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PO10-TU-82

Characteristics of subacute myelo-optico-neuropathy (SMON)
patients with hip fracture

M. Konagaya, S. Kuru. Neurology, National Hospital Organization
Suzuka Hospital, Hospital Dr Yoko Konagaya, Obu Demantia Care
Research and Training Center, Suzuka, Japan

Purpose: The aim of this study was to investigate the incidence of
hip fracture and neurological symptoms contributing hip fracture
in subacute myelo-optico-neuropathy (SMON) patients.

Method: The subjects consisted of 3,269 SMON patients with 24,187
examinations from 1979 through 2007. Case control study with 80
hip-fracture patients and 160 without hip-fracture patients was
examined incidence and severity of clinical signs, visual acuity,
motor and sensory signs, dementia, and depression.

Results: Two hundreds and thirty hip fractures occurred in 208
patients with a man-to-woman ratio of 21:187. Annual incidence
per 10,000 women stratified by age showed twice to three times
higher incidences were revealed in ages under 70 years compared
with those of Japanese women population. Gait with assistance or
crutch was seen in 57.5% in the Hip-fracture group and 40.6% in the
No-hip-fracture group, indicating a significant difference (p <0.05).
Severe impairment of leg vibratory sensation was 51.9% in the Hip-
fracture group and 32.0% in the No-hip-fracture group indicating
a significant difference (p<0.02). Other clinical signs examined
showed no significant changes in variance between two groups.
Conclusions: SMON patients with significant gait disturbance due
to sensory ataxia are more likely to fall and have hip fractures.

P010-TU-83

The dynamic of neurologic disturbances in patients suffering
a multiple sclerosis after high-dosage immunoablative therapy
with autologous stem cell transplantation

A. Kuznetsov, A. Novik, A. Kartashov, D. Fedorenko. National
Pirogov Centre of Therapy and Surgery, Moscow, Russian Federation

Among the new methods of treating multiple sclerosis (MS), high-
dosage immunosuppressive therapy with Transplantation of blood
Stem cell (HDIT+ASCT) is used.

Purpose: To study the dynamic of neurological disturbances in
patients suffering a (MS) at different duration of time after
administration of HDIT+ASCT.

Material and Methods: 79 patients have been examined, among
them 36 males and 43 females. The median age of patients
was about 30+4 years. Among the patients examined, 46% had
relapsing-remitting MS, 28% had secondary-progressive MS, 18%
primary-progressive MS, 9% had progressive-relapsing MS. The
median disease duration was about 7.6244.93. The preceded
treatment with traditional therapy showed inadequate effect in
all patients. The degree of expression of neurological deficiency
at the time of first visit by EDSS scale was 3.99+1.72 scores and
78.52+10.89 scores by SCRIPPS scale. The autologous stem cell
mobilisation protocol has been executed out according to EBMT
recommendations. Evaluation of neurological state was done before
starting HDIT + ASCT, after 3, 6, 12 months after infusion of blood
stem cells.

Results: Results of the research showed that in majority of
the patients after HDIT + ASCT expressed positive dynamic in
neurclogical status of 19% (0,75 scores, from 3,99 to 3,24) by EDSS
scale, 8% (5,96 scores, from 78,52 to 84,48) by SCRIPPS scale in
comparison to initial state. '
Conclusion: The positive dynamic neurological disturbances in
patients with MS after HDIT + ASCT showed the effect of this
method of treatment.

P010-TU-84

Total tau and phospho-tau (Thr181) in cerebrospinal fiujq of
MS patients and healthy individuals

M. Psujek, J. Jaworski?, H, Bartosik-Psujek?, Z. Stelmasiak?, 1j; Clini
of Anesthesiology and Intensive Care, Medical University of Lubliy e
Lublin, Poland; ?Chair and Clinic of Neurology, Medical UniVers,-,y'
Lublin, Lublin, Poland d

Purpose: Tau proteins belong to the family of microtyby);
associated proteins and are mainly localized in neurons, The Aimn
of the study was to exarnine tau and phospho-tau as 3 Possible
markers of axonal damage, in cerebrospinal fluid of Ms Patients
and healthy control group.

Materials and Methods: CSF of 66 MS patients was drawp 4,
establish levels of total tau (t-tau) and phospho Thr181 tay (p-tau)
proteins. Results were compared with protein levels of 120 healthy
individuals. Mean age (MS 37.3+10.2 years, healthy 4401123
years) did not differed significantly. T-tau and p-tauThrl:i]
was assayed with ELISA method with commercial kits frop
Innogenetics. Data were analysed with Mann-Whitney test gye
to lack of normal distribution. Results were expressed as mediang,
P<0.05 was considered significant.

Results: There was significant difference in total-tau and phosphe-
tau concentrations between both groups (t-tau: healthy 1463 pg/ml
vs MS 1713pg/ml, p=0.04, p-tau: healthy 38.86pg/mi vs Ms
56.84 pg/ml, p=0.001). In contrast there was no difference in
p-tauft-tau ratios. After 7 extreme values of t-tau (outliers in
probability density function, >SD) were excluded there was ng
difference in t-tau concentrations (146.3 pg/ml vs 158.8 pg/ml), but
significant difference in p-tauft-tau ratios was observed (healthy
0.23 vs MS 0.35, p=0.006).

Conclusions: T-tau seems to be a useful marker in MS but its
reliability depends upon disease activity. In stable patients t-tay
does not differentiate MS patients from healthy individuals. In
contrast phospho-tau concentrations differs significantly regardless
MS activity and should be considered as a possible potent markerin
MS pathology. Elevated levels of p-tau with normal t-tau in stable
stage of MS suggest axonal loss may be accompanied by disturbed
tau metabolism and abnormal phosphorylation.

This study was supported by grant from Ministry of Education
2006-2009. Number of grant: 2P05B06230.

PO11 - Stroke: experimental studies

PO11-TU-01

Platinum nanoparticle rescues brain damage in rat middle
cerebral artery occulusionfreperfusion models by quenching
reactive oxygen species

H. Yoshida. Dept. of Neurology, Inst. of Neurology, University Coliege
London, London, United Kingdom

Platinum nanoparticles were prepared by an alcohol rgducuon
method and complementarily stabilized with polyacrilic acid (PAA-
Pt). The average diameter of PAA-Pt was about 2nm. They were well
dispersed in water and became colloidal solution. PAA-Pt efﬁcne{lﬂy
quenched superoxide anion (0,"). This quenching activity against
ROS persisited like catalysis such as SOD or catalase. Therefqrfl-
PAA-Pt may be a useful scavenger which is effective on medlﬁI
treatment of oxidative stress diseases. The left midd.le cerebﬁe
artery occlusion stroke model were prepared accoding t0 -
method of Koizumi, using rats (Slc:Wistar, 8weeks old, male, 1
210g, n=10). After one hour occlusion, PAA-Pt were injected to o
rats at reperfusion, and the brains were removed at 24 ho‘:r?nm
72 hours after the start of reperfusion. Each brain wré o Wit
6 slices of 2mm width each, the slice were photograph€ ol
digital camera, and the images obtained were input into COmrPe .
system with an image analyzing software for measurement ¢
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Activities of Daily Living, Functional Capacity, and Life Satisfaction
of Subacute Myelo-Optico-Neuropathy Patients in Japan
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ABSTRACT

Background: Patients with subacute myelo-optico-neuropathy (SMON) suffer from a number of serious
neurological symptoms that adversely affect their activities of daily living (ADL). However, the effects of these
neurological symptoms on functional capacity and life satisfaction have not been reported.

Methods: We analyzed data from 1,300 SMON patients aged 55-94 years that was obtained at medical check-ups
carried out by the SMON Research Committee in 20042006 in Japan. The neurological symptoms investigated were
visual impairment, dysbasia, symptoms of the lower extremities, and sensory symptoms. Neurological symptoms
were classified by severity. The Barthel Index, the Tokyo Metropolitan Institute of Gerontology Index of
Competence, and the participant’s response to the question “Are you satisfied with life?” were used to evaluate ADL,
functional capacity, and life satisfaction, respectively. Data were analyzed using a proportional odds model with the
scores for these items as ordinal dependent variables.

Results: For most neurological symptoms, scores for ADL, functional capacity, and life satisfaction were
significantly lower in participants with severe or moderate neurological symptoms than in those with nearly normal
results upon examination. The odds ratio for life satisfaction due to superior functional capacity was significant after
adjustment for sex, age, and ADL score.

Conclusion: The presence of neurological symptoms in SMON patients was associated with low functional
capacity, life satisfaction, and ADL. Our results suggest that the life satisfaction of SMON patients can be increased
by improving their functional capacity.

Key words: subacute myelo-optico-neuropathy; SMON; activities of daily living; functional capacity; life
satisfaction

INTRODUCTION

Subacute myelo-optico-neuropathy (SMON) is a disease
caused by clioquinol intoxication, and is characterized by
subacute onset of sensory and motor disorders in the lower
half of the body and visual impairment.’? In Japan, there are a
large number of SMON patients.’ The incidence of SMON
rapidly diminished after clioquinol was banned in 1970. In
2005, approximately 2,600 people with SMON were still
receiving health management allowances as relief for an
adverse drug reaction,*

Some studies have reported that a number of serious

neurological symptoms have remained as sequelae of
clioquino! intoxication among SMON patients, and that
these symptoms are strongly associated with limited
activities of daily living (ADL).*® However, both life
satisfaction and functional capacity—which includes
instrumental self-maintenance, intellectual activities, and
social role—play an important role in the life of older
SMON patients, and these are yet to be reported.” In the
present study, we examine the associations between
neurological symptoms, ADL, functional capacity, and life
satisfaction in SMON patients.
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Table 1. Number of participants included in analysis, by sex
and age
Age Men Women Total
(years) No. % No. % No. %
55-64 39 11.9 138 14.2 177  13.6
65-74 152 46.2 318 327 470  36.2
75-84 115 35.0 366 377 481 37.0
85-94 23 7.0 149 153 172 13.2
Total 329 100.0 971 100.0 1,300 100.0

PARTICIPANTS AND METHODS

Participants

We analyzed data from medical check-ups performed by
the SMON Research Committee with the support of the
Ministry of Health, Labour and Welfare of Japan.>® Our
study participants were SMON patients aged 55 to 94 years
who underwent medical check-ups in the years 2004 to
2006. Of 1,326 participants, we excluded 11 who did not
consent to the use of their medical check-up data for analysis,
and 15 with missing data on ADL, functional capacity, or life
satisfaction. Table 1 shows the number of participants eligible
for analysis by sex and age. Of a total of 1,300 SMON
patients (329 males and 971 females), 73% were between
65-84 years old.

Neurological symptoms

A standardized record was used in the medical check-ups for
SMON patients.>® The record included visual impairment
(completely blind, visual acuity insufficient to count fingers,
mildly impaired, or nearly normal), dysbasia (abasia, clinging
while walking, walking with a cane, or independent walking),
symptoms of the lower extremities (severe, moderate, mild, or
nearly normal), and sensory symptoms (severely diminished,
moderately diminished, mildly diminished, or nearly normal).
” “moderate,” “mild,”
and “nearly normal,” respectively. Symptoms of the lower
extremities were weakness, spasticity, and amyotrophy.
Sensory symptoms were tactile sensation, algesthesia,
vibratory sensation, and dysesthesia. Tactile sensation and
algesthesia were divided into the 4 abovementioned levels
plus “hypersensitive.”

These levels were recorded as “severe,

ADL, functional capacity, and life satisfaction

The Barthel Index was used to measure ADL.® Scores ranged
from 0 to 100, with a higher score denoting higher ADL. The
Tokyo Metropolitan Institute of Gerontology Index of
Competence (TMIG Index) was used to measure functional
capacity™? and ranged from O to 13, with a higher score
indicating higher capacity. Life satisfaction was evaluated
using the response to the question,” “Are you satisfied with
life?” Participant responses were grouped into 5 categories:

“dissatisfied,” “slightly dissatisfied,” “slightly satisfied,”
“satisfied,” and “other.” We assigned scores of 1, 2, 4, 5
and 3, respectively, to these categories.

Statistical analyses

ADL, functional capacity, and life satisfaction were compared
among the severity groups for neurological symptoms
by using a proportional odds model, which is a logistic
model for ordinal dependent variables which assumes that
the odds ratios for falling above a category versus those for
falling within, or below, a category of ordinal dependent
variables for independent variables are common across those
categories.'!'2 ADL, functional capacity, and life satisfaction
were ordinal dependent variables. The model included sex,
age, and one of the neurological symptoms (a dummy
variable) as independent variables. The associations between
ADL, functional capacity, and life satisfaction were examined
using the proportional odds model with life satisfaction as an
ordinal dependent variable and sex, age, ADL, and functional
capacity as independent variables. Statistical analyses were
conducted using SAS software, version 9.1 (SAS Institute,
Inc., Cary, NC, USA).

Ethical review

This study was approved in December 2005 by the Ethical
Review Board for Epidemiological and Clinical Studies of the
Fujita Health University School of Medicine.

RESULTS

Table 2 shows the distributions of neurological symptoms.
The proportions of participants with severe symptoms were
1.5% for visual impairment, 16.4% for dysbasia, 5.4-14.0%
for symptoms of the lower extremities, and 10.1-35.3% for
sensory symptoms. The proportions of participants with
nearly normal results were 59.3%, 48.8%, 19.2-49.7%, and
3.0-4.3%, respectively.

Figures 1, 2, and 3 show the distributions of the scores for
ADL, functional capacity, and life satisfaction, respectively.
The scores for ADL and functional capacity were widely
distributed. For ADL, the proportion of participants scoring
70 or less was 22.1%. A functional capacity of 11 or less
was noted in 71.8% of participants. With respect to life
satisfaction, 23.2% of participants were “dissatisfied” or
“slightly dissatisfied” and 49.1% were “slightly satisfied” or
“satisfied”.

Tables 3, 4, and 5 show the respective mean scores and
odds ratios for ADL, functional capacity, and life satisfaction
for the groups of neurological symptoms. For all neurological
symptoms, mean scores were lower in the severe and
moderate groups than in the nearly normal group. For most
neurological symptoms, after adjustment for sex and age, the
differences in scores between the groups were statistically
significant in analysis using the proportional odds model. The
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Table 2. Distribution of neurological symptoms

Proportion (%)

Neurological symptoms No. .
Severe Moderate Mild s';’)’;fi;e :‘;f:;’l

Visual impairment 1247 1.5 6.8 324 59.3

Dysbasia 1249 16.4 9.7 251 48.8

Symptoms of lower extremities

Weakness 1215 14.0 28.1 38.8 19.2

Spasticity 1212 71 16.9 26.3 49.7

Amyotrophy 1212 5.4 13.6 324 48.5

Sensory symptoms

Tactile sensation 1211 10.2 41.5 345 9.4 4.3

Algesthesia 1211 10.1 34.3 283 23.1 4.2

Vibratory sensation 1205 35.3 354 249 - 4.4

Dysesthesia 1207 20.3 57.5 19.2 3.0

Proportion (%) Proportion (%)
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2; mportion (%) Table 6 shows the odds ratios for independent variables in
the proportional odds model with life satisfaction as the
ordinal dependent variable. The odds ratio for functional

0T capacity—after adjustment for sex, age, and ADL—was
significantly higher than 1.
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life satisfaction among SMON patients were strongly
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Figure 2. Distribution of functional capacity scores

odds ratios for participants in the severe groups, as compared
with the respective nearly normal group, were between 0.00
and 0.49.

J Epidemiol 2009;19(1):28-33

associated with the severity of neurological symptoms. The
odds ratios of the severe group were much lower than those of
the nearly normal group. These associations are not surprising,
given that the neurological symptoms included visual
impairment, dysbasia, symptoms of the lower extremities,
and sensory symptoms. Some previous studies on ADL in
SMON patients reported results similar to ours.>® We found
that more than 70% of SMON patients had limited functional
capacity (a score of <11 on the TMIG Index)."* Functional
capacity includes instrumental self-maintenance, intellectual
activities, and social role, and is likely to be an accurate

— 184 —



Kamei T, et al. 31

Table 3. Mean scores and odds ratios for activities of daily living by severity of neurological symptoms

Severe Moderate Mild Hypersensitive Nearly normal
Neurological symptoms Mean  Odds Mean  Odds Mean  Odds Mean  Odds Mean  Odds F valuet
score* ratiot score* ratiof score* ratiof score* ratiot score*  ratiot
Visual impairment 40.0 0.02 63.5 0.12 75.6 0.37 - - 87.7 1.00 <0.001
Dysbasia 441 0.00 73.9 0.05 85.5 0.22 - - 93.4 1.00 <0.001
Symptoms of lower extremities
Weakness 49.2 0.01 77.6 0.13 89.5 0.45 - - 94.5 1.00 <0.001
Spasticity 66.5 0.14 73.0 0.25 83.1 0.65 - - 85.7 1.00 <0.001
Amyotrophy 38.9 0.02 65.4 0.09 81.9 0.39 - - 90.6 1.00 <0.001
Sensory symptoms
Tactile sensation 67.9 0.15 78.7 0.38 88.5 0.93 83.6 0.52 84.5 1.00 <0.001
Algesthesia 69.8 0.17 775 0.35 87.8 0.81 85.1 0.58 84.7 1.00 <0.001
Vibratory sensation 75.4 0.22 82.3 0.42 88.9 0.74 - - 89.3 1.00 <0.001
Dysesthesia 72.6 0.24 82.6 0.57 88.8 1.18 - - 81.7 1.00 <0.001

* Mean activities of daily living score.
 Odds ratio and P value from the proportional odds model with activities of daily living as an ordinal dependent variable and sex, age, and a
neurological symptom as independent variables.

Table 4. Mean scores and odds ratios for functional capacity by severity of neurological symptoms

Severe Moderate Mild Hypersensitive Nearly normal
Neurological symptoms Mean  Odds  Mean Odds Mean Odds Mean Odds Mean Odds F valuet
score* ratiot score* ratiof score* ratiof score* ratiof score*  ratiot
Visual impairment 1.6 0.01 4.2 0.06 6.7 0.28 - - 9.7 1.00 <0.001
Dysbasia 34 0.03 5.3 0.08 8.0 0.25 - - 10.5 1.00 <0.001
Symptoms of lower extremities
Weakness 3.8 0.04 7.2 0.17 9.3 0.48 - - 10.9 1.00 <0.001
Spasticity 6.8 0.31 71 0.36 8.3 0.72 - - 8.8 1.00 <0.001
Amyotrophy 2.7 0.03 5.5 0.13 7.8 0.38 - - 9.9 1.00 <0.001
Sensory symptoms
Tactile sensation 59 0.25 7.8 0.59 9.5 1.17 8.3 0.69 8.5 1.00 <0.001
Algesthesia 6.0 0.26 7.6 0.54 94 1.10 8.7 0.78 8.7 1.00 <0.001
Vibratory sensation 7.2 0.47 8.3 0.69 9.6 1.1 - - 9.7 1.00 <0.001
Dysesthesia 7.0 0.35 8.3 0.60 9.4 0.95 - - 8.7 1.00 <0.001

* Mean functional capacity score.
# Odds ratio and P value from the proportional odds model with functional capacity as an ordinal dependent variable and sex, age, and a
neurological symptom as independent variables.

Table 5. Mean scores and odds ratios for life satisfaction by severity of neurological symptoms

Severe Moderate Mild Hypersensitive Nearly normal
Neurological symptoms Mean Odds  Mean Odds Mean Odds Mean Odds Mean Odds F valuet
score* ratiof score* ratiof score* ratiot score* ratiof score* ratiof
Visual impairment 22 0.16 3.0 0.46 3.2 0.66 - - 3.5 1.00 <0.001
Dysbasia 3.1 0.42 32 0.47 3.2 0.56 - - 3.5 1.00 <0.001
Symptoms of lower extremities
Weakness 29 0.27 3.3 0.47 34 0.61 - - 3.6 1.00 <0.001
Spasticity 3.1 0.63 3.2 0.68 32 0.67 - - 35 1.00 0.002
Amyotrophy 2.9 0.33 3.1 0.53 33 0.67 - - 3.5 1.00 <0.001
Sensory symptoms
Tactile sensation 3.2 0.42 3.3 0.48 3.5 0.73 3.3 0.55 37 1.00 <0.001
Algesthesia 3.2 0.55 33 0.59 3.4 0.79 3.3 0.66 3.6 1.00 0.067
Vibratory sensation 3.3 0.47 3.3 0.45 34 0.53 - - 3.8 1.00 0.021

Dysesthesia 3.2 0.49 33 0.54 36 0.89 - - 3.7 1.00 <0.001
* Mean life satisfaction score.
 Odds ratio and P value from the proportional odds model with life satisfaction as an ordinal dependent variable and sex, age, and a neurological
symptom as independent variables.

J Epidemiol 2009,19(1):28-33
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Table 6. Odds ratios for life satisfaction with respect to sex,
age, activities of daily living, and functional capacity

Independent variables Odds ratio* P value*
Sex (maleffemale) 1.51 <0.001
Age (years) 1.05 <0.001
Activities of daily living 1.01 0.109
Functional capacity 1.16 <0.001

* Odds ratio and P value from the proportional odds model, with life
satisfaction as an ordinal dependent variable.

indicator of the quality of life of older SMON patients.'%!3
Our findings suggest that measures that can remedy the
limited functional capacity of SMON patients are of great
importance.*6

When asked “Are you satisfied with life?” almost half of
participants answered “slightly satisfied” or “satisfied.”
Although interpreting these responses is difficult, the level
of life satisfaction in SMON patients appears relatively low. A
national survey in Japan reported that in the general elderly
population the proportion of individuals who responded
similarly to the same question was over 90%.'*

In the present study, the level of life satisfaction was
significantly associated with functional capacity after
adjustment for sex, age, and ADL score, which suggests
that life satisfaction among SMON patients might be
increased by obtaining a higher level of functional
capacity.'>'® Unfortunately, there are no effective medical
treatments to relieve the remaining neurological symptoms in
SMON patients.** Although we did not investigate the factors
associated with high functional capacity, our results offer
information that should be useful in offering specific and
effective assistance to those patients.

There are several limitations and problems in the present
study. The participants were examined at medical check-ups
carried out by the SMON Research Committee; approximately
half of the participants were SMON patients receiving health
management allowances for the relief of adverse drug
reactions.** Although the proportions SMON patients with
limited ADL, functional capacity, and life satisfaction might
be higher in the entire SMON population than in the subset of
patients we analyzed, we believe that the associations between
neurological symptoms and those indices would not be
radically changed. The Barthel Index and TMIG Index used
in this study are common tools for measuring ADL and
functional capacity, respectively.”? We used the question
“Are you satisfiled with life?” to measure life satisfaction.
Although other indices to measure life satisfaction have been
proposed,'”!® questions similar to ours have been used in
several previous studies.!*'> We used a proportional odds
models for ordinal dependent variables of ADL, functional
capacity, and life satisfaction, rather than binary logistic
models that reduce those variables to just two categories. In
proportional odds models, as we describe above, it is assumed
that the odds of falling above a category versus those of falling

J Epidemiol 2009;19(1):28-33

with, or below, the category of ordinal dependent variables for
independent variables are common across all categories.'!"!?
To take one example from the present study, the odds ratio for
participants with severe visual impairment, as compared with
those in the nearly normal group, was 0.49 for the dependent
variable of ADL. This can be interpreted to mean that SMON
patients with severe visual impairment had 0.49 times the
odds of a higher, versus a lower, ADL score than those with
nearly normal visual impairment. The results obtained from
such models lead to important findings regarding the factors
related to the distributions of ADL, functional capacity, and
life satisfaction. However, their interpretation requires careful
analysis and debate.

In conclusion, the neurological symptoms of SMON
patients are associated with low levels of functional
capacity, life satisfaction, and ADL. Our results indicate that
life satisfaction of SMON patients might be increased by
improving functional capacity.

ACKNOWLEDGMENT

We wish to thank all members of the SMON Research
Committee in Japan. This study was supported by a Grant-in-
Aid from the Ministry of Health, Labour and Welfare, Japan,
for Research on Intractable Diseases.

REFERENCES

1. Tsubaki T, Honma Y, Hoshi M. Neurological syndrome
associated with clioquinol. Lancet 1971;1:696-7.

2. Sobue I, Ando K, lida M, Takayanagi T, Yamamura Y,
Matsuoka Y. Myeloneuropathy with abdominal disorders
in Japan: A study of 752 cases. Neurology
1971;21:168-73.

3. Nakae K, Yamamoto S, Igata A. Subacute myelo-optico-
neuropathy (S.M.O.N.) in Japan: A community survey. Lancet
1971;2:510-2.

4. Matsuoka Y, Konagaya M. Subacute myelo-optico-neuropathy
—overview—.  Shinkei  Naika (Neurological Medicine)
2005;63:136—40 (in Japanese).

5. Konagaya M, Matsumoto A, Takase S, Mizutani T, Sobue G,
Konishi T, et al. Clinical analysis of longstanding subacute
myelo-optico-neuropathy: sequelae of clioquinol at 32 years
after its ban. J Neurol Sci 2004;218:85-90.

6. Konagaya M, Matsuoka Y. Analysis of nationwide clinical
examination of subacute myelo-optico-neuropathy. Shinkei
Naika 2005;63:141-8 (in Japanese).

7. Honaga K, Yamada S, Liu M. Use of the SF-8 to assess health-
related quality of life (HRQOL) in elderly patients with SMON

Jpn J Rehabil Med

clinical

(subacute myelo-optico-neuropathy).
2006;43:762-6 (in Japanese).

8. Mahoney FI, Barthel DW. Functional evaluation: the Barthel
Index. Md State Med J 1965;14:61-5.

9. Koyano W, Shibata H, Nakazato K, Haga H, Suyama Y.
Measurement of competence in the elderly living at home:
development of an index of competence. Nippon Koshu Eisei

— 186 —



Kamei T, et al. 33

Zasshi 1987;34:109-14 (in Japanese).

. Koyano W, Shibata H, Nakazato K, Haga H, Suyama Y.

Measurement of competence: reliability and validity of the
TMIG Index of Competence. Arch Gerontol Geriatr
1991;13:103-16.

. Hosmer DW, Lemeshow S. Applied Logistic Regression Second

Edition. John Wiley & Sons, Inc., New York, 2000.

- Rothman KJ, Greenland S, Lash TL. Modern Epidemiology 3rd

ed. Lippincott Williams&Wilkins, Philadelphia, 2008.

. Koyano W, Hashimoto M, Fukawa T, Shibata H, Gunji A.

Functional capacity of the elderly: measurement by the
TMIG Index of Competence. Nippon Koshu Eisei Zasshi
1993:40:468-74 (in Japanese).

. Cabinet Office Government of Japan. The Report of the

6th International Study on Living and Consciousness of
Senior Citizens’. 2006. (in Japanese) Available at: http:/
www8.cao.go.jp/kourei/ishiki/h17 kiso/index.html.  Accessed

— 187 —

15.

16.

17.

18.

19.

March 6, 2008.

Damian J, Ruigomez A, Pastor V, Martin-Moreno JM.
Determinants of self assessed health among Spanish older
people living at home. J Epidemiol Community Health
1999;53:412-6.

Borg C, Fagerstrom C, Balducci C, Burholt V, Ferring D, Weber
G, et al. Life satisfaction in 6 European countries: the
relationship to health, self-esteem, and social and financial
resources among people (Aged 65-89) with reduced functional
capacity. Geriatr Nurs 2008;29:48-57.

Neugarten BL, Havighurst RJ, Tobin SS. The measurement of
life satisfaction. J Gerontol 1961;16:134-43.

Rapley M. Quality of Life Research. SAGE Publications,
London, 2003.

Ho SC, Woo J, Lau J, Chan SG, Yuen YK, Chan YK, et al. Life
satisfaction and associated factors in older Hong Kong Chinese.
J Am Geriatr Soc 1995;43:252-5.

J Epidemiol 2009;19(1):28-33



Disability and Rehabilitation, 2009; 31(23): 1902-1906

RESEARCH PAPER

informa

healthcare

Characteristics of disabilities in patients with subacute
myelo-optico-neuropathy living at home: Satisfaction in

daily life and short form-36

MASANORI TAKAHASHI, SATORU SAEKI & KENJI HACHISUKA

Department of Rehabilitation Medicine, School of Medicine, University of Occupational and Environmental Health,

Yahatanishi, Kitakyushu, Japan

Accepted February 2009

Abstract

Purpose. The aim of this study was to investigate the characteristics of disabilities in patients with subacute myelo-optico-
neuropathy (SMON), and to reveal whether the satisfaction in daily life (SDL) or short form-36 (SF-36) correlated with
these disabilities.

Method. The subjects consisted of 97 patients with SMON living at home, who were mailed a questionnaire concerning the
patient’s profile, SMON severity (disability scale for SMON), basic activities of daily living (self-rating Barthel Index, SR-
BI), lifestyle (self-rating Frenchay Activities Index, SR-FAI), SDL and SF-36. A relationship with SDL, SF-36 and
disabilities was analysed by using Spearman’s rank correlation coefficient.

Results.  Fifty-eight out of 97 patients with SMON responded, and their mean age was 76.1 years. The mean of SMON
severity was 8.0; SR-BI, 70.8; SR-FAI, 11.1; SDL, 27.3; physical component summary of SF-36 (PCS), 26.3; mental
component summary of SF-36 (MCS), 39.5. The SMON group had significantly lower scores for SDL than those for the
age- and sex ratio- matched elderly persons. With respect to SDL, a significant correlation was observed with SMON
severity, SR-BI, SR-FAI, SDL, and PCS and MCS of SF-36, but no significant correlation was observed regarding SMON

severity and either the PCS or MCS.
Conclusions.

The subjective domains of the quality of life in patients with SMON were observed to have decreased. SDL.

was considered to closely reflect the characteristics of the disabilities observed in patients with SMON.

Keywords: SMON, satisfaction in daily life, SF-36

Introduction

SMON is the name of a disease, being an acronym for
subacute myelo-optico-neuropathy, which has a dis-
tinctive clinical course, symptoms and pathological
findings, and in Japan, it occurred as drug poisoning
in which clioquinol, an intestinal antibacterial drug,
was normally the cause [1]. Following the onset of
intestinal symptoms, the occurrence of visual impair-
ment, paraparesis, paresthesia in the lower limb,
bladder bowel disturbance, and so on, has been
reported. The incidence of this disease was clustered
from 1955 to 1970, and because a long period of time
has passed after the onset of the disease, neurologic
abnormalities associated with this disease have already
become chronic. The effects of advancing age and its

complications make overall disabilities of the patients
with SMON more complicated [2]. For this reason, it
is important to understand the disabilities, lifestyle,
and quality of life (QOL) of the patients with SMON
before teaching how to lead a daily life and providing
information on welfare services, if rehabilitative
intervention is carried out.

SMON is a condition that resembles paraparesis,
and the disabilities and lifestyle of the patients with
SMON may be appropriately evaluated using the
Barthel Index (BI) and the Frenchay Activities Index
(FAI) [3]. On the other hand, satisfaction in daily life
(SDL) [4] was devised in 1989 as an evaluation of
the subjective domain of QOL in SMON which was
a simpler method than the sickness impact profile [5]
and the Nottingham health profile [6]. SDL had
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seven items on a 5-point scale, and was revised to
have 11 items on a 5-point scale in order to make this
universally adaptable to elderly persons, based on the
results of a random sampling study on the factors
involved in the satisfaction of daily living for elderly
individuals living at home [7]. Later, we also proved
the validity of SDL in using for patients with stroke
living at home [8], elderly persons living at home [9]
and hemophiliacs [10].

Although there were few reports on the QOL of
patients with SMON, Kuriyama et al. [11] and Fujii
and Arakawa [12] carried out research using short
form-36 (SF-36) [13], and Honaga et al. [14] used
SF-8, which was a shortened version of SF-36. From
these reports, all SF-36 scores in patients with
SMON were lower than those of healthy elderly
people. In the present research, the disabilities,
lifestyle and QOL of patients with SMON were
studied using self-rating Barthel Index (SR-BI), self-
rating Frenchay Activities Index (SR-FAI), SDL and
SF-36, in order to reveal: (1) what are the features of
disabilities, lifestyle and QOL in patients with
SMON and (2) whether SDL closely reflects the
characteristic disabilities in patients with SMON.

Methods

Ninety-seven patients with SMON residing in
Fukuoka prefecture (one of Japanese 47 prefectures,
situated in north-eastern Kyushu, with a population
of about 5.05 million people as of 1 March 2007)
were registered with the Ministry of Health, Labor
and Welfare. The study forms were mailed to the 97
patients with SMON, who were asked to fill in the
forms and mail them back. Fifty-eight patients with
SMON who responded were analysed as the subjects
(SMON group), and their age distribution and sex
ratio were described as follows: 50-59 years, 3 (males
O/females 3); 60-69 years, 16 (7/9); 70-79 years, 11
(3/8); 80—years, 28 (8/20).

To include age distribution and sex ratio-matched
elderly persons as a control, 58 persons (control
group) were randomly sampled from the database,
using the RANDOM command of a statistical soft-
ware package (SPSS 8.1], SPSS Japan, Tokyo). The
database derived from the measurements of 748
elderly people who were randomly selected from the
list of voters for Yahatanishi-ku, Kitakyushu, to obtain
standard values for SR-BI, SR-FAI and SDL [15].
The evaluation items were patient profile (age, sex,
living arrangements), SMON severity, activities of
daily living (ADL), lifestyle and QOL. Here is an
outline of the evaluation items.

SMON severity was classified based on Disability
Scale for SMON patients, which was devised by the
SMON research committee of the Ministry of

Disabilities in patients with SMON 1903

Health, Welfare and Labour [16]. The Disability
Scale for SMON, consisting of three major neuro-
logic disturbances, namely gait, sensation and vision,
indicated a total score of three weighted disturbances
as severity (from O for no sign to 21 for very severe
sign of SMON), and they are considered to be the
standard criteria for severity.

SR-BI [17], which was modeled after the Granger
version of BI [18] and was a self-rating modification
for epidemiological research, was used for evaluation
of the personal ADL. The SR-BI consists of 13 items
concerning basic daily activities, summed up on a 0-
100 scale, and the validity and reliability of the self-
entry form have been confirmed.

SR-FAI [19], which is a self-rating modification of
FAI [20], was used for evaluation of lifestyle. The
SR-FAI consists of 15 items concerning performance
of applied ADL in four stages from 0 to 3, for a total
of 045 points. The validity and reliability of a self-
rating version have been confirmed [21].

In the evaluation of QOL, SDL and SF-36 were
used. The SDL is an evaluation of the subjective
domain of QOL in daily life, and consists of 11
important items shared by the elderly persons living
at home (physical health, mental stability, self care,
ambulatory mobility, household work, living envir-
onment, living arrangements with spouse/family,
hobbies/recreation, local/social interaction, pension/
income and work), using a 5-stage satisfaction level,
from 1 for ‘dissatisfied’ to 5 for ‘satisfied’, with the
total score being within the range of 11 for the most
dissatisfied and 55 for the most satisfied [7].

SF-36 is a standard evaluation indicator of health-
related QOL, comprising 36 items generally related
to health, as reported by Ware et al. [13] in 1992.
These items are arranged into eight sub-scales
(physical functioning, role physical, bodily pain,
social functioning, general health perceptions, vital-
ity, role emotional and mental health), and are put
together into two summary measures (physical
component summary (PCS) and mental component
summary (MCS)).

A relationship between disabilities, lifestyle and
QOL in SMON patients was statistically analysed by
using Spearman’s rank correlation coefficient (SPSS
8.1]). p-values of less than 0.05 were considered to
be significant.

Results

The SMON group comprised 58 patients (18 males
and 40 females), and the mean age was 76.1 + 10.6
years (mean + SD). The control group also con-
sisted of 58 (18 males and 40 females), and the mean
age was 75.3 + 8.7. There was no significant
difference in age between both groups (NS, r-test).
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A total score of the SMON severity was 8.0 + 4.8
(3.3 + 2.6 for gait, 2.2 + 0.9 for sensation and
2.5 + 2.6 for vision). The living arrangements were
as follows: living alone, 11 persons (19.0%); living
with a spouse, 13 persons (22.4%); living with a
spouse and another family member (son, daughter,
daughter-in-law and/or son-in-law), 16 persons
(27.6%); living with another family member, 10
persons (17.2%); and other arrangements, 8 persons
(13.8%).

The total score and all items of SR-BI of the
SMON group were significantly lower than those of
the control group (Table I), and the total score and
all items, except for preparing meals, washing
clothes, and gainful work of SR-FAI were signifi-
cantly lower than those of the control group
(Table II). Table III shows that the total score and
all items of SDL of the SMON group were
significantly lower than those of the control
group. PCS and MCS of SF-36 in the SMON group
were 26.3 + 7.8 and 39.5 + 11.0, respectively.

Table IV shows the correlation coefficients be-
tween SMON severity, SR-BI, SR-FAI, SDL, PCS
and MCS. SDL had significant correlations with
SMON severity, SR-BI, SR-FAI, PCS and MCS;
PCS, with SR-BI and SDL; MCS, with SDL.

Discussion

The number of subjects in this study was not large,
but we believe our data reflect the situation for all

Table 1. Scores of Self-Rating Barthel Index.

SMON Control
(N=58) (N=58)
Self-care
Eating (0-10) 8.8+ 2.9% 10.0+ 0.0
Grooming (0-5) 44+13* 50400
Washing or bathing (0-5) 3.7+ 1.9* 5.0 +0.0
Dressing upper body (0-7) 5.6 +2.3* 7.0 £ 0.0
Dressing lower body (0-8) 6.0 + 2.8* 8.0 £ 0.0
Toileting (0-5) 4.2 + 1.6* 5.0+ 0.0
Controlling urination (0-10) 5.3+ 3.5 10.0+0.0
Controlling bowel movements 6.5 + 3.7* 9.9 + 0.7
(0-10)
Mobility
Getting in and out of chairs (0-5) 3.84 1.8% 5.0+ 0.0
Getting on and off a toilet (0-5) 4.0 + 1.8*% 5.0+ 0.0
Getting in and out of tub 3.3+ 2.0% 5.0+ 0.0
or shower (0-5)
Walking 50 m on level ground 10.7 £ 5.2« 15.0+ 0.0
(0-15)
Walking up/down the stairs (0-10) 4.5 + 4.4* 9.1+2.4

Total score (0—100) 70.8 + 28.0* 99.0 +2.4

The numbers in brackets are theoretical ranges, and measured
values are presented as means+ SD.
*p < 0.05, Mann—Whitney test, SMON us. control.

Table II. Scores of Self-Rating Frenchay Activities Index.

SMON Control

(N=58) (N=58)
1. Preparing meals (0-3) 09+12 14+ 14
2. Washing up (0-3) 1.0 + 1.2 19+ 1.2
3. Washing clothes (0-3) 1.2+13 1.7+ 1.3
4. Light housework (0-3) 1.2+ 1.3* 234+ 1.0
5. Heavy housework (0-3) 0.6 + 1.0* 20+ 1.1
6. Local shopping (0-3) 0.9 +1.2* 22+ 1.1
7. Social occasions (0-3) 0.8+ 1.1* 1.9+ 1.0
8. Walking outside (0-3) 0.9 + 1.2 25408
9. Actively pursuing hobby (0-3) 0.7 +1.1* 1.6+ 1.3
10. Driving car/bus travel (0-3) 1.2+ 1.2% 2.1+1.0
11. Travel outings/car rides (0-3) 0.3+ 0.7* 0.8+ 08
12. Gardening (0-3) 0.3 + 0.7* 1.1 +1.1
13. Household/car maintenance 0.2 + 0.5* 0.7+ 1.1

(0-3)

14. Reading books (0-3) 0.8+ 1.2* 1.3+ 1.3
15. Gainful work (0-3) 0.24+06 04+ 1.0
Total score (0-45) 114110 239477

The numbers in brackets are theoretical ranges, and measured
values are presented as means + SD.
*p < 0.05, Mann~Whitney test, SMON ws. control.

Table III. Scores of satisfaction in daily life.

SMON Control
SDL items (N=58) (N=58)
Physical health (1-5) 1.6 + 0.9 32+ 1.2
Mental stability (1-5) 2.2 + 1.1* 37+ 1.2
Self care (1-5) 2.4 + 1.3% 44+08
Ambulatory mobility (1-5) 2.3 4+ 1.3* 444 1.0
Household work (1-5) 2.14+1.2% 4.1+ 1.1
Living environment (1-5) 3.1 + 1.4* 43+ 1.0
Living arrangements with 35+ 1.2% 4.4+ 0.9

spouse/family (1-5)

Hobbies/recreadon (1-5) 2.4+ 1.1* 34+12
Localsocial interaction (1-5) 25+ 1.2*% 35+ 1.0
Pension/income (1-5) 2.4+ 1.3* 334+1.2
Work (1-5) 2.8+ 0.7% 3.1+05
Total (11-55) 27.3 + 8.6* 418+ 7.0

The numbers in brackets are theoretical ranges, and measured
values are presented as means + SD.
*p < 0.05, Mann-Whitney test, SMON ws. control.

Table IV. Correlation with SDL and SF-36 in patients with
SMON.

SDL PCS MCS
SMON severity —0.387* —-0.204 0.049
SR-BI 0.464* 0.417* -0.075
SR-FAI 0.442* 0.343 —-0.019
SDL - 0.373* 0.459*

SMON severity, disability scale for SMON; SR-BI, Self-Rating
Barthel Index; SR-FAI, Self-Rating Frenchay Acuvities Index;
PCS of SF-36, physical component summary of short form-36;
MCS of SF-36, mental component summary of short form-36.
*p < 0.05, Spearan’s correlation coefficient (with Bonferroni
correction for multiple testing).
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patients with SMON living at home to some extent.
The officially approved number of patients with
SMON in Japan is 2504 in April 2006. Because
patients with SMON are receiving a special health
allowance from the pharmaceuticals and medical
devices agency and all such patients are known to
receive the payments, the officially approved number
of SMON is presumably accurate. Although Kur-
iyama et al. [11], Fujii and Arakawa [12], Honaga
et al. [14] investigated 23, 17 and 7 patents with
SMON, respectively, we examined 58 subjects in this
study who were thus equivalent to 2% of all patients
with SMON in our country.

We have developed SDL in order to evaluate the
subjective domains of QOL in patients with SMON,
and have studied the similarities and differences
between the measurement concepts of SDL and SF-
36 in the patients with stroke living at home and
the elderly persons living at home [8]. As a result, we
demonstrated that SDL could detect the subjective
domains of QOL in patients with stroke that
were similar to the psychological scales of SF-36.

As mentioned before, there have been few reports
on the QOL of patients with SMON, and moreover,
there are no reports of research on disease-specific
QOL scales for patients with SMON. In the present
study, we have investigated the characteristics of
disabilities in patients with SMON based on the
research to date, and we have examined the
similarities and differences between SDL and SF-
36. We found that significant correlations were
observed between SMON severity and SR-BI, SR-
FAI and SDL. It is believed that the subjective
domains of QOL in patients with SMON are
reduced, along with a decrease in independence of
basic ADL and performance of applied ADL, when
the SMON severity is severe. In addition, from the
fact that correlations were observed between SDL
and SMON severity, basic and applied ADL, and
PCS and MCS of SF-36, SDL would reflect well the
characteristics of disabilities in patients with SMON.
On the other hand, no relationship has been
observed between SF-36 and SMON severity.

Significant correlations were observed between
SMON severity and SDL, but not between SMON
severity and SF-36. SDL was originally developed to
evaluate the subjective domains of QOL specific to
patients with SMON, and the questionnaire con-
sisted of the items related to satisfaction of elderly
people living at home and disabilities of patients with
SMON. SF-36 is a comprehensive evaluation scale
that does not specify the disease or symptoms, and its
items are constructed to broadly measure, across
eight areas, comprehensive health concepts. It is
believed that SDL reflects the disabilities in SMON
better than SF-36. Fujii and Arakawa evaluated
patients with SMON using Disability Scale for
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SMON, BI and SF-36, but reported that no
correlation with the PCS and MCS of SF-36 could
be found. The reason for this was stated as the
possibility that QOL of a patient with SMON is not
simply correlated with the extent of the disability,
and that other factors are involved [12]. However,
the results of our research show that SDL, a QOL
scale disease-specific to SMON, can detect subtle
changes of living conditions which are difficult to
accurately determine using SF-36.

In our previous research which included a
comparison between patients with SMON and
stroke, patients with SMON showed high values in
applied ADL and low values in SDL. Those results
also indicated that SDL was able to differentiate the
characteristics between patients with SMON and
stroke [22].

The limitations of our research can be stated as
follows. The first is that 39 non-respondents may
have affected the results. The male—female ratio of
respondents and non-respondents was about 1:2 in
both groups, and there was no disparity. The
questionnaires were designed to be anonymous, so
there was little information on the non-respondents.
Patients with SMON who were bedridden or had
very severe disabilities might not have either wanted
or be able to respond the questionnaire. However,
such patients are less than 5% according to the
annual medical checkup administered by the local
members of the SMON research committee of the
Ministry of Health, Welfare and Labour, and it is
unlikely that there was any definite bias toward the
respondents. The second is that the wvalues of
correlation coefficients with significance were not
high. Although the SDL was associated with SMON
severity, basic and applied ADL, and QOL, SDL
could not explain all of the symptoms and disabilities
of patients with SMON, and other factors, including
victims of drug poisoning might be involved as Fujii
and Arakawa had previously described [12].

In conclusion, the subjective domains of the QOL
in patients with SMON were observed to decrease,
and SDL was found to closely reflect the character-
istics of disabilities in patients with SMON. As a
result, SDL is therefore considered to be an

appropriate scale for the subjective domains of
QOL in patients with SMON.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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Clioquinol is considered to be a causative agent of subacute myelo-optico neuropathy
(SMON), although the pathogenesis of SMON is yet to be elucidated. To investigate the
mechanism of neurotoxicity of clioquinol, we used PC12 cell line and focused on nerve
growth factor (NGF) signaling through Trk receptor, which is essential for survival and

Keywords: differentiation of neuronal cells. Clioquinol inhibited NGF-induced Trk autophosphorylation
Clioquinol in a dose-dependent manner. This inhibitory activity was further confirmed by the data of
SMON the inhibition of NGF-induced mitogen-activated protein kinase (MAPK) phosphorylation,
Nerve growth factor which is located in the down stream of NGF-Trk intracellular signaling pathway. Clioquinol

Tyrosine phosphorylation also caused neurite retraction induced by NGF and cell death. NGF-stimulated
(differentiated) cells were more vulnerable than naive cells. These results strongly suggest

that clioquinol may cause the perturbation of the intracellular survival pathway by inhibiting

Trk-initiated signaling pathway.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Clioquinol or 5-chloro-7-iodo-8-hydroxyquinoline was used as
an antibiotic for treating diarrhea and skin infection. It has
been considered that clioquinol was a causative agent of
subacute myelo-optico neuropathy (SMON), which is charac-
terized by subacute onset of sensory and motor disturbances
in the lower extremities with visual impairment (Nakae et al.,
1973; Tsubaki et al., 1971). Pathological study demonstrated
distal dominant axonopathy of the spinal long tracts and optic
tracts (Tateishi, 2000). Over 10,000 patients in Japan were
affected by SMON before therapeutic use of clioquinol
discontinued in clinical practices in Japan. After the ban of
the sale of clioquinol in September 1970, there was a drastic
disappearance of new cases of SMON though nearly 3000

* Corresponding author. Fax: +81 562 93 1856.
E-mail address: kasakura@fujita-hu.acjp (K. Asakura).

patients still suffer from its sequelae in 2002 (Konagaya et al,,
2004). Even after 30 years of the outbreak of SMON in Japan, the
mechanism of neuronal cell damage by clioquinol is yet to be
elucidated.

Recently clioquinol reemerged for the treatment of non-
infectious indication including malignancy (Chen et al., 2007),
Alzheimer’s disease (Cherny et al., 2001; Ritchie et al., 2003),
and Huntington’s disease (Nguyen et al., 2005). Given the
potential reintroduction of oral clioquinol medication for
these new indications, a clear understanding of clioquinol
neurotoxicity is essential to fully appreciate the potential side
effects of this drug.

Neurons are non-dividing cells in vivo and nerve growth
factor (NGF) is one of the cardinal growth factors to support
neuronal survival and differentiation (Thoenen, 1995). Trk is a

Abbreviations: SMON, subacute mylo-optico neuropathy; NGF, nerve growth factor

0006-8993/$ - see front matter © 2009 Elsevier B.V. All rights reserved.
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high-affinity NGF receptor which contains tyrosine kinase
activity and its activation represents the initial step in the
intracellular signal transduction pathway (Kaplan and Miller,
2000). Following ligand binding, the Trk receptor is activated
by homodimerization. The degree of tyrosine autophosphor-
ylation correlates well with the biological effects in responsive
cells. In this study, to explore the mechanism of neurotoxicity
of clioquinol, we focused on NGF-Trk-dependent signal trans-
duction pathway for cell survival and examine the Trk re-
ceptor autophosphorylation in a neuronal cell line. The data
clearly indicate the potential novel mechanism for the neuro-
toxicity by clioquinol.

2. Results
2.1.  Morphological observation

Morphological effects of clioquinol on NGF-induced neurite
outgrowth in PCtrk cells were observed under phase contrast
microscope. After 24 h in culture, 1 pM of clioquinol-induced
neurite retraction in PCtrk cells as shown in Fig. 1. After 48 h
in culture, 100 nM and 1 uM of clioquinol also induced neurite
retraction (Fig. 1). We further confirmed the effect of clio-
quinol on these cells by neurofilament expression by western
blotting. Western blotting with anti-neurofilament antibody
revealed that clioquinol causes decrease of neurofilament
expression after 48 h in culture in a concentration-dependent
manner. In contrast, B-actin expressions were not changed
(Fig. 2A). We could not detect any changes in the expression of
neurofilament after 24 h in culture (data not shown). To
further confirm the neurite retraction by clioquinol, the
length of neurite was measured. At 24 h in culture, the

neurites were significantly retracted at 1 M concentration of
clioquinol as shown in the Fig. 2B.

2.2. Cell viability assay

To detect the cell death, trypan blue-dye exclusion assay was
performed. As shown in Fig. 3, clioquinol-induced cell death in
NGF-stimulated PCtrk cells in a concentration-dependent
manner. One micromolar of clioquinol increased cell death
drastically in NGF-stimulated cells at 24 h incubation (Fig. 3A).
In contrast, naive cells were significantly resistant to the same
concentration of clioquinol (Fig. 3A). Most of the NGF-
stimulated cells were dead at 1 pM of clioquinol after 48 h
incubation. NGF-stimulated cells (differentiated cells) were
more vulnerable than naive cells (undifferentiated cells;
Fig. 3B).

2.3.  Western blotting analysis of Trk autophosphorylation

A mature form of Trk and its precursor form were recog-
nized as 140 and 110 kDa, respectively. The immunoblot
analysis with a-PY revealed a single band at 140 kDa corres-
ponding to Trk (Fig. 4). To examine the effects of clioquinol
on NGF-induced Trk autophosphorylation, PCtrk cells were
incubated in the presence of clioquinol at various concen-
trations (from 10 nM to 10 pM) followed by the stimulation
with NGF for 5 min. The cells were lysed with lysis buffer.
Then, the cell-free lysates were immunoprecipitated with
a-Trk and the immunoprecipitates were immunoblotted with
a-PY. As shown in the Fig. 4, the inhibition of NGF-induced
Trk autophosphorylation became evident at 100 nM clio-
quinol and it was further decreased in a concentration-
dependent manner.

100 nM

clioquinol concentration

Fig. 1 - Morphological effects of clioquinol on NGF-induced neurite outgrowth. Representative photomicrographs of the cells
cultured with various concentration of clioquinol for 24 h (A) and 48 h (B). Note the neurite retraction in (A) 1 .M and (B) 100 nM

and 1 pM of clioquinol.
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