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Beneficial Effect of Doxazosin on Renal
Apoptosis After Partial Bladder
Outlet Obstruction

Doksazosinin Kismi Mesane Cikis
Obstriiksiyonu Sonrasinda Renal Apopitozis
Uzerine Yararli Etkisi

ABSTRACT Objective: It is not known whether inhibition of al-adrenoreceptor in a rat model of
partial bladder outlet obstruction (BOO) causes decrease in tubular and glomerular cell death by
apoptosis and prevention of subsequent inflammation and fibrosis. The aim of this study was to de-
monstrate the relationship between apoptosis and doxazosin o.1-adrenoceptor antagonist) in rat
kidneys damaged by partial BOO. Material and Methods: A total of 45 adult female Wistar rats,with
amean weight of 250 g were randomly allocated to four experimental groups as: sham-operated rats
(10 rats), sham-operated rats treated with doxazosin (10 rats), partial BOO group (14 rats), and par-
tial BOO group treated with doxazosin (11 rats). Partial BOO was surgically induced. Detection of
cell apoptosis was done by TUNEL assay. Results: This investigation revealed increased apoptosis in
both tubular and glomerular cells of rats with partial BOO. Furthermore, the results of this study
demonstrated that doxazosin treatment of rats reduced apoptosis in tubular and glomerular cells in
both the controls and the rats with partial BOO. Conclusion: We believe that our observation of de-
creased apoptosis in both tubular and glomerular cells of rats with partial BOO might be useful to
gain new insight into the therapeutic effect of doxazosin.
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OZET Amag: Mesane ¢ikis obstritksiyonu (MGO) olusturulan sigan modelinde o1 adrenoreseptér
inhibisyonunun apopitozis ile tiibiiler ve glomeriiler hiicre 6liimiine yol agip agmadig1 ve sonra-
sinda gelisen inflamasyon ve fibrozisi engelleyip engellemedigi bilinmemektedir. Dolayisiyla, bu ga-
lismanin amaci kismi MCO ile hasarlandirilmis sigan bobreklerinde apopitozis ile doksazosin (alfa
1 reseptor antagonisti) arasindaki iligkiyi gostermektir. Gere¢ ve Yontemler: Ortalama 250 gram
agirhigindaki toplam 45 adet disi Wistar sicanlar1 4 deneysel gruba randomize edildi: sham operas-
yonlu siganlar (10 sigan), doksazosin ile tedavi edilen sham operasyonlu siganlar (14 sigan), kismi
MCO grubu (14 sican), ve doksazosin ile tedavi edilen kismi MCO grubu. Siganlardaki kismi MCO
cerrahi olarak indiiklendi. Hiicre apopitozisi TUNEL analizi tespit edildi. Bulgular: Bu aragtirma
kismi MCO’lu siganlarda hem tiibiiler hem de glomeriiler hiicrelerde artmis apopitozisi gostermis-
tir. Ayrica, bu ¢alismanin sonuglar1 doksazosinin kismi MCO’lu siganlarda ve kontrol grubunu olus-
turan siganlarda tiibiiler ve glomeriiler hiicrelerde apopitozisi azalttigini gostermektedir. Sonug:
Kismi MCO’lu siganlarin hem tiibiiler hem de glomeriiler hiicrelerinde gézlemledigimiz azalmis
apopitozisin doksazosinin tedavi edici etkisine yeni bir goriis kazandirmasi agisindan faydali olabi-
lecegine inaniyoruz.

Anahtar Kelimeler: Apoptoz; bobrek; doksazosin
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ower urinary tract symptoms (LUTS) include urinary frequency, hesi-
tancy, weak urinary stream, urgency and nocturia. They are common
in older men and are usually associated with benign prostate hyperpla-
sia (BPH), benign prostate enlargement, benign prostatic obstruction (BPO) or
bladder outlet obstruction (BOO). BPH and BOO may lead to increased post-
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void residual volume, upper urinary tract dilatation
and ultimately renal failure. Of patients undergoing
prostatectomy, 15% to 30% present with impaired
renal function.!® Upper tract dilatation or hydro-
nephrosis is consistent with chronic renal failure
(CRF) from obstructive uropathy due to chronic uri-
nary retention. Kidneys with urinary obstruction in
both humans and experimental animals develop pro-
gressive tubulointerstitial injury.*® Tubular cell
apoptosis has recently emerged as a crucial lesion
that may be pathogenetically related to other tubu-
lar changes and be responsible for the profound re-
nal tissue loss seen in obstructed kidneys.>¢
Interstitial changes, including fibrosis, inflammatory
cell infiltrate, and vascular remodeling, develop in
kidneys with urinary obstruction as well, have been
shown to correlate with interstitial cell apoptosis.®
These observations strongly imply a disturbance of
tubular and interstitial cell cycles, including an in-
creased apoptosis of these cells in the pathogenesis
of obstructive uropathy.

In the management of BPH symptoms, targe-
ting the predominant a.1-adrenoceptors within the
prostatic stroma with o.1-adrenoceptor antagonists
such as doxazosin to induce relaxation of smooth
muscle tone in the prostate and lower urinary tract
has proven to be an effective treatment strategy,
providing long-term relief of LUTS.”® In recent ye-
ars, rapidly evolving evidence has implicated dox-
azosin-induced prostate smooth muscle cell
apoptosis as a potential mechanism underlying the
long-term therapeutic responses to doxazosin in
patients with BPH.?!! To our knowledge, the rela-
tionship between apoptosis and o.1-adrenoceptor
antagonists in the kidney has not yet been repor-
ted. The aim of this study was to demonstrate the
relationship between apoptosis and doxazosi-
n (a1-adrenoceptor antagonist) in rat kidneys dam-
aged by partial BOO, and to gain new insight into
the therapeutic effect of doxazosin.

I MATERIAL AND METHODS
ANIMALS

A total of 45 adult female (mean 250 g) Wistar rats
were used in this study. The experimental protocol
was approved by the Animal Ethics Committee of
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Akdeniz University, Turkey. The animals were
handled according to internationally accepted
principles for the care of laboratory animals. The
rats were maintained under standard laboratory
conditions with a 12:12 hr light:dark cycle, with
free access to food pellets and tap water. They we-
re separated into four groups as follows: Group 1:
sham (control) group (10 rats); Group 2: a sham
with that received an o.1-adrenoceptor antagonist
(doxazosin, 10 mg/kg) (10 rats); Group 3: partial
BOO group (14 rats); Group 4: a group with parti-
al BOO that received an a1-adrenoceptor antago-
nist (doxazosin, 10 mg/kg, 11 rats).

SURGICAL PROCEDURE

Rats were anesthetized with intramuscular keta-
mine hydrochloride 50 mg/kg and xylazine 15
mg/kg. The bladder was approached and the pro-
ximal urethra exposed through a lower midline in-
cision. A 2/0 silk ligature was placed around the
urethra and tied snugly in the presence of an intra-
luminal indwelling 3Fr urethral catheter. After
tying the knot, the catheter was removed and the
bladder was repositioned. After catheter removal,
the abdominal wall was closed with 2/0 chromic
catgut sutures. Similarly, a sham operation was per-
formed consisting of surgically exposing the blad-
der and proximal urethra. A sterile silk ligature was
passed beneath the proximal urethra and removed
without placing knots. The abdomen was closed
subsequently. All rats were treated postoperatively
with a single-dose of antibiotics (gentamicin, 5
mg/kg) and analgesics (tramadol hydrochloride, 20
mg/kg). In groups 2 and 4, an a.1-adrenoceptor an-
tagonist (doxazosin, 10 mg/kg) was administered
orally every day via a 6Fr feeding tube, starting im-
mediately after recovery from surgery for a period
of 15 days."? At the end of this period, the rats we-
re anesthetized their right kidneys were removed
for evaluation of apoptosis and then they were sac-
rificed by cervical dislocation.

EVALUATION OF APOPTOSIS

Detection of cell apoptosis was detected by TUNEL
assay (Roche, Germany), according to the manufac-
turer’s protocol. Negative controls were performed
by substituting distilled water for the TdT enzyme.
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To quantify the incidence of apoptosis in each group,
the number of TUNEL-positive cell nuclei was calcu-
lated. Ten randomly selected areas (at x 400) in each
preparation were counted separately, and the mean
of these 10 counts was taken as the final result. Sep-
arate apoptotic index values for glomerular cells and
tubular cells were calculated in each kidney.

Statistical analysis

Statistical analyses between groups were performed
by the one-way ANOVA and Newman-Keuls Mul-
tiple Comparison Test (Prism 3.0, Graphpad Softwa-
re Inc.), and probability values less than 0.05 were
considered significant. The values are presented as
the mean + standard deviation and median.

I RESULTS

All specimens from all four groups showed TUNEL
staining (Figure 1). Apoptotic indices of the kidney
in glomerular and tubular components of group 3
(54.4 + 19.9, median:54.93 and 65.3 + 16.6, medi-
an:65.84, respectively) were significantly higher
than those of group 1 (32.8 + 6.3, median:33.40 and
40.1 + 5.9, median:40.92, respectively), (p< 0.001,
p< 0.001, Figure 2 and 3). After 15 days of doxazo-
sin treatment in partial BOO (group 4), apoptotic
indices of the kidney in glomerular and tubular
components (36.9 + 5.7 median:37.86 and 51.2 +
13.9, median:51.28 respectively) were significantly
higher than those of group 2 (19.7 + 4.2 medi-
an:19.15 and 28.7 + 7.4, median:31.88 respectively)
(p< 0.01 and p< 0.001 respectively, Figures 2 and
3). Apoptotic indices of the kidney in glomerular
and tubular components of group 4 (36.9 + 5.7, me-
dian:37.86 and 51.2 + 13.9, median: 51.28 respecti-
vely) were significantly lower than those of group
3 (54.4 + 19.9, median: 54.93 and 65.3 + 16.6, me-
dian:65.84, respectively) (p< 0.01, p< 0.01 respecti-
vely, Figures 2 and 3). In samples taken after 15
days of doxazosin treatment in addition to sham,
apoptotic indices of the kidney in glomerular and
tubular components (19.78 + 4.2, median: 19.35
and 28.7 + 7.4, median: 28.14, respectively) were
significantly lower than those of sham (32.81 + 6.3,
median: 34.42 and 40.17 + 5.9, median: 39.00, res-
pectively) (p< 0.05, p< 0.05, respectively, Figure 2
and 3).
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FIGURE 1: Detection of apoptotic cells in groups 1 - 4 (A. TUNEL-stained
apoptotic glomerular cells, B. TUNEL-stained apoptotic tubular cells).
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FIGURE 2: Apoptotic index (Al) according to groups for glomerular compo-
nent of the kidney.

I DISCUSSION

The broader term “obstructive uropathy” can be
used to indicate any obstruction to urinary flow oc-
curring between the renal pelvis and the urethra
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FIGURE 2: Apoptotic index (Al) according to groups for tubular component
of the kidney.

that causes a development of hydronephrosis and
associated renal impairment. Obstruction of urine
outflow results in a constellation of renal parench-
ymal changes, collectively called chronic obstruc-
tive uropathy (COU). These changes include
tubular atrophy, interstitial fibrosis, and interstitial
inflammation, all of which are associated with pro-
gressive renal tissue loss.>'* CRF is a well-described
complication of obstructive BPH. Although multi-
ple mechanisms have been proposed to explain an
association between BPH and CRF,? chronic urinary
retention is considered as the dominant mechanism
by which BPH can cause CRF. Mounting experi-
mental data suggest that apoptosis contributes to the
development of renal injury through cellular dele-
tion mechanism.'* Truong et al. demonstrated that
renal tubular and interstitial cells undergo prono-
unced apoptosis during the course of COU. Our fin-
dings have also indicated that partial BOO increased
apoptosis not only in tubules but also in glomeruli
in the rat kidney. How the general mechanism of
apoptosis, gleaned mostly from in vitro studies, is
relevant to that of renal cell apoptosis in COU has
not been evaluated. A large number of environ-
mental factors known to cause apoptosis, such as
hypoxia, stretching, ischemia, cytokines, growth
factors, angiotensin II, and reactive oxygen species,
are all activated during the course of COU, but it
remains unclear whether they are, indeed, the ini-
tiators of apoptosis in this condition.>'>!¢ Unders-
tanding the molecular control of renal cell apoptosis
in COU should not only help elucidate its pathoge-
nesis, but might also be pertinent to the pathogene-
sis of chronic renal tubulointerstitial injury in
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general. Although the mechanism and the essenti-
al components of apoptosis remain to be elucidated,
it is generally accepted that apoptosis is initiated by
a direct physical interaction between a variety of
death signals in the extracellular environment and
their death receptors, including Fas, tumor necrosis
factor receptor-1 (TNFR-1), and TNF-related apop-
tosis inducing ligand (TRAIL) receptor, which are
strategically situated on the cell membrane. Apop-
tosis is initiated when these receptors are engaged
by their ligands, that is, Fas ligand, TNF, and TRA-
IL, respectively, which are either free in the circu-
lation or bound to the membrane of cytotoxic
effector cells.””? Nuclear factor-kappa B (NF-kB)
activation, in addition to an increase in the mRNA
levels of TNF-a, TNFR1, caspase 8, and caspase 3,
has been documented in rat models of renal obs-
truction.®'3?! TNF-a has recently emerged as an im-
portant mediator of both obstruction-induced renal
fibrosis and cellular apoptosis.?*? Stretching of hu-
man tubular cells increases their susceptibility to
TNF-a-induced apoptosis, which is caspase-depen-
dent.* Angiotensin II upregulates TNF- in the rat
kidney with unilateral ureteral obstruction (UU-
0).2 Many studies have demonstrated that obs-
tructive nephropathy leads to activation of the
intrarenal renin—-angiotensin system. Angiotensin
IT has a central role in the initiation and progressi-
on of obstructive nephropathy both directly and in-
directly by stimulating production of molecules that
contribute to renal injury.” The increased produc-
tion of angiotensin II in the obstructed kidney is
thought to contribute to tubular cell death via the
induction of transforming growth factor (TGF-f1)
and the production increases in oxidative stress.?
TGF-B1 is known to promote apoptosis following
renal injury in both in vivo and in vitro models.”%
Mechanical stretching of rat tubular cells stimulates
expression of TGF-B1, which in turn promotes tu-
bular apoptosis by a p38 MAP kinase-dependent
mechanism.” As well as promoting apoptosis, angi-
otensin II is also documented to have a role in fib-
rosis, especially in the kidney, where it is believed
to promote the fibrotic response principally via the
activation of TGF-f1.% It is well known that there
are multiple interactions between the renin-angio-
tensin system and the sympathetic nervous system.
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Stimulation of the sympathetic nervous system le-
ads to renin secretion and angiotensin II generati-
on.” The effects of the pressor substances of these
two systems, angiotensin I and norepinephrine, are
triggered by their interaction with specific recep-
tors on the vascular wall. It has been demonstrated
that o1-adrenergic receptors mediate sympathetic
vasoconstriction of the blood vessel, however most
vascular angiotensin II receptors in all species stu-
died to date are mainly type 1 angiotensin II recep-
tors (AT;) that mediate contractile and growth
effects of angiotensin II in vascular smooth musc-
le.332 It has been demonstrated that AT} is the pre-
dominant receptorin the rat and human kidney and
seems to account for all the known physiological
consequences of angiotensin II binding.*

«l-adrenoreceptor antagonists are clinically
effective in the relief of BPH symptoms via their
ability to selectively antagonize the ala-adrenore-
ceptors.?* Induction of apoptosis in response to do-
xazosin is well documented in benign and
malignant prostate epithelial cells and human pros-
tate clinical specimens at intracellular concentra-
tions comparable with the therapeutic doses.’ Male
SCID mice were inoculated with malignant, andro-
gen-independent PC-3 prostate cells. A week later
they were administered various oral doses of doxa-
zosin (0, 3, 10 or 100 mg/kg) and were sacrificed af-
ter 14 days. Doxazosin administration in tumor-
bearing hosts (via oral gavage; at a dose of 3 mg/kg)
resulted in a notable decrease in the tumor volume
of prostate tumor xenografts when compared to the
vehicle control-treated animals. Administration of
doxazosin at higher concentrations (10-100 mg/kg)
did not have any further effect on tumor suppres-

sion.® Suppression of prostate growth proceeds vi-
a an al-adrenoceptor-independent mechanism by
activation of latent apoptotic machinery by effector
(Smad) activation of TGF-f1 signaling and IxBo.*®
Doxazosin treatment of benign and malignant pros-
tate epithelial cells leads to a significant increase in
death-inducing signaling complex (DISC) formati-
on and subsequent apoptosis via caspase-3 activati-
on.*” More recent evidence established the ability
of doxazosin to induce anoikis in prostate epitheli-
al and endothelial cells.® The apoptotic effect of
doxazosin provides a molecular basis for therapeu-
tic targeting of prostate cancer, as well as benign
disease, potentially via anoikis. Interestingly, be-
nign prostate cells seem to be more sensitive to the
apoptotic effect of doxazosin than tumor cells.® We
also found in this study that treatment with doxa-
zosin in the sham group significantly decreased
apoptosis in glomerular and tubular cells.

In the literature, it is not known whether in-
hibition of al-adrenoreceptor in a rat model of par-
tial BOO causes a decrease in tubular and
glomerular cell death by apoptosis and a prevents
of subsequent inflammation and fibrosis. The re-
sults of this study demonstrated that doxazosin tre-
atment of rats reduced apoptosis in tubular and
glomerular cells both in the controls and the parti-
al BOO rats. This is the first study that showed o1-
adrenoreceptor antagonist (doxazosin) decreased
apoptosis in tubular and glomerular cells in rat kid-
neys with partial BOO. We believe that this obser-
vation of decreased apoptosis in tubular and
glomerular cells of rats with partial BOO may be
useful in order to gain new insight into the thera-
peutic effect of doxazosin.
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