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Abstract: Objective: Damage to the vascular
endothelium is considered to be an important factor in
the development of cerebral vasospasm after
subarachnoid hemorrhage. Studies have shown that
hemolysate causes structural and functional injury in
cultured cerebral endothelial cells. Mexilitine is an anti­

arrhythmic drug that is widely used in the treatment of
ventricular arrythmias, and is known to act as a sodium­
channel blocker. However experiments have shown that
this compound can also activate ATP-sensitive potassium
channels and block calcium channels. Recent in vitro

data from studies on liposomes indicate that mexilitine is
also a potent antioxidant. The aim of this study was to
investigate the potential protective effects of mexilitine
on endothelial cells incubated in hemolysate.
Methods: Endothelial cells were isolated from the bovine

middle cerebral artery, and primary cell cultures were
incubated and passaged weekly. Immunohistochemical
staining was used to detect factor VIII-related antigen
and acetylated low-density lipoprotein labeled with 1,1'­

dioctadecy 1-3,3,3' -tetrameth y lindo-carbocy anine
perchlorate (Dil-Ac-LDL), and thus it was confirmed that
the cells were endothelial cells. The cells were grown to
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Ozet: AmaF Subaraknoid kanama sonrasmda vaskiiler
endotelde olu~an hasar, serebral vasospasm
geli~mesinde onemli bir faktbrdiir. <;:ah~malar,
hemolisatm serebral endotel hiicre kiiltiirlerinde yaplsal
ve fonksiyonel hasara yol a~tJgml gostermi~tir. Meksilitin
ventrikiiler aritmilerin tedavisinde slk kullarulan anti­

aritmik bir ila~tJr ve sodyum kanal blokorii olarak rol
oynar. Ancak yapllan deneyler bu bile~igin ATP-duyarh
potasyum kanallanm aktive ettigini ve kalsiyum
kanallanru bloke edebildigini gostermi~tir. Liposomlar
iizerinde yapllan son in-vitro ~a1J~malardan elde edilen
bilgiler meksilitinin potent bir antioksidan oldugu
lehindedir. Bu ~ah~manm amaCl hemolisat i~inde inkiibe
edilen endotel hiicreleri iizerinde meksilitinin potansiyel
koruyucu etkilerinin ara~tmlmasldlr.
Yontem: Endotel hiicreler slglr orta serebral arterlerinden
isole edildi, primer hiicre kiiltiirleri haftahk olarak
inkiibe edildi ve pasajlan yaplldl. Faktbr VIII-ili~kili
antijen ve 1,1' -dioctadecyl-3,3,3'-tetramethylindo­
carbocyanine perchlorate (Dil-Ac-LDL) ile i~aretlenmi~
asetile edilmi~ dii~iik dansiteli lipoproteinleri saptamak
i~in immiinhistokimyasal boyama yapJIdl. Boylece
hiicrelerin endotel hiicreleri oldugu konfirme edildi.



Turkish Neurosurgery 13: 14-19, 2003

confluence on coated gelatin plates, and were incubated
with Dulbecco's modified Eagle medium. Two plates
were kept as controls; two plates were treated with 10-4 M
hemolysate only; two plates were treated with a
combination of 10-4 M mexilitine and 10-4 M hemolysate;
two plates were treated with 10-8 M mexilitine and 10-4 M
hemolysate; and two plates were treated with 10-12 M
mexilitine and 10-4 M hemolysate. The cells were exposed
to these specific media for 3 days. Cellular morphology
and density were observed throughout this period using
reverse-phase microscopy.
Results: Treatment with 10-4 M hemolysate alone
destroyed almost all cells within 3 days. In the presence
of the same concentration of hemolysate (10-4 M), 10-8 M
or 10-12 M mexilitine preserved the cells' cobblestone
appearance and number. However, addition of 10-4 M
mexilitine had a deleterious effect. This concentration

caused cytoplasmic vacuolization and transformation to
spindle-shaped cell morphology.
Conclusion: Mexilitine's unique and diverse activity
profile suggests that this agent might help prevent the
endothelial cell damage caused by hemolysate after
subarachnoid hemorrhage. The ability to stop this
damage is a key factor in limiting cerebral vasospasm.
The results proved that low-dose mexilitine treatment
can prevent the structural and functional endothelial
damage caused by hemolysate.
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INTRODUCTION

The mechanism of the onset of cerebral

vasospasm after subarachnoid hemorrhage (SAH)
remains controversial. Much research in this area

has focused on the prevention and reversal of
cerebral vasospasm using therapeutic agents that
act on the pathways assumed to be involved in
vasoconstriction. Mexilitine is a class 1b

antiarrhythmic drug that is widely used to treat
ventricular arrhythmias (11,12). The best-known
action of this agent is sodium (Na)-channel
blockage, which prevents cell depolarization (17).
However, experimental studies have shown that
rnexilitine can also activate ATP-sensitive

potassium (K) channels and block calcium (Ca)
channels (13,16).

Dohi et al. studied the vasorelaxant effect of
mexilitine in the mesenteric resistance arteries of

rats, and concluded that the drug induced this
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Hucreler jelatin kaph tabaklarda buyutUldu ve
Dulbecco'nun modifiye Eagle ortammda inkube edildi.

iki tabak kontrol olarak tutuldu; iki tabaga 10-4 M
hemolisat uyguland1; iki tabaga 10-4 M hemolisat ve 10-4

M meksilitin kombinasyonu uyguland1; iki tabaga 10-4 M
hemolisat ve 10-8 M meksilitin uyguland1; iki tabaga 10-4

M hemolisat ve 10-12M meksilitin uygulandl. Hucreler bu
. ozel ortamlarda 3 gun b1raklld1lar. Bu sure h;erisinde

hucre morfolojisi ve dansitesi reverse-phase mikroskopi
kullamlarak gozlemlendi.

Bulgular: 10-4 M hemolisat tek ba~ma uyguland1gmda
butUn hucreleri 3 gUn i<;inde destriikte etti. Aym orand a
hemolisat (10-4 M) ile birlikte 10-8 M veya 10-12 M
meksilitin hucrelerin kaldmm ta~1 gorunumunu ve
saY1lanm korudu. Ancak 10-4 M meksilitin eklenmesinin
zararh etkisi oldu. Bu oran sitoplasmik vakuolizasyon ve
igsi ~ekilli hucre morfolojisi olu~masma sebep oldu.
Sonu{::Meksilitinin oZgUn ve <;e~itlietki profili, bu ajamn
subaraknoid kanama sonrasmda hemolisat nedeniyle
olu~an endotel hasanm onlemede etkili olabilecegini
du~tindurmektedir. Bu hasan onleyebilmek serebral
vasospasm1 s1mrlamadaki anahtar faktOrdur. Bu
<;ah~madan elde edilen bulgular hemolisat nedeniyle
olu~an yap1sal ve fonksiyonel endotel hasannm
mexiletin tedavisiyle onlenebilecegini kamtlam1~hr.

Anahtar kelimeler: Iyon kanallan, lipid peroksidasyonu,
meksilitin, serebral vasospasm, subaraknoid kanama

effect by inhibiting the transmembrane movement
of Ca (6). The range of action that mexilitine
exhibits in stabilizing cell membranes, blocking Ca
channels, and activating K channels suggests that
this agent might promote vasodilation through its
impact on vascular smooth muscle cells. Dohi et al.
also speculated that mexilitine has a greater
inhibitory effect on noradrenaline-activated,
verapamil-insensitive Ca channels than on voltage­
gated channels (6).

In addition to its effects on various types of
ion channels, in a previous study we demonstrated
mexilitine's potent antioxidant effect on
phospholipid-containing lysosomes (5). The results
showed that the alteration of membrane

permeability by this agent was related to its low
molecular weight and highly lipophilic character.
The unique activity profile of mexilitine suggested
to us that it might help prevent the endothelial cell
damage caused by hemolysate after SAH. Such a
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