
Phosphodiesterase III Inhibitor Cilostazol Protects Amyloid β-Induced Neuronal
Cell Injury via Peroxisome Proliferator-Activated Receptor-γ Activation
Sun Haeng Park1, Ji Hyun Kim1, Sun Sik Bae2, Ki Whan Hong2, Byung Tae Choi1 and Hwa Kyoung

Shin
1
*

1Division of Meridian and Structural Medicine, School of Korean Medicine, Pusan National University, Yangsan 626-870, Korea
2Department of Pharmacology, School of Medicine, Pusan National University, Yangsan 626-870, Korea

Received February 21, 2011 /Accepted March 9, 2011

The neurotoxicity of aggregated amyloid β (Aβ) has been implicated as a critical cause in the patho-
genesis of Alzheimer’s disease (AD). It can cause neurotoxicity in AD by evoking a cascade of apopto-
sis to neuron. Here, we investigated the neuroprotective effects of cilostazol, which acts as a phospho-
diesterase III inhibitor, on Aβ25-35-induced cytotoxicity in mouse neuronal cells and cognitive decline
in the C57BL/6J AD mouse model via peroxisome proliferator-activated receptor (PPAR)-γ activation.
Aβ25-35 significantly reduced cell viability and increased the number of apoptotic-like cells. Cilostazol
treatment recovered cells from Aβ-induced cell death as well as rosiglitazone, a PPAR-γ activator.
These effects were suppressed by GW9662, an antagonist of PPAR-γ activity, indicative of a PPAR-γ
-mediated signaling. In addition, cilostazol and rosiglitazone also restored PPAR-γ activity levels that
had been altered as a result of Aβ25-35 treatment, which were antagonized by GW9662. Furthermore,
cilostazol also markedly decreased the number of apoptotic-like cells and decreased the Bax/Bcl-2
ratio. Intracerebroventricular injection of Aβ25-35 in C57BL/6J mice resulted in impaired cognitive
function. Oral administration of cilostazol (20 mg/kg) for 2 weeks before Aβ25-35 injection and once
a day for 4 weeks post-surgery almost completely prevented the Aβ25-35-induced cognitive deficits, as
did rosiglitazone. Taken together, our findings suggest that cilostazol could attenuate Aβ25-35-induced
neuronal cell injury and apoptosis as well as promote the survival of neuronal cells, subsequently im-
proving cognitive decline in AD, partly because of PPAR-γ activation. The phosphodiesterase III in-
hibitor cilostazol may be the basis of a novel strategy for the therapy of AD.
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Introduction

Alzheimer’s disease (AD) is neuropathological charac-

terized by deposition of amyloid β (Aβ)-containing plaques

and intracellular neurofibrillary tangles and loss of neurons

in the brain, along with progressive cognitive impairment

[7,8]. Excessive accumulation of Aβ in the brain is a possible

cause of neurodegeneration [6,28], although the precise

mechanism by which Aβ induces neuronal death remains

unknown [11,31]. Therefore, therapeutic intervention with

attenuating Aβ-mediated neurotoxicity may help in prevent-

ing neurodegeneration and clinical decline in AD patients.

Cilostazol [OPC-13013, 6-[4-(1-cyclohexyl-1H-tetrazol-5-yl)

butoxy]-3,4-dihydro-2-(1H)-quinolinone] increases intra-

cellular cyclic AMP (cAMP) levels by inhibiting type III

phosphodiesterase. Previous studies have shown that cil-

ostazol possesses many pharmacological activities, including

anti-inflammatory, anti-oxidative, and anti-apoptotic effects

in the brain [12]. Cilostazol was shown to prevent cerebral

hypoperfusion-induced cognitive impairment and white

matter damage in a rat model in which the occlusion of the

common carotid artery via bilateral ligation [18]. A more re-

cent preliminary study conducted in human patients with

moderate AD reported that a combination therapy of done-

pezil and cilostazol maintained improvement or preserved

the current status until the end of the follow-up period [2].

Therefore, cilostazol may prevent the neuronal death and

cognitive impairment caused by AD.

Peroxisome proliferator-activated receptor (PPAR)-γ is a

nuclear transcription factor belonging to the PPAR family.

Although considerable research has shown a role for PPAR-

γ in adipose differentiation [27] and in the regulation of

inflammation [15], little is known about its possible func-

tions in neurons. Recently, PPAR-γ agonists have raised the

hope that PPAR-γ could become a drug target for the treat-
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ment of neurological disease such as AD. This beneficial ef-

fect of PPAR-γ agonists in AD was mediated by controlling

neuroinflammation and reducing neuronal death [19,34]. We

recently reported that cilostazol significantly elevated en-

dogenous PPAR-γ transcriptional activity in COS-7 cells

and human umbilical vein endothelial cells [22] and sup-

pressed proinflammatory markers via activation of PPAR-γ
transcription in db/db mice [23]. Therefore, cilostazol could

decrease neuronal death and improve cognitive deficit via

PPAR-γ activation in AD. However, there is no direct evi-

dence to support the neuroprotective properties of cilostazol

in case of Aβ insult. The aim of this study was to examine

whether cilostazol has neuroprotective effects against Aβ

-induced cell death and cognitive deficits.

We hypothesized that the phosphodiesterase III inhibitor

cilostazol decreased neuronal cell death via PPAR-γ activa-

tion, subsequently improving the cognitive decline in AD.

To test this hypothesis, we investigated the neuroprotective

effects of the cilostazol on Aβ-induced cell death and Aβ

-induced expression of apoptotic proteins in mouse neuronal

cells and on spatial learning and memory in Aβ25-35-injected

mice compared with rosiglitazone, a PPAR-γ activator.

Materials and Methods

Neuronal primary cell culture

Primary neural cell cultures from E14 ICR mouse brains

were prepared as described previously [29]. Briefly, the brain

tissues were dissected and were incubated in HBSS

(Sigma-Aldrich, St. Louis, MO) containing 0.5% trypsin at

37°C for 30 min. Dissociated cells were plated on poly–D–

lysine–coated dishes. After 1 day, the plates were washed

extensively with HBSS to remove residual non-adherent

cells. Adherent cells were harvested and cultured in

Dulbecco’s modified Eagle’s medium (DMEM, Gibco,

Carlsbad, CA) with 10% fetal bovine serum, 100 U/ml pen-

icillin, 100 μg/ml streptomycin (Hyclone, Logan, UT), 10

ng/ml basic fibroblast growth factor (bFGF), and 10 ng/ml

epidermal growth factor (EGF) in a humidified atmosphere

containing 5% CO2 in air at 37°C. To induce cell injury, cells

were incubated with 30 μM Aβ25-35 for 24 hr.

MTT assay

The MTT assay was a standard method used to assess

cell viability. Neuronal cells (1×105 cells/well) were seeded

in 96-well microtiter plates. The cells were treated with 30

μM Aβ25-35 and various concentration cilostazol (1, 3, 10 or

30 μM) for 24 hr. Subsequently, 20 μl MTT solution (5 mg/ml

in PBS) was added to each well, and the plates were in-

cubated at 37°C for 4 hr, and 150 μl dimethyl sulfoxide

(DMSO) was added to dissolve the formazan crystals. The

absorbance was measured at 540 nm using a spectropho-

tometer (Molecular devices, Sunnyvale, CA). Cilostazol was

donated by Otsuka Pharmaceutical (Tokushima, Japan).

Promotor assay

The PPARγ (Peroxisome proliferator-activated receptor)

activity was measured by luciferase reporter assays.

Neuronal cells in 12-well plates were co-transfected with a

firefly luciferase gene tagged with pGL3-PPRE and renilla

luciferase using Lipofectamine 2000 (Invitrogen, Carlsbad,

CA). Medium was replaced with fresh medium after 6 hr.

Twenty-four hours post-transfection, cells were stimulated

with 30 μM Aβ25-35 and various concentration cilostazol (1,

3, 10 or 30 μM). Luciferase activity was assayed 24 hr later

using a dual-luciferase reporter assay system (Promega,

Madison, WI).

Hoechst 33258 staining

The characteristic features of apoptotic nuclei were as-

sessed by Hoechst 33258 fluorescent dye. Neuronal cells

were fixed with 4% paraformaldehyde and then stained with

10 μg/ml of Hoechst 33258 (Sigma-Aldrich) for 10 min.

Nuclear morphology was visualized using Fluorescence mi-

croscope (Axio Imager, Carl Zeiss, Jena, Germany). The

number of cells with apoptotic morphology appearing con-

densed or fragmented nuclei was counted.

Western blotting

Proteins from mouse neuronal cells were isolated accord-

ing to standard techniques, separated by 10% sodium do-

decyl sulfate-polyacrylamide gel electrophoresis (SDS-

PAGE), and transferred onto a nitrocellulose membrane

(Amersham Biosciences, Piscataway, NJ). Blots were probed

for Bcl-2 (Calbiochem, Gibbstown, NJ) and Bax (Santa Cruz

Biotechnology, Santa Cruz, CA) followed by incubation with

secondary antibody conjugated with horseradish peroxidase.

The intensity of chemiluminescence was measured by an

ImageQuant LAS 4000 apparatus (GE Healthcare Life

Sciences, Buckinghamshire, UK). The membrane was re-

probed with an anti-β-actin antibody (Sigma-Aldrich) as an

internal control.
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Aβ25-35 injection model

To evaluate the effects of cilostazol on Aβ-induced cogni-

tive impairment, a mouse model produced with mod-

ification of previously reported methods [21,30] was used.

Male C57BL/6J mice (20-25 g) were housed under diurnal

lighting conditions and allowed food and tap water ad

libitum. All animal procedures were in accordance with

Pusan National University guidelines for animal research,

and were approved by the university’s Animal Care and Use

Committee (PNU-2009-0043). Mice were anesthetized with

chloral hydrate (45 mg/kg, intraperitoneally) and were al-

lowed spontaneous respiration throughout the surgical

procedures. The depth of anesthesia was checked by the ab-

sence of cardiovascular changes in response to tail pinch.

Rectal temperature was kept at 36.5-37.5°C using a thermo-

statically controlled heating mat (Panlab, Harvard

Apparatus, Holliston, MA). Aβ25-35 (Sigma-Aldrich; 10 nmol

in 5 μl of saline) was injected intracerebroventricularly (icv)

into the mice, aimed at 1 mm lateral to the midline, 0.5 mm

posterior to the bregma and 3 mm deep using a 25 μl

Hamilton syringe with a 26 gauge needle (Hamilton, Reno,

NV) at a rate of 0.5 μl/min using a stereotaxic injector (KD

Scientific, Holliston, MA). The sham group of mice received

icv injections of an equal volume of saline. Either cilostazol

(20 mg/kg), rosiglitazone (10 mg/kg) or an equal volume

of DMSO (the vehicle) was given orally 2 weeks before Aβ

25-35 injection and daily for 4 weeks post-surgery.

Morris water maze task

Spatial learning and memory deficits were assessed using

the Morris water maze task as described previously [3,30]

with minor modification. The experiment was performed on

mice after 4 weeks Aβ25-35 injection period. The maze con-

sisted of a 1.15 m-diameter pool which was painted flat

white. A 10 cm-diameter platform was placed halfway be-

tween the center of the pool and the edge, and was posi-

tioned 1 cm below the surface of the water. The water in

the pool was made opaque by the addition of powdered

milk. The water temperature was 19-21°C. The water tank

was located in a test room, in which there were many cues

external to the maze. The position of the cues remained un-

changed throughout the water-maze task. Each mouse was

subjected to a series of five trials per day. For each trial,

mice were randomized to one of four directional starting

locations (north, south, east and west) and were placed in

the pool facing the wall. During the four subsequent training

days, the mice were given three or five trial sessions per

day with the platform in place before an Aβ25-35 injection.

When a mouse located the platform, it was permitted to re-

main on it for 10 sec. If the mouse did not locate the platform

within 180 sec, it was placed on the platform for 10 sec.

Mice were given a maximum of 180 sec to find the sub-

merged platform. Swimming was video tracked, and latency

time from the platform was analyzed by Smart software

(Panlab, Barcelona, Spain).

Data analysis

The data were expressed as mean±SEM. Statistical com-

parisons were performed using paired or unpaired Student’s

t test and one-way analysis of variance (ANOVA) or

two-way ANOVA for repeated measures followed by

Fisher’s protected least significant difference test. p<0.05 was

considered statistically significant.

Results

Cilostazol protected neuronal cells against Aβ

25-35-induced cytotoxicity

MTT assay was used to test the effect of cilostazol on the

toxicity of Aβ25-35. At concentrations between 1 and 30 μM,

cilostazol alone did not cause any apparent cytotoxicity (data

not shown). 30 μM Aβ25-35 significantly decreased the cell

viability (60.09±3.52%, p<0.01 vs. control group), which were

significantly attenuated by 30 μM cilostazol to 89.25±0.62%

(p<0.01 vs. Aβ25-35-treated alone group) and 10 μM rosiglita-

zone, a PPAR-γ agonist to 91.44±4.25% (p<0.01 vs. Aβ

25-35-treated alone group) (Fig. 1). Co-treatment with 5 μM

GW9662, a PPAR-γ antagonist significantly reversed the in-

creased cell viability induced by cilostazol (71.59±2.50%,

p<0.01 vs. cilostazol-treated group) and rosiglitazone

(57.49±3.48%, p<0.01 vs. rosiglitazone-treated group). Thus,

the results of the MTT assay showed that cilostazol could

block cytotoxic effects of Aβ25-35 via PPAR-γ activation in

mouse neuronal cells.

Cilostazol restored PPAR-γ activation in neuronal

cells

Aβ25-35 significantly decreased PPARγ transcription activ-

ity (0.57±0.02 fold of the control, p<0.01 vs. control group),

which was markedly reversed by cilostazol in dose-depend-
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Fig. 1. Cilostazol protects Aβ25-35-induced neurotoxicity. (A) Mouse neuronal cells treated with or without cilostazol (Cilo; 1–30

μM), followed by incubation with 30 μM Aβ25-35 for 24 hr. After this incubation, cell viability was determined using the

MTT assay. (B) The effect of 30 μM cilostazol against Aβ-induced neurotoxicity was assessed in the absence and presence

of 5 μM GW9662 (GW) compared with 10 μM rosiglitazone (Rosi). Results are shown as the mean±SEM and represent

four independent experiments. **, p<0.01 vs. control group (Con); ##, p<0.01 vs. Aβ25-35-treated alone group; ††, p<0.01

vs. Aβ+cilostazol group or Aβ+rosiglitazone group.

ent manners (Fig. 2A). The activity induced by 30 μM cil-

ostazol and 10 μM rosiglitazone increased to 2.42±0.16 fold

and 1.35±0.107 fold (p<0.01 vs. Aβ25-35-treated alone group).

Increased PPAR-γ activities stimulated by cilostazol and ro-

siglitazone were significantly antagonized by GW9662 (5 μM)

(Fig. 2B). Cilostazol alone (30 μM) or rosiglitazone alone (10

μM) without treatment of Aβ25-35 also significantly elevated

PPARγ transcription activity to 2.28±0.28 fold and 1.60±0.08

fold (p<0.01 vs. control group).

Cilostazol suppressed Aβ25-35-induced apoptosis

in neuronal cells

Antiapoptotic properties of cilostazol were verified by

quantitation of Hoechst 33258 stained apoptotic nuclei. In

the control group, the nuclei of neuronal cells were round

and homogeneously stained. After 24 hr exposure of 30 μM

Aβ25-35, the cells exhibited highly condensed and fragmented

nuclei morphology, which are the typical characteristics of

apoptosis (7.50±0.79% and 44.67±1.46% in the control group

and Aβ25-35-treated alone group, respectively, p<0.01, Fig. 3).

Treatment with 30 μM cilostazol decreased the number of

apoptotic cells compared to the cells treated with Aβ25-35

alone (7.00±1.30%, p<0.01, Fig. 3). Thus, the results showed

that cilostazol suppressed Aβ25-35-induced DNA damage in

neuronal cells.

Effect of cilostazol on the expression of proa-

poptotic proteins in Aβ25-35-induced neuronal cells

To explore the molecular mechanisms underlying Aβ

25-35-induced cell apoptosis, we examined the expression of

Bcl-2 and Bax to determine whether the regulation of these

cell death-associated proteins might be responsible for the

protective effect of cilostazol. Exposure cells to Aβ25-35 in-

duced a robust increase in the protein level of Bax, and a

strong change in the protein level of Bcl-2, and the ratio of

Bax/Bcl-2 expression increased approximate 3-fold in Aβ25-35

treatment alone compared with the control using western

blot analysis (Fig. 4). While, cilostazol (30 μM) significantly

reduced the Aβ25-35-induced increase of the Bax/Bcl-2 ratio

to 129.21±16.01% (p<0.01 vs. control) in a similar degree as

did rosiglitazone (10 μM), both of which were significantly

antagonized by GW9662 (5 μM). The results suggested that

cilostazol could prevent Aβ25-35-induced apoptosis, at least

in part, via PPAR-γ-mediated regulation of Bcl-2 and Bax

expression.

Cilostazol improved cognitive impairment in Aβ25-35

-injected mice

Learning and memory deficits are the early and critical

symptoms of AD [16]. We investigated the preventive effect

of cilostazol, by administering cilostazol beginning 2 weeks
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Fig. 2. Cilostazol restores PPARγ activation. (A) Mouse neuronal cells were transiently transfected with PPRE-pGL3, a renilla lucifer-

ase control reporter vector, and then treated with or without cilostazol (Cilo; 1–30 μM), followed by incubation with 30

μM Aβ25-35 for 24 hr. After this incubation, PPARγ transcription activity was determined using Luciferase reporter assay.

(B) The effect of 30 μM cilostazol against Aβ-induced decrease of PPARγ transcription activity was assessed in the absence

and presence of 5 μM GW9662 (GW) compared with 10 μM rosiglitazone (Rosi). Results are shown as the mean±SEM and

represent five independent experiments. **, p<0.01 vs. control group (Con); ##, p<0.01 vs. Aβ25-35-treated alone group; ††,

p<0.01 vs. Aβ+cilostazol group or Aβ+rosiglitazone group.
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A

Fig. 3. Cilostazol prevents Aβ25-35-induced apoptosis. (A) Mouse

neuronal cells, with or without treated 30 μM cilostazol

(Cilo) which were exposed to Aβ25-35 for 24 hr, and then

were subjected to Hoechst 33258 staining and viewed un-

der a fluorescence microscope. Apoptotic cells were iden-

tified by morphological changes, such as nuclei con-

densation and fragmentation (arrows). (B) Quantification

of abnormal nuclei after exposure of Aβ25-35 in the pres-

ence or absence of 30 μM cilostazol. Results are shown

as the mean±SEM and represent six independent

experiments. **, p<0.01 vs. control group (Con); ##,

p<0.01 vs. Aβ25-35-treated alone group. Scale bar is 10 μm.
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Fig. 4. Effect of cilostazol on the expression of Bcl-2 family pro-

teins in Aβ25-35-induced neuronal cells. (A) Effect of 30

μM cilostazol (Cilo) in comparison with 10 μM rosiglita-

zone (Rosi) on Aβ25-35-induced Bcl-2 and Bax protein ex-

pressions in mouse neuronal cells by western blotting.

(B) Effect of cilostazol on the ratio of values of

Bax/Bcl-2/actin. Densitometric analysis is mean±SEM of

four independent experiments. **, p<0.01 vs. control

group (Con); ##, p<0.01 vs. Aβ25-35-treated alone group;

††, p<0.01 vs. Aβ+cilostazol group or Aβ+rosiglitazone

group.
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Fig. 5. Effect of cilostazol on spatial learning and memory in

Aβ25-35-injected mice by the Morris water maze test. The

changes in escape latency time to reach the platform in

mice treated with DMSO (Veh), cilostazol (Cilo; 20

mg/kg) or rosiglitazone (Rosi; 10 mg/kg) at 4 weeks

after Aβ25-35 injection. Aβ25-35 significantly increased es-

cape latency time at 4 weeks after Aβ25-35 injection

(p<0.05 vs control, Two-way ANOVA), which were re-

versed by cilostazol (p<0.05 vs vehicle, Two-way

ANOVA). Results are shown as the mean±SEM and rep-

resent five independent experiments.

before Aβ25-35 injection and once a day for 4 weeks

post-surgery. Unilateral icv injection of Aβ25-35 resulted in

a significantly increased escape latency time in the target

quadrant compared to control group at 4 weeks after Aβ

injection (Fig. 5, p<0.05 vs. control). Treatment with cil-

ostazol (20 mg/kg) or rosiglitazone (10 mg/kg) significantly

reduced the escape latency time in Aβ25-35-injected mice

(p<0.05 vs. vehicle).

Discussion

Here, we report that a phosphodiesterase III inhibitor cil-

ostazol strongly protected Aβ25-35-induced cytotoxicity in

mouse neuronal cells and significantly improved spatial

learning and memory in Aβ25-35-injected mice as did rosigli-

tazone, a PPAR-γ activator. Cilostazol also directly in-

creased PPAR-γ activity levels and restored the levels of

proapoptotic Bax and antiapoptotic Bcl-2 that had been al-

tered as a result of Aβ25-35 treatment as did rosiglitazone,

which were antagonized by GW9662, a PPAR-γ antagonist.

Therefore, the beneficial effects of cilostazol may contribute

to the PPAR-γ activity.

Increased Aβ deposition is believed to have a central role

in the pathogenesis of AD [8]. Many researchers have dem-

onstrated that Aβ triggered apoptotic degeneration [9,14].

To induce AD-like in vitro and in vivo model, we used Aβ25-35

in this study. Aβ25-35 is known as a toxic core fragment of

full-length Aβ1-40 [36,25] and a number of studies have dem-

onstrated that Aβ25-35 can mimic the neurotoxicity of Aβ1-42

and dramatically decrease neuronal viability in multiple cel-

lular systems [1,37]. Consistent with these reports, we ob-

served Aβ25-35 significantly reduced cell viability and in-

creased the number of apoptotic-like cells in mouse neuronal

cells and icv injection of Aβ25-35 in C57BL/6J mice resulted

in impaired cognitive function. Therefore, we believe that

these in vitro and in vivo models are suitable for determining

whether cilostazol affords protection against Aβ-induced cy-

totoxicity and cognitive dysfunction.

Activation of PPAR-γ prevents Aβ-induced neuro-

degeneration [13]. Recently, PPAR-γ activation has been re-

ported to induce clearance of the Aβ peptide [4] and re-

pression of γ-secretase (γ-site amyloid precursor protein

cleaving enzyme) [10]; therefore, PPAR-γ agonists have

been expected to be effective for the prevention of AD.

Several studies using animal models of AD have shown that

treatment with PPAR-γ agonist attenuated learning and

memory deficits [5,20,24]. In fact, it has been reported that

treatment with rosiglitazone, a PPAR-γ agonist, prevented

cognitive impairment in patients with early AD in a prelimi-

nary study [26,33]. This beneficial effect of PPAR-γ agonists

in AD was mediated by controlling neuroinflammation and

reducing neuronal death [19,34].

Cilostazol increases intracellular cAMP levels by inhibit-

ing type III phosphodiesterase. 8-Bromo-cAMP and forskolin

were reported to increase PPAR-γ transcriptional activity

[32] and protein kinase A pathway is an important modu-

lator of PPAR-γ transcriptional activity [17]. Recently, we

reported that cilostazol significantly elevated endogenous

PPAR-γ transcriptional activity in COS-7 cells and human

umbilical vein endothelial cells [22] and suppressed proin-

flammatory markers via activation of PPAR-γ transcription

in db/db mice [23]. Therefore, cilostazol could decrease neu-

ronal cell death and improve cognitive deficit via PPAR-γ
activation in AD. As expect, in the present study, we ob-

served that cilostazol increased PPAR-γ transcriptional ac-

tivity, as did rosiglitazone, which were antagonized by

GW9662 in mouse neuronal cells. These results suggest that

cilostazol exerts a pharmacological action similar to rosiglita-

zone for the activation of PPAR-γ transcription. In addition,

cilostazol treatment recovered cells from Aβ-induced cell
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death as did rosiglitazone and these effects were suppressed

by GW9662. Furthermore, oral administration of cilostazol

prevented the Aβ25-35-induced spatial learning and memory

deficits, as did rosiglitazone. These findings suggest that cil-

ostazol could attenuate Aβ25-35-induced neuronal cell injury,

subsequently improving the cognitive decline in AD, partly

because of PPAR-γ activation.

In the present study, we also found that cilostazol treat-

ment attenuated the biochemical alterations associated with

Aβ25-35-induced apoptotic cell death. The MTT assay in-

dicated that 30 μM cilostazol significantly protected neuronal

cells from Aβ toxicity. The neuroprotective effects were also

confirmed by analysis of morphological nuclear changes

(Fig. 3). The Bcl-2 family includes antiapoptotic members

such as Bcl-2, and proapoptotic members such as Bax. Bax

is potent regulators of cytochrome c release from mitochon-

dria under a variety of stress conditions and Bcl-2 prevents

release of cytochrome c by heterodimerizing with Bax [35].

The ratio of Bax to Bcl-2 has been reported to be correlated

with apoptosis. Our results showed that cilostazol markedly

decreased Bax/Bcl-2 ratio in a similar degree as did rosiglita-

zone, both of which were significantly inhibited by GW9662.

The results suggest that cilostazol could prevent Aβ25-35-in-

duced apoptosis, at least in part, via PPAR-γ-mediated reg-

ulation of Bcl-2 and Bax expression.

In conclusion, a phosphodiesterase III inhibitor cilostazol

rescues neuronal cells from Aβ25-35-induced cell death and

improves cognitive decline in AD mouse model through ac-

tivation of PPAR-γ transcription. Further study of the an-

ti-apoptotic and anti-inflammatory properties of cilostazol

may provide opportunities for novel pharmacological inter-

ventions aimed at preventing or palliating the consequences

of AD.
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초록：Amyloid β에 의해 유도된 신경세포 손상에 대한 phosphodiesterase III inhibitor인

cilostazol의 신경보호 효과
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Amyloid β (Aβ)의 신경독성은 알츠하이머병의 주된 원인이 되고 이러한 신경독성은 일련의 신경세포 사멸반

응에 의해 일어난다고 알려져 있다. 본 연구에서는 알츠하이머병의 실험모델로 mouse primary neuronal cell에

Aβ25-35를 처리하여 세포독성을 유도하는 세포실험모델과 C57BL/6J mouse 뇌실에 Aβ25-35를 주입하여 인지장애

를 일으키는 동물실험모델을 이용하여 phosphodiesterase III 억제제인 cilostazol의 신경보호 효과에 대해 조사하

였다. Aβ25-35를 신경세포에 처리하면 세포생존율이 감소되었고, 세포사멸이 일어난 세포의 수도 증가되었다. 이

러한 Aβ25-35에 의한 세포독성이 cilostazol처리에 의해 회복되었으며, peroxisome proliferator-activated receptor

(PPAR)-γ 항진제인 rosiglitazone 또한 동일한 회복효과를 나타내었다. Cilostazol과 rosiglitazone에 의한 이러한

회복효과가 PPAR-γ 길항제인 GW9662에 의해 다시 억제되는 결과를 통해 cilostazol의 효과는 PPAR-γ가 매개

하는 신호전달이 관여함을 알 수 있었다. 직접 PPAR-γ 활성화 정도를 측정한 결과, Aβ25-35 처리에 의해 감소된

PPAR-γ 활성화 정도가 cilostazol과 rosiglitazone에 의해 증가함을 관찰할 수 있었고, 이는 GW9662에 의해 다시

억제됨을 확인하였다. 게다가, cilostazol은 세포사멸이 일어난 세포의 수와 세포사멸 조절단백질인 Bax/Bcl-2의

비율도 감소시켰다. Cilostazol (20 mg/kg, 구강투여)을 C57BL/6J mice 뇌실에 Aβ25-35를 주입하기 2주 동안 전처

리하고, Aβ25-35 주입 후 4주 동안 처리하면, 기억력과 학습능력을 증진시킨다는 결과를 water maze 실험을 통해

알 수 있었으며, rosiglitazone (10 mg/kg)을 먹인 동물에서도 동일한 결과를 얻을 수 있었다. 본 연구를 통해서

cilostazol이 PPAR-γ 활성화를 통해 Aβ25-35로 인한 신경세포 손상과 세포사멸을 약화시켜, 신경세포의 생존을

증진시키고, 알츠하이머에서 인지장애를 개선할 것으로 생각된다. 따라서, phosphodiesterase III 억제제인 cil-

ostazol은 알츠하이머 질병 치료에 새로운 전략이 될 수 있을 것이다.


