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Abstract

Objective: Effects of potent free radical scavenger, edaravone, on oxidative stress-induced endothelial damage and early atherosclerosis were
investigated using animal models and cultured cells.

Methods and results: Endothelial apoptosis was induced by 5-min intra-arterial exposure of a rat carotid artery with 0.01 mmol/L. H,O,.
Edaravone treatment (10 mg/kg i.p.) for 3 days suppressed endothelial apoptosis, as evaluated by chromatin staining of en face specimens at
24 h, by approximately 40%. Similarly, edaravone dose-dependently inhibited H,0,-induce apoptosis of cultured endothelial cells in parallel
with the inhibition of 8-isoprostane formation, 4-hydroxy-2-nonenal (4-HNE) accumulation and VCAM-1 expression. Next, apolipoprotein-E
knockout mice were fed a high-cholesterol diet for 4 weeks with edaravone (10 mg/kg i.p.) or vehicle treatment. Edaravone treatment decreased
atherosclerotic lesions in the aortic sinus (0.18 & 0.01 to 0.09 £ 0.01 mm?, P <0.001) and descending aorta (5.09 + 0.86 to 1.75 £ 0.41 mm?,
P <0.05), as evaluated by oil red O staining without influence on plasma lipid concentrations or blood pressure. Dihydroethidium labeling
and cytochrome c reduction assay showed that superoxide anions in the aorta were suppressed by edaravone. Also, plasma 8-isoprostane
concentrations and aortic nitrotyrosine, 4-HNE and VCAM-1 contents were decreased by edaravone treatment.

CGonclusions: These results suggest that edaravone may be a useful therapeutlc tool for early atherosclerosis, pending the clinical efficacy.

© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Atherosclerosis; Reactive oxygen species; Free radical scavenger; Edaravone; 4-HNE; Apolipoprotein E knockout mouse

1. Introduction and atherosclerosis [7] are accelerated by superoxide anion

(02°7).

Accumulating evidence has shown that stress-induced
injury of vascular endothelial cells (ECs) is an initial event in
the development of atherosclerosis [1]. In particular, oxida-
tive stress has been implicated in endothelial injury caused
by oxidized LDL and smoking as well as hypertension, dia-
betes and ischemia-reperfusion [1-3]. This notion is sup-
ported by the findings that the production of reactive oxygen
species (ROS) is upregulated in vascular lesions [4,5], and
that lesion formations such as endothelial dysfunction [6]

* Corresponding author. Tel.: +81 3 5800 8832; fax: +81 3 5800 8831.
E-mail address: akishita-tky @umin.ac.jp (M. Akishita).

0021-9150/% - see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
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Experimental studies have shown the protective effects
of antioxidants on atherosclerosis and endothelial injury.
Dietary antioxidants were reported to preserve endothelial
function [8,9] and inhibit atherosclerosis {10] in cholesterol-
fed rabbits. In a well employed animal model of atherosclero-
sis, apolipoprotein E knockout (ApoE-KO) mouse fed ahigh
fat diet, it has been shown that there was a significant increase
in basal superoxide products [11,12}, and that both O;°*~ lev-
els and aortic lesion areas were attenuated by treatment with
Vitamin E [11] or superoxide dismutase [13]. By contrast,
it has been reported that elimination of NAD(P)H oxidase
[14] or disruption of its subunit p47phox [15] had no effect
on lesion size in ApoE-KO mice. Clinical experiments have
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also shown that antioxidants such as Vitamins C and E can
ameliorate endothelial dysfunction in patients with hyper-
cholesterolemia or atherosclerosis [16,17], although recent
clinical trials have failed to prove the protective effects of
Vitamin E on cardiovascular events in patients with risk fac-
tors [18] and in healthy subjects [19].

Edaravone is a potent free radical scavenger that has
been clinically used to reduce the neuronal damage follow-
ing ischemic stroke [20]. Edaravone has promising prop-
erty to quench hydroxyl radical (*OH) and show inhibitory
effects on peroxynitrite (ONOO™) and both water-soluble
and lipid-soluble peroxyl radical (LOO®) [21,22]. Accord-
ingly, this compound exerts a wide range of antioxidant
activity on ROS beyond the effects of water-soluble or
lipid-soluble antioxidant vitamins. Based on this idea, we
hypothesized that edaravone would inhibit the process of
atherosclerosis.

To test this hypothesis, we investigated the effects of
edaravone in two experimental models. First, we examined
whether edaravone could inhibit hydrogen peroxide (H>O,)-
induced EC apoptosis in a rat model [23] and cultured ECs.
Second, we examined whether edaravone could suppress the
atherosclerotic lesion formation in ApoE-KO mice.

2. Methods
2.1. Animals

Male Wistar rats aged 10~12 weeks (Japan Clea), and male
C57BL/6 mice and ApoE-KO mice on C57BL/6 background
aged 4—6 weeks (Jackson Laboratory) were used in this study.
All of the experimental protocols were approved by the Ani-
mal Research Committee of the Kyorin University School of
Medicine.

2.2. H203-induced EC apoptosis in rats and in culture

EC apoptosis was induced by 5-min intra-arterial treat-
ment of a rat carotid artery with 0.01 mmol/L H,O, as
previously described [23]. Briefly, edaravone (3-methyl-1-
phenyl-2-pyrazolin-5-one; 3 or 10mg/kg; donated by Mit-
subishi Pharma Corporation, Japan) or its vehicle was intra-
peritoneally injected daily for 3 days before H,0, treat-
ment. A catheter was placed in the common carotid artery
via the external carotid artery. The lumen was flushed with
saline, replaced with 0.01 mmol/L. Hy0O, diluted with saline
for 5 min and recovered. At 24 h after H;O; treatment, EC
apoptosis was evaluated by chromatin staining of en face
specimens of the carotid artery using Hoechst 33342 dye.
Apoptotic cells were identified by their typical morpho-
logical appearance; chromatin condensation, nuclear frag-
mentation, or apoptotic bodies. The numbers of apoptotic
cells and intact cells were counted in 10 high-power fields
for each specimen by an observer blinded to the treatment
group.

Apoptosis of ECs isolated from a bovine carotid artery
was induced as previously described [24]. Briefly, subcon-
fluent ECs were pretreated for 24 h with culture medium
containing edaravone or vehicle. After washing twice with
Hank’s balanced salt solution, the cells were exposed to
H,0, (0.2 mmol/L) diluted in Hank’s balanced sait solution
for 1.5h at 37°C to induce apoptosis. Then ECs were cul-
tured in culture medium containing edaravone or vehicle until
assay. Apoptosis was evaluated at 24 h after H,O; treatment
as histone-associated DNA fragments using a photometric
enzyme immunoassay (Cell Death Detection ELISA, Roche),
according to the manufacturer’s instructions.

2.3. Atherosclerosis in ApoE-KO mice

ApoE-KO mice received a high-cholesterol diet (1%
cholesterol, 10% fat in CE-2 standard diet; Japan Clea)
for 4 weeks. Simultaneously, edaravone (10mg/kg) or its
vehicle was intra-peritoneally injected daily throughout the
experiments. Body weight and systotic blood pressure were
recorded every week in a conscious state by the tail cuff
method (BP-98A; Softron, Tokyo). .

At 4 weeks of treatment, mice were sacrificed with an
overdose of diethyl ether and perfusion-fixed. Atherosclerotic
lesions in the aortic sinus were quantified according to the
method described previously [25]. We also measured the sur-
face area of atherosclerotic lesions in the whole descending
aorta including the abdominal aorta just proximal to the iliac
bifurcation. En face specimens of the descending aorta were
stained with oil red O, photographed and analyzed using the
NIH image software. Total cholesterol, high-density lipopro-
tein cholesterol and low-density lipoprotein cholesterol in
mice plasma were determined by a commercial laboratory
(SRL, Japan).

2.4. Measurement of ROS

Aortic samples for ROS measurements were prepared
separately from those for atherosclerosis evaluation. At 4
weeks of treatment, ApoE-KO mice were sacrificed with
CO; inhalation. Descending aortas were rapidly removed and
placed into chilled modified Krebs/HEPES buffer. C57BL/6
mice fed a standard diet were also used as the con-
trol. To determine superoxide production in situ, frozen
cross-sections of the aorta were stained with 10 pumol/L
dihydroethidium (DHE; Molecular Probes), followed by
fluorescent microscopy [26]. Also, superoxide produc-
tion in aortic rings was quantified using the superoxide
dismutase-inhibitable cytochrome c reduction assay as pre-
viously described [27]. Immunohistochemical detection of
3-nitrotyrosine in the aorta was visualized by diaminobenzi-
dine as reported previously [28].

Intracellular production of superoxide anions was mea-
sured using DHE as described previously [29], and the inten-
sity values were calculated using the Metamorph software
[24]. Concentrations of 8-isoprostane (8-iso prostaglandin
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Fyq) in the culture supernatants and mouse plasma were
measured using a commercially available EIA kit (Cay-
man Chemical). Culture supernatants were directly applied
to EIA, while plasma was applied to EIA after solid
phase extraction purification according to the manufacturer’s
instructions.

2.5. Western blotting

Western blotting was performed as previously described
(30], to detect the expression of VCAM-1 and 4-HNE in
cultured ECs and mouse aortas. Descending aortas were pre-
pared as described in ROS measurements. The antibodies
used in this study were anti-4-HNE monoclonal antibody
(JaICA, Shizuoka, Japan), anti-VCAM-1 polyclonal anti-
body (Santa Cruz Biotechnology) and anti-3-nitrotyrosine
monoclonal antibody (Upstate). Densitometric analysis was
performed using an image scanner and the NIH software.

2.6. Data analysis

All values are express as mean = S.E.M. Data were ana-
lyzed using one-factor ANOVA. If a statistically significant
effect was found, Newman-Keuls’ test was performed to iso-
late the difference between the groups. Differences with a
value of P <0.05 were considered statistically significant.

3. Results

3.1. Effects of edaravone on H,Oz-induced EC
apoptosis and ROS

As shown in Fig. 1A, edaravone dose-dependently inhib-
ited EC apoptosis in culture, which was induced 24 h after
H30; treatment. Edaravone was then employed in a rat model
of H20;-induced EC apoptosis. Consistent with the in vitro
experiment, edaravone of 10 mg/kg/day decreased EC apop-
tosis of the rat carotid artery by approximately 40% (Fig. 1B).

We next examined whether edaravone decreased ROS
production in the process of HyO5-induced EC apoptosis.
For this purpose, DHE fluorescent, a marker of intracellu-
lar production of superoxide anions, release of 8-isoprostane
into the culture supernatants and accumulation of 4-HNE,
a pivotal end-product of lipid peroxidation [31], were mea-
sured using cultured ECs. We also examined the expression
of VCAM-1 as a marker of endothelial injury or activation
[32). Edaravone decreased DHE fluorescent, 8-isoprostane
formation and VCAM-1 expression at 3 h after H,O; treat-
ment in a dose-dependent manner (Fig. 2A-C). As shown
in Fig. 2D, multiple bands showing 4-HNE-Michael protein
adducts [33,34] were accumulated after H,O, treatment in
a time-dependent manner. Consequently, the effect of edar-
avone on 4-HNE expression was examined at 3 h after H,O,
treatment (4.5 h after H,O, was initially added). Edaravone
decreased 4-HNE expression in a dose dependent manner.

Cultured EC

3

DNA fragmentation
(arbitrary unit)

0 -
Ed (umoliL) - - 0.1 10 10
H202( 0.2mmollL) .
(A)
Rat model
15

10

5_

% Apoptotic cells

0_
Ed (mg/kg) - 3 10
(8)

Fig. 1. Effects of edaravone (Ed) on H,0;-induced EC apoptosis in culture
(A) and in a rat model (B). (A) Ed or its vehicle was added to the culture
medium 24 h before H; O, treatment until assay. EC apoptosis was evaluated
24h after HO, treatment (0.2 mmol/L) by means of DNA fragmentation.
Values are expressed as mean + S.EM. (n=3). "P<0.05 vs. H,0; (+)+Ed
(=). (B) Ed or its vehicle was intraperitoneally injected once a day for 3 days
before HyO; treatment. At 24 h after H,O, treatment, apoptotic ECs were
counted per high power field and the ratio of the apoptotic cell number to
the intact cells was calculated using en face specimens of the carotid artery
stained with Hoechst 33342. Values are expressed as mean + S.EM. (n=7).
*P<0.05 vs. vehicle.

3.2. Effects of edaravone on atherosclerotic lesions and
ROS in ApoE-KO mice

In the next set of experiments, we examined whether edar-
avone could suppress the atherosclerotic lesions in ApoE-KO
mice fed a high cholesterol diet for 4 weeks. As shown
in Fig. 3A and B, atheromatous lesions both in the aor-
tic sinus and the descending aorta were smaller in mice
treated with 10 mg/kg/day edaravone than in those with vehi-
cle. This dose of edaravone did not influence body weight,
blood pressure or plasma LDL and HDL cholesterol levels
(Table 1).

Then, we examined whether the anti-atherogenic effects
of edaravone were associated with the decrease in ROS
production. Peroxynitrite formation was assessed as 3-
nitrotyrosine accumulation in the aorta (28]. Both immuno-
histochemistry and Western blotting showed that edaravone
inhibited nitrotyrosine accumulation in the aorta of ApoE-
KO mice (Fig. 4A(a) and A(b)). Superoxide production
in situ was examined using DHE staining of the descend-
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Table 1

Body weight, blood pressure and plasma lipid levels in ApoE-KO mice
treated with edaravone or vehicle

Vehicle Edaravone
Body weight (g) 214 £ 0.5 210+ 05
Systolic blood pressure (mmHg) 106 + 2 103+ 3
Total cholesterol (mg/dL) 1967 £ 38 1872 + 66
HDL cholesterol (mg/dL) 66 + 6 82+9
LDL cholesterol (mg/dL) 602 £+ 24 602 + 12

The values are shown as mean =+ S.E. (n=14). There were no significant
differences in the values between the two groups.

DHE fluorescent

H,0,+Ed (0.1pmol/L)

80

ing aorta. As shown in Fig. 4B, ethidium fluorescence,
which was amplified in ApoE-KO mice, was decreased by
edaravone treatment. A quantitative analysis by the super-
oxide dismutase-inhibitable cytochrome ¢ reduction assay
revealed that O;°~ levels in aortic rings of ApoE-KO mice
were decreased by 43% in edaravone-treated ApoE-KO
mice compared to those in vehicle-treated mice (Fig. 4C).
Consistent with these results, plasma 8-isoprostane lev-
els and 4-HNE expression in the descending aorta, both
of which were elevated in ApoE-KO mice compared to

H,0,+Ed {10pmallL)

& 3
1 1

Fluorescence intensity (arbitrary unit)
[
(=]

0!
(b)
Ed (umolilL})

A H,0, ( 0.2mmollL)

0.1 10

Fig. 2. Effects of edaravone (Ed) on DHE fluorescent (A) and 8-isoprostane formation (B), VCAM-1 expression (C) and 4-HNE expression (D) in cultured
EC. Ed or its vehicle was added to the culture medium 24 h before H,0; treatment until assay. DHE fluorescent (n=6), 8-isoprostane concentration (n=3)
and VCAM-1 expression (n=3) in the cell lysate were measured 3 h after H,0; treatment. Values are expressed as mean £ S.E.M. Time dependent changes of
4-HNE expression after HyO; treatment was detected by Western blotting. Representative image showed that 4-HNE-Michael protein adducts were accumulated
after treatment (D(a)). The major 97 kDa band was measured 4.5 h after H,O; treatment in the presence or absence of edaravone (D(b)). Values are expressed

asmean+S.EM. (n=3). "P<0.05, " P<0.01 vs. H0; (+) +Ed (—).
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Fig. 2. (Continued).

Aortic sinus
Vehicle Edaravone

{mm?) Lesion area

P<0.05

GV

2 .
Descending aorta (mm?)  Lesion area
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(8)

Veh Ed

Fig. 3. Effects of edaravone on atherosclerotic lesion in ApoE-KO mice. ApoE-KO mice were fed a high-cholesterol diet for 4 weeks with the administration
of edaravone (10 mg/kg daily) or its vehicle by i.p. injection. (A) Oil red O-stained cross-sections of the aortic sinus (bar = 100 wm) and morphometric analysis
of the lesions are shown. (B) Oil red O-stained en face specimens of the descending aorta (bar =5 mm) and morphometic analysis of the lesions are shown.
Values are expressed as mean + S.EM. (n=14).
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those in wild-type C57BL/6 mice fed a normal chow, 4. Discussion

were decreased by edaravone treatment (Fig. 4D and E).

Finally, the increase in VCAM-1 expression in the aorta A number of studies have shown that ROS contribute to the
of ApoE-KO mice was attenuated by edaravone as well pathogenesis of endothelial dysfunction and atherosclerosis
(Fig. 4F).

formation. In addition to O,*~ that is predominantly pro-

Nitrotyrosine

(kDa)

Arbitrary unit

C57BUSE Veh Ed

(@) (normal chow) ApoE-KO

. ApOE-KO
C87BLI6

{normat chow) Vehicle

Edaravone

Fig. 4. Effects of edaravone (Ed) on ROS production (A-E) and VCAM-1 expression (F) in ApoE-KO mice. (A) Nitrotyrosine contents in the aorta was
examined by Western blot analysis (A(a), n=6) and immunohistochemistry (A(b)). Bar=50 pm. (B) Fresh-frozen cross-sections of the aorta were stained
with DHE, and representative fiuorescent micrographs are shown (bar = 100 p.m). (C) Superoxide anion in aortic rings was determined using SOD inhibitable-
cytochrome ¢ reduction assay (n=6). (D) 8-Isoprostane level in mouse plasma was measured with EIA (n=6). (E and F) Representative Western blotting for
4-HNE (97 kDa band) and VCAM-1 expression in the aorta and densitometric analysis are shown (n=3). Values are expressed as mean = SEM. ‘P <0.05,
**P<0.01 vs. vehicle (Veh). C57/BL6 mice fed a normal chow serve as the control.
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Fig. 4. (Continued).

duced via NAD(P)H oxidase [35], *OH as well as LOO" [36]
and ONOO™ [37] play a role in atherogenesis. In particular,
*OH is extremely strong in terms of oxidative activity and cel-
lular damage [38]. Therefore, it might be essential to scavenge
the wide range of ROS for the prevention of atherosclerosis.
As a matter of fact, recent clinical trials have denied the pro-
tective effects of Vitamin E, which predominantly reacts with
LOO* [39], on cardiovascular events [18,19].

Edaravone, a potent free radical scavenger with unique
properties, works by donating an electron from edaravone
anion to free radicals [22]. Edaravorie quenches *OH and
inhibits both *OH-dependent and ®* OH-independent lipid per-
oxidation [22]. Edaravone shows inhibitory effects on both
water-soluble and lipid-soluble LOO-induced peroxidation
systems [22]. Edaravone also inhibits ONOO ™ -induced tyro-
sine nitration [22]. These properties are different from those
of water-soluble Vitamin C and lipid-soluble Vitamin E.

In the present study, we demonstrated that edaravone
suppressed endothelial apoptosis and fatty streak forma-
tion. Reduced expression of VCAM-1, a marker of vascu-
lar injury and activation {32], were corroborated with these
results. In cultured ECs, protein expresston of VCAM-1
was induced as early as 3 h after H,O; treatment (actually
4.5h after addition of H,O,, Fig. 2C). This is reasonable
based on our time course experiments (data not shown),
and is consistent with the previous reports that VCAM-
1 protein has been induced 4-6h after cytokine stimula-
tion through an antioxidant-sensitive mechanism [40,41].
Although the experimental conditions were different between
the cell culture and animal studies, edaravone inhibited both
the rapid induction of VCAM-1 in cultured ECs and the
chronic upregulation of VCAM-1 in the aorta of ApoE-
KO mice, further supporting the vasoprotective effects of
edaravone.
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Edaravone has been clinically used as a neuroprotectant
in the treatment of ischemic stroke in Japan from 2001. The
dose of edaravone used in this study (intraperitoneal injection
of 10 mg/kg) has been reported to be comparable to that of
intravenous injection in clinical use in terms of plasma con-
centration [42]. This compound has been reported to preserve
endothelial function in ischemic brain [43] and ameliorate
ischemia-reperfusion injury in various organs such as kidney
{44] and heart [45]. Also, edaravone has been shown to inhibit
pressure overload-induced cardiac hypertrophy [42]). To our
knowledge, however, the effect of edaravone on atheroscle-
rosis has never been reported till now.

The effects of edaravone on endothelial injury and

atherosclerosis were associated with the decrease in ROS
production including peroxynitrite, superoxide anion and
8-isoprostane, suggesting the mechanistic role of antioxi-
dation in vascular protection. Edaravone also inhibited the
expression of 4-HNE in vascular tissues, further indicating
the antioxidant activity and suggesting the signaling cas-
cade leading to endothelial injury, because 4-HINE triggers
cellular damages through the MAP kinase pathway as an
end-product of ROS [34]. Antioxidant effects of edaravone
.on lipoproteins were not determined in the present study
because of the methodological limitation in mice. It has been
reported, however, that edaravone can inhibit oxidative mod-
ification of low-density lipoprotein in vitro and in rats [46].
Consequently, it is likely that reduced lipoprotein oxidation
would have played a role in the anti-atherosclerotic effects
of edaravone in ApoE-KO mice. Furthermore, edaravone has
been reported to stimulate the expression of endothelial nitric
oxide synthase in cultured ECs [46] and the artery [47],
leading to the increased production of nitric oxide. Taken
together with the effects on peroxynitrite formation, edar-
avone might synergistically increase the availability of nitric
oxide, which exerts vasoprotective and anti-atherosclerotic
action.

The effects of edaravone on advanced and complicated
lesions of atherosclerosis were not investigated in this study.
Neither, the effects on plaque ruptures nor consequent car-
diovascular events are known. This study demonstrated that
edaravone might be a potential new therapeutic agent for
the prevention and treatment of early atherosclerosis. For
the purpose of chronic use, however, the innovation of drug
preparation for oral administration is necessary. Another
application of edaravone might be the prevention of restenosis
after percutaneous coronary interventions, since ROS plays
an important role in neointimal formation after angioplasty
[48]. Intravenous injection of edaravone for several days
might inhibit neocintimal formation in addition to ischemia

reperfusion injury of cardiomyocytes [45]. Taken together, -

edaravone is expected to show protective effect on ROS-
related vascular diseases beyond cerebral infarction.

In summary, edaravone, a free radical scavenger
with unique properties, attenuated oxidative stress-induced
endothelial damage in rats and early atherosclerosis in ApoE-
KO mice in association with the inhibition of ROS formation.

These findings provide new information on the role of ROS in
atherogenesis and the therapeutic strategy for atherosclerosis.
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Tid, 86.8%A RHEMMIRTH o 7.
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LFHHBOERE 25,
ETFREDER
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MEBREL COFEAEETREES DR 2.
DEENCIZ, BEESECI - TELLHENET
BE, FAOBENERICEZ ORESTFSEL
BEMH A, MEICHE) BTREERTORE & M
BAEER1ITRT.
EEEOREE LT, OLEOBEHDRE S
HELTwaZ s, OFFTH el TEYB X
VEBEOTABEPBEATELWI EPEITLN
5.

B T EE O

BmTEEDFMIERIEL-ODHETHED
M e, BREEMRAOWREEN BT A2HBEICK
BUEh, EEMRHAZECTIELERTHLF
FUEEZBANTE IRENRDIEETHS.

1. EXNEE 3708 THEEDF

EEED, LELIBEIVE LS RELL
TWVWAEEICERT 5, £ TTIMLEHLD
BMTEEZALTWAYA Y ThrLEILN
5. COBBETIIAEA) FLREBELTNEL
B, B OANBEIES» VD, RICKADET
BEEZFAT-LLTHRETE TIITHAEICS
ny, EERBE~OHKEZT A I LR, ©
FOIEFLAE LT WTAEEREOR ST FE
LTHOTHETEEZREINS.

BTEZOFMIIZI THMSr a5, ER
(EDXHBEWNT, Enl bt biril),
RE (RINEREE, REEHM%, DHE, BXE
72 Y), ADL (BB UNOEEEFEN L L),
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MSTEER, SOBE, ROZxE, WERS,
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EETIRBEEBEEY 7 4 S— A 31— 72 Hw
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7 7 A=A —FEAVTETHE, EHO
BXx PR EEBETAFETHS (ELOE
HLrm TRETRBEETE 2. HEROGRYE
M Ny F¥ 4 FCERTETHH, EBEOE
HETMCTORENTETHIL L EPRETD
5.

2. BEMRORE

% OBRBEIREBEINTVWEN (F3), IV
Z2AF YA —F —BEHIRELUSNOEZTRESE
B7-DEBEENR (, EWEDEIIKKAT A b
D—ETHY, BTHED/N) 7 LAREERS
%<, WEHEMNRBESMEBENTEY. EPT X
MIBETRRICL AT EEN L ATV A7) TAHA
HEBOBETIZZV., RREEIIESIZ L2
FeaETwiv., EBROERRS TUREOKRE

%3 FILBETEgTFMTAL, =5 — U2 X VEE)

% W _ B
1) KEERET 7R b EHET% 0BELIELMABETEL»HET S
2) Kk&AT R 10ml DKE—FRITET. AETFICRONTER
WETAREKA T A b BA3ml #BET S¢5

3) 2ERBEBETHRT A+ (SSPT)

Bk 8Fr T OF 2 — 7 THIEEIC 04 7213 2ml DK (5% 7 F 7 #E)
FRALETRS T coRMEEE

4) BET#EE (videofluorography;VF)

SN0y ARREEY, KEROBT XGERBHL, E7HCRETS

5) BEREER

BEOBEHOBEL, BTHENBEE(LERER

6) NWVAAFV A—F—

BRESHCOBREMAENE=Y—L L TEH

7) BET A X B

50%M/5Y U ARERET LA CRAX MR LT, RE RELAD

8 EMT At

INELAT =V 1RO V2 BE, 0PHBRTS

9) HETAMERE (videoendoscopy;VE)

BREABRSET CEYOET Z28ET S
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RIEFIHER
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801

60 1

40
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0 VF RSST WST'
T REERE A
H1 120 OB TREERICT 2 EEH T Kk
EOXMETRE
(FHREM - REREFREE, 2001 4)

IEID1) ~4) ITELNB.

INSOBREDESESTFHET H1IC, BREDE
HETREREZ MR T ILENDH 5.

BH7% L CREERATEENS, BTiRE
ETARVOTIREL, L)EELETFREESIHE
FT 5RO, T L-245E, ADL O
BT L-EEORERLRAEREOEMNNS W
(E1).

BE, 1 - Xy FHAL FTIFIRZ ) —=v
FHEELLTIR, REERETT XN, KkiT
AMIBOTHETHYVEHATHS. L Lk
bR, BRREOETICLVERISALL
WL REHSWMOET b H ) BT TE 2 WTHE
MhHs, REEEETF X I EmTHRR
BRE, FMEE (HDSR) - Sfa3a=sy—¥ 3
VHE7 (MCT) L OBBERASLHRETIR, K
HERET 7 A M ERIETHFERBRCORER
R SEI3asr—Ya VEHOKT %
FRICRLTW:. REBERET X F OmTR
TR CII AT TR I A B DA i O
THBOOLN:., FLETERRBRTOLLDH
AETHABCIOBEDETIZD LMY,
PEDE ) CBBHEB B TIITMBEICEI AR
FERETREORRIRENT WS, KEkAT
2 VEIREEHEET S A ML), SEEEREOR

#F4 EEEMRxOV X7 DEH

SSPT* KkekAHER | VF** | RSST*

BE (764 ~100%| 714~ 72.0% | 100% 100%
FREE |83.3~100%| 703 ~708% | 693% | 57.0%

* Simple Swallowing Provocatoin Test ; SSPT
Teramoto et al. Lancet 1999 (n=48, pneumonia =24)
* BREHETEREE (n=52, pneumonia = 26)
* SEDORE (=22, pneumonia=8)

LHZe&T, OfE, WH, ABEOHE, BELZEH
BT, BTEEORERESLEERM % HEMIZHE
RBEHZEWRTEL. KEROREEREORE
WCREHT, BElEokE L LTid, B42E
R (B, ¥EFE, #F) ofRIEEH %R
EHIELILED, EOXHLEYIWTTE, &
DEDLEYHFET TELRVHILHETET, £
DEEIRELZERBERETHZ LN TES.
L Ladh, FEERORENREIIKRHETE
§, BEENROBRBICEL, REERSV, B
EEZEY (FE4).

CDE) BRAETRLIZBET, Xy FHA4
FAZ ) —=V 7 CHEET R BAEOREELY R5 I
WETHERETAMEHTHS (5, Lancet).
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EMNTE, 0.4ml THRT G X T EmedE i
RKOYXZIFEL, 2m]l TREIEE 2T,
EEMEADY X 7 HBE WD, YEROEIUT
EHEE28B v, BTHERETXPLEMDR
Z)—=ZYJICRAETH Y, AEHITIZ, RE
DENREEHEET 7 A b 24TV, BEFIIET
FRETAPEITIONIFET L (ES).

x5 RSSTEE#* A7) -V 7IERLT,
SSPT #4719 Fi
REEERT A R TSR VES
SSPT 2ml &%
1) IVH >> PEG > NG tube
2) 2HBIUETINEYF—Ta
3) BmTHERETHENALND

HOBREMEL, SBAREICLZ-sTnLES). ) ERE
BT &% (videofluorography; VF) i1iE& - BT a’h‘?;%r%offﬂ%:;_ﬂ%ﬁ#&&wﬁ%
BEOFEMLIEHRIZBONIBEREL LTEER 1) £FBIUBTINEYF—2 3>
ERTVE. XEBHETCEENAHARAATD 2) EEANR

Jpn J Rehabil Med voL. 44 nNo.2 2007 85

—138—



ERE -4

REED T B

VR ERE oML FIcLAFIcS WERHRED
bhiz. LPLEZPFOCRATIRERZ2ELEHE
DORRIZE B ABEVEMLTE Y, BTHMESR
MESORETIE, THITET D 6 SIiZRuEHE
KTHdLEIhTWS,

FHIZBWTIHET, BEoLaRkE (Ao
FELRERELEY) BLURMBHE, EHK
ROFE LTV, FOLTHRTHEELEE) XY
T EBICHET A ENEETH B,

1. OEsr7

AN - HEORZWEREL, BEEZHESC
Lit, BEMEMAORE 30U LERLTY. HE
FTHoTD, BROSWIET L TOEAI
BL, CLAMEOEIEICORI S, Ok
TRLETHE. 7=, OFEF 7L 3,
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0.6
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0 12 24 36(R)

B2 $um/REID & AT
(Yamaya, et al : JAGS, 2001)

ERHY, Sr/FHEOFHEHOITORY V' —
WATRRBAZFEDSH 5 (Yamaya, 2001) (X 2).
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BROEEREVEHTHLH I i, BEF LR
TWERFZIER - BRERICORIY), T
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WThHNE, EEFTHoTHHPIIRETESE
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