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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: It is not known whet her in hi bi ti on of α1-ad re no re cep tor in a rat mo del of
par ti al blad der out let obs truc ti on (BO O) ca u ses dec re a se in tu bu lar and glo me ru lar cell de ath by
apop to sis and pre ven ti on of sub se qu ent inf lam ma ti on and fib ro sis. The aim of this study was to de -
mons tra te the re la ti ons hip bet we en apop to sis and do xa zo si n  α1-ad re no cep tor an ta go nist) in rat
kid neys da ma ged by par ti al BO O. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: A to tal of 45 adult fe ma le Wis tar rats,with
a me an weight of 250 g we re ran domly al lo ca ted to four ex pe ri men tal gro ups as: sham-ope ra ted rats
(10 rats), sham-ope ra ted rats tre a ted with do xa zo sin (10 rats), par ti al BO O gro up (14 rats), and par-
ti al BO O gro up tre a ted with do xa zo sin (11 rats). Par ti al BO O was sur gi cally in du ced. De tec ti on of
cell apop to sis was do ne by TU NEL as say. RRee  ssuullttss:: This in ves ti ga ti on re ve a led in cre a sed apop to sis in
both tu bu lar and glo me ru lar cells of rats with par ti al BO O. Furt her mo re, the re sults of this study
de mons tra ted that do xa zo sin tre at ment of rats re du ced apop to sis in tu bu lar and glo me ru lar cells in
both the con trols and the rats with par ti al BO O. CCoonncc  lluu  ssii  oonn::  We be li e ve that our observation of de-
c re a sed apop to sis in both tu bu lar and glo me ru lar cells of rats with par ti al BO O might be use ful to
ga in new in sight in to the the ra pe u tic ef fect of do xa zo sin. 

KKeeyy  WWoorrddss::  Apoptosis; kidney; doxazosin 

ÖÖZZEETT  AAmmaaçç:: Me sa ne çı kış obs trük si yo nu (MÇO) oluş tu ru lan sı çan mo de lin de α1 ad re no re sep tör
in hi bis yo nu nun apo pi to zis ile tü bü ler ve glo me rü ler hüc re ölü mü ne yol açıp aç ma dı ğı ve son ra -
sın da ge li şen inf la mas yon ve fib ro zi si en gel le yip en gel le me di ği bi lin me mek te dir. Do la yı sıy la, bu ça -
lış ma nın ama cı kıs mi MÇO ile ha sar lan dı rıl mış sı çan böb rek le rin de apo pi to zis ile dok sa zo sin (al fa
1 re sep tör an ta go nis ti) ara sın da ki iliş ki yi gös ter mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr:: Or ta la ma 250 gram
ağır lı ğın da ki top lam 45 adet di şi Wis tar sı çan la rı 4 de ney sel gru ba ran do mi ze edil di: sham ope ras -
yon lu sı çan lar (10 sı çan), dok sa zo sin ile te da vi edi len sham ope ras yon lu sı çan lar (14 sı çan), kıs mi
MÇO gru bu (14 sı çan), ve dok sa zo sin ile te da vi edi len kıs mi MÇO gru bu. Sı çan lar da ki kıs mi MÇO
cer ra hi ola rak in dük len di. Hüc re apo pi to zi si TU NEL ana li zi tes pit edil di. BBuull  gguu  llaarr:: Bu araş tır ma
kıs mi MÇO’ lu sı çan lar da hem tü bü ler hem de glo me rü ler hüc re ler de art mış apo pi to zi si gös ter miş -
tir. Ay rı ca, bu ça lış ma nın so nuç la rı dok sa zo si nin kıs mi MÇO’ lu sı çan lar da ve kon trol gru bu nu oluş-
tu ran sı çan lar da tü bü ler ve glo me rü ler hüc re ler de apo pi to zi si azalt tı ğı nı gös ter mek te dir. SSoo  nnuuçç::
Kıs mi MÇO’ lu sı çan la rın hem tü bü ler hem de glo me rü ler hüc re le rin de göz lem le di ği miz azal mış
apo pi to zi sin dok sa zo si nin te da vi edi ci et ki si ne ye ni bir gö rüş ka zan dır ma sı açı sın dan fay da lı ola bi -
le ce ği ne ina nı yo ruz.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Apoptoz; böbrek; doksazosin  
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ORİJİNAL ARAŞTIRMA   

o wer uri nary tract symptoms (LUTS) inc lu de uri nary fre qu ency, he si -
tancy, we ak uri nary stre am, ur gency and noc tu ri a. They are com mon
in ol der men and are usu ally as so ci a ted with be nign pros ta te hyperp la -

si a (BPH), be nign pros ta te en lar ge ment, be nign pros ta tic obs truc ti on (BPO) or
blad der out let obs truc ti on (BO O). BPH and BO O may le ad to in cre a sed post-
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vo id re si du al vo lu me, up per uri nary tract di la ta ti on
and ul ti ma tely re nal fa i lu re. Of pa ti ents un der go ing
pros ta tec tomy, 15% to 30% pre sent with im pa i red
re nal func ti on.1-3 Up per tract di la ta ti on or hydro -
nep hro sis is con sis tent with chro nic re nal fa i lu re
(CRF) from obs truc ti ve uro pathy du e to chro nic uri-
nary re ten ti on. Kid neys with uri nary obs truc ti on in
both hu mans and ex pe ri men tal ani mals de ve lop pro-
g res si ve tu bu lo in ters ti ti al in jury.4-6 Tu bu lar cell
apop to sis has re cently emer ged as a cru ci al le si on
that may be pat ho ge ne ti cally re la ted to ot her tu bu -
lar chan ges and be res pon sib le for the pro fo und re -
nal tis su e loss se en in obs truc ted kid neys.5,6

In ters ti ti al chan ges, inc lu ding fib ro sis, inf lam ma tory
cell in fil tra te, and vas cu lar re mo de ling, de ve lop in
kid neys with uri nary obs truc ti on as well, ha ve be en
shown to cor re la te with in ters ti ti al cell apop to sis.5

The se ob ser va ti ons strongly imply a dis tur ban ce of
tu bu lar and in ters ti ti al cell cycles, inc lu ding an in-
cre a sed apop to sis of the se cells in the pat ho ge ne sis
of obs truc ti ve uro pathy.

In the ma na ge ment of BPH symptoms, tar ge -
ting the pre do mi nant α1-ad re no cep tors wit hin the
pros ta tic stro ma with α1-ad re no cep tor an ta go nists
such as do xa zo sin to in du ce re la xa ti on of smo oth
musc le to ne in the pros ta te and lo wer uri nary tract
has pro ven to be an ef fec ti ve tre at ment stra tegy,
pro vi ding long-term re li ef of LUTS.7,8 In re cent ye -
ars, ra pidly evol ving evi den ce has imp li ca ted do x-
a zo sin-in du ced pros ta te smo oth musc le cell
apop to sis as a po ten ti al mec ha nism un derl ying the
long-term the ra pe u tic res pon ses to do xa zo sin in
pa ti ents with BPH.9-11 To our know led ge, the re la -
ti ons hip bet we en apop to sis and α1-ad re no cep tor
an ta go nists in the kid ney has not yet be en re por -
ted. The aim of this study was to de mons tra te the
re la ti ons hip bet we en apop to sis and do xa zo si -
n (α1-ad re no cep tor an ta go nist) in rat kid neys da m-
a ged by par ti al BO O, and to ga in new in sight in to
the the ra pe u tic ef fect of do xa zo sin.

MA TE RI AL AND MET HODS
ANI MALS

A to tal of 45 adult fe ma le (me an 250 g) Wis tar rats
we re used in this study. The ex pe ri men tal pro to col
was ap pro ved by the Ani mal Et hics Com mit te e of

Ak de niz Uni ver sity, Tur key. The ani mals we re
hand led ac cor ding to in ter na ti o nally ac cep ted
prin cip les for the ca re of la bo ra tory ani mals. The
rats we re ma in ta i ned un der stan dard la bo ra tory
con di ti ons with a 12:12 hr light:dark cycle, with
fre e ac cess to fo od pel lets and tap wa ter. They we -
re se pa ra ted in to fo ur gro ups as fol lows: Gro up 1:
sham (con trol) gro up (10 rats); Gro up 2: a sham
with  that re ce i ved an α1-ad re no cep tor an ta go nist
(do xa zo sin, 10 mg/kg) (10 rats); Gro up 3: par ti al
BO O gro up (14 rats); Gro up 4: a gro up with par ti -
al BO O that re ce i ved an α1-ad re no cep tor an ta go -
nist (do xa zo sin, 10 mg/kg, 11 rats).

SUR GI CAL PRO CE DU RE

Rats we re anest he ti zed with in tra mus cu lar ke ta -
mi ne hydroch lo ri de 50 mg/kg and xyla zi ne 15
mg/kg. The blad der was ap pro ac hed and the pro -
xi mal uret hra ex po sed thro ugh a lo wer mid li ne in-
ci si on. A 2/0 silk li ga tu re was pla ced aro und the
uret hra and ti ed snugly in the pre sen ce of an in tra-
lu mi nal ind wel ling 3Fr uret hral cat he ter. Af ter
tying the knot, the cat he ter was re mo ved and the
blad der was re po si ti o ned. Af ter cat he ter re mo val,
the ab do mi nal wall was clo sed with 2/0 chro mic
cat gut su tu res. Si mi larly, a sham ope ra ti on was per-
for med con sis ting of sur gi cally ex po sing the blad-
der and pro xi mal uret hra. A ste ri le silk li ga tu re was
pas sed be ne ath the pro xi mal uret hra and re mo ved
wit ho ut pla cing knots. The ab do men was clo sed
sub se qu ently. All rats we re tre a ted pos to pe ra ti vely
with a sing le-do se of an ti bi o tics (gen ta mi cin, 5
mg/kg) and anal ge sics (tra ma dol hydroch lo ri de, 20
mg/kg). In gro ups 2 and 4, an α1-ad re no cep tor an-
ta go nist (do xa zo sin, 10 mg/kg) was ad mi nis te red
orally every day vi a a 6Fr fe e ding tu be, star ting im-
me di a tely af ter re co very from sur gery for a pe ri od
of 15 days.12 At the end of this pe ri od, the rats we -
re anest he ti zed the ir right kid neys we re re mo ved
for eva lu a ti on of apop to sis and then they we re sac-
ri fi ced by cer vi cal dis lo ca ti on.

EVA LU A TI ON OF APOP TO SIS

De tec ti on of cell apop to sis was de tec ted by TU NEL
as say (Roc he, Ger many), ac cor ding to the ma nu fac -
tu rer’s pro to col. Ne ga ti ve con trols we re per for med
by subs ti tu ting dis til led wa ter for the TdT enz yme.
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To qu an tify the in ci den ce of apop to sis in each gro up,
the num ber of TU NEL-po si ti ve cell nuc le i was cal cu-
la ted. Ten ran domly se lec ted are as (at x 400) in each
pre pa ra ti on we re co un ted se pa ra tely, and the me an
of the se 10 co unts was ta ken as the fi nal re sult. Se p-
a ra te apop to tic in dex va lu es for glo me ru lar cells and
tu bu lar cells we re cal cu la ted in each kid ney. 

Sta tis ti cal analy sis

Sta tis ti cal analy ses bet we en gro ups we re per for med
by the one-way ANO VA and New man-Ke uls Mul-
tip le Com pa ri son Test (Prism 3.0, Graph pad Soft wa -
re Inc.), and pro ba bi lity va lu es less than 0.05 we re
con si de red sig ni fi cant. The va lu es are pre sen ted as
the me an ± stan dard de vi a ti on and me di an.

RE SULTS
All spe ci mens from all fo ur gro ups sho wed TU NEL
sta i ning (Fi gu re 1). Apop to tic in di ces of the kid ney
in glo me ru lar and tu bu lar com po nents of gro up 3
(54.4 ± 19.9, me di an:54.93 and 65.3 ± 16.6, me di -
an:65.84, res pec ti vely) we re sig ni fi cantly hig her
than tho se of gro up 1 (32.8 ± 6.3, me di an:33.40 and
40.1 ± 5.9, me di an:40.92, res pec ti vely), (p< 0.001,
p< 0.001, Fi gu re 2 and 3). Af ter 15 days of do xa zo -
sin tre at ment in par ti al BO O (gro up 4), apop to tic
in di ces of the kid ney in glo me ru lar and tu bu lar
com po nents (36.9 ± 5.7 me di an:37.86 and 51.2 ±
13.9, me di an:51.28 res pec ti vely) we re sig ni fi cantly
hig her than tho se of gro up 2 (19.7 ± 4.2 me di -
an:19.15 and 28.7 ± 7.4, me di an:31.88 res pec ti vely)
(p< 0.01 and p< 0.001 res pec ti vely, Fi gu res 2 and
3). Apop to tic in di ces of the kid ney in glo me ru lar
and tu bu lar com po nents of gro up 4 (36.9 ± 5.7, me-
di an:37.86 and 51.2 ± 13.9, me di an: 51.28 res pec ti -
vely) we re sig ni fi cantly lo wer than tho se of gro up
3 (54.4 ± 19.9, me di an: 54.93 and 65.3 ± 16.6, me-
di an:65.84, res pec ti vely) (p< 0.01, p< 0.01 res pec ti -
vely, Fi gu res 2 and 3). In samp les ta ken af ter 15
days of do xa zo sin tre at ment in ad di ti on to sham,
apop to tic in di ces of the kid ney in glo me ru lar and
tu bu lar com po nents (19.78 ± 4.2, me di an: 19.35
and 28.7 ± 7.4, me di an: 28.14, res pec ti vely) we re
sig ni fi cantly lo wer than tho se of sham (32.81 ± 6.3,
me di an: 34.42 and 40.17 ± 5.9, me di an: 39.00, res -
pec ti vely) (p< 0.05, p< 0.05, res pec ti vely, Fi gu re 2
and 3).

DIS CUS SI ON
The bro a der term “obs truc ti ve uro path y” can be
used to in di ca te any obs truc ti on to uri nary flow oc-
cur ring bet we en the re nal pel vis and the uret hra
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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).

FIGURE 2: Apoptotic index (AI) according to groups for glomerular compo-
nent of the kidney.



that ca u ses a de ve lop ment of hydro nep hro sis and
as so ci a ted re nal im pa ir ment. Obs truc ti on of uri ne
outf low re sults in a cons tel la ti on of re nal pa rench -
ymal chan ges, col lec ti vely cal led chro nic obs truc -
ti ve uro pathy (CO U). The se chan ges inc lu de
tu bu lar at rophy, in ters ti ti al fib ro sis, and in ters ti ti al
inf lam ma ti on, all of which are as so ci a ted with pro-
g res si ve re nal tis su e loss.5,13 CRF is a well-des cri bed
comp li ca ti on of obs truc ti ve BPH. Alt ho ugh mul ti-
p le mec ha nisms ha ve be en pro po sed to exp la in an
as so ci a ti on bet we en BPH and CRF,3 chro nic uri nary
re ten ti on is con si de red as the do mi nant mec ha nism
by which BPH can ca u se CRF. Mo un ting ex pe ri -
men tal da ta sug gest that apop to sis con tri bu tes to the
de ve lop ment of re nal in jury thro ugh cel lu lar de le -
ti on mec ha nism.14 Tru ong et al. de mons tra ted that
re nal tu bu lar and in ters ti ti al cells un der go pro no -
un ced apop to sis du ring the co ur se of CO U. Our fin -
dings ha ve al so in di ca ted that par ti al BO O in cre a sed
apop to sis not only in tu bu les but al so in glo me ru li
in the rat kid ney. How the ge ne ral mec ha nism of
apop to sis, gle a ned mostly from in vit ro stu di es, is
re le vant to that of re nal cell apop to sis in CO U has
not be en eva lu a ted. A lar ge num ber of en vi ron -
men tal fac tors known to ca u se apop to sis, such as
hypo xi a, stretc hing, isc he mi a, cyto ki nes, growth
fac tors, an gi o ten sin II, and re ac ti ve oxy gen spe ci es,
are all ac ti va ted du ring the co ur se of CO U, but it
re ma ins unc le ar whet her they are, in de ed, the ini-
ti a tors of apop to sis in this con di ti on.5,15,16 Un ders -
tan ding the mo le cu lar con trol of re nal cell apop to sis
in CO U sho uld not only help elu ci da te its pat ho ge -
ne sis, but might al so be per ti nent to the pat ho ge ne -
sis of chro nic re nal tu bu lo in ters ti ti al in jury in

ge ne ral. Alt ho ugh the mec ha nism and the es sen ti -
al com po nents of apop to sis re ma in to be elu ci da ted,
it is ge ne rally ac cep ted that apop to sis is ini ti a ted by
a di rect physi cal in te rac ti on bet we en a va ri ety of
de ath sig nals in the ex tra cel lu lar en vi ron ment and
the ir de ath re cep tors, inc lu ding Fas, tu mor nec ro sis
fac tor re cep tor-1 (TNFR-1), and TNF-re la ted apop-
to sis in du cing li gand (TRA IL) re cep tor, which are
stra te gi cally si tu a ted on the cell mem bra ne. Apop-
to sis is ini ti a ted when the se re cep tors are en ga ged
by the ir li gands, that is, Fas li gand, TNF, and TRA -
IL, res pec ti vely, which are eit her fre e in the cir cu -
la ti on or bo und to the mem bra ne of cyto to xic
ef fec tor cells.17-20 Nuc le ar fac tor-kap pa B (NF-kB)
ac ti va ti on, in ad di ti on to an in cre a se in the mRNA
le vels of TNF-a, TNFR1, cas pa se 8, and cas pa se 3,
has be en do cu men ted in rat mo dels of re nal obs -
truc ti on.6,13,21 TNF-a has re cently emer ged as an im-
por tant me di a tor of both obs truc ti on-in du ced re nal
fib ro sis and cel lu lar apop to sis.22,23 Stretc hing of hu -
man tu bu lar cells in cre a ses the ir sus cep ti bi lity to
TNF-α-in du ced apop to sis, which is cas pa se-de pen -
dent.24 An gi o ten sin II up re gu la tes TNF- in the rat
kid ney with uni la te ral ure te ral obs truc ti on (UU -
O).22 Many stu di es ha ve de mons tra ted that obs -
truc ti ve nep hro pathy le ads to ac ti va ti on of the
in tra re nal re ni n– an gi o ten sin system. An gi o ten sin
II has a cen tral ro le in the ini ti a ti on and prog res si -
on of obs truc ti ve nep hro pathy both di rectly and in-
di rectly by sti mu la ting pro duc ti on of mo le cu les that
con tri bu te to re nal in jury.25 The in cre a sed pro duc -
ti on of an gi o ten sin II in the obs truc ted kid ney is
tho ught to con tri bu te to tu bu lar cell de ath vi a the
in duc ti on of trans for ming growth fac tor (TGF-β1)
and the pro duc ti on in cre a ses in oxi da ti ve stress.26

TGF-β1 is known to pro mo te apop to sis fol lo wing
re nal in jury in both in vi vo and in vit ro mo dels.25,27

Mec ha ni cal stretc hing of rat tu bu lar cells sti mu la tes
ex pres si on of TGF-β1, which in turn pro mo tes tu-
bu lar apop to sis by a p38 MAP ki na se-de pen dent
mec ha nism.27 As well as pro mo ting apop to sis, an gi -
o ten sin II is al so do cu men ted to ha ve a ro le in fib -
ro sis, es pe ci ally in the kid ney, whe re it is be li e ved
to pro mo te the fib ro tic res pon se prin ci pally vi a the
ac ti va ti on of TGF-β1.28 It is well known that the re
are mul tip le in te rac ti ons bet we en the re nin-an gi o -
ten sin system and the sympat he tic ner vo us system.
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FIGURE 2: Apoptotic index (AI) according to groups for tubular component
of the kidney.



Sti mu la ti on of the sympat he tic ner vo us system le -
ads to re nin sec re ti on and an gi o ten sin II ge ne ra ti -
on.29 The ef fects of the pres sor subs tan ces of the se
two systems, an gi o ten sin II and no re pi nep hri ne, are
trig ge red by the ir in te rac ti on with spe ci fic re cep -
tors on the vas cu lar wall. It has be en de mons tra ted
that α1-ad re ner gic re cep tors me di a te sympat he tic
va so cons tric ti on of the blo od ves sel, ho we ver most
vas cu lar an gi o ten sin II re cep tors in all spe ci es stu -
di ed to da te are ma inly type 1 an gi o ten sin II  re cep-
tors (AT1) that me di a te con trac ti le and growth
ef fects of an gi o ten sin II in vas cu lar smo oth musc -
le.30-32 It has be en de mons tra ted that AT1 is the pre-
do mi nant re cep tor in the rat and hu man kid ney and
se ems to ac co unt for all the known physi o lo gi cal
con se qu en ces of an gi o ten sin II bin ding.33

α1-ad re no re cep tor an ta go nists are cli ni cally
ef fec ti ve in the re li ef of BPH symptoms vi a the ir
abi lity to se lec ti vely an ta go ni ze the α1a-ad re no re -
cep tors.34 In duc ti on of apop to sis in res pon se to do -
xa zo sin is well do cu men ted in be nign and
ma lig nant pros ta te epit he li al cells and hu man pros -
ta te cli ni cal spe ci mens at in tra cel lu lar con cen tra -
ti ons com pa rab le with the the ra pe u tic do ses.9 Ma le
SCID mi ce we re ino cu la ted with ma lig nant, an dro-
gen-in de pen dent PC-3 pros ta te cells. A we ek la ter
they we re ad mi nis te red va ri o us oral do ses of do xa -
zo sin (0, 3, 10 or 100 mg/kg) and we re sac ri fi ced af -
ter 14 days. Do xa zo sin ad mi nis tra ti on in tu mor-
be a ring hosts (vi a oral ga va ge; at a do se of 3 mg/kg)
re sul ted in a no tab le dec re a se in the tu mor vo lu me
of pros ta te tu mor xe nog rafts when com pa red to the
ve hic le con trol-tre a ted ani mals. Ad mi nis tra ti on of
do xa zo sin at hig her con cen tra ti ons (10-100 mg/kg)
did not ha ve any furt her ef fect on tu mor sup pres -

si on.35 Sup pres si on of pros ta te growth pro ce eds vi -
a an α1-ad re no cep tor-in de pen dent mec ha nism by
ac ti va ti on of la tent apop to tic mac hi nery by ef fec tor
(Smad) ac ti va ti on of TGF-β1 sig na ling and IκBα.36

Do xa zo sin tre at ment of be nign and ma lig nant pros -
ta te epit he li al cells le ads to a sig ni fi cant in cre a se in
de ath-in du cing sig na ling comp lex (DISC) for ma ti -
on and sub se qu ent apop to sis vi a cas pa se-3 ac ti va ti -
on.37 Mo re re cent evi den ce es tab lis hed the abi lity
of do xa zo sin to in du ce ano i kis in pros ta te epit he li -
al and en dot he li al cells.38 The apop to tic ef fect of
do xa zo sin pro vi des a mo le cu lar ba sis for the ra pe u -
tic tar ge ting of pros ta te can cer, as well as be nign
di se a se, po ten ti ally vi a ano i kis. In te res tingly, be-
nign pros ta te cells se em to be mo re sen si ti ve to the
apop to tic ef fect of do xa zo sin than tu mor cells.38 We
al so fo und in this study that tre at ment with do xa -
zo sin in the sham gro up sig ni fi cantly dec re a sed
apop to sis in glo me ru lar and tu bu lar cells.

In the li te ra tu re, it is not known whet her in-
hi bi ti on of α1-ad re no re cep tor in a rat mo del of par-
ti al BO O ca u ses a dec re a se in tu bu lar and
glo me ru lar cell de ath by apop to sis and a pre vents
of sub se qu ent inf lam ma ti on and fib ro sis. The re-
sults of this study de mons tra ted that do xa zo sin tre -
at ment of rats re du ced apop to sis in tu bu lar and
glo me ru lar cells both in the con trols and the par ti -
al BO O rats. This is the first study that sho wed α1-
ad re no re cep tor an ta go nist (do xa zo sin) dec re a sed
apop to sis in tu bu lar and glo me ru lar cells in rat kid-
neys with par ti al BO O. We be li e ve that this ob ser -
va ti on of dec re a sed apop to sis in tu bu lar and
glo me ru lar cells of rats with par ti al BO O may be
use ful in or der to ga in new in sight in to the the ra -
pe u tic ef fect of do xa zo sin.
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