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Cilostazol, a selective inhibitor of phosphodiesterase III, is an antiplatelet drug and a vasodilator via increased
cAMP levels. It has been approved for the treatment of ischemic symptoms in chronic peripheral arterial obstruction or
intermittent claudication and for secondary prevention of cerebral infarction (CSPS I). Recently, cilostazol has been
reported to be more effective than aspirin in the secondary prevention of all types of stroke in patients and, in particular,
prevent the secondary attack of hemorrhagic stroke in patients (CSPS II). Laboratory investigations revealed that
cilostazol has a neuroprotective effect against ischemic brain injury. The neuroprotective potential is dependent on its
antiinflammatory and antiapoptotic effects mediated by scavenging hydroxyl radicals, decreasing formation of tumor
necrosis factor-c, and inhibition of poly (ADP-ribose) polymerase activity. In addition, increasing evidence indicates
that cilostazol may offer endothelial protection via both the inhibition of lipopolysaccharide-induced apoptosis and in-
duced nitric oxide (NO) production by endothelial NO synthase activation. The breakdown of the barrier permeability
of the blood brain barrier (BBB) often accelerates the progression of diseases such as cerebral ischemia. However, the
molecular mechanisms involved in BBB disruption have not been fully determined. Identification of the molecules
responsible for the disruption of the endothelial barrier may yield new therapeutic targets in intractable diseases. This ar-
ticle reviews the protective effects of cilostazol against transient focal cerebral ischemia and hemorrhagic transformation
and its mechanism of action.
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Fig. 1. Effects of Cilostazol on Infarction at 24 h after Permanent MCA Occlusion

Coronal sections of brains treated with vehicle or cilostazol with 2,3,5-triphenyltetrazolium chloride (TTC) staining (location; 1 mm posterior to bregma)
showing infarct tissues (pale unstained region) (A). Cilostazol significantly reduced the infarct area (B) and volume (C). *p<0.05 vs. vehicle (Student’s ¢ test, n=
8-11) . Effect of cilostazol on metallothionein-1 and-2 mRNA expressions at 6 h after MCA occlusion. Cilostazol (30 mg/kg, i.p.) was administered three times (at
—12h, —1h, and 0 h). Cilostazol significantly increased mRNA expressions of metallothionein-1 (D) and -2 (E) with RT-PCR. *p<(0.05 vs. vehicle (Student’s ¢
test, n=6-10) . Data are expressed as means+S.E.M. Data were cited from Ref. 16).
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Fig. 2. Effects of NBO (Normobaric Hyperoxia) and Cilostazol on Infarction at 22 h after Reperfusion

Coronal sections of brains treated with vehicle (from extreme left), NBO, cilostazol, and NBO plus cilostazol with 2,3,5-triphenyltetrazolium chloride (TTC)
staining (location; 1 mm anterior to bregma) showing infarct tissues (pale unstained region) (A). The other figures show the effects of combination therapy with
NBO plus cilostazol regarding the total cerebral infarct area (B) and total infarct volume (C). Combination therapy significantly decreased total infarct area and
volume. *p<C0.05, **p<C0.01 vs. vehicle (Student-Newman-Keuls test, n=11-17) . Combination therapy significantly improved in the neurological scores at 22 h af-
ter reperfusion (D). *p<{0.05 vs. vehicle (Mann-Whitney U test, n=27-36) . Western blot analysis measured the levels of P-eNOS and eNOS (E). There were no
differences among all groups in eNOS (F) . NBO alone, cilostazol alone, and combination therapy with NBO plus cilostazol increase in P-eNOS. Moreover, P-eNOS
was significantly greater in the combination therapy than vehicle (G). Combination therapy with NBO plus cilostazol increased the ratio of P-eNOS/eNOS (H).
*p<0.05, **p<0.01 vs. control, #*p< 0.05 vs. vehicle (Student’s ¢ test, n=9-10) . Data are expressed as means+S.E.M. Data were cited from Ref. 17).
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Fig. 3. Effect of Cilostazol on Parameters Related to Acute Injury at 22 h after Reperfusion

Coronal sections of brains treated with vehicle (Ieft) or cilostazol (right) with 2,3,5-triphenyltetrazolium chloride (TTC) staining (location; 1 mm anterior to
bregma) showing infarct tissues (pale unstained region) (A). Cilostazol significantly improved in the neurological scores at 22 h after reperfusion (B). *p<{0.05 vs.
vehicle (Mann-Whitney U test, n=20) . The other figures show the effects of cilostazol regarding the total cerebral infarct area (C), total infarct volume (D) and in-
farct volume in cortex and subcortex (E). Cilostazol significantly decreased total infarct volume, especially in subcortex. *p< 0.05, **p<C0.01 vs. vehicle (Student’s

t test, n=10) . Data are expressed as means+S.E.M. Data were cited from Ref. 18).
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Fig. 4. Effect of Cilostazol on BBB Permeability, Assessed Using Evans Blue Extravasation at 22 h after Reperfusion
Whole brains treated with vehicle (left) or cilostazol (right) showing Evans blue extravasation in the dorsolateral cortex (pale stained region) (A). The other
figures show the effects of cilostazol regarding weight of infarct hemisphere (B) and Evans blue extravasation in ischemic hemisphere (C). There was no significant
difference in the weight of the ischemic hemisphere, but cilostazol effectively prevented Evans blue extravasation. *p<(0.05 vs. vehicle (Student’s ¢ test, n=13).
Effect of cilostazol on cerebral hemorrhage at 22 h after reperfusion. Coronal sections of brains treated with vehicle (left), cilostazol (right) with no staining (loca-
tion; 1 mm anterior to bregma) showing hemorrhagic spots in the infarct area (D). We counted the number of hemorrhagic spots (>>500 um) for semiquantitative
analysis of cerebral hemorrhage. (one spot counting as one point) . Higher magnifications of hemorrhagic lesion area in vehicle (left, four points) and cilostazol
group (right, one point) (E). Bar=>500 um. The other figures show the effects of cilostazol regarding the total hemorrhagic area (F), hemorrhagic area in cortex

(G), and in subcortex (H). Cilostazol significantly decreased total hemorrhagic area, especially in cortex. *p<(0.05 vs. vehicle (Mann-Whitney U test, n=10) . Data
are expressed as means+S.E.M. Data were cited from Ref. 18).
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Fig. 5. Neurovasucular Protective Mechanisms of Cilostazol
against Cerebral Ischemia and Hemorrhagic Transformation
The neurovasucular protective potentials of cilostazol are ascribed to its
anti-platelet, vasodilatory effects, and endothelial protection induced nitric
oxide (NO) production by endothelial NO synthase (eNOS) activation. In
addition, they are ascribed to the inhibition of BBB opening by prevention
the loss of claudin-5.
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tight junction D #HL Y > /N7 claudin-5 2 {##% 3 %
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ZENRENn (Fig. 5).2
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neurovascular unit & W O R 2 kT 5 =
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5N TW5, 22T, bbb neurovascular
unit 24 —74 v MZLU, b ME/NmE N R,
FEMEEYY 2 hadA cZ2HNT, I5k5
CSZ DA H =X el L XOVIT TR L 7z,

BE M N IZ tPA 300 pug/ml ZIRIMNT 5 Z &2k D
ERL Ml E TS )L & WT, CSZ AT tPA IC
Ko THlEE I INMIEEEZMEH T 570 E 5 hn
BEMITDWTHE L 2. Ak EDEfI: LDH
(lactate dehydrogenase) kit 2 F VY TEE L /=,
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% RRUNILE N A O REEIIMSHI E Nz 2
NS ORERKD, CSZAcAMP & LRSI E21EH
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13, MREEEZHHTAHZEICLDEKRREETDH
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E, RN, U YO REZ T TR, &
MIZ K> THEFFIZT/E > 2 BN LMz r#ET 2
EIREBDZBDEZEZSNTNS, KK ORERN
5, MBS MEHIREERIE D 1 D & LT CSZ HiiK
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TLMENEKREESY —7 v b &L L WiaEE
B/ 0BELEEZAENS. LaLENs, b
DHIED, MHEZER U < T PEREZE & S M
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