62±0.57

n      
 68.92±1.86

r
 

3 148.05±1.02
a
 3.93±0.28

c
 102.25±0.28

g
 18.15±0.77

l
 6.35±0.36

n
 72.55±.44

r
 

4 150.70±0.73
a
 5.50 ±1.87

d
 102.00±0.48

g
 19.45±0.36

k
 12.55±3.02

o      
 95.10±9.55

s
 

5 152.45±0.12
a
 5.43±1.10

d
 94.95±1.10

h
 17.10±0.00

l
 9.10±0.40

q      
 108.00±1.22

t
 

Results are expressed in Means ± SD (6 = 4). Mean values with different letters as superscripts down the rows are considered 

significant at p < 0.05, Group 1 = Negative Control (untreated), Group 2 = testosterone treated, Group 3 = Low dose + normal feed, 

Group 4 = mid dose + normal feed, Group 5 = High dose + normal feed. 

 

In table 2 above, the concentration of Sodium 

and chloride ions in the treatment groups showed no 

significant difference (P< 0.05) compared to control 

while Potassium ion concentration slightly increased in 

the treatment groups. Bicarbonate ion decreased 

significantly (P<0.05) in groups 3 and 5 and increased 

significantly (P<0.05). Urea and creatinine 

concentration increased significantly (p < 0.05) in 

groups 4 and 5 compared to the control.  

 

Table-3: Effect of Diclofenac on Lipid Profile of Rats 

Groups Total Chol. 

(mmol/L) 

    HDL 

(mmol/L) 

TG 

(mmol/L) 

LDL 

(mmol/L) 

1 1.10±0.00
a
 0.50±0.04

e
 0.90±0.04

i
 0.40±0.04

m
 

2 1.30±0.00
a
 0.48±0.06

e
 0.70±0.08

l
 0.50±0.00

m
 

3 1.80±0.08
b
 0.70±.40

f
 0.70±0.00

l
 0.65±0.36

m
 

4 2.20±0.32
c
 0.80±0.32

g
 1.05±0.12

k
 3.55±0.44

n
 

5 2.10±0.00
d
 1.30±0.24

h
 0.65±0.04

l
 1.35±0.85

o
 

Results are expressed in Means ± SD (6 = 4). Mean values with different letters as superscripts down the rows are considered 

significant at p < 0.05, Group 1 = Negative Control (untreated), Group 2 = testosterone treated, Group 3 = Low dose + normal feed, 

Group 4 = mid dose + normal feed, Group 5 = High dose + normal feed. 

 

In table 3 above, Total cholesterol 

concentration was observed to increase significantly (p 

< 0.05) in groups 4 and 5 compared to the control. HDL 

concentration increased significantly (P < 0.05) in 

groups 3, 4 and 5 compared to the control. Triglycerides 

concentration increased significantly (P < 0.05) in 

group 4 compared to the control. LDL concentration 

increased significantly (P < 0.05) in the treatment 

groups compared to the control except in groups 2 and 

3. 

 

Table-4:  Effect of Diclofenac on PSA Levels of Rats 

Group                                              PSA (ng/ml) 

          Group 1                                                        0.10±0.00
a
 

          Group 2                                                                                                  0.48±0.17
c
 

          Group 3                                                 2.10±0.40
b
 

          Group 4                                                                                                  0.99±0.05
c
 

          Group 5                                                 0.95±0.25
c
 

Results are expressed in Means ± SD (6 = 4). Mean values with different letters as superscripts down the rows are considered 

significant at p < 0.05, Group 1 = Negative Control (untreated), Group 2 = testosterone treated, Group 3 = Low dose + normal feed, 

Group 4 = mid dose + normal feed, Group 5 = High dose + normal feed. 
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Table-5: Effect of Diclofenac on hematological parameters in BPH rat models 

Groups WBC 

(10
9/1

g/l) 

RBC 

(10
12/1

g/l) 

Hb 

(g/dl) 

PCV 

(%) 

MCV 

(FL)                    

PLT 

(10
9/1

g/l) 

1 6.30±0.89
b        

 6.00±0.04
c
    23.87±0.75

h   
 19.77±0.41

m     
 76.10±2.03

t           
 253.33±2.03

w
 

2 149.00±0.10
a
    6.20±0.08

c   
 20.87±0.21

h   
 21.10±0.61

m      
 68.92±0.61

t         
 199.50±0.61

x
 

3 6.300±44.90
b   

 2.65±0.53
f       

 8.80±1.38
i          

 33.65±1.51
s
      100.95±3.30

u      
 112.25±0.50

y
 

4 6.40±0.29
b
       3.90±0.24

e    
 12.90±0.40

j        
 33.15±1.02

s       
 98.95±3.06

u 
       202.00±4.89

z
 

5 7.20±0.00
b     

 4.55±0.04
d      

 15.25±0.12
k
      33.50±.57

s        
 100.00±1.79

u        
 319.50±13.47

β
 

Results are expressed in Means ± SD (6 = 4). Mean values with different letters as superscripts down the rows are considered 

significant at p < 0.05, Group 1 = Negative Control (untreated), Group 2 = testosterone treated, Group 3 = Low dose + normal feed, 

Group 4 = mid dose + normal feed, Group 5 = High dose + normal feed. 

  

The amount of PSA increased significantly (P 

< 0.05) in the treatment groups when compared to the 

control group except group 2. RBC and Hb levels in 

groups 2, 4, 5 decreased significantly (P < 0.05) while 

WBC increased in group2, MCV level increased 

significantly in the treatment groups while platelet 

decreased in all the groups except in group5 where it  

increased. 

 

DISCUSSION 
The biochemical effect of the drug diclofenac 

(DCF) Potassium a nonsteroidal anti-inflammatory drug 

(NSAID) was studied concurrently with BPH induced 

rat models. In this study, DCF Potassium showed 

alterations in haematological parameters, lipid profile, 

liver and kidney functions as well as prostate specific 

antigen (PSA). Similar alterations have been previously 

observed in human beings and dogs as also observed in 

WBC of rat across the groups with significant (P<0.05) 

elevation in group 2 & 3. An increased in WBC counts 

can occur aberrantly as a result of an infection, cancer, 

or prescence of xenobiotics [10]. The decrease in RBC, 

Hb and increase in WBC by DCF-Potassium was 

previously reported [11]. The decrease in blood 

parameters caused by this drug may be attributed to its 

harmful effects on bone marrow and haematopoietic 

organs [12, 13]. The Hb, PCV and MCV levels all 

showed varying alterations (Table 5). The platelets 

levels was lowest at low concentration of DCF but 

became highest at high dose. This indicates that 

although DCF is an anti-inflammatory drug at low dose 

at high concentration it has negative effect at very high 

concentration by inducing inflammatory process [13, 

14]. This is evident from the elevated levels of the 

WBC & PLT in all the dichlofenac treatment groups. 

The results of the lipid profile of the rats showed 

significant alterations in the serum total cholesterol 

across the treated groups (Table 3). The increase in total 

cholesterol level in the testosterone group (BPH model) 

compared to the control and the treatment groups (3 – 

5) is a clear pointer that, mimicking  the life styles of 

individuals in regards to linking it to BPH may be very 

correct [14, 15]. The increase in cholesterol level could 

probably be triggered as a result of DCF-Potassium 

effect on the liver; leading to hepato-biliary impairment 

as evident by the substantial increase in serum liver 

enzymes. This phenomenon would have prevented the 

transport of triglycerides from the hepatocytes, thus 

rendering lower amounts of triglycerides, in the serum 

[15].  Based on the fact that, the liver is the vital tissue 

of lipid metabolism, drug-induced liver impairment 

raised total cholesterol levels, while HDL-cholesterol 

levels decreased alongside those of triglycerides and 

LDL-cholesterol, respectively [16, 12]. This implies 

that DCF-Potassium interaction with dietary 

xenobiotics could lead to the generation of ROS and 

RNS [15] which undoubtedly enhances oxidative stress 

in several pathophysiological conditions which may 

include the prostate gland leading to BPH. 

 

A previous report on diclofenac induced rats 

showed kidney and liver function aberrations [17, 18]. 

Diclofenac effect on renal function showed that, it 

impaired urinary output within 10 minutes of its 

administration by injection in humans [12]. It was 

observed that, this effect was as a result of the 

inhibition of prostaglandin (PG) synthesis in animals 

and PG is a part of prostatic secretion [12]. It is no 

doubt therefore that DCF negatively affects the prostate 

gland. It is equally known that PGs are synthesized at 

sites of tissue damage or infection, where it causes 

inflammation and pain. The prostate gland by its nature 

as soft tissue is vulnerable and therefore links up with 

the prediction that DCF-Potassium is most likely toxic 

to the gland. A study had suggested earlier that 

Diclofenac causes muscle contraction in the uterus and 

that higher concentration were linked to menstrual 

cramps caused by endometriosis [17]. This claim 

supports our deduction of the negative effect of 

diclofenac on the soft tissues like the prostate gland. 

The biochemical markers evaluated in the rats for DCF-

Potassium effect on liver function, showed alterations 

in total bilirubin, conjugate bilirubin, ALP, AST and 

ALT [18].  The other groups (3–5) however, were 

significantly higher. This would have been triggered by 

the interaction between DCF and dietary xenobiotics. It 

justified the claim of hepatotoxicity in rats by DCF in a 

dose dependent pattern [18, 12]. The biomarkers in the 

kidney studies showed significant alterations in urea 

and creatinine levels, as well as K
+
. Urea and creatinine 

are excreted solely through the kidney; however, 

damage to the kidney will make it inefficient to excrete 

both urea and creatinine, resulting in their accumulation 

in the blood. The kidneys role in the elimination of 

toxic xenobiotics, cannot be underscored, hence its 

exposure to toxic materials compared to other organs 
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beside liver. Our study is consistent with earlier reports 

that showed increased levels of serum creatinine and 

urea in mice exposed to diclofenac and these are 

indications of acute kidney injury (AKI) [12]. It is 

obvious that AKI increases the free radical levels within 

the system, which tends to cause inflammation of 

various organs and especially very soft tissues such as 

the prostate gland being most vulnerable [19]. The 

prostate specific antigen (PSA), values showed 

significant (P<0.05) alteration as well, which suggest 

injury to tissues. The PSA is produced by all cells in 

normal as well as malignant cells of the prostate gland 

[20]. It is known that, the PSA levels in men vary over 

time according to age and physiological conditions 

[20]. Certain conditions are known to cause alterations 

in PSA levels in men, such as prostatitis or urinary tract 

infection [20, 1]. The effect of testosterone propionate 

injection in laboratory animals has contradictory effect, 

but most recent report showed correlation between 

levels of PSA after testosterone injection [1]. The 

current study also showed a slight raise in PSA level. 

The levels of PSA across the groups were significantly 

(P<0.05) increased, compared to the control and 

testosterone groups, respectively. DCF have been 

shown to be hepato-toxic and nephro-toxic from this 

research predictively as a result of increased generation 

of free radicals which in turn exacerbated inflammatory 

response and other cellular processes, which initiated 

the promotion and progression of abnormal cell 

proliferation, enlargement and possible neoplasms 

leading to cancer [8]. The significant increase in levels 

of PSA in all the treatment groups is indictment of DCF 

as a predisposer of BPE and possibly BPH. 

 

CONCLUSION  
From the results obtained in this research, we 

concluded that DCF is hepatotoxic, nephrotoxic, thus 

predisposes tissue damage, inflammation and oxidative 

stress which collectively could lead to elevated PSA a 

prime marker of BPE. Further study, on the effect of 

different doses of DCF on antioxidant enzymes are 

recommended. 
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