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Abstract

Angiotensin receptor blockers (ARBs) were developed for the treatment of
high blood pressure to antagonize increased angiotensin ll-dependent vasoconstriction.
The aim of our study was to evaluate whether irbesartan had beneficial effects on the
reduction of prostate weight in a rat model of benign prostatic hyperplasia (BPH).
Benign prostatic hyperplasia was induced by subcutaneous injections of testosterone
enanthate for four weeks in albino rats, and rats were treated with or without oral doses
of irbesartan (10,20 and 40mg/kg) for five consecutive days per week for four
successive weeks during BPH induction. After 4 weeks, the protein abundance of
nuclear factor kappa-B was assessed immunohistochemically in the prostate tissue
taken from the different treatment groups. The irbesartan (40 mg/kg)-treated group
showed a significant decrease in prostate weight, prostate index and nuclear factor
kappa-B abundance compared to the non-treated BPH group. These results show that
irbesartan is effective in decreasing the weight and proliferation of the prostate, and
suggest that irbesartan may be an effective treatment for BPH.

1. Introduction

Benign prostatic hyperplasia (BPH), is a non-cancerous enlargement of the
prostate gland. The incidence of BPH increases linearly with aging and it has become a
generally observed major disease among older males. An estimated 50% of males show
histological evidence of BPH by the age of 50 years and 80% by the age of 70 years
(O’Malley et al. 2009; Paolone 2010).

Benign prostatic hyperplasia involves hyperplasia of prostatic stromal and
epithelial cells, resulting in the formation of large, fairly discrete nodules in the
periurethral region of the prostate. The enlarged prostate gland interferes with the
normal flow of urine resulting in lower urinary tract symptoms (LUTS), including
urinary hesitancy, frequent urination, urgency, thin urine flow and urinary retention
(Roehrborn 2011; Oh 2013). These symptoms greatly affect the physical and mental
health of patients, as well as their quality of life.

Delayed treatment is likely to cause a number of severe complications,
including bleeding from the prostate, recurrent infections, renal stones and even kidney
failure (Pawlicki et al. 2004).

The renin-angiotensin system (RAS) is a hormonal cascade that is important in
regulating pressure and cardiovascular homeostasis (Peach 1977; Johnston 1990).
Indeed, hyperactivity of the RAS has been implicated in the development of
hypertension and other cardiovascular disorders (Nicholls et al. 1998). Angiotensin Il
(Ang 1) is the principal effector peptide of the RAS system (Johnston 1990). Locally-
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generated Ang Il facilitates the release of noradrenaline from sympathetic nerves of the
rat prostate, these data provide direct evidence to support the functional role of local
RAS in modulating sympathetic activity in the prostate, which may have important
implications for the pathophysiology of BPH (Fabiani et al. 2001) .

Strong evidence showed that BPH is associated with chronic inflammation
(Fujii et al. 2003), where NF-«xB plays a critical role in the process (Hoesel & Schmid
2013). Peroxisome proliferator-activated receptor gamma (PPARy) was found to be an
important regulator of cell differentiation, proliferation in other types of stromal cells
(macro-phages, endothelium and smooth muscles) (Barak et al. 1999; Rosen &
Spiegelman 2001; Tontonoz et al. 1994) as well as in prostate (Arruzazabala et al.
2007; Baeuerle & Baltimore 1996; Barry 2001). Loss of PPARy function in the
prostate leads to a number of consequences; including wide spread inflammation and
hyperplastic growth (Baeuerle & Baltimore 1996). In addition, PPARy ligands were
shown to induce an anti-inflammatory response where they reduce recruitment of
neutrophils, monocytes and eosinophils (Shappell et al. 2001). Therefore, PPARy is an
attractive target for manipulation in therapeutic strategies to treat prostatic disease.
Irbesartan, an ARB , was shown to act as PPARYy ligand in vitro (Jiang et al. 2010) that
interestingly possesses an anti-inflammatory action (Standiford et al. 2005).

Accordingly, the aim of this study was to evaluate whether irbesartan had
beneficial effects on the reduction of prostate weight in a rat model of benign prostatic
hyperplasia (BPH). Besides, its effect on the NF-kB expression in prostate tissue was
assessed.

2. Materials and Methods:
Drugs and chemicals:

Irbesartan was purchased from shaanxi huike Biotechnology CO. (Itd, china),
tween 80% was purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Testosterone enanthate; (Steroid S.P.A, Cologno Monzese (MlI), Italy) was kindly
supplied by (Chemical Development Industries Co. (CID), Cairo, Egypt). All other
chemicals were of the highest available analytical grade.

Animals

Animals handling and treatment protocol has been approved by Bioethical and
Research Committee of Ain Shams University, Cairo, Egypt. Male Sprague—Dawley
rats, (150-200g) aged 10 weeks, were purchased from Nile Co. for Pharmaceutical and
Chemical industries, Cairo, Egypt. Rats were housed in an air-conditioned atmosphere,
at a temperature of 25 °C with alternatively 12 hour light and dark cycles. They were
kept on a standard diet and water ad libitum. After 7 days of acclimatization, they were
randomly distributed into experimental groups.

Experimental design

Rats were randomly divided into five groups eight animals each and treated for
five consecutive days per week for four successive weeks as follow; the first group
(control group) was given (2.5ml/kg) of mixture of tween 80% and saline (1:9) which
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was used as a vehicle for irbesartan through oral gavage and (1ml/kg) olive oil
subcutaneously (s.c.). The second group was given irbesartan vehicle and 3 mg/kg
testosterone dissolved in olive oil S.C. to induce BPH (Youn et al. 2017). The third, the
forth and the fifth groups were given an oral dose of irbesartan (10mg/kg, 20mg/kg and
40mg/kg) (Abdel-Raheem et al. 2015), respectively one hour before testosterone
injection. Seventy two hours after the last testosterone injection, Rats were sacrificed
and the prostates were immediately removed and weighed then the prostate index was
calculated. Sections of the ventral prostate lobe were fixed in 10% neutral buffered
formalin and embedded in paraffin for histological examination.

Prostate weight and the prostate index

Prostate index of each rat which is the ratio between the prostate
weight and the body weight was calculated after the prostate tissues were dissected and
weighed.

Histopathological examination

Histopathological examination by light microscopy, ventral prostate tissues were
embedded in 10% formalin and processed for paraffin sections of 4 um thickness. After
de-waxing and rehydration, sections were stained with haematoxylin and eosin (H&E)

Immunohistochemical detection of tissue NF-kB

Paraffin embedded prostate tissue sections of 3 micron thickness were
rehydrated first in  xylene and then in graded ethanol solutions.
The slides were then blocked with 1% bovine serum albumin in tris buffered saline or
phosphate buffered saline (PH 7.4) for 2 h as appropriate. The sections were then
immune-stained with one of the following primary antibodies; rabbit polyclonal 1gG to
rat NF-kB p65 (Santa cruz Biotech, inc., USA) at a concentration of 1 mg/ml in tris
buffered saline. After washing the slides with the appropriate buffer, the sections were
incubated with goat anti-rabbit IgG secondary antibody. Sections were then washed
again and incubated for 5-10 min in a solution of 0.02% di-amino-benzidine containing
0.01% H202. Counter staining was performed using hematoxylin, and the slides were
visualized under a light microscope. The quantification of NF-kB staining was
performed by using Leica MDLSD image analysis software. It was represented as the
optical density of stained sections per field. (Buchwalow & Bécker 2010).

Statistical analysis

Data are presented as mean + SD. Multiple comparisons were performed using
one-way ANOVA followed by Tukey-Kramer as a post hoc test. The 0.05 level of
probability was used as the criterion for significance. All statistical analyses were
performed using GraphPad Instat software version 3.

3. Results
Prostate weight and Prostate index

Animals treated with testosterone showed a significant increase in prostate
weight and prostate weight/body weight ratio by 95.8% and 146.7%, respectively
compared to the control group. In comparison with the testosterone-treated group,
irbesartan (10 and 20 mg/kg) had no significant decrease in the prostate weight and
prostate weight/body weight ratio. However, treatment with irbesartan at a dose of 40
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mg/kg decreased the prostate weight and prostate weight/body weight ratio to 31.04
and 35.1%, respectively compared to testosterone treated group. In addition, prostate
weights of animals treated with irbesartan (40 mg/kg) were significantly lower than
those in the groups of irbesartan (10 and 20 mg/kg) (Table 1).

Table 1.

Effect of irbesartan treatment in three different doses (10 mg/kg, 20 mg/kg, 40 mg/kg,
orally, for 4 weeks) on the prostate weight and prostate weight/body weight (prostate
index) in testosterone-induced BPH rat model.

Test.+
c Control Tesrfgstero esartan Test.+ pst.+Irbesartan
roups ontro Irbesartan
Irb (10 (40 mg/kg)
(3 mg/kg) ma/kg) (20 mg/kg)
Prostate
| 0.24 + 0.47 + 0.06 2 0.49 % 0.06 | 0.48 % 0.14 0.32 + 0.04°
weight (g) 0.05
The N +
prostate | 0.15+0.04 | 0.37 +0.03* | %37 2 0.08 | 0.36 2 006 1 024 +0.03°
index (%)

Data are represented by mean = SD (n=8). a, b : statistically significant from control
or testosterone respectively at P < 0.05 using one-way ANOVA followed by Tukey-
Kramer as a post hoc test.

Histopathological examination

Control group Section from the ventral prostates stained with hematoxylin-eosin
showed no histological alteration in the acini or the lining epithelium. Epithelial cells
were cuboidal in shape and of regular size (Fig. 1A). While the testosterone-injected
group showed disrupted morphology in the prostate; marked thickening and
hypertrophy as well as hyperplasia with polyps formation in the lining epithelium of the
acini (Fig. 1B). Widening of the lumen diameter was also observed for this group.
Groups treated with 10 and 20 mg/kg irbesartan showed non-significant change in the
hypertrophy and hyperplasia that was induced in the lining epithelium & as well the
decrease in the epithelial thickness was insignificant too compared to testosterone-
induced group (Figs. 1C and 1D). Nevertheless, irbesartan in the dose of 40 mg/kg
showed effective reduction in the hypertrophy and hyperplasia seen in the testosterone
treated group preserving the normal histological structure. (Figs. 1E).

Figure 1.

Histological examination of hematoxylin-eosin sections of rat ventral prostates. A:
Section taken from the prostate of the control group shows normal morphological
structure of the lining epithelial cells. B: Section taken from the prostate of testosterone
only treated group exhibit hypertrophy with increased epithelial thickness and polyps
formation. C and D: Section taken from the prostate of the group treated with
testosterone and 10 mg/kg & 20 mg/kg irbesartan shows no reduction in epithelial
thickness. E: Section taken from the prostate of testosterone groups co-treated with 40
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mg/kg (F) irbesartan show marked reduction in prostate hypertrophy and hyperplasia
induced by testosterone.

Nuclear factor kappa-B (p65)

The activated p65 subunit of NF-kB was detected immunohistochemically showing
minimal expression in the specimen taken from the control group (Fig. 2A). As
expected, testosterone only treated group showed significant increase in NF-kB
expression compared to that of the control group manifested by intense brown staining
in prostate tissues (Fig. 2B). The groups treated with irbesartan doses (10 and 20
mg/kg, respectively) showed significant increase in the NF-kB expression compared to
that of the control group (Figs. 2C and 2D). Finally, the treatment of rats with
irbesartan (40 mg/kg) succeeded at showing significant protection against testosterone
induced expression of NF-kB to a level similar to that of the control group (Fig. 2E).

Figure 2.

Immunohistochemical staining of nuclear factor-kB (NF-kB). A: Section from the
prostate of the control rats revealing a minimal degree of NF-kB expression. B:
Section from prostate of testosterone alone-treated group revealing an intensive degree
of NF-kB expression (brown stain). C&D : Sections from prostate of the group co-
treated with both testosterone and Irbesartan (10 and 20 mg/kg) revealing an intensive
degree of NF-kB expression (brown stain). E: Section from prostate taken from the
group co-treated with both testosterone & Irbesartan (40mg/kg) revealing a minimal
degree of NF-kB expression.



142 Az. J. Pharm Sci. Vol. 54, September, 2016.

4. Discussion:

Benign prostatic hyperplasia is uncontrolled growth of the prostate (Maggi et al.
1989). It occurs commonly in elderly men, with an estimated prevalence of up to 85 %.
Benign prostatic hyperplasia is characterized by lower urinary tract symptoms like
urinary frequency, urgency, weak and intermittent stream, a sense of incomplete
emptying and nocturia and can lead to complications including acute urinary retention,
obstructive uropathy and urinary tract infection (Thiyagarajan et al. 2002).

BPH was induced in rats via repeated injections of testosterone over 4 weeks.
Several studies showed that s.c. injection of rats with 3 mg/kg testosterone leads to an
enlargement of the prostate sharing common features with human BPH (Scolnik et al.
1994.; Ali et al. 2013) including also epithelial hyperplasia , increased prostate weight
and induced histopatholagical alterations in the prostate with an increase in epithelial
thickness and intraluminal projections in rats (Woerly et al. 2003; Erbe et al. 2006). It
was proposed that human BPH is mainly a disease of epithelial origin characterized by
proliferative epithelial cells and this supports the use of testosterone in the induction of
BPH.

Indeed, the over-expression of pro-inflammatory mediators in prostate tissues
pathogenesis was shown to be critically involved in the pathogenesis of BPH. Nuclear
factor-kappa B is a heterodimer, composed of p50 and p65 subunits of the Rel protein
family (Chiarelli et al. 2005). Several physiological and pathological conditions such
as infection, inflammation and particularly, oxidative stress contributes to the activation
of NF-kB (Cimino et al. 2014). The activated NF-kB (p65) subunit is involved in
several stages of the inflammatory-proliferative process by regulating a number of
genes, including cell adhesion molecules, growth factors, inflammatory cytokines and
chemokines (Baeuerle & Henkel 1994).

It is well known that irbesartan can block the effect of Ang Il, which causes
majority of the well-known physiological processes, via specific, selective
noncompetitive antagonism of AT1 receptors (Schiffrin et al. 2002). There is no doubt
that irbesartan can provide good 24-h blood-pressure control and improve left atrium
volume in patients with mild to moderate hypertension (Degirmenci et al. 2014;
Doehner et al. 2012). It has been known irbesartan brought positive results to patients
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with heart failure (Dol et al. 2001). Several studies have also confirmed that irbesartan
could suppress the inflammatory components and even platelets aggregation, which
attenuate the atherosclerotic processes (Li et al. 2000).

Considering the above, it’s hypothesized that treatment with a compound that
decreases inflammation would prevent the occurrence and progression of BPH.

In the present study, BPH was induced by the injection of testosterone enanthate
as confirmed by histopathological examination, and treatment of rats with 40 mg/kg
irbesartan orally for 4 weeks significantly inhibited testosterone-mediated increase in
the prostate weight, prostate weight/body weight as compared to the lower doses (10
and 20 mg/kg). Our findings revealed that irbesartan, at a dose of 40 mg/kg, was
effective in countering testosterone-induced inflammation as evidenced by significantly
decreasing the expression of NF-kB. Therefore, it is suggested that the reduction in
prostate weight after the administration of irbesartan might be due to the anti-
inflammatory activity of irbesartan.

Moreover , as it was revealed before that irbesartan treatment suppressed the
activation of inflammatory markers as (NF-xB) (Watanabe et al. 2016). Ang I
induces the activation of NF-xB (Siddesha et al. 2013), These Ang Il-induced
responses become the contributing factor for inflammation and fibrosis in the end-
organ damage (Siddesha et al. 2013). Moreover, the enhancement of oxidative stress
and inflammation, including the activation of NF-kB, is induced by RAS activation
(Ogawa et al. 2012). Therefore, we speculate that the anti-inflammatory effects of
irbesartan result from the inhibition of the activation of NF-«xB.

5. Conclusion

The concomitant administration of irbesartan to rats during the induction of BPH
resulted in a reduction in prostate weight and inflammation in the dose of (40mg/kg),
where the attenuation of NF-kB expression in prostatic tissue played a major role.
Irbesartan is a promising agent has the potential to improve current BPH treatments.
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