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Abstract 

Background Benign prostatic hyperplasia (BPH) is a major health concern associated with lower urinary tract symp‑
toms and sexual dysfunction in men. Recurrent inflammation, decreased apoptotic rate and oxidative stress are some 
of the theories that explain the pathophysiology of BPH. Common salt, a food additive, is known to cause systemic 
inflammation and redox imbalance, and may serve as a potential risk factor for BPH development or progression. This 
study examined the effect of common salt intake on the pathology of testosterone‑induced BPH.

Methods Forty male Wistar rats were randomly divided into four equal groups of 10: a control and three salt diet 
groups‑low‑salt diet (LSD), standard‑salt diet (SSD) and high‑salt diet (HSD). The rats were castrated, allowed to recu‑
perate and placed on salt‑free diet (control), 0.25% salt diet (LSD), 0.5% salt diet (SSD) and 1.25% salt diet (HSD) for 60 
days ad libitum. On day 33, BPH was induced in all the rats with daily injections of testosterone propionate‑Testost® 
(3 mg/kg body weight) for 28 days. The rats had overnight fast (12 h) on day 60 and were euthanized the follow‑
ing day in order to collect blood and prostate samples for biochemical, molecular and immunohistochemistry (IHC) 
analyses. Mean ± SD values were calculated for each group and compared for significant difference with ANOVA fol‑
lowed by post hoc test (Tukey HSD) at p < 0.05.

Results This study recorded a substantially higher level of IL‑6, IL‑8 and COX‑2 in salt diet groups and moderate IHC 
staining of COX‑2 in HSD group. The prostatic level of IL‑17, IL‑1β, PGE2, relative prostate weight and serum PSA levels 
were not statistically different. The concentrations of IGF‑1, TGF‑β were similar in all the groups but there were multi‑
ple fold increase in Bcl‑2 expression in salt diet groups‑LSD (13.2), SSD (9.5) and HSD (7.9) and multiple fold decrease 
in VEGF expression in LSD (‑6.3), SSD (‑5.1) and HSD (‑14.1) compared to control. Activity of superoxide dismutase 
(SOD) and concentration of nitric oxide rose in LSD and SSD groups, and SSD and HSD groups respectively. Activities 
of glutathione peroxidase and catalase, and concentration of NADPH and hydrogen peroxide were not significantly 
different. IHC showed positive immunostaining for iNOS expression in all the groups while histopathology revealed 
moderate to severe prostatic hyperplasia in salt diet groups.

Conclusions These findings suggest that low, standard and high salt diets aggravated the pathology of tes‑
tosterone‑induced BPH in Wistar rats by promoting inflammation, oxidative stress, while suppressing apoptosis 
and angiogenesis.
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Background
Benign prostatic hyperplasia is characterized by exces-
sive proliferation of stromal and epithelial cells in the 
transition zone of the prostate. It is associated with 
lower urinary tract symptoms and poor quality of life in 
adult men [1]. Worldwide, the global prevalence of BPH 
has remained 26.2% for more than two decades [2]. The 
economic burden of BPH and accompanying complica-
tions is estimated to be above US $180 million, US $1100, 
US $300-1,300 in United States of America, Ghana and 
Nigeria respectively [3–5].

At present, the etiology of BPH is unknown [6]. How-
ever, there are several hypotheses on the roles of andro-
gens, inflammation, oxidative stress and diets in prostate 
enlargement. Reports of some studies have shown that 
androgens such as dihydrotestosterone and testosterone 
caused BPH by promoting inflammation, oxidative stress 
[7] and by modulating the expression of growth regula-
tory proteins including insulin-like growth factor (IGF) 
[8], vascular endothelial growth factors (VEGF) [9, 10], 
and apoptosis suppressor, B-cell lymphoma-2 (Bcl-2) [7]. 
These growth stimulatory proteins induce mitogenesis of 
prostate cells, resulting in hyperplasia and hypertrophy 
of the prostate. In spite of the strong association between 
androgens and BPH development, they are considered to 
be partly responsible for BPH pathophysiology [11].

Oxidative stress (OS) refers to an imbalance between 
production of free radicals and their elimination by anti-
oxidant enzymes leading to accumulation of free radicals. 
Antioxidant enzymes- catalase, superoxide dismutase 
(SOD), glutathione peroxidase (GPx) are produced de 
novo. These enzymes usually neutralize free radicals [12]. 
Decreased level or activity of antioxidant enzymes results 
in oxidative stress, which can stimulate BPH develop-
ment by causing imbalance between cell proliferation and 
cell death [13, 14].

Benign prostatic hyperplasia is regarded as an auto-
immune disorder characterized by preponderance of 
inflammatory cells [15] and increased expression of pro-
inflammatory mediators such as interleukin (IL)-17, IL-1 
IL-6, IL-8, tumour necrotic factor-alpha (TNF-α), and 
cyclo-oxygenase-2 (COX-2) in prostate tissue [16]. The 
chronic inflammation in BPH might be due to infection, 
autoimmune diseases and obesity [17, 18]. However, the 
initial stimulus for the inflammatory process in BPH 
remains unknown [19]. The chronic inflammation in 
BPH usually upregulates the expression of growth fac-
tors [20, 21] and triggers recurrent injury and healing of 
prostate cells resulting into the enlargement of prostate 
gland [22].

Common salt (NaCl) is the main source of sodium in 
diets (https:// www. who. int/ news- room/ fact- sheets/ detail/ 
salt- reduc tion). Generally, most people take salt that is 

more than the recommended maximum intake level of 5 
g per day [23]. The high intake of salt is largely attributable 
to increasing intake of processed food by people in urban 
communities [17]. Consumption of large amounts of salt is 
associated with increased differentiation of T-lymphocytes 
to inflammatory  TH17 phenotypes [24, 25] and release of 
pro-inflammatory cytokines such as IL-1, IL-6 and IL-17 A 
by immune cells [26]. Evidence from some studies showed 
that high levels of salt intake by rodents is associated with 
increased population of inflammatory cells in the kidney 
[27] and heart [28]. High salt levels in rodents increased 
cellular oxidative stress [29], and reduced activity of anti-
oxidant enzymes in the myocardium [30, 31], hippocam-
pus [32] and the arterial vessels [33, 34]. Interestingly, the 
specific level of salt that is associated with sodium toxicity 
and inflammation is still unknown [35, 36].

Most of the previous studies examined the pro-
inflammatory and oxidative stress inducing properties 
of high level of salts in tissues like kidney, liver, heart 
and arteries. There is dearth of data on the role of salt 
in the development or severity of BPH. The goal of this 
study was to determine the effect of low-salt diet (LSD), 
standard-salt diet (SSD) and high-salt diet (HSD) on the 
pathology of testosterone-induced BPH in Wistar rats.

Methods
Source of animal, salt and testosterone
Forty adult male Wistar rats (16 weeks old) weighing 
180-200 g were used for this study. Common salt and tes-
tosterone used for this experiment were bought at a local 
market and a government approved pharmacy shop in 
Ibadan respectively.

Experimental site and management
This experiment was conducted at the  Central Animal 
House, University of Ibadan. The rats were housed in 
eight clean and well ventilated cages covered with wire 
mesh in an environment with 12- hour light-dark cycle. 
Water and feeds were provided ad libitum to the animals 
throughout the duration of this experiment. They were 
allowed to acclimatize to the laboratory environment 
for two weeks before the commencement of the study. 
This study was carried out in accordance with ARRIVE 
guidelines.

Sample size determination
Sample size of ten animals per group was considered for 
this study after consideration of attrition that could occur 
as a result of complications of castration and adequacy of 
samples for laboratory analysis. To determine adequacy 
of number of rats allocated per group, the resource equa-
tion method described below was used [37].

https://www.who.int/news-room/fact-sheets/detail/salt-reduction
https://www.who.int/news-room/fact-sheets/detail/salt-reduction
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Resource equation
E (degree of freedom of analysis of variance) = Total 
number of animals -Total number of groups.

 Four  experimental groups with total number of 
forty rats were used in this study.

Therefore

The value of E must lie between 10 and 20 and when 
it is greater than 20, then adding more animals will not 
increase the chance of getting significant results [38]. 
The E value in the present study is greater than 20, 
hence the sample size is more than enough.

Study design
Forty adult male Wistar rats were assigned into four 
equal groups of 10 using simple randomization: con-
trol group and three (3) salt diet groups- low-salt diet 
(LSD), standard-salt diet (SSD) and high-salt diet 
(HSD).

Experimental phases
The experiment was divided into preparatory and expo-
sure phases.

Preparatory phase
In the preparatory phase, the animals were castrated 
to prevent the possible influence of endogenously pro-
duced testosterone on BPH induction. The rats were 
anaesthetized before castration by using intra-perito-
neal injection of anaesthetic agents, xylazine 0.2 ml/kg 
and ketamine-25 mg/kg. The castration was performed 
by making an incision on the scrotal septum. The tes-
ticles and epididymal fat were removed through the 
scrota sac using the protocol of Van Coppenolle et al. 
[39]. Thereafter, the blood vessels and spermatic cord 
were ligated with absorbable sutures and the redun-
dant tissues were excised. Penicillin-streptomycin 
(Pen-Strep) antibiotic was administered to the rats via 
drinking water (0.5 g of Pen-Strep/1 litre of water) to 
prevent infection that could occur following the cas-
tration procedure. The rats were allowed to recuper-
ate for 2 weeks before the beginning of the exposure 
phase. All the rats were placed on commercial feed 
(Top Feed ®) during the preparatory phase.

Exposure phase
The exposure phase involved feeding the rats with diets 
containing varying quantities of salt for 60 days and 
induction of BPH for 28 days.

E = (10 × 4) − 4 . . . . . . . . . . . .E = 36

Duration of exposure phase The exposure phase com-
menced immediately after expiration of timeline left for 
recovery from castration and spanned for 60 days.

Feed formulation and placement of rats on common 
salt‑enriched diet Salt-free feed was compounded at a 
commercial feed-mill in Ibadan as described in a previ-
ous study [40]. The feed was divided into four equal por-
tions. After, different amount of salts were added: 2.5 g of 
salt/1 kg feed (LSD- 0.25% salt in the diet), 5 g of salt/ 1 
kg feed (SSD- 0.5% salt in the diet) and 12.5 g of salt/1 kg 
feed (HSD − 1.25% salt in the diet). The fourth group is 
the control that was placed on salt-free diet. The animals 
were fed their respective diets for 60 days.

Commencement of BPH induction and duration Day 33 
of the exposure phase, BPH was induced by subcutane-
ous administration of testosterone propionate (Testost®) 
(3 mg/kg) for 28 days as previously described [41].

Animal sacrifice and sample collection
The rats were fasted overnight at the end of the exposure 
phase and sacrificed the next morning via intra-peritoneal 
injection of 0.3ml of thiopentone/0.2 kg body weight. The 
rats were thereafter cut open with the use of scissors and 
scapel blade from the abdominal cavity to the thorax and 
inguinal regions to access the heart and prostate glands 
respectively. Blood samples for PSA analysis were col-
lected via cardiopuncture into covered plain bottles. The 
blood samples were centrifuged for 15 min at 3000 rpm 
to obtain serum for PSA analysis. Prostate glands were 
excised, cleared of adherent tissue and weighed using a 
sensitive weighing scale. Thereafter, prostate lobes that 
were harvested from five rats in each group were put in 
separate organ bottles and submerged with phosphate 
buffer solution (50 mM: pH 7.4). They were homogenized 
by spinning for fifteen minutes at 10,000 g. The homoge-
nized prostate tissues were cold centrifuged at 10,000 rpm 
for 15 min to collect supernatant for biochemical analysis. 
One of the two prostate lobes harvested from the remain-
ing five rats in each group were preserved in separate 
organ bottle containing 10% buffered formalin for histo-
pathology and IHC analysis of inducible nitric oxide syn-
thase (iNOS) and COX-2 expression. The second prostate 
lobes collected for qPCR analysis of VEGF and Bcl-2 were 
put in organ bottles and submerged with 0.5 ml RNAlater 
TM (Sigma ® Life Science).

Determination of relative prostate weight
The relative prostate weight of each animal was deter-
mined as previously described [35]:
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Laboratory analysis
Histology and immunohistochemistry analysis
The prostate tissue sections were dehydrated using etha-
nol (95%), and later embedded in paraffin. Thereafter 
the tissues were cleared with xylene. After, 5 μm sec-
tions of prostate tissues were cut from paraffin embed-
ded gland and stained with hematoxylin and eosin. The 
tissue histology was observed under light microscope for 
histopathological lesions. Tissue sections of 5 μm thick-
ness were mounted on slides and prepared for iNOS 
and COX-2 IHC staining as previously described using 
primary antibodies, iNOS Rabbit pAb (FNab10777) and 
COX-2 Rabbit pAb (FNab10407), and secondary anti-
body, Goat Anti-Rabbit IgG (FNSA-DO41).

Analysis of serum PSA
Serum concentrations of PSA were quantified by solid 
phase enzyme linked immunosorbent assay (ELISA) fol-
lowing manufacturer’s procedure (Rat ELISA Kit, Calbio-
tech, Inc, Spring Valley, CA, USA) [42].

Analysis of inflammatory markers
The concentrations of IL-17, IL-1β, IL-6, IL-8, TNF-α and 
PGE2 were quantified using the following ELISA assays 
(Elabscience®)- E-EL-R0566, E-EL-R0012, E-EL-R0015, 
E-EL-RB1142, E-EL-R2856 and E-EL-0034, respectively 
in accordance with manufacturer’s procedure. The activ-
ity of COX-2 was determined as described in a previous 
study [43]. This involved measuring the peroxidase activ-
ity of cyclooxygenase by monitoring the appearance of 
blue oxidized N,N,N’,N’-tetramethyl-pphenylenediamine 
which reflects the rate of conversion of arachidonic acid 
to PGH2.

Analysis of oxidative stress marker
The activity of GPx was determined using assay kit (For-
tress diagnostic kit, Ltd., Atrim, UK BXC0551) following 
manufacturer’s procedure. Catalase activity was deter-
mined using assay kit (Elabscience, USA, E-BC-K031-S) 
in accordance with manufacturer’s instruction. The prin-
ciple of assay is based on the measurement of a complex 

Relative organ weight =
Absolute weight of organ g

Body weight of rat on sacrifice g
× 100

formed from reaction of  H2O2 with ammonium molyb-
date at 405 nm. The activity of SOD was determined 
using protocol described by Marklund and Marklund 
[44]. The principle of this method is based on the com-
petition between the pyrogallol autoxidation by  O2

•¯ and 
the dismutation of this radical by SOD. Prostate MDA 
levels were measured using TBARS method as described 
by a previous study [45]. Concentrations of  H2O2 in 
prostate tissues homogenate were determined by meas-
uring absorbance value of yellow complex formed from 
reaction of  H2O2 with ammonium molybdate at 405 nm. 
The quantity of nitrite in prostate tissue was determined 
using Griess’ reagent as described by Palmer et al. [46].

Analysis of growth regulatory protein
The concentrations of TGF-β and IGF-1 were quantified 
by ELISA using ELISA Kit (Elabscience®)-E-EL-0162 and 
E-EL-R3001 respectively in accordance with manufactur-
er’s procedure. The expressions of VEGF and Bcl-2 were 
quantified via extraction of Total RNA from prostate tis-
sue, followed by reverse transcription of extracted RNA 
using FIREScript® RT cDNA Synthesis KIT (Thistle Sci-
entific, UK), preparation of reaction mixture containing 
forward and reverse primers- BCL-2 and VEGF (Table 1) 
and running of real-time PCR for target genes and house-
keeping gene- glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) on MyiQ TM Single Color Real-Time PCR 
Detection System (Bio-Rad, Conquer Scientific, United 
State). Lastly, ΔCt (threshold cycle) was determined 
and thereafter, relative fold change of VEGF and Bcl-2 
changes in target gene expression were calculated using 
the formula  2−ΔCt.

Data analysis
The data were entered analyzed with Statistical Package 
for the Social Sciences (SPSS) version 23.0 for windows. 
The normality of the data in each group was tested with 
Shapiro Wilk and normality assumption was considered 
to be violated at P < 0.05. The means of control and salt 
diet groups were tested for significant difference with 
one-way ANOVA followed by post hoc analysis using 

Table 1 Primer Sequence of Bcl‑2 and VEGF

Primer Forward Reverse

Bcl‑2 5′‑GCA GCT TCT TTC CCC GGA AGGA 5′‑AGG TGC AGC TGA CTG GAC ATCT 

VEGF 5′‑CTC CAC CAT GCC AAG TGG TC 5′‑AAT AGC TGC GCT GGT AGA CG
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Tukey HSD. A value of P < 0.05 was considered statisti-
cally significant. The mean ± SD was presented for each 
group.

Results
Inflammatory markers
The concentration of IL-17, IL-1β, PGE2 in salt diet 
groups were not significantly different from value 
recorded in the control group. Although HSD group had 
the highest IL-8 and IL-6 concentrations, IL-8 and IL-6 
levels as well as COX-2 activity were significantly higher 
in all salt diet groups relative to the control group. IL-17, 
IL-1β, PGE2, IL-8, IL-6 concentrations, and COX-2 activ-
ity in salt diet groups were not significantly different 
when compared with each other (Table 2).

Oxidative stress markers
NADPH and  H2O2 levels were greater in salt diet 
groups but not statistically significant compared with 

the control. Also, MDA concentration as well as cata-
lase and GPx activities in salt diet groups were not sig-
nificantly different from values recorded in the control 
group. Generally, activity of SOD and NO increased in 
salt diet groups but only significant in LSD and HSD, and 
SSD and HSD groups respectively relative to the control. 
When salt diet groups were compared with each other, 
concentrations of NADPH, MDA,  H2O2 and nitric oxide, 
and activities of catalase, GPx and SOD were not signifi-
cantly different (Table 3).

3.2. Relative prostate weight, PSA and growth factors
Relative prostate weight, blood PSA and prostatic IGF-1, 
TGF-β, TNF-α levels of groups on salt diet were not sig-
nificantly different from that of control group. Also, the 
value of these biomarkers in salt diet groups showed no 
significant difference when compared with each other 
(Table  4). Though, Bcl-2 gene expression was generally 
higher in all groups placed on salt diets compared to 

Table 2 Concentration of inflammatory markers in prostate tissue

*Indicates significant difference when compared with the control (p < 0.05)

Parameters Control LSD Group SSD Group HSD Group P value

IL‑17 (pg/ml) 168.09 ± 54.27 130.72 ± 32.09 140.25 ± 19.33 112.43 ± 16.53 0.113

IL‑8 (pg/ml) 349.85 ± 65.19 1632.08 ± 497.99* 1587.31 ± 407.04* 2286.86 ± 337.76* 0.001

IL‑1β (pg/ml) 41.36 ± 67.60 16.49 ± 13.89 40.46 ± 38.15 37.267 ± 32.98 0.771

IL‑6 (pg/ml) 340.21 ± 51.92 2810.15 ± 966.18* 1038.55 ± 232.26* 2910.60 ± 629.31* 0.01

COX‑2 (U/L) 3.44 ± 2.07 7.44 ± 0.85* 9.61 ± 1.96* 7.99 ± 3.28* 0.003

PGE2 (pg/ml) 17.60 ± 4.83 12.55 ± 6.84 17.53 ± 10.50 13.53 ± 6.61 0.610

Table 3 Oxidative stress markers in prostate tissue

*Indicates significant difference when compared with the control (p < 0.05)

Parameters Control LSD Group SSD Group HSD Group P value

NADPH (ng/ml) 24.96 ± 1.84 27.33 ± 2.47 28.25 ± 3.28 28.52 ± 3.27 0.208

MDA (uM) 0.87 ± 0.55 0.88 ± 0.24 0.62 ± 0.45 0.50 ± 0.43 0.230

GPx (U/L) 36.91 ± 13.86 25.43 ± 19.12 22.51 ± 10.25 29.26 ± 19.77 0.214

Catalase (U/ml) 9.43 ± 3.25 6.63 ± 2.37 9.32 ± 0.99 9.32 ± 4.37 0.407

SOD (U/ml) 0.38 ± 0.07 0.62 ± 0.13* 0.66 ± 0.05* 0.59 ± 0.19 0.035

H2O2 (mM) 2.31 ± 0.16 2.42 ± 0.40 2.59 ± 0.28 2.50 ± 0.34 0.575

NO (uM) 6.49 ± 0.26 7.08 ± 1.49 7.11 ± 0.16* 7.95 ± 1.01* 0.025

Table 4  Relative prostate weight, PSA and growth regulatory proteins level

Parameters Control LSD Group SSD Group HSD Group P value

Relative Prostate Weight (%) 0.21 ± 0.06 0.24 ± 0.04 0.21 ± 0.04 0.24 ± 0.03 0.146

PSA (ng/ml) 0.23 ± 0.02 0.26 ± 0.04 0.22 ± 0.04 0.23 ± 0.03 0.085

IGF‑1 (ng/ml) 0.92 ± 0.15 1.32 ± 0.56 0.99 ± 0.15 1.104 ± 0.47 0.382

TGF‑β (pg/ml) 17.57 ± 6.32 27.07 ± 22.67 14.61 ± 15.23 19.36 ± 15.40 0.653

TNF‑α (pg/ml) 0.15 ± 0.03 0.17 ± 0.07 0.16 ± 0.05 0.33 ± 0.22 0.102
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the control. However, there was an inverse relationship 
between Bcl-2 expression and salt concentration with the 
highest (13.2) fold increase in expression among those 
with LSD (Fig. 1). Regarding VEGF gene expression, the 
degree of expression was lowest (-15.1) in those with high 
salt diet relative to other groups placed on lower or no 
salt diets (Fig. 2).

Histopathology of prostate of male Wistar rats in control 
and salt diet groups
 On histology, there was a mild epithelial hyperplasia in 
control group (Fig. 3) and LSD group (Fig. 4), and moder-
ate and severe epithelial hyperplasia in SSD (Fig. 5) and 

HSD (Fig. 6) respectively. In addition, a mild and severe 
stromal hyperplasia was observed in the control and 
HSD groups respectively but both LSD and SSD groups 
had moderate stromal hyperplasia.

Immunohistochemistry of COX‑2 and iNOS in prostate 
gland
IHC staining of prostate tissue revealed weak expres-
sion of COX-2 in the control (Fig. 7), LSD (Fig. 8), SSD 
(Fig. 9), and moderate expression in HSD group (Fig. 10). 
Meanwhile, there was weak expression of iNOS in pros-
tatic tissues of rats in the control (Fig. 11), LSD (Fig. 12), 
SSD (Fig. 13) and HSD (Fig. 14).

Fig. 1 Expression of Bcl‑2 in castrated male Wistar rats placed on salt diets

Fig. 2 Expression of VEGF in castrated male Wistar rats placed on salt diets
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Fig. 3 Section shows mild epithelial (arrow) and stromal hyperplasia 
(arrowhead) x 100

Fig. 4 Section shows mild epithelial hyperplasia (arrow) 
and moderate stromal congestion (arrowhead) x 100

Fig. 5 Section shows moderate epithelial (arrow) and stromal 
hyperplasia (arrowhead) x 100

Fig. 6 Section shows severe epithelial (arrow) and stromal 
hyperplasia (arrowhead) x 100

Fig. 7 Section shows weak expression of COX‑2 inthe prostate 
epithelium (black arrow) x 400

Fig. 8 Section shows weak expression of COX‑2 in the prostate 
epithelium (black arrow) x 400 
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Fig. 9 Section shows weak expression of COX‑2 in prostate 
epithelium (black arrow) x 400

Fig. 10 Section shows moderate expression of COX‑2 in the prostate 
epithelium (black arrow) x 400

Fig. 11 Section shows weak expression of iNOS in the prostate 
epithelium (black arrow) x 400

Fig. 12 Section shows weak expression of iNOS in the prostate 
epithelium (black arrow) x 400 

Fig. 13 Section shows weak expression of iNOS in the prostate 
epithelium (black arrow) x 400

Fig. 14 Section shows weak expression of iNOS in the prostate 
epithelium (black arrow) x 400
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Discussion
These findings suggest a biological relationship between 
salt intake and BPH development. Dietary salt worsened 
the pathology of testosterone-induced BPH but not in a 
dose-dependent pattern. The study showed that enhanced 
inflammatory pathway could have majorly accounted for 
the promotion of testosterone induced BPH following 
salt intake. In the current study, inflammatory pathway 
principally mediated the role of salt in aggravation of tes-
tosterone-induced BPH. Chronic inflammation in BPH is 
characterized by increased expression of pro-inflamma-
tory mediators including of COX-2, IL-6 and IL-8 in BPH 
tissues. Overexpression of IL-8 and IL- 6 are associated 
with increased production of growth stimulating fac-
tors, FGF and IGF-1 and thereby induce prostate hyper-
plasia [20, 47]. Some studies have demonstrated positive 
correlation between serum IL-6 and IL-8 level and the 
occurrence of acute urinary retention in BPH patients 
[48, 49]. In this study, activity of COX-2 and concentra-
tion of IL-6 and IL-8 in the prostate tissues were higher 
in salt diet groups, indicating pro-inflammatory activity 
of dietary salt and its potential to aggravate BPH pathol-
ogy. Given the immunocompetent nature of the pros-
tate, this observation could be as a result of substantially 
higher activity or population of immune cells in the pro-
static tissue of salt diet groups, leading to enhanced pro-
duction of cytokines. The report linking salt to activation 
and function of various types of immune cells support 
our hypothesis [50]. In line with findings of this present 
study, findings of past studies showed both high and low 
salt diets displayed pro-inflammatory activities [51, 52]. 
In some other studies, high and low salt diets were also 
found to enhance COX-2 expression [53, 54] and IL-6 
concentration [52, 55].

B-cell lymphoma-2 gene encodes Bcl-2 proteins, 
an apoptosis factor. The expression of Bcl-2 has been 
reported to increase following upregulation in the 
expression or activity of COX-2 [10, 56]. Enhanced 
expression Bcl-2 gene is involved in the deregulation 
of intrinsic apoptosis, a key factor in the initiation and 
progression of BPH [57, 58]. In the present study, salt-
enriched diets amplified prostatic expression of Bcl-2 
gene and this could be associated to elevated COX-2 
activity recorded in the groups. Our finding is similar to 
previous report which showed an association between 
excessive salt intake and increased Bcl-2 signaling path-
way in kidney [59].

VEGF gene codes for VEGF protein, a key mediator 
of hypoxia-induced-angiogenesis. A report shows that 
the inhibition and depletion of VEGF gene promotes 
tumour aggressiveness or malignancy [60]. According to 
Honda et al. [61], the expression of VEGF gene is stimu-
lated by activated hypoxia inducible factor-1α (HIF-1α). 

Meanwhile, report has shown that HIF-1α expression 
decreased during severe hypoxia [62], a condition that 
has been reported to be induced by chronic inflamma-
tion. In the present study, prostate tissues of groups on 
salt-enriched diets had low VEGF expression which 
could be due to severe hypoxia associated with enhanced 
prostatic inflammation recorded in the groups. There are 
reports that LSD and HSD increased and reduced renal 
expression of VEGF respectively relative to normal salt 
group, suggesting inverse relationship between amount 
of salt intake and VEGF expression [63, 64]. These 
reports are in tandem with our observation that HSD 
group is associated with the lowest VEGF expression.

Evidence abounds that acute oxidative stress is asso-
ciated with activation of nuclear factor erythroid 2 
(NFE2)-related factor 2 (Nrf2) which in turn up-regulate 
expression of antioxidant enzymes including SOD, cata-
lase and GPx [65, 66]. Superoxide dismutase, catalase and 
GPx are first line antioxidant enzymes. While SOD con-
verts superoxide anions radical to oxygen and  H2O2, cat-
alase and GPx activity catalyze the breakdown of  H2O2 
and prevent  H2O2 accumulation. Meanwhile, numerous 
studies have shown that  H2O2 induced oxidative stress 
directly or indirectly by transforming to more reactive 
and toxic free radical such as ∗OH and HCIO through 
Fenton reaction [67]. Our study showed that LSD and 
HSD groups had up-regulated SOD activity while GPx 
and catalase activities in the prostate tissue remain unal-
tered, suggesting mild/acute oxidative stress following 
cellular damage incited by salt. This study also recorded 
a higher concentration of  H2O2, though not significant, 
in groups on salt diet suggesting the presence of oxidative 
stress in prostatic tissues. A study reported similar find-
ing of an increased SOD level in salt-treated cells [68].

Inducible nitric oxide synthase expression is induced 
by stimuli such as cytokines and hypoxia. Also, iNOS 
expression in the prostate is associated with prostatic 
inflammation [14]. iNOS expression is more common 
in BPH tissues relative to normal prostate [14]. Follow-
ing induction, iNOS catalyzes the production of NO in 
large quantity. Excessive production of NO causes oxi-
dative damage and damage to lipid membrane [66]. We 
observed positive immunostaining for iNOS in both pro-
static tissues of control and salt diet groups, indicating 
presence of prostate hyperplasia in all the groups. How-
ever, the intra-prostatic concentrations of NO increased 
significantly in SSD and HSD groups, plausibly due to 
elevated inflammatory biomarkers in these groups. In 
corroboration of findings in this study, salt loading was 
found to enhance production of NO in vascular tissue 
and testis [14, 69].

The presence of prostatic hyperplasia in both con-
trol and salt diet groups on histology suggests that the 
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induction of BPH was successfully achieved. However, 
moderate to severe prostatic hyperplasia was observed 
in SSD and HSD groups relative to other groups. The 
duration of exposure of rats to salt diet could account 
for the statistically insignificant increase in relative 
prostate weight and serum PSA despite histological 
evidence of severe hyperplasia and amplified inflamma-
tory response in salt diet groups.

To the best of our knowledge, this study provides 
the first evidence of the association between different 
doses of salt intake and risk of BPH in rats. However, 
there are some potential limitations to our findings. 
First of all, our study did not evaluate lower urinary 
symptoms which could have provided more insight 
into the severity of BPH in the control and salt diet 
groups. Secondly, we assumed that the sodium content 
of the salt used are similar but this assumption may 
not be entirely true.

Consent for publication
Not applicable. Our manuscript contains data generated from original 
research involving animal model study; therefore it does not contain any 
individual person’s data.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Reproductive Health Sciences, Pan African University Life 
and Earth Sciences Institute (including Health and Agriculture), PAULESI, Uni‑
versity of Ibadan, Ibadan, Nigeria. 2 Department of Animal Health Technology, 
Oyo State College of Agriculture and Technology, Igboora, Oyo State, Nigeria. 
3 Department of Obstetrics and Gynaecology, Faculty of Clinical Sciences, Col‑
lege of Medicine, University of Ibadan, Ibadan, Nigeria. 4 Institute for Advanced 
Medical Research and Training, College of Medicine, University of Ibadan, 
Ibadan, Nigeria. 

Received: 6 December 2022   Accepted: 20 November 2023

References
 1. Microne V, Sessa A, Giuliano F, Berges R, Kirby M, Moncada I. Current 

Benign Prostatic Hyperplasia treatment: impact on sexual dysfunction 
and management of related sexual adverse events. Int J Clin Pract. 
2011;65(9):1005–13.

 2. Lee SWH, Chan EMC, Lai Y. The global burden of lower urinary tract symp‑
toms suggestive of Benign Prostatic Hyperplasia: a systematic review and 
meta‑analysis. Sci Rep. 2017;7:7984.

 3. Berges R. Medical consumption and costs during one‑year follow‑up of 
patients with LUTS suggestive of BPH in six European countries: report of 
the TRIUMPH study. Eur Urol. 2006;49:92–10. Rutten F.

 4. Kaplan AL, Agarwal N, Setlur NP, Tan HJ. Measuring the cost of care in 
benign prostatic hyperplasia using time driven activity‑based costing 
(TDABC). Healthcare (Amsterdam, Netherlands). 2015;3(1):43–48.

 5. Speakman M, Kirby R, Doyle S, Ioannou C. Burden of male lower urinary 
tract symptoms (LUTS) suggestive of Benign Prostatic Hyperplasia (BPH)‑ 
focus on the UK. BJU Int. 2015;115:508–19.

 6. Madersbacher S, Sampson N, Culig Z. Pathophysiology of Benign 
Prostatic Hyperplasia and Benign Prostatic Enlargement: a Mini‑review. 
Gerontology. 2019;65(5):458–64.

 7. Adaramoye OA, Akanni OO, Abiola OJ, Owumi SE, Akinloye O, Olapade‑
Olaopa EO. Methyl jasmonate reduces testosterone‑induced Benign 
Prostatic Hyperplasia through regulation of inflammatory and apoptotic 
processes in rats. Biomed Pharmacother. 2017;95:1493–503.

 8. Yu S, Zhang C, Lin CC, Niu Y, Lai KP, Chang HC, Yeh SD, Chang C, Yeh 
S. Altered prostate epithelial development and IGF‑1 signal in mice 
lacking the androgen receptor in stromal smooth muscle cells. Prostate. 
2011;71:517–24.

 9. Lecce L, Lam YT, Lindsay LA, Yuen SC, Simpson PJ, Handelsman DJ, Ng 
MKC. Aging impairs VEGF‑mediated, androgen‑dependent regulation of 
angiogenesis. Mol Endocrinol. 2014;28(9):1487–501.

 10. Kim EY, Jin BR, Chung TW, Bae SJ, Park H, Ryu D, Jin L, An HJ, Ha KT. 
6‑sialyllactose ameliorates dihydrotestosterone‑induced Benign Prostatic 
Hyperplasia through suppressing VEGF‑mediated angiogenesis. BMB Rep. 
2019;52(9):560–5.

 11. Wolfgang K. Diet‑induced hyperinsulinemia as a key factor in the aetiol‑
ogy of both Benign Prostatic Hyperplasia and Essential Hypertension. 
Nutr Metab Insights. 2018;11:1178638818773072.

 12. Palma JM, Seiquer I. To be or not to be… an antioxidant? That is the ques‑
tion. Antioxidants. 2020;9(12):1234.

 13. Hamid AR, Umbas R, Mochtar CA. Recent role of inflammation in prostate 
Diseases: Chemoprevention development opportunity. Acta Med 
Indones. 2011;43:59–65.

 14. Minciullo PL, Inferrera A, Navarra M, Calapai G, Magno C, Gangemi S. 
Oxidative stress in Benign Prostatic Hyperplasia: a systematic review. Urol 
Int. 2015;94:249–54.

Conclusion
This study demonstrated that rat diets containing low, 
standard and high quantity of dietary salt promoted 
inflammation/oxidative stress, and also inhibited apop-
tosis and angiogenesis in prostatic tissues. It is there-
fore concluded that dietary salt intake aggravated the 
pathology of testosterone-induced BPH rat. These 
observations suggest that dietary salt intake is a con-
tributory risk factor for BPH. We recommend more 
animal studies to examine the causal role of salt intake 
in the initiation or induction of BPH.

Acknowledgements
 The authors acknowledge the funding of African Union Commission through 
the Pan African University Life and Earth Sciences Institute (including Health 
and Agriculture), PAULESI, University of Ibadan, Nigeria for this research. The 
contributions of Late Dr. Afusat Jagun Jubril, Mr Ismail Adeniyi and Dr. Ade‑
wale Oni towards this project are also greatly appreciated.

Authors’ contributions
IIB conceived the research idea, drafted the manuscript and carried out data 
analysis. AOO conceived the research idea and contributed to manuscript 
writing. IOM conceived the research idea, contributed to manuscript writing 
and revised the manuscript. All authors read and approved the final draft of 
the manuscript.

Funding
This study was fully funded by the African Union.

Availability of data and materials
All the raw datasets generated and/or analysed during the current study avail‑
able from corresponding author on reasonable request.

Declarations

Ethics approval
 Ethical approval was obtained in accordance with the National Code for 
Health Research Ethics from the University of Ibadan Animal Care and 
Use Research Ethics Committee (UI‑ACUREC) with Approval Number UI‑
ACUREC/21/006. All experiments were performed in accordance with the 
guideline approved by the ethics committee.



Page 11 of 12Bello et al. BMC Urology          (2023) 23:207  

 15. Vignozzi L, Cellai I, Santi R, et al. Anti‑inflammatory effect of androgen 
receptor activation in human Benign Prostatic Hyperplasia cells. J Endo‑
crinol. 2012;214:31–43.

 16. Altavilla D, Minutoli L, Polito F, Irrera N, Arena S, Magno C, et al. Effects 
of flavocoxid, a dual inhibitor of COX and 5‑lipoxygenase enzymes, on 
Benign Prostatic Hyperplasia. Br J Pharmacol. 2012;167:95–108.

 17. Tzeng Y‑M, Kao L‑T, Lin H‑C, Huang C‑Y. A population‑based study on 
the association between Benign Prostatic Hyperplasia and Rheumatoid 
Arthritis. PLoS ONE. 2015;10(7):e0133013.

 18. Fowke JH, Koyama T, Fadare O, Clark PE. Does inflammation mediate the 
obesity and BPH Relationship? An Epidemiologic Analysis of Body Com‑
position and inflammatory markers in blood, urine, and prostate tissue, 
and the relationship with prostate enlargement and lower urinary tract 
symptoms. PLoS ONE. 2016;11(6):e0156918.

 19. Devlin CM, Simms MS, Maitland NJ. Benign Prostatic Hyperplasia – what 
do we know? BJU Int. 2021;127(4):389–99.

 20. Rojas A, Liu G, Coleman I, Nelson PS, Zhang M, Dash R, Fisher PB, 
Plymate SR, Wu JD. IL‑6 promotes prostate tumorigenesis and pro‑
gression through autocrine cross‑activation of IGF‑IR. Oncogene. 
2011;30(20):2345–55.

 21. Hahn AM, Myers JD, McFarland EK, Lee S, Jerde TJ. Interleukin‑driven 
insulin‑like growth factor promotes prostatic inflammatory hyperplasia. J 
Pharmacol Exp Ther. 2014;351(3):605–15.

 22. De Nunzio C, Albisinni S, Gacci M, Tubaro A. The role of inflammation in 
the progression of Benign Prostatic Hyperplasia. Curr Bladder Dysfunct 
Rep. 2013;8:142–9.

 23. Oyebode O, Oti S, Chen Y, Lilford RJ. Salt intakes in sub‑saharan Africa: a 
systematic review and meta‑regression. Popul Health Metrics. 2016;14:1.

 24. Wu C, Yosef N, Thalhamer T, Zhu C, Xiao S, Kishi Y, Regev A, Kuchroo VK. 
Induction of pathogenic TH17 cells by inducible salt‑sensing kinase SGK1. 
Nature. 2013;496:513–7.

 25. Jorg S, Kissel J, Manzel A, Kleinewietfeld M, Haghikia K, Gold R, Muller DN, 
Linker RA. High salt drives Th17 responses in experimental autoimmune 
encephalomyelitis without impacting myeloid dendritic cells. Exp Neurol. 
2016;279:212–22.

 26. Norlander AE, Saleh MA, Pandey AK, Itani HA, Wu J, Xiao L, Kang J, Dale BL, 
Goleva SB, Laroumanie F, Du L, Harrison DG, Madhur MS. A salt‑sensing 
kinase in T lymphocytes, SGK1, drives Hypertension and hypertensive 
end‑organ damage. JCI Insight. 2017;2:92801.

 27. Hashmat S, Rudemiller N, Lund H, Abais‑Battad JM, Van Why S, Mattson 
DL. Interleukin‑6 inhibition attenuates Hypertension and associated 
renal damage in Dahl salt‑sensitive rats. Am J Physiol Renal Physiol. 
2016;311:F555–61.

 28. Sakata F, Ito Y, Mizuno M, et al. Sodium chloride promotes tissue inflam‑
mation via osmotic stimuli in subtotal‑nephrectomized mice. Lab Invest. 
2017;97:432–46.

 29. Huang P, Shen Z, Yu W, Huang Y, Tang C, Du J, Jin H. Hydrogen sulfide 
inhibits high‑salt diet induced myocardial oxidative stress and myocardial 
hypertrophy in Dahl rats. Front Pharmacol. 2017;8:128.

 30. Somova LI, Nadar A, Gregory M, Khan N. Antioxidant status of the 
hypertrophic heart of Dahl hypertensive rat as a model for evaluation of 
antioxidants. Methods Find Exp Clin Pharmacol. 2001;23(1):5–12.

 31. Nwangwa JN, Udefa AL, Amama EA, Inah IO, Ibrahim HJ, Iheduru SC, 
et al. Cyperus esculentus L. (tigernut) mitigates high salt diet‑associated 
testicular toxicity in Wistar rats by targeting testicular steroidogenesis, 
oxidative stress and inflammation. Andrologia. 2020;52:e13780.

 32. Liu YZ, Chen JK, Li ZP, Zhao T, Ni M, Li DJ, Jiang CL, Shen FM. High‑salt 
diet enhances hippocampal oxidative stress and cognitive impairment in 
mice. Neurobiol Learn Mem. 2014;114:10–5.

 33. Li L, Lai EY, Luo Z, Solis G, Mendonca M, Griendling KK, Wellstein A, Welch 
WJ, Wilcox CS. High salt enhances reactive oxygen species and angio‑
tensin II contractions of glomerular afferent Arterioles from mice with 
reduced renal Mass. Hypertension. 2018;72:1208–16.

 34. Ramick MG, Brian MS, Matthews EL, Patik JC, Seals DR, Lennon SL, Farqu‑
har WB, Edwards DG. Apocynin and tempol ameliorate dietary sodium‑
induced declines in cutaneous microvascular function in salt‑resistant 
humans. Am J Physiol Heart Circ Physiol. 2019;317:H97–H103.

 35. Amara S, Tiriveedhi V. Inflammatory role of high salt level in Tumor micro‑
environment (review). Int J Oncol. 2017;50(5):1477–81.

 36. Brown RB. Sodium toxicity in the nutritional epidemiology and nutritional 
immunology of COVID‑19. Med (Kaunas). 2021;57(8):739.

 37. Festing MF. Design and statistical methods in studies using animal 
models of development. ILAR J. 2006;47(1):5–14.

 38. Charan J, Kantharia N. How to calculate sample size in animal studies? J 
Pharmacol Pharmacother. 2013;4(4):303–6.

 39. Van Coppenolle F, Le Bourhis X, Carpentier F, Delaby G, Cousse H, et al. 
Pharmacological effects of the lipidosterolic extract of Serenoa repens 
(Permixon®) on rat prostate hyperplasia induced by hyperprolactine‑
mia: comparison with finasteride. Prostate. 2000;43:49–58.

 40. Augustine C, Khobe D, Madugu AJ, Babakiri Y, Joel I, John T, Igwebuike 
JU, Ibrahim A. Productive performance and cost benefits of feeding 
wistar albino rats with processed tropical sickle pod (Senna obtusifolia) 
leaf meal‑based diets. Translational Anim Sci. 2020;4(2):589–93.

 41. Bello II, Kunle‑Alabi OT, Abraham TF, Raji Y. Effects of ethanol extract 
of Abrus precatorius seed on testosterone induced Benign Pros‑
tatic Hyperplasia in adult male Wistar rats. J Cancer Tumour Int. 
2017;6(3):1–11.

 42. Nilsson O, Peter A, Andersson I, Nilsson K, Grundstrom B, Karlsson 
B. Antigenic determinants of prostate‑specific Antigen (PSA) and 
development of assays specific for different forms of PSA. Br J Cancer. 
1997;75:789–97.

 43. Petrovic N, Murray M, Using. N,N,N’,N’‑tetramethyl‑p‑phenylenedi‑
amine (TMPD) to assay cyclooxygenase activity in vitro. (Clifton NJ). 
2010;594:129–40. Methods in molecular biology.

 44. Marklund S, Marklund G. Involvement of the superoxide anion radical in 
the autooxidation of pyrogallol and a convenient assay for superoxide 
dismutase. Eur J Biochem. 1974;47:469–74.

 45. De Leon JAD, Borges CR. Evaluation of oxidative stress in Biological 
samples using the Thiobarbituric Acid reactive substances assay. J Vis Exp. 
2016;(159):e61122.

 46. Palmer RMJ, Ferrige AG, Moncada S. Nitric oxide release accounts for 
the biological activity of endothelium‑derived relaxing factor. Nature. 
1987;327:524–6.

 47. Himpe E, Kooijman R. Insulin‑like growth Factor‑I Receptor Signal 
Transduction and the Janus Kinase/Signal Transducer and activator of 
transcription (JAK‑STAT) pathway. BioFactors (Oxf Engl). 2009;35(1):76–81.

 48. Penna G, Mondaini N, Amuchastegui S, Degli Innocenti S, Carini M, 
Giubilei G, et al. Seminal plasma cytokines and chemokines in prostate 
inflammation: interleukin 8 as a predictive biomarker in Chronic Prosta‑
titis/Chronic Pelvic Pain Syndrome and Benign ProstaticHyperplasia. Eur 
Urol. 2007;51(2):524–33.

 49. Nguyen DP, Li J, Tewari AK. Inflammation and Prostate Cancer: the role of 
Interleukin 6 (IL‑6). BJU Int. 2014;113(6):986–92.

 50. Li X, Alu A, Wei Y, Wei X, Luo M. The modulatory effect of high salt on 
immune cells and related Diseases. Cell Prolif. 2022;55(9):e13250.

 51. Mallamaci F, Leonardis D, Pizzini P, Cutrupi S, Tripepi G, Zoccali C. Procalci‑
tonin and the inflammatory response to salt in Essential Hypertension: a 
randomized cross‑over clinical trial. J Hypertens. 2013;31:1424–30.

 52. Zezhi D, Yuge W, Li Z, Yilong S, Sha T, Wei C, Siyuan L, Lisheng P, Zhengqi L. 
High salt‑induced activation and expression of inflammatory cytokines in 
cultured astrocytes. Cell Cycle. 2017;16(8):785–94.

 53. He W, Zhang M, Zhao M, Davies LS, Blackwell TS, Yull F, Breyer MD, 
Hao C‑H. Increased dietary sodium induces COX2 expression by 
activating NFκB in renal medullary interstitial cells. Pflugers Arch. 
2014;466(2):357–67.

 54. Travaglia TC, Berger RC, Luz MB, Furieri LB, Ribeiro JR, Vassallo DV, Mill 
JG, Stefanon I, Vassallo PF. Low‑salt diet increases NO bioavailability and 
COX‑2 vasoconstrictor prostanoid production in spontaneously hyper‑
tensive rats. Life Sci. 2016;145:66–73.

 55. Parrinello G, di Pasquuale P, Licata G, Torres D, Giammanco M, Fasullo 
S, Paterna S. Long term effects of dietary sodium intake on cytokines 
and neurohormonal activation in patients with recently compensated 
Congestive Heart Failure. J Card Fail. 2009;15:864–73.

 56. Rizzo MT. Cyclooxygenase‑2 in oncogenesis. Clin Chim Acta. 
2011;412:671–87.

 57. Quiles MT, Arbos MA, Fraga A, de Torres IM, Reventos J, Morote J. Anti‑
proliferative and apoptotic effects of the herbal agent Pygeum Africanum 
on cultured prostate stromal cells from patients with Benign Prostatic 
Hyperplasia (BPH). Prostate. 2010;70(10):1044–53.

 58. Saker Z, Tsintsadze O, Jiqia I, et al. Importance of apoptosis markers 
(Mdm2, Bcl‑2 and Bax) in Benign Prostatic Hyperplasia and Prostate 
Cancer. Georgian Med News. 2015;249:7–14.



Page 12 of 12Bello et al. BMC Urology          (2023) 23:207 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 59. Khadive T, Ghadimi D, Hemmati M, Golshani H. Impact of high salt diets 
on CHOP‑mediated apoptosis and renal fibrosis in a rat model. Mol Biol 
Rep. 2021;48(9):6423–33.

 60. Yamagishi N, Teshima‑Kondo S, Masuda K, Nishida K, Kuwano Y, Dang DT, 
Dang LH, Nikawa T, Rokutan K. Chronic inhibition of Tumor cell‑derived 
VEGF enhances the malignant phenotype of Colorectal cancer cells. BMC 
Cancer. 2013;13:229.

 61. Honda T, Hirakawa Y, Nangaku M. The role of oxidative stress and hypoxia 
in renal Disease. Kidney Res Clin Pract. 2019;38:414–26.

 62. Guo M, Ma X, Feng Y, Han S, Dong Q, Cui M, et al. In chronic hypoxia, 
glucose availability and hypoxic severity dictate the balance between 
HIF‑1 and HIF‑2 in astrocytes. FASEB J. 2019;33:11123–36.

 63. Gu JW, Llnas MT, Wang J, Stockton A, Adair TH. Low dietary salt intake 
induces mRNA expression of vascular endothelial growth factor in kid‑
neys of WKY rats. Am J Hypertension. 2002;15(4):128A–9. P271.

 64. Gu JW, Bailey AP, Tan W, Shparago M, Young E. Long‑term High Salt 
Diet causes Hypertension and decreases renal expression of vascular 
endothelial growth factor in Sprague‑Dawley rats. J Am Soc Hypertens. 
2008;2(4):275–85.

 65. Milder JB, Liang LP, Patel M. Acute oxidative stress and systemic Nrf2 
activation by the ketogenic diet. Neurobiol Dis. 2010;40(1):238–44.

 66. Zhan X, Li J, Zhou T. Targeting Nrf2‑mediated oxidative stress response 
signaling pathway as new therapeutic strategy for pituitary adenomas. 
Front Pharmacol. 2012;12:565748.

 67. Ighodaro OM, Akinloye OA. First line defence antioxidants‑superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): their 
fundamental role in the entire antioxidant defence grid. Alexandria J 
Med. 2018;54(4):287–93.

 68. Elkahoui A, Hernandez JA, Abdelly C, Ghrir R, Limam F. Effects of salt on 
lipid peroxidation and antioxidant enzyme activities of Catharanthus 
roseus suspension cells. Plant Sci. 2004;168(3):607–13.

 69. Chen PY, Sanders PW. L‑arginine abrogates salt‑sensitive hypertension in 
Dahl/Rapp rats. J Clin Invest. 1991;88:1559–1567.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Common salt aggravated pathology of testosterone-induced benign prostatic hyperplasia in adult male Wistar rat
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Source of animal, salt and testosterone
	Experimental site and management
	Sample size determination
	Resource equation
	Study design
	Experimental phases
	Preparatory phase
	Exposure phase

	Animal sacrifice and sample collection
	Determination of relative prostate weight
	Laboratory analysis
	Histology and immunohistochemistry analysis
	Analysis of serum PSA
	Analysis of inflammatory markers
	Analysis of oxidative stress marker
	Analysis of growth regulatory protein

	Data analysis

	Results
	Inflammatory markers
	Oxidative stress markers
	3.2. Relative prostate weight, PSA and growth factors

	Histopathology of prostate of male Wistar rats in control and salt diet groups
	Immunohistochemistry of COX-2 and iNOS in prostate gland

	Discussion
	Conclusion
	Acknowledgements
	References


