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troke is one of the leading causes of death and adult disability in industriali-
zed countries. Many risk factors have been identified as the modifiable or non-
modifiable causes of stroke. The non-modifiable factors include age, gender,

positive family history, ethnicity, previous transient ischemic attack or stroke. The
modifiable factors include hypertension, diabetes, smoking, lipid disorders- hyper-
cholestrolemia, alcohol intoxication and physical inactivity.1-3 The aging process is
known to cause specific cardiovascular changes that impair heart and blood vessel
function. The higher blood pressure is the greatest risk of developing narrowed ar-
teries which can lead to cardiovascular problems and stroke.

Stroke is a sudden loss of brain function resulting from interference with the
blood supply to the central nervous system. Acute stroke can be classified either as
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ÖÖZZEETT  Strok endüstrileşmiş ülkelerde önde gelen ölüm ve yetişkinlerde işgöremezlik nedenlerinden
biridir. Strok için modifiye edilebilir veya yaşlanmayı da kapsayan modifiye edilemez bazı risk
faktörleri tanımlanmıştır. Strok,  oksidatif stres, eksitotoksisite, apoptosis ve inflamasyon olgularını
bir arada içeren kompleks bir patofizyolojiye sahiptir. Akut strok tedavisinde kullanılan
yaklaşımlardan biri de nöroproteksiyondur. İskemi ve reperfüzyonla indüklenen mekanizmalarla
ilişkili moleküller olarak PPAR, 12/15-LOX, NF-κB, Caspase-3, p53, Bcl-2, PARP-1, APE/Ref-1,
TNF-α, CDK5, iNOS and COX-2  strok için potansiyel terapötik hedefler olarak değerlendirilmiştir.
Bu nedenle, bu moleküllerin mRNA veya protein düzeyinde sentezlerinin düzenlenmesi strok te-
davisinde nöroprotektif amaçlar için yardımcı olabilir.  
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isc he mic (80% of stro ke ca ses), which can be furt her
clas si fi ed to ex tra-cra ni al em bo lism and in trac ra ni al
throm bo sis, or a he morr hra gic stro ke (20% of stro ke ca -
ses), which can be furt her clas si fi ed to in tra ce reb ral he -
morr ha ge and su ba rach no id he morr ha ge.3 The ma jo rity
of isc he mic stro kes are du e to ar te ri al occ lu si ons, which
can ra pidly pro du ce a co re of in farc ted bra in tis su e sur-
ro un ded by hypo xic but po ten ti ally sal va ge ab le tis su e,
the isc he mic pe num bra. The go al of the rapy is ra pid res -
to ra ti on of blo od flow with pre ser va ti on of the isc he mic
pe num bra and mi ni mal ne u ro nal da ma ge. Cen tral ner v-
o us system (CNS) da ma ge is oc cu red in stro ke as a re sult
of hypo xi a. In the pe num bra, func ti o nal al te ra ti ons are
oc cu red in the ne u rons and gli al cells.3,4

Stro ke has a comp lex pat hoph ysi o logy and in vol -
ves energy fa i lu re, ex ci to to xi city, spre a ding dep res si on,
ele va ti on of in tra cel lu lar cal ci um le vels, ge ne ra ti on of
fre e ra di cals, blo od-bra in bar ri er (BBB) dis trup ti on, in-
f lam ma ti on, gli al cell con tri bu ti on, chan ges in ne u rot -
rans mit ters and ne u ro ac ti ve subs tan ces, and apop to sis
du e to the ac ti va ti on of a se qu en ce of ge nes and pro te -
ins.4,5 The ex ces si ve pro duc ti on of re ac ti ve oxy gen spe -
ci es (ROS) can ca u se cel lu lar da ma ge and sub se qu ent
cell de ath, be ca u se ROS may oxi di ze vi tal cel lu lar com-
po nents such as mem bra ne li pids, pro te ins and DNA,
and al ter se ve ral sig nal ling path ways that ul ti ma tely
pro mo te cel lu lar da ma ge and de ath du ring ce reb ral isc -
he mi a and re per fu si on. Apop to sis is pro mi nent in the
pe num bra fol lo wing stro ke. Apop to sis is trig ge red fol lo -
wing ce reb ral isc he mi a by va ri o us de ath sig nals inc lu -
ding pro duc ti on of fre e ra di cals and tu mor nec ro sis
fac tor, de fi ci ency of growth fac tor and ne u rot rop hins,
DNA da ma ge and p53 in duc ti on, and cytoc hro me c re-
le a se du ring mi toc hon dri al in jury. Apop to tic mec ha -

nisms in vol ve key pro te ins, such as cas pa ses, apop to sis
in du cing fac tor (AIF) and Bcl-2 fa mily pro te ins Du ring
ce reb ral isc he mi a, an ex ces si ve NMDA-re cep tor ac ti va -
ti on (ex ci to to xi city) may le ad to the ac cu mu la ti on of
ROS.1 Glu ta ma te in du ced ex ci to to xic sti mu la ti on of
NMDA re cep tor and sub se qu ent cal ci um inf lux, which
ac ti va tes se ve ral in tra cel lu lar cal ci um sen si ti ve enz -
ymes, such as nNOS and CaMKs. Ex pres si on of va ri o us
cyto ki nes and ad he si on mo le cu les on en dot he li al cells,
pro mo te le u kocy te ad he ren ce and ac cu mu la ti on the -
reby ini ti a ting the inf lam ma tory res pon se. Furt her, bre -
ak down of blo od bra in bar ri er (BBB) per mits ne ut rop hil
di a pe de sis in to the isc he mic tis su e in res pon se to che -
mo ki nes pro du ced by as trocy tes, mac rop ha ges, and mi-
c rog li a.5,6

Isc he mic stro ke rep re sents one of the most chal len -
ging di se a ses in trans la ti o nal ne u ro logy. Des pi te con si -
de rab le ef forts ma de to de ve lop ef fi ca ci o us the ra pi es that
pre vent da ma ge on ce a stro ke has oc cu red, the re are still
no es tab lis hed tre at ments for hu mans. The only ava i lab -
le tre at ment is in tra ve no us or in tra-ar te ri al throm boly -
sis that is li mi ted to very first ho urs af ter the stro ke.7 The
ma jor ap pro ac hes in acu te stro ke the rapy are re ca na li -
za ti on, bra in hypot her mi a, usa ge of phar ma ce u ti cals,
and ne u rop ro tec ti on.4 Ne u rop ro tec ti on is a term used to
des cri be the pu ta ti ve ef fect of in ter ven ti ons pro tec ting
the bra in from pat ho lo gi cal da ma ge. In occ lu si ve stro ke,
the con cept of ne u rop ro tec ti on in vol ves in hi bi ti on of a
cas ca de of pat ho lo gi cal mo le cu lar events oc cur ring un -
der isc ha e mi a and le a ding to cal ci um inf lux, ac ti va ti on of
fre e ra di cal re ac ti ons and cell de ath.8 In this pre sen ta ti -
on, the mo le cu les re la ted with the se mec ha nisms will be
dis cus sed as po ten ti al the ra pe u ti cal tar gets of stro ke
(Tab le 1). 
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Target Effect Reference

PPAR (Peroxisome proliferator- Activation of all PPAR isoforms, especially PPARγ prevent post-ischemic 9,11,10

activated receptor-1) inflammation and neuronal damage

12/15-LOX (12/15-Lipoxygenase) 12/15 LOX knock-out mice are protected in middle cerebral artery occlusion 12

12/15 LOX inhibitor provided a neuroprotection against ischemic stroke 13

NF-KappaB (Nuclear factor KappaB) Plays an essential role in the regulation of post-ischemic inflammation 14

Inhibition of NF-kappaB down regulates apoptotic molecules including p53, 15

cytochrome c and caspase-3.

Caspase-3 Caspase inhibitors Z-VAD-fmk, Z-DEVD-fmk, Z-D-DCB offer significant protection 16,17,18,19

against ischemia-induced neuronal apoptosis

p53 p53 inhibitor modified stroke-induced endogenous neurogenesis and 20

improved functional recovery in stroke animals

Bcl-2 Improved neuronal survival and blocked nuclear AIF translocation when delivered 21

to the infarct margin

Bcl-2 gene therapy reduced numbers of apoptotic cells in the infarct and penumbra area 22

PARP-1 (Poly-ADP-ribose) polymerase-1 enzyme) PARP-1 gene deletion and PARP-1 inhibitors prevent neuronal death induced by excito 23

toxicity and oxidant stress

PARP-1 inhibition markedly improves cell survival after ischemia reperfusion in brain 17,23,24,25

APE/Ref-1 (Apurinic-apyrimidinic Decreases after transient focal cerebral ischemia before the peak of DNA damage 26

endonuclease-redox factor-1) Inhibits the induction of neuronal cell death after transient ischemic stroke in mice by 27

adenoviral vector-mediated increase

CDK5 (cyclin dependent kinase-5) Cdk5 inhibitors are potential neuroprotective strategy for ischemic injury 28

TNF-α (Tumor necrosis factor- α) TNF- α receptor antagonists or TNF- α processing inhibitors provides a protection 29

in hemorrhagic stroke

FLIP(L) (Fas-associated death domain-like Protects neurons against in vivo ischemia and in vitro glucose deprivation-induced 30

interleukin-1-beta-converting enzyme-inhbitory cell death

protein)

iNOS (inducible nitric oxide synthase) Mice lacking iNOS gene and iNOS inhibition shows protection in cerebral ischemia 31,32,33,34

COX-2 (cyclo oxygenase-2) Loss of iNOS gene and COX-2 inhibition shows reduction in ischemic brain injury 35

and neurological deficits

COX-2 inhibition delays inflammatory events in transient and permanent focal 36

cerebral ischemia

TABLE 1: Potential molecular targets in stroke.
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