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Genetic Studies

DNA was extracted from blood. Genes implicated
in neurodegeneration were interrogated by sequencing
and dosage assays in the affected proband (172 genes;
details available on request). DCTN1 Sanger sequenc-
ing validated results in the family and additional Japa-
nese subjects {200 probands with familial
parkinsonism and 468 healthy individuals). DCTN1
has also been sequenced in an ethnically diverse set of
1,100 patients with age-associated neurodegeneration.
Public genetic databases, including 1000 Genomes
Project and NHLBI Exome Sequencing Project, were
examined.

ARAKI

Microtubule Binding and Cellular Distribution
of Wild-Type and Mutant p150%ed

HEK293T cells transfected with complementary
DNA (cDNA) encoding wild-type (WT) or mutant
(p.Phe52Leu, p.Gly59Ser, or pGly71Arg) p150Ched
were assessed by immunocytochemistry® (see legend to
Fig. 1). Equal amounts of cell lysate were incubated in
the presence or absence of previously assembled
microtubules and binding was quantified, as previ-
ously described.?

Results

Clinical and Genealogic Studies

The OMT-1 kindred originated in Western Japan and
includes 23 family members spanning three generations
(Fig. 1A). Among them, 3 subjects met criteria for PD
by exam; another 8 individuals had symptoms of par-
kinsonism according to their medical history (Table 1).

n-11

The proband (arrowed) was a 67-year-old right-
handed woman who was in good health until age 48.
She developed slowness of movement with stooped
posture. After a diagnosis of PD, treatment with levo-
dopa/carbidopa was initiated with marked improve-
ment. At age 52, despite dopminergic medication, her
parkinsonian features became more pronounced and
her gait slowed with bilaterally reduced arm swing. At
age 58, parkinsonian features included a mask-like
face, hypophonic voice, rigidity and bradykinesia. Her
gait was unstable with postural instability consistent
with H & Y stage IV. Her cognition was normal, but
mood changes, such as irritability and disinhibition,
were noted. At age 59 she developed respiratory fail-
ure and required breathing assistance. Chest radiogra-
phy, chest computed tomography (CT) findings and
pulmonary function were normal, suggestive of central
hypoventilation. Her spontaneous speech and move-
ments gradually decreased, and she mostly closed her
eyes from apraxia. At age 68, brain MRI revealed

marked frontotemporal atrophy (Fig. 1B). At this
stage, MIBG cardiac scintigraphy showed decreased
uptake (heart/mediastinum [H/M] ratio: 1.34 early
phase and 1.08 late phase [normal, >1.9]), and the
patient was akinetic-mute and respirator bound.

110

The proband’s elder sister developed unsteady gait
at age 70, stooped posture and slow movements.
She was diagnosed with PD and initially responded
to L-dopa/carbidopa treatment. Only physiologic
tremor (senile-type) was noted but she lost 10 kg of
weight per year. At age 72, neurological exams
revealed symmetrical parkinsonism, including brady-
kinesia, rigidity with a mildly stooped posture, and
reduced arm swing. Not depressed, her cognition
was normal and her Mini-Mental State Examination
scored 30. At 73 years she suddenly developed epi-
sodes of tachypnea. Her arterial blood showed
hypercapnia with hypoxia and she required tempo-
rary ventilator assistance. However, chest radiogra-
phy, CT findings, and pulmonary function were
normal. Brain MRI showed mild frontotemporal
atrophy. MIBG cardiac scintigraphy revealed a low
uptake (H/M ratio: 2.20 early phase and 2.20 late
phase) but within the normal limits.

-2

The nephew of the proband developed depression at
age 53. On neurological examination, he had bradyki-
nesia and mildly stooped posture. With 1-dopa, his
parkinsonism and depression improved and he contin-
ues the same treatment.

-4

The proband’s mother developed apathy and brady-
kinesia at age 60. She had difficulty with walking and,
by age 62, was bedridden. She died of an infectious
disease.

-8

The proband’s elder sister developed parkinsonism,
including tremor, bradykinesia, and a short step gait,
at age 58. She lost weight and suffered apathy and
depression. She died of respiratory failure at age 68.

Genetic Analysis

Patients (III-10, III-11, and IV-2) harbor an exon 2
dynactin (DCTN1) ¢.156T>G mutation resulting in a
conserved amino acid substitution, p. Phe52Leu (Fig.
1C). Unaffected family members had no mutation nor
was it identified in Japanese or more ethically diverse
individuals, with or without neurodegeneration. Nor
was it identified within public databases.
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FIG. 1. (A) Pedigree with p.Phe52Leu mutation. Squares indicate male, and circles indicate female. Solid symbols indicate affected members, + illu-
strates available DNA, and the arrow indicates the proband. A slash indicates deceased family members. (B) T1-weighted MRI of the proband
revealed frontotemporal atrophy with dilated lateral ventricle and sylvian fissure. (C) Heterozygous ¢.156T>G point mutation in exon 2 of the dynactin
gene (DCTN1) that results in a p.Phe52Leu amino acid substitution. (D) Microtubule binding propetties of WT and mutant p1509iued, Equal amounts
of lysates from HEK293T celis transfected with cDNA encoding either WT or mutant (p.Phe52Leu, p.Gly59Ser, or p.Gly71Arg) p150%“*? were incu-
bated in the presence or absence of previously assembled microtubules at room temperature. To separate microtubule-bound and unbound
p150%'Ue¢, the suspension was placed on a glycerol cushion and centrifuged at 100,000xg at room temperature for 40 minutes. The resulting super-
natants and pellets were subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis and subsequently analyzed using Coomassie
staining (pellets = microtubule) and western blotting (supernatants) probed with p150%“° or glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
antibodies (goat anti-p150°¢9 1:1,000; Abcam, Cambridge, MA; mouse anti-GAPDH 1:50,000; Biodesign International, Saco, ME). (E) The ratio of
p150%1ed in the supernatant of the sample incubated with microtubules (SN*), compared with the supernatant incubated without microtubules
(SN™), was arbitrarily set as 100 for WT p150%“®9 protein. An average and standard deviation is given for each respective mutant. The blots shown
from one experiment are representative of three replicates. Whereas the supernatant incubated with microtubules (SN*) is almost depleted for
p150%ed WT protein, considerable amounts, indicative of reduced microtubule binding, are found for p.Gly59Ser and the p.Gly71Arg Perry muta-
tions. Compared to the other variants, the novel p.Phe52Leu change causes a moderate decrease in microtubule-binding affinity. (F) Cellular distri-
bution of WT and mutant p150%"“=¢, HEK293T cells were transiently transfected with plasmids encoding WT or mutant (p.Phe52Leu, p.Gly59Ser, and
p.Gly71Arg) p150%"ed nrotein. One day after transfection, cells were fixed in 4% formaldehyde, blocked in 3% bovine serum albumin (BSA), and
subsequently stained for p150°8Ued (red). A polyclonal goat antibody directed against C’ terminal p1 50%ed was used (1266-1278 amino acids [aa];
Abcam, 1:200 in 1% BSA in phosphate-buffered saline) because p150%"“*® mutations may affect N’ terminal epitopes and antibody affinity. Confocal
pictures were taken using the 63x oil immersion objective of a Zeiss Axivert 200M microscope equipped with LSM510META technology (Carl Zeiss
AG, Jena, Germany). Scale bar indicates 10 pm. G) Three-dimensional structure of the dimer of p150%¢? protein (Protein Data Bank accession:
2hkn'®) highlighting the centrally located p.Gly59 mutated in familial motor neuron disease. In contrast, the p150%®° p.Gly71 and p.74 residues
mutated in Perry syndrome were found on the surface and disrupt the CAP-Gly motif. The p150%ted 15 Phe52 residue was predicted on the surface.
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TABLE 1. Clinical characteristics
Clinical Features
Disease Age at Initial
No. Sex Age at Onset Duration (Years) Death Symptom P. Apathy/Dep WL Resp. to L-dopa HV Others
II-1 M NA . NA 70 NA + NA NA NA NA Dementia
-4 F 60 2 62 Apathy + + NA NA +
-2 F 50 10 60 NA NA NA NA NA NA
-8 F 58 10 68 P + + + NA +
1-10% F 70 4 Alive P + - + + +  Ventilator bounded
w112 F 48 21 - Alive - P + - ? + +  Ventilator bounded
Iv-2* M + + + + -

53 : 6 Alive - Dep

2Patients examined by neurologlst

P, parkinsonism; Dep, depress;on WL, weight loss Resp, response, HV, hypoventilation; M. male; F, female; NA, not available.

Microtubule Blndmg and Cellular DIStI"Ibuthl’l
of WT and Mutant p150¢!ued

Supernatant from WT DCTNI-transfected cells
incubated with assembled microtubule are depleted of
p150%™ protein, indicative of normal binding affin-
ity. p150GMhed p.Phe52Len exhibited moderately
decreased microtubule binding affinity (Fig. 1D,E).
Compared to transfected WT p1509"™¢¢ which deco-
rates filamentous microtubules, mutant DCTN1 pro-
tein has a more diffuse cytoplasmic distribution (Fig.
1F). In DCTN1 p.Gly59Ser-transfected cells, intracy-
toplasmic inclusions are more evident than with other
mutations (p.Phe52Leu and p.Gly71Arg).

Discussion

We report a novel misense mutation, DCTN1
¢.156T>G, encoding a p.Phe52Leu substitution in
dynactin p150°"™¢ in autosomal dominantly inherited
parkinsonism (mean onset: $8 years; range, 48-70).
Early clinical symptoms are consistent with a diagno-
sis of PD, with a good response to 1-dopa treatment,
but atypical features develop including weight loss and
central hypoventilation. Though these features are
observed in Perry syndrome, affected individuals with
p150¢™ed p Phe52Leu show marked variability of dis-
ease onset with far longer disease duration. Apathy
and /depression are not obvious until late in the course
and only in some patients. In contrast to Perry syn-
drome, where the cortex is spared,’ and hereditary
motor neuronopathy, where the phenotype is largely
restricted to motor neurons,” frontotemporal atrophy
was also apparent on MRI in patients with DCTN1
p.Phe52Leu. Remarkably, these rather distinct neuro-
degenerative diagnoses, typically associated with TDP-

43 proteinopathy and disrupted RNA metabolism,”
result from DCTNI mutations within a 22-amino-acid
stretch of p1509™¢d (Fig. 1G).'® Hence, studies of
dynactin-mediated transport may prove insightful in
understanding this continuum. @
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EDITORIAL

In 2011, C9orf72 GGGGCC hexanucleotide repeat expansion in
intron 1 was reported to be the most common cause of Caucasian
sporadic and familial amyotrophic lateral sclerosis (ALS) /
frontotemporal dementia (FTD). Indeed, the frequency of the
repeat expansion was up to 3%-21% in sporadic ALS and 21%-
57% in familial ALS drawing our interest [1-3]. All patients with
the repeat expansion had (partly or fully) a founder haplotype,
suggesting a one-off expansion occurring about 1500 years ago
[3].

The Japanese Consortium for Amyotrophic Lateral Sclerosis
research (JaCALS) analyzed 563 (552 sporadic, 11 familial)
Japanese patients with ALS and found the repeat expansion in
2/552 = 0.4% of sporadic ALS patients and 0/11 = 0% of familial
ALS patients [4]. The sibling of one of the two Japanese probands
was found to have primary progressive aphasia (PPA) after
detection of the repeat expansion. In this family, the proband
with ALS had no dementia or psychosis and the sibling had no
motor neuron signs, no positive clinical and laboratory findings
including needle electromyogram. Notably, after the detection of
the proband with “sporadic” ALS, the existence of quite different
(not overlapped) clinical phenotypes of ALS and PPA caused
by the same C9orf72 mutation in the same family were found
subsequently.

The combination of other publications reveals that C9orf72
repeat expansion accounts for 0.4% (4/891) of sporadic ALS,
2.8% (3/109) of familial ALS, and 0% (0/377) of normal healthy
controls in Japanese [4-6]. Of note, the Kii peninsula, which has
recorded a high incidence of ALS or ALS/PDC (parkinsonism-
dementia complex), frequency of the C9rf72 repeat expansion
was 20% (3/15), indicating high prevalence [4]. However, the
results from the Kii peninsula revealed that whereas clinical
symptoms of patients with the C9orf72 repeat expansion
overlap those of ALS/PDC, ALS patients with the C9orf72 repeat
expansion around Kozagawa area seemed to be different from
ALS/PDC patients around Hohara area based on the reported
clinical and pathological features. In addition, the C90rf72 repeat
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expansion was not detected in ALS/PDC of Guam [7]. All the
Japanese patients with the repeat expansion had a common risk
haplotype within narrower region than Finnish one, suggesting
a common founder effect which spread from Europe to East Asia
genetically [3-6].

In Japanese patients with FTD, although only a small number
of patients have been screened, of the our 75 (48 familial, 27
sporadic) patients with frontotemporal lobar degeneration
(FTLD), progressive supranuclear palsy (PSP), or corticobasal
syndrome (CBS) none had C9orf72 repeat expansion (0/75 =
09%) [8]. Whereas, a very recent paper reported that the C9orf72
repeat expansion was also observed in parkinsonism, Parkinson’s
disease, and PSP [9]. Moreover, relations between the C9orf72
repeat expansion and Alzheimer’s disease have been discussed,
suggesting genetic heterogeneity of C9orf72 mutation.

Based on the Caucasian data, no pathogenic mutations in
coding exons of C90rf72 have been detected. Anticipation and
severer phenotype depending on the repeat length, which are
often observed in polyglutamine diseases caused by triplet
repeats (CAG), have not been observed so far. Intronic repeat
expansion and heterogeneity in each somatic cell and tissue have
been pointed out as the reasons, however, the precise reasons
are not well known. “What is an exact cause that determines or
separates clinical phenotype of ALS, FTD, and parkinsonism?” are
very interesting questions that need to be solved.

Pathologically, ALS patients with the C(9orf72 repeat
expansion have TDP-43 positive inclusion in the spinal cord as
well as classical ALS. Moreover, p62-positive (in excess of TDP-
43) neuronal cytoplasmic inclusions (NCIs) in frontal cortex,
hippocampus (CA4), and cerebellum were characteristic features
of the ALS patients with the C9orf72 repeat expansion [10].

Concerning pathogenesis, “how does intornic GGGGCC
expansion cause neurodegeneration?” is a very interesting
question because this answer would lead to the universal
pathogenesis of neurodegeneration by elucidating molecular
genetic mechanisms. One potential mechanism was a loss of
function based on decreased mRNA levels [1,Z,11] and the other
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potential mechanism was a toxic RNA gain of function based on
the accumulation of RNA transcripts containing the GGGGCC
repeat [2]. The latter mechanism suggests the RNA structure
of GGGGCC repeats renders these transcripts susceptible to an
unconventional mechanism of translation—repeat associated
non-ATG (RAN) translation [1Z]. Antibodies generated against
putative GGGGCC repeat RAN translated peptides (anti-C9RANT)
detected high molecular weight, insoluble material in brain
elucidating homogenates, and neuronal inclusions throughout
the central nervous system of ALS/FTD patients with the C9orf72
repeat expansion specifically [12]. Most of these pathologically
characteristic inclusions contain poly- (Gly-Ala) and to a lesser
extent poly- (Gly-Pro) and poly- (Gly-Arg) dipeptide-repeat
proteins presumably generat ed by non-ATG-initiated translation
from the expanded GGGGCC repeat in three reading frames
(GGG-GCC, GGG-CCG, and GGC-CGG) [12,13]. These molecular
mechanisms and abnormal accumulations which may cause ALS/
FTD are good targets for essential therapies of ALS and FTD.

Thus, studies for C9orf72 have provided important clues
in the search to find the real molecular mechanisms and the
essential therapeutic strategies of ALS and FTD. According to the
findings of C9orf72, ALS and FTD were thought to have common
molecular mechanisms and spread on the same disease spectrum.
Furthermore, parkinsonism might also be in the same situation.
These recent progresses make us rethink the importance of
considering genetic testing after checking a detailed family
history in neurodegenerative disorders. Based on the Caucasian
and Asian data, the C9orf72 repeat expansion spread while
having the common founder effect in sporadic and familial ALS/
FTD [4]. Consequently, the family histories of patients with ALS,
even sporadic ALS, and other complicated neurological disorders
such as dementia and parkinsonism should be examined and
genetically tested more actively.

Diagnosis, management, and genetic counseling by
longitudinal follow up and penetrance detection of patients
with the C9orf72 repeat expansion is evidence of the progress
being made. Further studies about C9orf72 will clarify the
pathogenesis and help reveal the treatment of familial and
sporadic neurodegenerative disorders such as ALS, FTD, and
parkinsonism.
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Abstract
CO0ORF72 in Japanese amyotrophic lateral sclerosis (ALS)

Hiroyuki Tomiyama, M.D., Ph.D”

PDepartment of Neurology, Department of Neuroscience for Neurodegenerative Disorders, Juntendo University School of Medicine

Recently, C90rf72 hexanucleotide (GGGGCC) repeat expansion in intron 1 was reported to be the most common
cause of sporadic and familial amyotrophic lateral sclerosis (ALS)/frontotemporal dementia (FTD) in the Caucasian
population. The frequency of the intronic repeat expansion is up to 21%-57% in familial ALS and 3%-21% in sporadic
ALS.

In the Japanese population, the C9orf72 repeat expansion was found to account for 2.8% (3/109) of familial ALS, 0.4%
(4/891) of sporadic ALS, and 0% (0/377) of normal healthy controls. Notably, among the Kii peninsula which has recorded
a high incidence of ALS or ALS/PDC (parkinsonism-dementia complex), the frequency of the C90rf72 repeat expansion
was 20% (3/15) indicating a high prevalence. All patients with the repeat expansion had a common risk haplotype within
a narrower region than the Finnish one, suggesting a common founder effect which spread from Europe to East Asia in
human migration history.

Although Japanese ALS patients with the (90rf72 repeat expansion were rarer than Caucasian patients, we should
check family histories of other neurological disorders such as dementia and FTD and should do genetic testing more
actively even in sporadic ALS patients. Further studies of C90rf72 will clarify the pathogenesis and find the treatments
for familial and sporadic ALS (or ALS/FTD).

(Clin Neurol 2013;53:1074-1076)
Key words: C9orf72, amyotrophic lateral sclerosis (ALS), frontotemporal dementia (FTD), primary progressive aphasia
(PPA), genetics
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Abstract The present study examined the efficacy and
safety of yokukansan (YKS) in neuropsychiatric symptoms
in patients with Parkinson’s disease (PD) using the neu-
ropsychiatric inventory (NPI). Twenty-five patients with
PD (M:F 14:11; age 72 years) were enrolled and treated
with YKS (7.5 g/day) for 12 weeks. The NPI was assessed
at 0, 4, 8, 12 and 16 weeks. The patient’s motor function
and progression were evaluated using the Unified PD
Rating Scale part I (UPDRS-II) and Hoehn and Yahr
scale, respectively. The serum potassium concentration
(sK) and all adverse events were recorded. The median NPI
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total score significantly decreased from 12 points at base-
line to 4.0 points at 12 weeks (p = 0.00003). Within each
NPI subscale, significant improvements were observed in
hallucinations, anxiety and apathy. These symptoms tended
to worsen after the completion of YKS treatment. Delu-
sions, agitation, depression, euphoria, disinhibition, aber-
rant motor activity tended to improve but irritability
showed no change. The median NPI subtotal scores,
positive symptoms (delusions-hallucinations—irritability)
significantly decreased (p = 0.01660) and negative symp-
toms (anxiety—apathy) significantly decreased
(» = 0.00391). Both UPDRS-III and the Hoehn and Yahr
scale showed no significant change. sK decreased mildly
from 4.26 £ 0.30 to 4.08 £ 0.33 mEq/L. Two patients
showed hypokalemia lower than 3.5 mEq/L. without any
corresponding symptoms; two patients showed listlessness
and one patient showed drug eruption. Each recovered after
discontinuation of YKS. YKS improved neuropsychiatric
symptoms associated with PD, including hallucinations,
anxiety and apathy without severe adverse events and
worsening of Parkinsonism.

Keywords Parkinson’s disease - Neuropsychiatric
symptoms - Yokukansan (YKS) - Neuropsychiatric
inventory (NPI)

Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder
characterized by motor dysfunctions such as, resting tremor,
rigidity, akinesia and postural instability. PD patients usually
experience distress related to not only motor dysfunction but
also non-motor symptoms, such as hallucination, depression,
anxiety, apathy, fatigue and autonomic dysfunctions, which
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might seriously affect their activities of daily living and
quality of life (QOL) (Chaudhuri et al. 2006).

The management of motor dysfunctions in PD is centered
on replacement therapy using L-Dopa and dopamine ago-
nists, with the aim of supplementing the reduced levels of
dopamine in the substantia nigra and striate body. However,
long-term L-Dopa therapy leads to disablement such as
L-Dopa-related motor complications and psychiatric prob-
lems. Dopamine agonists may also induce or exacerbate
psychiatric problems and sleep disturbance. It has been
reported that 10-40 % of patients administered antiparkin-
sonian agents suffer from hallucinations (Weintraub and
Stern 2005). Once patients have developed psychiatric
symptoms, these show a tendency to recur and may continue
for an extended period. Psychiatric symptoms including
depression, anxiety, apathy, hallucinations and sleep disor-
ders frequently occur and may become troublesome prob-
lems (Aarsland et al. 1999). Therefore, from the point of
view of improving the patient’s QOL, it is essential to give
careful attention to the treatment of psychiatric symptoms as
well as the motor symptoms. Psychiatric problems particu-
larly tend to occur when PD is progressing, so that patients
have no hope or expectation of reducing the doses of anti-
parkinsonian agents and instead expect the doses of dopa-
mine agonists to be increased to improve mobility.

In Japan, yokukansan (YKS), the traditional Japanese
medicine (Kampo medicine), is approved by the Ministry of
Health, Labor and Welfare (MHLW) with an official drug
price listing, and it is in wide use for treatment of insomnia,
pediatric irritability and behavioral and psychological
symptoms associated with dementia (Iwasaki et al. 2005a,
b, 2011, 2012). YKS has also been reported to be effective
in reducing hallucinations in PD patients (Fujioka et al.
2009) and for treating psychiatric symptoms in patients with
PD or PD with dementia (PDD) (Kawanabe et al. 2010).

With respect to the efficacy of YKS in the psychological
and neurological fields, numerous reports of clinical studies
have been published in recent years, and there have been
no reports of extrapyramidal side-effects or other serious
adverse reactions. Therefore, YKS is considered to make a
significant contribution to the alleviation of neuropsychi-
atric symptoms of which PD patients complain. The pres-
ent study was an exploratory investigation of the efficacy
and safety of YKS for treating neuropsychiatric symptoms
in PD patients without any cognitive decline.

Materials and methods
Subjects

The target populaﬁon was PD patients with neuropsychi-
atric symptoms, except for those with dementia with Lewy
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bodies and/or PDD. All subjects were enrolled while being
treated as out-patients at the six clinical institutions that
from the Yokukansan Parkinson’s Disease Study Group.
Data were collected from July 2008 to March 2010.

Intervention

After an explanation, details about the study were given,
written informed consent was obtained from the subject
and/or his/her care giver.

Each participant received 2.5 g of YKS extract granules
(Tsumura & Co., Tokyo, Japan) three times a day for
12 weeks before or after meals. YKS contain a water
extract from the following mixture of seven crude drugs
included in the Japanese Pharmacopoeia: 4 g of Atracty-
lodis Lanceae Rhizoma, 4 g of Poria, 3 g of Cnidii Rhi-
zoma, 3 g of Uncariae Uncis Cum Ramulus, 3 g of
Angelicae Radix, 2 g of Bupleuri Radix and 1.5 g of
Glycyrrhizae Radix. YKS is approved by the MHLW as a
thcrapeutic agem for cover by the National Health Insur-
ance Plan.

Outcome measurements

As primary endpoints, neuropsychiatric symptoms of PD
were measured in accordance with the neuropsychiatric
inventory (NPI) (Cummings et al. 1994) at initiation of
administration, weeks 4, 8 and 12, and 4 weeks after
completion of administration (week 16). In principle, each
subject had the same caregiver throughout the study and
evaluation was carried out by the same evaluation per-
sonnel (physicians, clinical psychologists and supporting
staffs).

Based on the factorial analysis of psychiatric symptoms
of PD patients, there are close correlations between delu-
sion, hallucinations and irritability, and between anxiety
and apathy (Aarsland et al. 1999). An evaluation was,
therefore, carried out on the basis of the sum of scores for
the three items of NPI (delusion, hallucinations and irri-
tability), and the sum of scores for the two items of NPI
(anxiety and apathy).

As secondary endpoints, mobility in PD was determined
on the basis of UPDRS part III (UPDRS-III) (Fahn et al.
1987), and PD severity was evaluated on the basis of the
Hoehn—Yahr classification (Hoehn and Yahr 1967) at
weeks 0, 4, 8 and 12.

Glycyrrhizae Radix, which is one of the crude drugs
from which YKS is composed, has been reported to induce
hypokalemia (Conn et al. 1968). Therefore, the serum
potassium concentration and edema were evaluated at
weeks 0, 4, 8 and 12, and 16 (4 weeks after completion of
administration). The judgment as to whether the potassium
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level was normal or abnormal was made on the basis of the
relevant clinical institution’s specified criteria.

Adverse reactions were evaluated during the adminis-
tration period, and were clinically undesirable and/or
unexpected signs or symptoms, and abnormal changes in
clinical laboratory test results.

Statistical analysis

The data are expressed as mean == standard deviation (SD),
and significance in the results of analysis using the Wil-
coxon signed rank-sum test is taken to be at p < 0.05. The
statistics software used was SAS, Version 9.2 (SAS Insti-
tute Inc., Japan).

Ethics

This study was carried out in compliance with the spirit of
the Helsinki Declaration. On entry to this study, written
informed consent was obtained from each subject and/or
his/her representative. The study protocol was approved by
the Ethics Committee at each relevant clinical institution
and entered in the Japan Pharmaceutical Information
Center Clinical Trials Information (JapicCTI-080620).

Results

In accordance with the study inclusion and exclusion cri-
teria (Table 1), 25 PD patients (four patients: Juntendo
University School of Medicine, 12 patients: Juntendo
University Urayasu Hospital, four patients: Iwate Medical
University, two patients: Toho University Omori Medical
Center, two patients: Toho University Ohashi Medical
Center, one patient: Keio University) were enrolled, and
were 14 males and 11 females, aged 71.7 £ 4.49 years
[mean =+ standard deviation (SD)]. The background factors
determined at the time of enrollment were age, sex, dura-
tion of PD morbidity, complications, findings on the basis
of NPI, MMSE, UPDRS-III and the Hoehn—Yahr classifi-
cation (Table 2). ’

None of the 25 enrolled subjects infringed the exclusion
criteria or failed to meet the inclusion criteria. Five subjects
were withdrawn due to adverse events, and one dropped
out as a result of non-compliance with the study protocol
that involved refusal to take the study drug. In this study,
five subjects dropped out due to trivial side effects. One
event was a drug rash and two were listlessness but
recovery from these occurred as a result of a discontinuing
administration of YKS. The two events were cases of
hypokalemia. Recovery was achieved by a discontinuing of
the YKS administration or treatment with a potassium
preparation. No serious adverse reactions occurred during

Table 1 Entry criteria for the patients to the study

Inclusion criteria
Age from 20 to 79 years, and of either sex
A score of at least 4 was found for at least one NPI subscale item
The MMSE score was at least 24
The serum potassium concentrations were within the relevant
clinical institution’s specified range
Exclusion criteria
Patients diagnosed as having dementia on the basis of DSM-IV

Patients with severe complications, including cardiac, hepatic,
renal or hematopoietic disorders or malignancies, or with other
complications judged to be life threatening

Patients allergic to the study drug
Patients who cannot be administered drugs orally
Patients who are not competent to give informed consent

Patients with whom the dose and/or regimen of antiparkinsonian
agents has been changed within 4 weeks before the initiation of
administration

Patients administered one or more of the following agents within
4 weeks before the initiation of administration: antipsychotic
agents, tiapride hydrochloride, anxiolytic agents, antidepressant
agents and Kampo medicines other than the study drug

Patients whose care giver is unable to visit the hospital during
the scheduled study period

Patients administered other study drugs within 3 months before
the scheduled administration initiation date

Patients whose participation is judged by the investigator or sub-
investigator to be inappropriate for any other reason

Patients were included in the study if found to meet the inclusion
criteria after an assessment on the basis of the neuropsychiatric
inventory (NPI) (Cummings et al. 1994), the Mini-Mental State
Examination (MMSE) (Folstein et al. 1975), and serum potassium
concentration measurement, 4 weeks before, and at the initiation of
administration. YKS includes Glycyrrhizae Radix, and sufficient care
is, therefore, needed with respect to the possibility of hypokalemia
with measurement of serum potassium concentration (Conn et al.
1968). In addition, patients to whom one or more of the criteria
applied were excluded from the study

Table 2 Baseline characteristics of 25 patients with Parkinson’s
disease

Characteristic YKS group
Sex, males:females 14:11
Age, mean F SD (years) 71.7 + 4.49
Duration of illness, mean = SD (years) 8.07 4 6.35
Complications, presence:absence 23:2
Test scores, mean =+ SD
NPI 14.6 + 8.14
MMSE 274 + 2.06
UPDRS 28.7 £ 9.89
Hoehn—~Yahr 2.76 £ 0.78

MMSE Mini-Mental State Examination, NP/ neuropsychiatric
inventory, UPDRS Unified Parkinson’s Disease Rating Scale, YKS
yokukansan
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