
Turkiye Klinikleri J Med Sci 2011;31(2)380

Indomethacin Prevents Neuronal
Apoptosis in Newborn Rats with
Hypoxic-Ischemic Brain Injury

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Cyclo oxy ge na se path way and pros tag lan dins play an im por tant ro le in the
pat ho ge ne sis and de la yed mec ha nisms of hypo xic-isc he mic bra in in jury. The aim of this study was
to in ves ti ga te the ef fect of dif fe rent do ses of in do met ha cin, a non se lec ti ve cyclo oxy ge na se in hi bi -
tor, on ne u ro nal apop to sis in rats with hypo xic-isc he mic bra in in jury. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Se -
ven-day-old rat pups with the Ri ce mo del of hypo xic-isc he mic ce reb ral in jury we re ran domly
di vi ded in to fi ve gro ups. Gro up 1 (n= 15) pups we re gi ven physi o lo gic sa li ne, ne it her li ga ti on nor
hypo xi a we re per for med. Gro up 2 (n= 15) pups we re tre a ted with physi o lo gic sa li ne af ter hypo -
xic-isc he mi a. Gro up 3 (n= 15) pups we re tre a ted with in do met ha cin at a do se of 2 mg/kg be fo re
hypo xic isc he mi a. Gro up 4 (n= 15) pups we re tre a ted with thre e do ses of in do met ha cin at a do -
se of 2 mg/kg every 12 h af ter hypo xic-isc he mi a. Gro up 5 (n= 15) pups we re tre a ted with thre e
do ses of in do met ha cin, at a do se of 4mg/kg every 12 h af ter hypo xic isc he mi a. Af ter 72 ho urs, the
rats we re de ca pi ta ted and bra in he misp he res we re eva lu a ted by the TU NEL (Terminal deoxynu-
cleotidyl transferase mediated dUTP nick end labeling) sta i ning met hod. RRee  ssuullttss:: In do met ha cin
tre at ment, eit her be fo re or af ter hypo xi a, re sul ted in a sig ni fi cant re duc ti on in the num bers of apop-
to tic cells in the rat bra in when com pa red to tho se who we re tre a ted with physi o lo gic sa li ne af ter
hypo xic-isc he mi a (P< 0.001). CCoonncc  lluu  ssii  oonn::  Our re sults de mons tra ted that in do met ha cin ad mi nis -
tra ti on, eit her be fo re or af ter hypo xic-isc he mi a, re du ces ne u ro nal apop to sis; and we pro po se that
in do met ha cin may be a po ten ti al cho i ce of tre at ment for hypo xic-isc he mic bra in in jury.

KKeeyy  WWoorrddss::  Hypo xi a-isc he mi a, bra in; apop to sis; in do met ha cin 

ÖÖZZEETT  AAmmaaçç::  Sik lo ok si je naz yo la ğı ve pros tag lan din ler, hi pok sik-is ke mik be yin ha sa rı nın pa to ge -
ne zin de ve geç dö nem ki sü re cin de önem li rol oy na mak ta dır. Bu ça lış ma nın ama cı, bir non-se lek -
tif sik lo ok si je naz in hi bi tö rü olan in do me ta zi ni fark lı doz lar da uy gu la rak  hi pok sik-is ke mik be yin
ha sar lı rat lar da nö ro nal apo pi to zis üze ri ne et ki le ri ni araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Le vi ne-
Ri ce me to du na gö re hi pok sik is ke mi oluş tu ru lan ye di gün lük rat yav ru la rı rast ge le beş gru ba ay rıl -
dı. Grup 1’de ki (n: 15) yav ru la ra ne li gas yon ne de hi pok si uy gu lan ma dan sa de ce se rum fiz yo lo jik
ve ril di. Grup 2’de ki (n: 15) yav ru la ra hi pok sik-is ke mik ha le ge ti ril dik ten son ra se rum fiz yo lo jik ve -
ril di. Grup 3’te ki (n: 15) yav ru la ra hi pok sik-is ke mik ha le ge ti ril me den ön ce 2 mg/kg tek doz in do -
me ta zin ve ril di. Grup 4’ te ki (n: 15) yav ru la ra hi pok sik-is ke mik ha le ge ti ril dik ten son ra 12 sa at te
bir 2 mg/kg dan top lam üç doz in do me ta zin ve ril di. Grup 5’te ki (n: 15) yav ru la ra hi pok sik-is ke mik
ha le ge ti ril dik ten son ra 12 sat te bir 4 mg/kg dan top lam üç doz in do me ta zin ve ril di. Rat la rın 72 sa -
at son ra ka fa la rı ay rı la rak be yin he mis fer le ri ne ait do ku lar TU NEL (Terminal deoksinükleotidil
transferaz aracılı dUTP nick sonu etiketleme) bo ya ma me to du ile de ğer len di ril di. BBuull  gguu  llaarr::  Hi pok -
si ön ce si ve ya son ra sın da ki in do me ta zin te da vi si alan rat yav ru la rın da, hi pok sik is ke mi son ra sı se -
rum fiz yo lo jik ve ri len rat la ra gö re be yin de ki apo pi to tik hüc re sa yı sın da an lam lı de re ce de azal ma ile
so nuç lan mış tır (P< 0.001). SSoo  nnuuçç::  Ça lış ma mı zın bul gu la rı na go re, hi pok sik is ke mi ön ce si ve ya son -
ra sın da ve ri len in do me ta zin nö ro nal apo pi to zi si azalt mak ta olup bu bağ lam da hi pok sik-is ke mik be -
yin ha sa rı te da vi sin de in do me ta zi nin po tan si yel bir te da vi se çi mi ola bi le ce ği ni dü şün mek te yiz.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hi pok si- is ke mi, be yin; apop toz; in do me ta zin  
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ypo xic isc he mic bra in in jury re ma ins one
of the most im por tant ne u ro lo gic comp li -
ca ti ons in the new born.1 Des pi te the fact

that hypo xic-isc he mic bra in in jury clo sely cor res -
ponds to ex pe ri men tal mo dels of ce reb ral hypo xi a-
isc he mi a whe re suc cess ful ne u rop ro tec ti ve
in ter ven ti ons we re in tro du ced, cur rently no agent
has be en pro ven va lu ab le to im pro ve the chro nic
se qu e la e of hypo xic-isc he mic bra in in jury in the
cli ni cal set ting.2,3

It is well-known that the cyclo oxy ge na se
path way be co mes the ma jor so ur ce of fre e ra di cals
fol lo wing ex po su re to cer ta in types of oxi da ti ve
stress, such as isc he mic in sult to the bra in.4 Re cent
stu di es ha ve shown that the pre sen ce of re ac ti ve
oxy gen spe ci es is clo sely as so ci a ted with DNA frag-
men ta ti on.5 In ad di ti on, the pro cess of de la yed ne -
u ro nal de ath af ter bra in isc he mi a is of ten re por ted
as apop to sis be ca u se of the as so ci a ted DNA frag-
men ta ti on.6,7

In do met ha cin, a cyclo oxy ge na se in hi bi tor of
pros tag lan din (PG) synthe sis, has be en sug ges ted to
ha ve a pro tec ti ve ef fect on hypo xic-isc he mic bra in
in jury in se ve ral ani mal stu di es.9-11 Ho we ver, the -
re is no con sen sus on the do se of in do met ha cin. In
this res pect, we ai med to in ves ti ga te the ef fect of
dif fe rent do ses of in do met ha cin on apop to sis by
TU NEL met hod in the new born rat bra in with hy-
po xic-isc he mic (H-I) in jury.

MA TE RI AL AND MET HODS
Se ven-day-old Wis tar al bi no rats of eit her sex we -
re used in the study. A to tal of 60 ani mals we re ob-
ta i ned from Cu ku ro va Uni ver sity, Ins ti tu te of
Me di cal Ex pe ri ments Re se arch and Prac ti ce La bo -
ra tory, and we re ran domly di vi ded in to fi ve gro -
ups by using a com pu ter-ge ne ra ted ran dom
num ber tab le. The study was ap pro ved by the Et -
hics Com mit te e of the Me di cal and Ex pe ri men tal
Re se arch Cen ter of the Me di cal Fa culty.

EX PE RI MEN TAL PRO CE DU RE

Rats we re anest he ti zed by ha lot ha ne in ha la ti on
(3.0% for in duc ti on and 1.0-1.5% for ma in te nan -
ce). A me di an in ci si on was ma de in the neck. The
left ca ro tid ar tery (ip si la te ral) was iden ti fi ed af ter

ca re ful dis sec ti on and was li ga ted with a 4/0 silk
su tu re. Af ter the wo und was su tu red, the ani mals
we re al lo wed a re co very pe ri od of 2.5 h. Rats in all
gro ups ex cept the sham gro up we re then pla ced in
a plas tic cham ber and ex po sed to a con ti nu o us flow
of 8% oxy gen and 92% nit ro gen for 2 h to in du ce
syste mic hypo xi a ac cor ding to the met hod used by
Ri ce et al.12 Af ter H-I in sult, the rats we re re tur ned
to the ir dams fol lo wing a 30 min re oxy ge na ti on pe-
ri od and kept in a ro om (12:12 h light/dark cycle)
un til de ca pi ta ti on at the age of 10 days. Af ter the -
se pro ce du res, un der de ep in tra pe ri to ne al thi o pen -
tal so di um (50 mg/kg) anest he si a, all the pups we re
de ca pi ta ted at the age of 10 days and the ex trac ted
bra in tis su es we re re mo ved for pat ho lo gi cal eva lu -
a ti on.

Gro up 1: Sham gro up (n= 15): Af ter a me di an
neck in ci si on was ma de, the ca ro tid ar tery was
iden ti fi ed and dis sec ted, but ne it her li ga ti on nor
hypo xi a was per for med. Ani mals we re gi ven in tra -
pe ri to ne al physi o lo gic sa li ne at a do se of 100 µl per
12, to tal thre e do ses, 30 mi nu tes af ter neck in ci si -
on. 

Gro up 2: Hypo xic-isc he mic gro up (n= 15, ser -
ved as H-I): Rats we re gi ven in tra pe ri to ne al phys-
i o lo gic sa li ne at a do se of 100 µl per 12, to tal thre e
do ses, 30 mi nu tes af ter hypo xic isc he mi a. 

Gro up 3: In do met ha cin ad mi nis te red at a do -
se of 2 mg/kg be fo re H-I gro up (n= 15, ser ved as
IND 2 mg be fo re H-I): The rats we re ad mi nis te red
50 mg in tra pe ri to ne al in do met ha cin (Con for tid,
Alp har ma-ISIS, Ger many) wit hin a dis til la ted wa -
ter so lu ti on at a sing le do se of 2 mg/kg (a do se of
100 µl) 30 mi nu tes be fo re hypo xic isc he mi a.

Gro up 4: In do met ha cin ad mi nis te red at a do -
se of 2 mg/kg af ter H-I gro up (n= 15, ser ved as IND
2 mg af ter H-I): The rats we re ad mi nis te red 50 mg
in tra pe ri to ne al in do met ha cin wit hin  a dis til la ted
wa ter so lu ti on at a do se of 2 mg/kg (a do se of 100
µl) per 12 h, to tal thre e do ses, 30 mi nu tes af ter hy-
po xic isc he mi a.

Gro up 5: In do met ha cin ad mi nis te red at a do -
se of 4 mg/kg  af ter H-I gro up (n= 15, ser ved as IND
4 mg af ter H-I): The rats we re ad mi nis te red 50 mg
in tra pe ri to ne al in do met ha cin wit hin a dis til la ted
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wa ter so lu ti on at a do se of 4 mg/kg (a do se of 100
µl) per 12 h, to tal thre e do ses, 30 mi nu tes af ter hy-
po xic isc he mi a.

TU NEL (TER MI NAL DE OXY NUC LE O TIDYL TRANS FE RA SE-
ME DI A TED dUTP NICK END LA BE LING) MET HOD

Apop to tic cell de ath was de tec ted using an in si tu
Apop to sis De tec ti on Kit (Che mi con, USA) ac cor -
ding to the ma nu fac tu rer’s ins truc ti ons. Bri efly,
sec ti ons we re de pa raf fi ni zed and rehy dra ted and
pret re a ted with pro te i na se K for 15 min at ro om
tem pe ra tu re, then en do gen pe ro xi da se ac ti vity was
qu enc hed with 3% H2O2. Sli ces we re then in cu ba -
ted at 37°C for 60 min in a mo ist cham ber with 50
μl of TdT buf fer. The re ac ti on was vi su a li zed by
Strep ta vi din HRP so lu ti on and de tec ted with
0.05% DAB. TU NEL la be led sli des we re co un ters -
ta i ned with 1% methyl gre en.

PAT HO LO GI CAL EVA LU A TI ON

Rat bra ins we re sli ced with an examp le at the le vel
of the hip po cam pus. This zo ne was pre pa red from
the pa raf fin blocks se ri al sec ti ons that we re pre vi -
o usly ma de. Sec ti ons to be pro ces sed with S7100
Apop Tag® pe ro xi da se we re eva lu a ted. An ex pe ri -
en ced pat ho lo gist co un ted apop to tic cells in the re-
gi on of the hip po cam pus CA1 and pa ri e tal cor tex

of both right and left he misp he res. TU NEL po si ti -
ve sta i ned cells we re cal cu la ted in fi ve po wer fi elds
(10 X 40) un der the light mic ros co pe. 

STA TIS TI CAL ANALY SIS

Des crip ti ve sta tis tics (me an and stan dard de vi a ti -
on) we re used to es ti ma te all pa ra me ters in each
gro up. A Tu key’s test was used for mul tip le com pa -
ri sons in one-way ANO VAs be ca u se it showed nor-
mal dis tru bu ti on, and a Ga mes-Ho well test was
used for mul tip le com pa ri sons in Welch test sta tis -
tics. The re sults we re con si de red sta tis ti cally sig ni -
fi cant at P< 0.05.

RE SULTS
Tab le and fi gu res de no te TU NEL-po si ti ve apop to -
tic cells of each gro up (Tab le 1, Fi gu res 1, 2). At 72
ho urs of hypo xic isc he mi a (H-I), the TU NEL-po si -
ti ve cell num ber was 22.00 ± 5.28, whi le it was 3.86
± 1.09 in the sham gro up (P< 0.001). Apop to tic cell
num ber was re du ced by ne arly half with 2 mg/kg
in do met ha cin tre at ment both be fo re (P< 0.001) and
af ter (P< 0.001) H-I when com pa red to the H-I gro -
up. TU NEL-po si ti ve cell num ber, in the 4 mg/kg
in do met ha cin af ter H-I tre at ment gro up dec li ned
to a si mi lar le vel with the apop to tic cell num ber in
the sham gro up (P< 0.05). Among the tre at ment

Groups Count of TUNEL-positive stained  cells

(Mean ± SD)

Contralateral hemisphere Ipsilateral hemisphere p

1 (Sham) (n= 15) 3.90 ± 1.10 3.53 ± 1.06 >0.05

(2-5) (2-5)

2 (Hypoxic-ischemic) (n= 15) 12.40 ± 1.58 31.46 ± 10.97 <0.01*

(11-14) (13-47)

3 (Indomethacin 2 mg/kg  before H-I) (n= 15) 8.26 ± 1.03 11.33 ± 1.58 <0.05*

(6-10) (10-14)

4 (Indomethacin 2 mg/kg  after H-I) (n= 15) 7.93 ± 0.79 11.00 ± 0.65 <0.05*

(6-10) (10-12)

5 (Indomethacin 4 mg/kg  after H-I) (n= 15) 5.86 ± 0.91 6.60 ± 1.40 >0.05

(5-7) (5-8)

TABLE 1: Count of TUNEL-positive stained cells in study groups.

Indomethacin treatment either before or after hypoxia resulted in statistically significant reduction of the numbers of apoptotic cells in both hemispheres, when compared to H-I group

(P< 0.05).

*There were statistically significant differences in the H-I groups, IND 2mg before H-I, and IND 2mg after H-I TUNEL positive cells counts between the contralateral hemisphere and

ipsilateral hemisphere (P< 0.01, P< 0.05, and P< 0.05 respectively).
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gro ups, the best ne u rop ro tec ti ve ef fect was ac hi e -
ved with 4 mg/kg in do met ha cin tre at ment af ter H-
I. A sing le do se of 2 mg/kg in do met ha cin tre at ment
be fo re H-I ac tu a li zed a qu i te suc cess ful ne u rop ro -
tec ti ve ef fect si mi lar to tre at ment with 2 mg/kg
indomethacin af ter H-I.

As far as the ef fects of in do met ha cin on hypo -
xi a and H-I in bra in he misp he res we re con cer ned,
we fo und that apop to tic cell num ber was sig ni fi -
cantly hig her in the ip si la te ral he misp he re than in

the con tra la te ral he misp he re in all gro ups ex cept
the sham and post H-I 4 mg/kg in do met ha cin tre -
at ment gro ups (P< 0.05). In the ip si la te ral he misp -
he re, the apop to tic cell num ber was re du ced
thre e-fold with 2 mg/kg in do met ha cin tre at ments
be fo re and af ter H-I (P< 0.01), whe re as the apop to -
tic cell num ber was re du ced ne arly fi ve-fold with
4 mg/kg in do met ha cin tre at ment af ter H-I when
com pa red to the H-I gro up (P< 0.001).

DIS CUS SI ON
Ne o na tal hypo xic-isc he mic bra in in jury in du ced
by birth asph yxi a is one of the most fre qu ent pe ri -
na tal prob lems and so me ti mes le ads to se ve re ne u -
ro lo gi cal se qu e la e.13,14 Ne u ro nal in jury af ter
ne o na tal hypo xic-isc he mic bra in da ma ge con sists
of nec ro sis and es pe ci ally apop to sis.15 To da te, the -
re ha ve not be en any tre at ments pro ven to be ef fec-
ti ve, and only sup por ti ve the rapy has be en
ava i lab le. 

Du ring hypo xic isc he mi a, arac hi do nic acid
and pros tag lan din me ta bo lism play an im por tant
ro le in ne u ro nal apop to sis. Upre gu la ti on of ne u ro -
nal cyclo oxy ge na se-2 (COX-2) and the ele va ti on of

FIGURE 1: TUNEL-positive cells in study groups.

FI GU RE 2: TU NEL-po si ti ve apop to tic cells in hip po cam pus in the (A) sham gro up, (B) hypo xic isc he mic gro up, (C) IND 2 mg be fo re H-I gro up, (D) IND 2 mg af -
ter H-I gro up, (E) IND 4 mg af ter H-I gro up. Ori gi nal mag ni fi ca ti on, x400.
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pros tag lan din E2 (PGE2) ha ve be en re por ted to oc -
cur af ter ce reb ral isc he mic in sult.16,17 Ia de co la et
al.18 ha ve de mons tra ted re du ced and in cre a sed sus-
cep ti bi lity to isc he mic bra in in jury in COX-2 and
COX-1-de fi ci ent mi ce. In ad di ti on, se ve ral stu di es
ha ve sug ges ted that PGE2 in du ces cas pa se-de pen -
dent apop to sis, ac ting vi a an EP2-li ke re cep tor, and
a sig na ling me di a tor in vol ved in hip po cam pal ex ci-
ta tory glu ta mi ner gic synap tic trans mis si on in rat
cul tu red cor ti cal ne u rons.19,20

It has be en de mons tra ted that in do met ha cin, a
cyclo oxy ge na se in hi bi tor of pros tag lan din synthe -
sis, in hi bits de la yed ne u ro nal da ma ge and dec re a -
ses bra in in farct vo lu me, es pe ci ally DNA da ma ge.
In the sa me way, in do met ha cin pre vents de la yed
ne u ro nal de ath.10,11 Buc ce lat ti et al.11 de mons tra ted
that in do met ha cin tre at ment with 20 mg/kg/do se
one ho ur pri or to isc he mi a dec re a sed in farct si ze in
fo cal isc he mic rat bra in com pa red to the con trol
gro up. Tu tak et al.9 re por ted that tre at ment with
0.2 mg/kg in do met ha cin (to tal thre e do ses every 12
ho urs) 30 mi nu tes af ter H-I dec re a sed in farct si ze
in ex pe ri men tal hypo xic isc he mic rat bra in com-
pa red to the con trol gro up. In ad di ti on, Kon do et
al.10 sho wed that TU NEL-po si ti ve sta i ned apop to tic
cell num ber was re du ced sig ni fi cantly with 5
mg/kg in do met ha cin ad mi nis te red fi ve mi nu tes be-
fo re isc he mi a when com pa red to con trol gro up,
and thus de la yed ne u ral da ma ge was pre ven ted in
a ger bil mo del of tran si ent fo reb ra in isc he mi a. In
the pre sent study, we fo und that apop to tic cell
num ber in an H-I rat mo del was sig ni fi cantly lo -
wer than the con trol gro up with a sing le do se of 2
mg/kg in do met ha cin the rapy 30 mi nu tes pri or to
H-I. Ad di ti o nally, 2 mg/kg in do met ha cin ad mi nis -
tra ti on thre e ti mes with 12-ho ur in ter vals af ter H-
I was fo und to re du ce apop to tic cell num ber and it
pro du ced the sa me ne u rop ro tec ti ve ef fect as ob ser -

ved with 2 mg/kg in do met ha cin pre H-I tre at ment.
Sing le-do se in do met ha cin ad mi nis tra ti on af ter
H-I was not per for med in our study. Thus, we co -
uld not es tab lish the con se qu en ces of the ef fect of
post H-I sing le do se in do met ha cin on rat bra in.

Our study conc lu ded that tre at ment with a do -
se of 4 mg/kg in do met ha cin 30 mi nu tes af ter H-I
pre ven ted apop to sis mo re ef fec ti vely than tre at -
ment with 2 mg/kg/do se in do met ha cin be fo re and
af ter H-I. Sur pri singly, tre at ment with high-do se
in do met ha cin af ter H-I re du ced the deg re e of de la -
yed ne u ro nal da ma ge to the le vels of hypo xi a-in -
du ced ne u ro nal da ma ge. Pre vi o us stu di es sug ges ted
that the re was a re la ti ons hip bet we en PGE2 le vels
and de la yed ne u ro nal da ma ge, and PGE-in du ced
ne u ro nal apop to sis was be li e ved to occur in a do se
de pen dent man ner.19 Our study sug ges ted that the
do se-de pen dent ne u rop ro tec ti ve ef fects of high-
do se in do met ha cin the rapy might be as so ci a ted
with in cre a sed cyclo oxy ge na se in hi bi ti on du e to
dec re a sed pros tag lan din pro ducts and fre e ra di cals.
Furt her stu di es on this is su e are re qu i red, in our
opi ni on.

In conc lu si on, we de mons tra ted that both pre-
isc he mic and post-isc he mic ad mi nis tra ti on of in-
do met ha cin pre ven ted de la yed ne u ro nal de ath. In
par ti cu lar, it was shown that high-do se in do met -
ha cin at a 4 mg/kg do se had a mo re ne u rop ro tec ti -
ve ef fect than low-do se in do met ha cin. Ho we ver,
furt her stu di es are ne e ded to fully ad dress the ne -
u rop ro tec ti ve ef fect of in do met ha cin on apop to sis
in hypo xic-isc he mic en cep ha lo pathy and op ti mi ze
the tre at ment pro to col to ma xi mi ze its the ra pe u tic
ac ti vity.

AAcckk  nnooww  lleedd  ggee  mmeennttss
This study was sup por ted by the Cu ku ro va Uni ver sity
Re se arch Fo un da ti on.
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