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Background: The aim of this study is to construct a simple screening test for the risk of
falls in community-dwelling elder persons.

Methods: A total of 1378 community-dwelling people aged 6S years and older in five
different communities in Japan were asked to answer a self rated questionnaire including
22 items covering physical, cognitive, emotional and social aspects of functioning and
environmental factors. At a six-month follow-up, the outcome of fall occurrence and the
numiber of falls was ascertained by social workers, health visitors or nurses.

Results: Five out of 22 items were selected using a logistic regression model. Using this
five-item version, a screening test was constructed, and at the best cut-off point, the sen-
sitivity and specificity were 68 % and 70%, respectively. The validity of this scale was tested
on persons with cognitive dysfunction.

Conclusion: The simplicity and the predictive validity of the screening test support the

use of this test in health check ups or general outpatient facilities.
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Introduction

Falls are rated as the third leading cause of a bed-ridden
state and are among the principal causes of morbidity in
the elderly in Japan.! Previous studies evaluating the risk
factors for falls have used history of falls, results of phys-
ical performance tests,” activity of daily living (ADL)*?
and balance and gait* as predictors.
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, reliability and validity, risk factor.

Early identification of falls risk is likely to result in
earlier implementation of interventions and to minimize
development of unwanted sequels such as reduced con-
fidence and activity levels.®

In Japan, the Ministry of Health, Labour and Wel—
fare has put roughly 6000 local home care support
centers around Japan. The task of these centers,
according to Long-Term Care Insurance for the eld-
erly, includes screening of the elders at risk of devel-
oping disabilities, including risk for falls. In this
context, it is critical to develop a simple screening test
to adequately evaluate the risk of falls for each elderly
persor.

The aim of this study is to evaluate predictive validity
of a simple questionnaire composed of 22 items, with
the intention of constructing a shortened version that
would be simple, but effective to assess the future
risk of falls during periodic health check-up or outpa-
tient visits.
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All elderly persons who participated in this research
gave written informed consent.

Methods

The initial 22-item questionnaire was constructed by
the Working Group of Fall Prevention commissioned
by the Japanese Ministry of Health, Labour and Welfare.
Known risk factors are transformed into comprehensi-
ble text for the elderly, as shown in Table 1. These items
were selected by studying both international and Japa-
nese research articles on fall risk factors.®

The interclass coefficient (ICC) of the one month
test-retest reproducibility study of the 22-item ques-
tionnaire score was satisfactory (ICC 0.74, 95% CI
0.46-0.89, n=21).6

Individuals chosen for this study lived in five different
urban and rural communities and they were over
65 years old.

In cases where subjects had cognitive impairment or
difficulty answering, a family member acted as a proxy
to help answer the questionnaire.

The outcome of fall occurrence and the number of
falls were confirmed by social workers, health visitors or
nurses six months after baseline measurement. A fall

was defined as an unintentional change in position
resulting in coming to rest on the ground or other lower
positions.®

Statistical analysis was performed on subjects who
completed the questionnaire both at baseline and at six
month follow-up. One half of the subjects were ran-
domly selected, and the relationship between falls and
potential predictors was examined by %* test for each
predictor separately (developing samples). Items that
achieved statistical significance of P < 0.05 were incor-
porated in the logistic regression analysis to identify
predictors. Then, the questionnaire items considered to
be associated with falls were selected using any falls as
an outcome variable, by forward stepwise selection by
the logistic regression model (P < 0.05).

The predictive power of the set of selected items,
adjusted by the odds ratio, was determined using the
area under the Receiver-Operating Characteristic (ROC)
curve (AUC) on the other half of the subjects as the val-
idating sample. Finally, the sensitivity and specificity of
the model were calculated to obtain the cut-off point.

To test the validity of the scale on persons with cog-
nitive dysfunction, different item functioning (DIF)
analysis was performed on subgroups with and without
cognitive dysfunction using the Rasch measurement

Table 1 The initial 22-item questionnaire constructed by the Working Group of Fall Prevention and commissioned

by the Japanese Ministry of Health, Labour and Welfare

Questionnaire items Answer (%)T  Incidence P
of fall (%)}
Q1. History of fall within one year = yes 107 (16%) 54 (50%) P <0.0001
Q2. History of stumbling within one year = yes 288 (42%) 75 (42%) P <0.0001
Q3. Can you climb stairs without help? = no 261 (38%) 65 (25%) P =0.0001
Q4. Do you feel your walking speed declined recently? = yes 353 (51%) 76 (22%) P=0.0025
QS. Can you cross the road within the green signal interval? = no 74 (11%) 25 (11%) P=0.0019
Q6. Can you walk 1 km continuously? = no 172 (25%) 46 (27%) P=0.0011
Q7. Can you stand on one foot for about five seconds? = no 180 (26%) 55 (31%) P <0.0001
Q8. Do you use cane when you walk? = yes 123 (18%) 43 (35%) P <0.0001
Q9. Can you squeeze the towel tightly? =no 80 (12%) 26 (33%) P=10.0026
Q10. Do you feel dizzy? = yes 151 (22%) 39 (26%) P=0.0076
Q11. Is your back bended? =yes 213 (31%) 62 (29%) P <0.0001
Q12. Do you have knee pain? = yes 264 (38%) 64 (24%) P=10.0005
Q13. Do you have a vision problem? = yes 292 (42%) 56 (19%) P=0.27%
Q14. Do you have a hearing problem? = yes 227 (33%) 48 (21%) P=0.0781
Q15. Do you think you are forgetful? = yes 332 (48%) 73 (22%) P=0.0020
Q16. Do you feel anxious to fall when you walk? =yes 226 (33%) 60 (27%) P=10.0001
Q17. Do you take more than five kinds of prescribed medicines? =yes 161 (23%) 39 (24%) P=0.0231
Q18. Do you feel dark walking within your home? = yes 54 (8%) 18 (33%) P=0.0124
Q19. Are there any obstacles within the house? = yes 87 (13%) 25 (29%) P=0.0181
Q20. Is there any level difference within your home? = yes 426 (62%) 79 (19%) P=0.1799
Q21. Do you have to use stairs in daily living? = yes 129 (19%) 23 (18%) P=0.7951

Q22. Do you walk steep slope around the house? = yes

202 (29%) 28 (14%)  P=0.2517

fThe answers as indicated in the question raw. ¥The incidence of fall among the relevant answer.
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technique.”® Three hundred persons were randomly
selected to obtain adequate sample size for this
analysis.

In addition, results of the ROC curve were stratified
by the presence and absence of memory problem using
Q15 of the questionnaire to test the validity of the short
version on those with cognitive function problems.

Results

Of 1734 elderly, 1378 (79%) completed the question-
naire both at the baseline study and its six month fol-
low-up. The mean age of the subjects was 75.8 (SD 6.8)
years. The number of elders by five research centers was,
1050, 104, 82, 81 and 61, respectively. At least one fall
had occurred in 208 elderly (15.1%) during the six
month follow-up period. Of these, 103 (50%) suffered
from multiple falls, ranging in number from 2 to 20.

Of eligible samples, 1026 elders provided information
regarding mobility, cognitive status and ADL regarding
eating and toileting. In mobility, no disability was seen
in 69.8% of them, while mild difficulty in climbing stairs
was present in 18.1%, and moderate or severe difficulty
required cane or wheel chair for moving around outside
in 12.1%.

In cognitive status, no memory disturbance was seen
in 62.8%, while mild and severe memory dysfunctions
were in 26.0% and 8.0%, respectively.

Regarding eating ADL, 93.4% showed no problem,
while 4.6% complained they had a mild problem, and
2.0% required assistance. Toileting related ADL was
intact in 89.0% of the elders while mild difficulty and
dependent status on toileting were seen in 6.0% and
5.0%, respectively. Although 8.3% of them were living
alone, 23.0% were with their spouse, and the rest were
with their children.

The samples were then divided into the developing
samples (n=689) and validating samples (n=689).
There was no statistical significance between these two
samples, in distribution of living areas, gender and
response pattern to the questionnaire items examined
by % test (data not shown). The average age of the val-
idating samples (75.8) was not significantly different
from developing samples (75.7) by -test.

Table 1 shows the predictors in relation to falls in
developing samples. The incidence of at least a single

fall and multiple falls were 108 (15.7%) and 55 (8.0%),
respectively. Gender did not achieve the statistical
significance to single fall (P= 0.05) and multiple falls
(P = 0.15), respectively. Fallers were elder than non-
fallers (P < 0.01) with average age of 79.1 versus 75.8,
respectively.

Questionnaire items, except for Q13, Q14, Q20, Q21
and Q22, achieved statistical significance and were
entered into the regression model. Table 2 shows the
item selected by the stepwise logistic regression model.

Using the odds ratio at integer level as the weight of
these five items, we constructed a screening test whose
score ranged from 0 to 14, and the AUC was 74% (95%
CI 69-79%) in the validating samples, as shown in
Figure 1. This was at the same level as the AUC of initial
22 items score (72%:95% CI 67-79%)

The maximum sum of sensitivity and specificity
reached <6 (sensitivity 0.68, specificity 0.70) and <7
{sensitivity 0.67, specificity 0.71). If a cut-off score of <6
was applied, subjects identified as positive had a 27.9%
rate of falls (positive predictive value) compared with a
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Figure 1 The Receiver-Operating Characteristic (ROC) of
the five-item screening test to detect elderly persons at risk of
falling.

Table 2 Questionnaire items selected by the stepwise logistic regression model

Questionnaire item selected by step wise logistic regression model Odds ratio 95%Cl P
Q1. History of fall within one year = yes 4.5 (2.8-7.2) 0.00
Q4. Do you feel your walking speed declined recently? = yes 1.9 (1.0-3.6) 0.04
Q8. Do you use cane when you walk? = yes 1.8 (1.1-2.8) 0.02

Q11. Is your back bended? = yes 1.8 (1.1-2.8) 0.02

Q17. Do you take more than five kinds of prescribed medicines? = yes 1.7 (1.0-2.7) 0.03
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Figure 2 The probability of single and multiple falls by score.

7.2% rate in negative individuals (negative predictive
power: 93%), with an odds ratio of 3.88 (95% CI 3.16-
4.75).

The sensitivity and specificity was 0.63 and 0.67,
respectively, for multiple falls. The positive and negative
predictive value at this cut off score for multiple falls was
0.12 and 0.96, respectively, with the odds ratio of 3.04.
Figure 2 illustrates the probability of fall by score levels.

On Rasch analysis of each item, some items did not fit
the Rasch Model (Q16, Q20, Q21 and Q22) and these
items were deleted for subsequent DIF analysis. Then
no item showed DIF on cognitive functioning after
Bonferroni adjustment (data not shown). After stratify-
ing the sample with Q15, the area under ROC curve was
0.74 (95% CI 0.66-0.82) and 0.74 (0.69-0.78) for with
and without cognitive dysfunction, respectively.

Discussion

Falls are considered as having multiple risk factors."
Previous epidemiological studies have identified the risk
for falls, for example, history of falls>*'*™ activity of
daily living (ADL),**" cognitive and sensory func-
tion,>*1215 chronic conditions,’***” and medication
use.3,16—19

Many studies tried to convert these risk factors for fall
risk screening.®***® These screening tools for elders have
been developed for various care settings, including res-
idential,'*?! intermediate® and inpatient care®™ as well
as for community.?28

Initially, the authors selected a comprehensive ques-
tionnaire composed of 22 items that can be answered
by yes or no, and then selected several items that can be
applied for mass screeming or in general practice
settings® because of the requirement of Japanese long-
term care insurance (LTCI) law.

The items selected by the logistic model in this study
were history of falls, walking speed, cane use, back
deformation and medication use. All of these items were
in concordance with the previous reports.

We also included environmental factors as part of the
questionnaire. On comparison between fallers and non-
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fallers, environmental barriers such as level difference,
stair and slope were not identified as risk factors, indi-
cating the barrier recognized by the elders may not be
associated with falls. All other items, except for vision
problems were associated with incidence of falls.

The use of large prospective validating samples adds
strength to this study. In most similar studies, the pre-
dictive validity is tested only on the developmental sam-
ple of the tools, and thus the predictive performance in
a new sample is expected to be optimistic.”” Although
the predictive power on the development sample is usu-
ally high, the predictive power is usually lower in the
validating samples.® In addition, the sensitivity of the
scale is lower in the validating sample® and only a few
studies use a large scale validating sample as was used in
this study.”®

Finally, the AUC of the initial 22 items were at the
same level of the shortened five-item version. Therefore,
the shortened version is preferred for its simplicity. In
addition, the five-item scale was validated on the elderly
with and without problems of cognitive function.

In the process of item selection using the logistic
regression, inclusion criteria were P < 0.05, and exclu-
sion criteria were P> 0.10. This procedure resulted in
inclusion of items with weak association, such as Q4
and Q17. However, the adequacy of including these two
items was proved on the validating sample.

In validating samples, the negative predictive value
was 0.92 for single falls and 0.96 for multiple falls indi-
cating that those with negative result have very low risk
of falling in the next six months. This property of the
high negative predictive validity makes the use of the
screening test useful in mass screening.

History of fall was one of the most frequently reported
risk factor of falls.»* Decline of walking speed was
captured with other questionnaire studies, as well as
by physiological measurement.*’®* Cane users and
kolioskiphosis might have relation to bone abnormali-
ties such as osteoporosis or arthritis.”® These Q4, Q8
and Q11 compose a spectrum of physiologic decline
referred to as frailty.** The relationship between med-
ication use and falls can be explained by the effects of a
drug itself that might cause sensory and balance distur-
bance, and also decreased metabolism, which relates to
the loss of physiologic and metabolic function. Medi-
cation review is a possible intervention to prevent falls.”’

In conclusion, a simple screening tool for falls is con-~
structed using a large scale developing and validating
sample. The scale constructed in this study is simple
and valid. Therefore, it can be used as a screening tool of
falls for community-dwelling elders.
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An 81-year-old woman with Graves’ disease and osteoporosis
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deoxypyridinoline, hypegtalcemis; hyperthyroidism,

osteoporosis, p-N-

analysis should be performed to clarify the underlying
mechanism.

Here, we report an elderly patient presenting with
severe symptomatic hypercalcemia resuling from
hyperthyroidism.

Case report

An 81-year-old woman was admitted to the Department
of Geriatric Medicine, Kyorin University Hospital
because of hypercalcemia on February 14 2004. She had
Basedow’s disease and osteoporosis, and had been tale-
ing thiamazole 5 mg/day and alphacalcidol 0.5 pg/day.
In January 2004, anorexia had gradually developed fol-
lowed by gait disturbance. When she was referred to the
hospital on February 14, she also presented with con-
fusion and low-grade fever of 37.2°C. Her blood pres-
sure was 122/62 mmHg with a pulse rate of 98 bpm.
Physical examination showed a soft diffuse goiter
and a systolic ejection murmur of Levine I/VI at the
apex, while abdominal and neurological findings were
normal.

© 2006 Japan Geriatrics Society



Thyrotoxic hypercalcemnia

Table1 Laboratory tests on admission

Table 3 Results of markers of bone metabolism

Result

Test Marker

Hb 10.5 g/dL Osteocalcin

Ht 32.6% Bone-specific alkaline

RBC 367 x 10*/uL phosphatase

PLT 22.2 x 10%uL p-IN-telopeptides

WBC 3200/uL Deoxypyridinoline/Cr 8 niol/L/nMCr (2.8-7.6)
Na 144 mEqg/L calcitonin 3 pg/mL
K 3.1 mEq/L 1-25(0OH)VitD, 6"pg/mL (20-60)
Cl 100 mEq/L

Ca 11.7 mg/dL

P 3.4 mg/dL

BUN 19.3 mg/dL

Cr 0.7 mg/dL

TP 6.4 g/dL

Alb 3.3 g/dL

ALP 226 TU/L

AST 37 IU/L

ALT 35 TU/L

LDH 333 U/L

CK 25 UL

Glu 126 mg/dL

CRP 0.2 mg/dL

Alb, ..;ALP, ..;ALT, ...; AST, ...; BUN, ...; CK, ...
LDH, ...; PLT, ...; RBC, ...; TP, ...; WBC, ... .

i CRE, ..;

Table 2 Results of thyroid function test

Test Result (normal range
FreeT4 6.69 ng/dL (0.73—
FreeT3 13.27 pg/mL (1.

Thyroid stimulating 0.015 IU/mL (0
hormone (THS)

‘TSH receptor antibody

TSAb (thyroid stimulatory
antibody)

Antithyroid peroxydase
antibody

Serum thyroglobulin
autoantibodies

d cell counts of
mg/dL (corrected

calcium of 12.4 mg/dL),
liver and lidney function v
tion tests (Table 2) r
free T4 of 6.69 (reféf:

arked hyperthyroidisim;
90-1.70) ng/dL, free T3 of
13.27 (2.3-4.3) pg/mL andithyroid stimulating hormone
(TSH) of <0.0183(0.5-5.0% pIU/mL. Plasma levels of
TSH receptor antibéd yroid stimulating antibody
and anti-TPO antibody were elevated, compatible with
the findings in Graves’ disease. Plasma intact PTH was
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Figure 1 X-ray of lumbar vertebrae.

13 (10-65) pg/mL and PTH-related protein was not
detected.

As shown in Table 3, markers of bone resorption
such as deoxypyridinoline (DPD) and N-telopeptides of
collagen cross-links (INTx) were elevated, whereas those
of bone formation such as osteocalcin and bone-type
alkaline phosphatase were not. Bone mineral density of
lumbar vertebrae was -3.29 (T score), and that of femur
was =3.72 (T score). Multiple compression fractures
and remarkable reduction in bone mineral density were
found on spinal lateral X-rays and dual energy X-ray
absorptiometry, respectively (Fig. 1).

Initially, vitamin D toxicity was suspected as a caise
of hypercalcemia; thus, alphacalcidol was ceased with
fluid infusion to wash out calcium. However, the
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. Figure 2 Clinical course of the patient. Thyroid stimulating
hormone (TSH) was below the detection limit throughout the

clinical course. c-Ca, collected serum calcium; u-Ca, urinary
calcium; FT4, free thyroxine; FT3, free trilodothyronine.

hypercalcemia had not improved one week later. Labo-
ratory and imaging tests were carried out to exclude
hyperparathyroidism, humoral hypercalcemia of malig-
nancy, osteolytic bone metastases and multiple
myeloma. Finally, hypercalcemia was considered to be
attributable to the exacerbation of hyperthyroidism

with high bone turnover. Consequently, the dose of;

thiamazole was increased to 30 mg/day to normaliz
thyroid function. As shown in Figure 2, free T4
free T3, as well as serum calcium were grad
decreased, and the patient was discharged on M
2004. In August 2004, her thyroid function ret
normal (free T4 of 0.95 ng/dL and free T3 of;
mL) with corrected serum calcium concen
9.2 mg/dL.

Discussion

Hypercalcemia associated with hypérih
been reported to occur more fre :

slightly elevated level,® and; plications should
be suspected when serumsigalcium concentration is
over 12 mg/dL’ Actually® €p8its have shown that
hyperparathyroidism i imonly associated with
hypercalcemia in thym £ Only several cases
have been reportedithat“hyperthyroidism was con-
sidered the only cause Sfvhypercalceria over 12.0 mg/
dL*" In our casé;laboratory tests and diagnostic imag-
ing excluded hyperparathyroidism as well as malignant
neoplasms. Furthermore, hypercalcemia was amelio-
rated in parallel with the improvement of hyperthy-

272 |

roidism, indicating that hypercalcemia resulted from

hyperthyroidism.

Thyroid hormones play a cri
opment becatise hypothyroidi
the impaired skeletal developnes
hormones are important |
mass, Thyroid hormone ré
cells such as osteoblasts
hyperthyroidism, thergsis:
characterized by angncreas

al role in bone devel-
in‘childhood results in
n adults, thyroid

e*inaintenance of bone
ptors ate expressed in bone
feoclasts.? In adult
d bone remodelling,
n both bone resorption

and formation, and ap, imbalafjce between bone resorp-

tion and formati

but those o
consistent

5 ne resorption were elevated
mation were not. This pattern is

including animal experiments to support this
is can be found so far. This should be investi-
ture.

t also bone mineral density® in patients with
hypercalcemia. It has been also reported that
blocker, propranolol,’*"” and radioiodine therapy™
:ameliorate thyrotoxic hypercalcemia. In our case,

1 increased dose of thiamazole normalized both thy-
oid function and serum calcium levels several months
ter, but bone mineral density was not increased.
onger time periods would be necessary to see the

recovery of bone mass if possible.
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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 apopiosis was induced by 5-min intra-arterial exposure of a rat carotid artery with 0.07 mmol/L. H,0,.
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%. Similatly, edaravone dose-dependently inhibited H,O,-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 1.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 ¢ 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.

Conclusions: These results suggest that edaravone may be a useful therapeutic tool for early atherosclerosis, pending the clinical efficacy.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Kevwords: 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 siress-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 Jesion formations such as endothelial dysfunction [6]

* Corresponding author. Tel.: 481 3 5800 8832; fax: +81 3 5800 8831.
E-mail address: akishita-tky @umin.ac.jp (M. Akishita).
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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 a high
fatdiet, it has been shown that there was a significant increase
in basal superoxide products [11,12], and that both O2°™ 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(PYH 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 endotbelial 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 1012 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. HyOz-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 mmolL H,O, as
previously described [23]. Briefly, edaravone (3-methyl-1-
phenyl-2-pyrazolin-5-one; 3 or 10 mg/kg; donated by Mit-
subishi Pharma Corporation, Japan) or its vehicle was intra-
peritoneally injected daily for 3 days before HyO, 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 H,O; diluted with saline
for 5min and recovered. At 24 h after HyO, 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.

H. Xieral /Atherosclerosis 191 (2007) 281-289

Apoptosis of ECs isolated from a bovine carotid artery
was induced as previously described [24]. Briefly, subcon-
fluent ECs were pretreated for 24h with culure medinom
containing edaravone or vehicle. After washing twice with
Hank’s balanced salt solution, the cells were exposed to
H>05, (0.2 mmol/L) diluted in Hank’s balanced salt 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 HyO» treatment
as histone-associated DNA fragments using a photometric
enzyme immunoassay (Cell Death Detection ELIS A, 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 systolic 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 quaniified 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
CO4 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 sifu, frozen
cross-sections of the aorta were stained with 10 pmol/LL
dihydroethidium (DHE; Molecular Probes), followed by
fluorescent microscopy [26]. Also, superoxide produc-
tion in aortic rings was quantified using the superoxide
dismutase-inhibitable cytochrome ¢ 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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Fae) 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 measuremenis. 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. Resulis

3.1. Effects of edaravone on HyOy-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
H, 0, treatment. Edaravone was then employed in a rat model
of H2Oz-induced EC apoptosis. Consistent with the in vitro
experiment, edaravone of 10 mg/kg/day decreased EC apop-
tosis of the rat carotid ariery by approximately 40% (Fig. 1B).

We next examined whether edardvone decreased ROS
production in the process of H»O;-induced EC apoptosis.
For this purpose, DHE fluorescent, a marker of intracellu-
lar production of superoxide anions, release of §-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, 05 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 HoO, was initially added). Edaravone
decreased 4-HNE expression in a dose dependent manner.

Cultured EC
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1
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(&)
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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
medinm 24 h before Hp O5 treatment until assay. EC apoptosis was evaluated
24 h after HyO» treatment (0.2 mmol/L) by means of DNA fragmentation.
Values are expressed as mean = S.EM. (n=3). "P <0.05 vs. H, O (+) +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 fuce specimens of the carotid artery
stained with Hoechst 33342. Values are expressed as mean =S.E.M. (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 21005
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 cholestero! (mg/dL) 602 & 24 602 + 12

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

DHE fluorescent

| H,0,+Ed (0.1umoliL)

80

ing aorta. As shown in Fig. 4B, ethidium fluorescence,
which was amplified in ApoE-KO mice, was decreased by
edaravone treatment. A guantitative 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 {(10pmol/L)

60 -

40

204

Fluorescence intensity (arbitrary unit)

0-
(b)
Ed (umol/L)

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>O» treatment until assay. DHE fluorescent (i2=6), 8-isoprostane concentration (n=13)
and VCAM-1 expression (n=3) in the cell lysate were measured 3 h after Hy O, treatment. Values are expressed as mean = S.E.M. Time dependent changes of
4-HNE expression after H O, 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 1 after H>O; treatment in the presence or absence of edaravone (D(b)). Values are expressed

as mean & S.EM. (n=3). "P<0.05, P <0.01 vs. H;0, (+) +Ed (-).
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Fig. 2. (Continued).
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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 pm) and morphometric analysis
of the lesions are shown. (B) Oil red O-stained en face specimens of the descending aorta (bar =5 mm) and morphometric 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 O3°~ that is predominantly pro-
Nitrotyrosine
(kDa) '
220 —5
90 —P>
86 — >
45 by
6

Arbitrary unit

C57BLIS veh Ed
(@)  {normat chow) ApoE-KO
) ApoE-KO
C57BL/S
(normal chow) Vehicle Edaravone
e

(A) ()

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=350 um. (B) Fresh-frozen cross-sections of the aorta were stained
with DHE, and representative fluorescent micrographs are shown (bar = 100 pm). (C) Superoxide anion in aortic rings was determined using SOD inhibitable-
cytochrome ¢ reduction assay (1= 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+SE.M. “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 a3 LOO*® [36]
and ONOO™ [37] play a role in atherogenesis. In particular,
°*OH is extremely strong in terms of oxidative activity and cel-
Iular damage [38]. Therefore, itmight 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]. Edaravone quenches *OH and
inhibits both *OH-dependent and *OH-independent lipid pex-
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 expression of VCAM-1
was induced as early as 3h after H,0, treatment (actually
4.5h after addition of HyO2, 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-HNE 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 vifro 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 nifric
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. o

The effects of edaravone on advanced and complicated
lesions of atherosclerosis were not invéén’ gated 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 andtreatment 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 neointimal 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 intormation on the role of ROS in
atherogenesis and the therapeutic strategy for atherosclerosis.
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