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Editorial on the Research Topic

Ageing-Related Symptoms, KampoMedicine, and Treatment

AN AGING POPULATION IS A CRITICAL PROBLEM FACING THE

ENTIRE WORLD

The number of individuals aged 60 years and older in the population is increasing worldwide, and
was reported by the World Health Organization to be one billion worldwide in 2019 (1). This
number will increase to 1.4 billion by 2030 and 2.1 billion by 2050, meaning that the aging of
the population will progress rapidly over the next half a century. According to the estimated rate
of aging in each region, the aging population is expected to increase rapidly, not only in developed
countries, but also in developing countries.

Concurrent with an aging population, birth rate has also been declining significantly. To
maintain economic activities in the face of a declining future population, ensuring the health
and activities of older adults will become increasingly important. In particular, the aging of the
population accompanied by a low birth rate is expected to continue in developed countries, such
as the United States, China, and Europe, as well as in some developing countries. Facilitating an
age-friendly world requires an essential and urgent response to our changing demographics, for
example, by including health and social care, transportation, housing, and urban planning.

THE IMPORTANCE OF KAMPO MEDICINE FOR RESOLVING

AGE-RELATED SYMPTOMS

Kampo medicine utilizes herbal formulas derived from classical Chinese medicine that originated
∼3000 years ago and developed in Japan (2). Classical Chinese medicine was brought to Japan in
the fifth and sixth centuries and was modified to fit the Japanese climate and the characteristics
of Japanese people. Different formulations of Kampo medicine are prescribed based on the
International Classification of Diseases-10 diagnosis, similar to Western medicine that uses
prescribed drugs for symptoms. Importantly, Kampo medicine formulations are composed of
multiple herbs, and the ratio of each herb is calculated based on experience accumulated over
1000 years.

The beneficial effects of Kampo medicine have been identified in basic and clinical research.
For example, as published in our previous research topic, Kampo medicine is effective in treating
anorexia, loss of skeletal muscle mass, and decreased activity in older adults (3). This research
topic follows on from our previous one titled “Frailty and herbal medicine—-from molecular
mechanisms to clinical efficacy” (3). In this Research Topic, Takayama et al. summarized the recent
advances in Kampo medicine for the management of symptoms related to functional decline of
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the cardiovascular, respiratory, and digestive systems, cognitive
impairment and related disorders, pain, and other sensory issues,
among others.

THE QUALITY OF KAMPO MEDICINE

The main problem using Kampo medicine is the
misunderstanding relating to its validity. Differences in the
validity of different Kampo medicine formulations result
from the manufacturing variations because there is no gold
standard as a reference to control the quality of Kampo
medicinal formulations. In Japan, the amounts of active
components in Kampo medicine are strictly regulated. Wang
et al. characterized the ingredients of various commercially
available traditional crude drugs, shinkiku, which are
prepared by microbial fermentation of wheat and herbs.
They showed that digestive enzymes, organic acids, and 39
volatile compounds were commonly found in the products.
However, the chemical and microbial characteristics differed
according to the manufacture process. Interestingly, the
dominant ingredient in Korean products differs from that
in Chinese products. There are both commonalities and
diversities among the commercially available shinkiku. The
commonalities may serve as reference standards for quality
control of shinkiku. In contrast, the diversities suggest the
importance of microbial management in stabilizing the quality
of shinkiku.

BENEFICIAL EFFECTS OF KAMPO

MEDICINE FOR AGE-RELATED

SYMPTOMS

Kampo medicine has been shown to improve various bodily
functions. For geriatric syndromes, ninjin’yoeito (NYT) and
yokukansan-ka-chimpihange (YKSCH) are often prescribed
to improve symptoms such as fatigue, anemia, anorexia,
night sweats, cold limbs, slight fever, chills, persistent cough,
malaise, mental disequilibrium, and insomnia. NYT activates
the hypothalamic neuropeptide Y (NPY) neurons through
the activation of voltage-gated Ca2+ channels (Goswami
et al.). Interestingly, NYT preferentially affects the N-
type and L-type Ca2+ channels in ghrelin-sensitive and
ghrelin-insensitive neurons, respectively. Moreover, NYT
activates the orexin 1 receptors (Miyano et al.). These two
important basic studies implicate the orexigenic effects of
NYT. NYT also alleviates neuropathic pain (Takemoto et al.)
and suppresses the progression of age-related hearing loss
(Kawashima et al.), suggesting that NYT could improve
the undesirable symptoms of aging. In addition to NYT,
YKSCH improves sleep disruption and reduces the levels of
allopregnanolone, a positive allosteric modulator of GABAA

receptor (Murata et al.). Taken together, these results strongly
suggest that Kampo medicine has the potential to improve
geriatric syndrome.

CLINICAL STUDIES SUPPORT THE

EFFECTIVENESS OF KAMPO MEDICINE

FOR AGE-RELATED SYMPTOMS

The clinical case reports in this research topic demonstrate
many beneficial effects of Kampo medicine, especially NYT and
YKSCH. NYT has been shown to improve the quality of life of
frail patients after hospitalization (Kashima). NYT also increased
body weight and muscle mass in patients with dementia
(Matsui and Matsui). Furthermore, NYT has demonstrated
great outcomes in terms of muscle mass, appetite, and body
weight (Morinaga et al.). Notably, rikkunshito was ineffective in
NYT-sensitive patients with hip fracture and sarcopenia. These
results suggest that the appropriate choice of Kampo medicine
formulation based on the patient’s condition is important for
improving geriatric symptoms. NYT also improved the subjective
symptoms and nutritional status of patients with idiopathic
pulmonary fibrosis (Kushima et al.). In the case of adjuvant
chemotherapy regimen, NYT reduced the adverse effects of
anticancer therapy, particularly in older patients (Aomatsu et al.)
Therefore, NYT can improve several geriatric syndromes in
several disease conditions.

In addition to NYT, YKSHC also improved REM sleep
behavior disorder in Lewy body dementia (Manabe), aggressive
disorder, and sleep disorder in patients with dementia
(Katsumoto et al.). Hachimijiogan (HJG) also improved irregular
menstruation in young to middle-aged women (Hirabayashi).
This effect of HJG is more prominent in crude drug preparations
than in HJG extract preparations.

FURTHER CONSIDERATIONS OF THE

EFFECTIVENESS OF KAMPO MEDICINE

FOR AGE-RELATED SYMPTOMS

This research topic contains many clinical case reports
supporting the beneficial effects of several different Kampo
herbs and preparations across patients of different ages. The key
limitations of these research studies include the small sample
sizes and the lack of a double-blind randomized controlled trial
(RCT). A double-blind RCT for NYT is currently underway in
Japan. In the future, we hope that a large RCT will be conducted
based on the findings reported in this research topic. Our
previously published research topic may also be informative for
readers interested in herbal medicines (3). The past and present
research topics can provide further insights into the use of Kampo
medicine for improving the quality of life in older adults.
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Yokukansankachimpihange Improves
the Social Isolation-Induced Sleep
Disruption and Allopregnanolone
Reduction in Mice
Kenta Murata, Feng Li, Kanako Shinguchi, Misaki Ogata, Nina Fujita and Ryuji Takahashi*

Kampo Research Laboratories, Kracie Pharma, Ltd., Takaoka, Japan

Yokukansankachimpihange (YKSCH), a traditional Japanese medicine composed of 9

crude drugs, is designed to improve neurosis, insomnia in adults, and night crying in

children. YKSCH has been reported to improve diurnal rhythm in patients with Alzheimer’s

disease and prolong the total sleeping time in healthy subjects. However, little is known

about how YKSCH alleviates sleep disorders. Here, we investigated whether and how

YKSCH treatment affected sleep latency and duration in group-housed and socially

isolated mice. Male ddy mice were treated with YKSCH [1,500 mg/kg, per os (p.o.)]

in group-housed or socially isolated conditions for 3–4 weeks. After the last injection,

mice were intraperitoneally (i.p.) administered with pentobarbital (60 mg/kg) and the

sleep latency and duration was evaluated. The results show that pretreatment with

YKSCH had no effect on sleep latency or duration in group-housed mice. However,

YKSCH treatment significantly improved the reduced sleep duration in socially isolated

mice. This effect of YKSCH was inhibited by the administration of bicuculline (3 mg/kg,

i.p.), a GABAA receptor antagonist. Furthermore, we showed that YKSCH treatment

improved the decrease in allopregnanolone content and its synthase expression levels in

the olfactory bulb. These results suggest that YKSCH treatment improved social isolation

stress-induced insomnia via the GABAergic pathway and that the mechanism of action

of YKSCH is partly due to improvement of allopregnanolone levels of expression.

Keywords: Yokukansankachimpihange, insomnia, social isolation stress, GABA, allopregnanolone

INTRODUCTION

Yokukansankachimpihange (YKSCH), a traditional Japanese medicine, is designed to improve
neurosis, insomnia in adults, and night crying in children. YKSCH is composed of 9 herbs: Pinellia
tuber, Atractylodes rhizome, Poria sclerotium, Cnidium rhizome, Citrus unshiu peel, Japanese
Angelica root, Bupleurum root, Uncaria hook, and Glycyrrhiza. In addition to traditional use,
YKSCHhas been approved for administration to patients with dementia in Japan to treat behavioral
and psychological symptoms of dementia (BPSD). A recent clinical trial revealed that YKSCH
treatment improves the Neuropsychiatric Inventory scores of “agitation,” “delusion,” and “sleep
and night-time behavior change” in patients with Alzheimer’s disease (1). Other research revealed
that a combination treatment of YKSCH with donepezil improved diurnal rhythm in patients with
Alzheimer’s disease (2). Furthermore, YKSCH treatment prolongs the total sleeping time and tends
to increase sleep efficacy based on polysomnography recordings in normal young healthy subjects

8
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(3). YKSCH treatment has also been reported to reduce memory
impairment and BPSD-like behavior, such as hallucinations and
aggressive behavior, in several rodent models (4–7). Although
some research using animal models have begun to elucidate
the action of YKSCH in the central nervous system, little is
known about how YKSCH alleviates insomnia observed in
clinical practice.

Social isolation stress is reported to have negative effects on
longevity as well as physical and mental conditions such as
depression, fatigue, and sleep disruption (8, 9). Sleep disruption
leads to a reduction in work productivity and personal quality
of life, such as working deficits, day time sleepiness, depression,
and attention and learning problems. In addition, a reduction
of sleep quality is also reported to trigger a reduction in
social interactions (10). On the other hand, social isolation
stress in rodent models also leads to the same abnormal
behaviors observed in humans. Mice housed in social isolation
for 3–4 weeks develop increased anxiety-like and aggressive
behavior and display decreased responsiveness to drugs that
stimulate aminobutyric acid type A (GABAA) receptors such
as pentobarbital (11, 12). Hence, socially isolated animal have
been used as a model to evaluate the effect of sedative drugs.
Changes in various neurotransmitter systems were reported in
socially isolated stress animals, including dopaminergic (13),
serotonergic (14), and noradrenergic systems (15, 16). Among
these neurotransmitter systems, several reports showed that the
reduction of responsiveness to pentobarbital in this model was
related to the dysfunction of the GABAergic neurotransmitter
system and the reduction of neurosteroid biosynthesis in
the brain. Allopregnanolone (ALLO) is the cholesterol-derived
neurosteroid in the brain; it declines with age and because of
neurodegenerative diseases (17, 18). ALLO acts as a positive
allosteric modulator of the GABAA receptor, and ALLO content
in the olfactory bulb (OB) and prefrontal cortex (PFC) is reduced
by long-term social isolation (19).

The purpose of this study was to investigate whether and how
YKSCH enhances pentobarbital-induced sleep in group-housed
and socially isolated mice.

MATERIALS AND METHODS

Animals
Six-week-old male Slc;ddY mice, weighing 32.1–35.5 g (mean
± SD = 33.6 ± 0.9 g), were purchased from SLC (Shizuoka,
Japan). Animals were housed in sterilized polypropylene cages
(4 mice/cage) and provided laboratory pellet chow (CE-2, Clea
Japan Inc., Tokyo, Japan) and water ad libitum at 24± 2◦C under
a 12 h light–dark cycle (lights on from 8:00 to 20:00). Before
experimental procedures, they were acclimatized to the room
for 1 week. Behavioral experiments were performed between
9:00 and 18:00, except for the locomotor activity test. All efforts
were made to minimize both the suffering of and the number
of animals used. This study was carried out in accordance with
the principles of the Basel Declaration and recommendations
of guidelines for Proper Conduct of Animal Experiments,
the Experimental Animal Care Committee of Kracie Pharma,

TABLE 1 | Medical herb composition of YKSCH.

Common name Weight (g)

Pinellia tuber 5

Atractylodes rhizome 4

Poria sclerotium 4

Cnidium rhizome 3

Citrus unshiu peel 3

Japanese Angelica root 3

Bupleurum root 2

Glycyrrhiza 1.5

Uncaria hook 3

Ltd. (Toyama, Japan). The protocol was approved by the
Experimental Animal Care Committee of Kracie Pharma, Ltd.

Plant Materials and Preparation of the
Extract
YKSCH is composed of nine dried medical herbs, including
Pinellia tuber, Atractylodes rhizome, Poria sclerotium, Cnidium
rhizome, Citrus unshiu peel, Japanese Angelica root, Bupleurum
root, Uncaria hook, and Glycyrrhiza (Table 1), and is supplied
by Kracie Pharma, Ltd. as a formulation (EK-83). Each plant
material was identified based on its external morphology and
was authenticated by compound markers of plant specimens
according to the method of the Japanese Pharmacopeia and our
company’s standard. EK-83 (lot No.06MH) was suspended in
distilled water immediately before use and was administered
orally at a dose of 1,500 mg/kg body-weight/day. A dose of
YKSCH was determined by following the formula for the
FDA’s human equivalent dose guidance (20). Human equivalent
volume (mg/kg) = animal dose (mg/kg) × [Weightanimal

(kg)/Weighthuman (kg)]
(1−0.67). The humanweight was calculated

as 60 kg, and the weight of mice was calculated as 0.03 kg. The
YKSCH dosage prescribed clinically is 7,500 mg/day. According
to the above formula, the dosage in mice is calculated as 1535.5
mg/kg body-weight/day.

High-Performance Liquid Chromatography
Analysis of YKSCH
YKSCH extract was mixed and shaken with 50% MeOH,
and the supernatant was subjected to high-performance liquid
chromatography (HPLC) analysis. The HPLC profile of YKSCH
was obtained using a Shimazu LC-20AD liquid chromatography
equipped with a SPD-M30A detector with a scanning range
of 245 nm and a reversed-phase column (YMC-pack ProC18,
2.0mm i.d. × 150mm, 12 nm, column temperature: 20◦C). The
column was equipped with solvent A (0.1% formic acid in
acetonitrile) and solvent B (0.1% formic solution), and the ratio
of solvent A was increased from 5% to 70% over 90min, and
remained at 70% over 10min, with a flow rate of 0.2 mL/min.

Pentobarbital-Induced Sleeping Model
Male ddy mice were divided into three groups so that their
average body weight is almost the same in each group: control
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group, YKSCH (1,500 mg/kg)-treated group, and diazepam-
treated group. Mice were administered distilled water or 1,500
mg/kg YKSCH for 3 weeks. One hour after the last injection,
mice were treated with pentobarbital (60mg/kg, intraperitoneally
(i.p.); Wako industry, Osaka, Japan). As a positive control,
diazepam (1 mg/kg, i.p.) was administered once 1 h before
pentobarbital injection (Figure 1A). The mice were considered
asleep if they stayed immobile and lost their righting reflex
when positioned on their back. The time interval between
injection of pentobarbital and the start of sleep was noted
as sleep latency. Sleep latency and total sleeping time were
determined for each mouse. The mice were considered awake
if they returned to the upright position. In the test, an
equal number of animals from each group were examined
once, and the test was performed two times. We checked
whether the pentobarbital solution leaked from the mice or
not, and the mice the pentobarbital solution leaked from
were excluded from analysis. The observer was blind to
the treatment.

Social Isolation Stress-Induced Insomnia
Model
Mice were divided into 4 groups so that their average body weight
is almost the same in each group: control group (n = 8), social
isolation stress group (n = 8), social isolation stress + YKSCH
(1,500 mg/kg)-treated group (n= 8), and social isolation stress+
diazepam-treated group (n= 8). YKSCHwas orally administered
once daily for 4 weeks. One hour after the last injection, mice
were treated with pentobarbital (60mg/kg, i.p.). Sleep latency and
total sleeping time were determined for each mouse. As a positive
control, diazepam was administered 1 h before pentobarbital
injection (Figure 1B).

To examine whether the effect of YKSCH was mediated
by the GABAergic neurotransmitter system, we performed an
antagonist study in this model. After 30min of administration
of YKSCH, mice were treated once with 3 mg/kg of bicuculline
(Sigma Aldrich, MO, USA), a GABAA receptor antagonist. Then,
30min later, mice were injected with 60 mg/kg of pentobarbital
(Figure 1C). In the test, an equal number of animals from each
group was examined once, and the test was performed twice.
We checked whether the pentobarbital solution leaked from the
mice or not, and the mice the pentobarbital solution leaked
from were excluded from the analysis. The observer was blind
to the treatment.

Locomotor Activity Test
For the measurement of locomotor activity, a given mouse was
placed in a cage [plastic cage (175× 245× 125mm), with wood-
chips, food, and water], and locomotion was measured every
30min for 2 days using a digital counter with an infrared sensor
(Muromachi kikai Co., Ltd, Tokyo, Japan). Animals were placed
in the cages at 8:00 a.m. for a 48 h period. To evaluate the effect
on locomotor activity, we used the last 24 h of data for analysis.

Measurement of Allopregnanolone Content
To clarify the mechanisms of YKSCH, mice were randomly
divided into 3 groups: control group (n = 5), social isolation

stress group (n = 5), social isolation stress + YKSCH (1,500
mg/kg)-treated group (n = 5). Mice were subjected to social
isolation stress for 4 weeks with or without YKSCH treatment.
One hour after the last treatment with YKSCH, mice were
decapitated, and brains quickly removed from the skull, briefly
washed in ice-cold saline, laid on a cooled (4◦C) metal plate, and
both the OB and PFC were rapidly dissected out (Figure 1D).
The tissues (10mg) were added to 100 µL ethanol and shaken
vigorously for 30min, and then centrifuged at 5,000 rpm for
15min. Supernatants were removed and transferred to new clean
tubes and evaporated to dryness under nitrogen. Then, 100 µL
ethanol and 400 µL assay buffer were added to dissolve the
sample and vortexed well. The extracted samples were used for
immunoassays. The ALLO content in the OB and PFC was
assayed using ELISA (Arbor Assays, MI, USA).

Western Blot Analysis
Mice OB and PFC were homogenized in 10 mL/g RIPA buffer
(WAKO) supplemented with protease inhibitor cocktail (Sigma
Aldrich) and phosphate inhibitor cocktails 2 and 3 (Sigma
Aldrich). Lysates were centrifuged at 15,000 g for 20min at
4◦C. An aliquot of 10 µg of protein was subjected to 10–20%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis, with
the separated protein being transferred onto a polyvinylidene
difluoride membrane (Immobilon-P; Millipore, MA, USA). For
immunoblotting, the following primary antibodies were used:
rabbit anti-SRD5A1 polyclonal antibody (1:1,000; ABclonal
technology, MA, USA) and mouse anti-β-actin monoclonal
antibody (1:1,000; Cell Signaling Technology (CST), MA, USA).
Secondary antibodies were as follows: horseradish peroxidase
(HRP)-conjugated goat anti-rabbit IgG (1:5,000; CST) or HRP-
conjugated goat anti-mouse IgG (1:5,000; CST). Immunoreactive
bands were visualized using LAS-2,000. Band intensity was
measured using Image J (NIH, MD, USA).

Statistical Analysis
All statistical analyses were performed with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which
is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). More precisely, it is a
modified version of R commander designed to add statistical
functions frequently used in biostatistics (21). All data are
expressed as mean ± standard error of the mean (SEM).
Statistical comparisons were performed using a one-way analysis
of variance (ANOVA) followed by Peritz’s F-test. Differences with
p < 0.05 were considered statistically significant.

RESULTS

HPLC Analysis of YKSCH
Figure 2 shows a HPLC profile of YKSCH along with a chemical
analysis at 254 nm wavelength. Chemical markers, such as
saikosaponin b2, hesperidin and glycyrrhizic acid, were used for
quality control.
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FIGURE 1 | Time schedule of the experiment. Six-week-old male ddy mice were used in this study. Mice were pretreated with 1,500 mg/kg YKSCH for 3 weeks in a

group-housed mouse study (A) or for 4 weeks in a social isolation stress study (B). One hour after the last treatment, mice were treated with 60 mg/kg pentobarbital.

For the GABA receptor antagonist study, mice were treated with 3 mg/kg bicuculline 30min after the last YKSCH treatment in socially isolated mice (C). For the ELISA

and western blot analysis, socially isolated mice were treated with YKSCH for 4 weeks, and mice were sacrificed 1 h after the last YKSCH treatment (D).

FIGURE 2 | HPLC profile of YKSCH.Each chemical marker (Saikosaponin b2, hesperidin, glycyrrhizic acid) in the HPLC profile was identified by comparison with

retention times and UV spectra (245 nm) of their reference standards.

Effect of YKSCH on Pentobarbital-Induced
Sleep Behavior in Group-Housed or
Socially Isolated Mice
We first evaluated the effect of YKSCH on a pentobarbital-
induced sleep model that is widely used to evaluate sedative
drugs. Mice were treated with 1,500 mg/kg YKSCH for 3 weeks
before pentobarbital injection. As a result, both the latency
and duration of sleep were not affected by YKSCH treatment
[sleep latency; F (2, 15) = 0.913, p = 0.422, sleep duration;

F(2, 15) = 4.959, p= 0.022]. Conversely, treatment with diazepam

prolonged the duration of sleep significantly (Figure 3).

Next, we evaluated the effect of YKSCH using a social

isolation-induced insomnia model. In this experiment, social

isolation stress decreased the sleep duration but had no effect

on sleep latency. Treatment with YKSCH significantly improved

the decrease in sleep duration [sleep latency; F(3, 26) = 1.524,

p= 0.232, sleep duration; F(3, 26) = 17.73, p< 0.001]. Conversely,
treatment with diazepam also affected sleep duration significantly
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FIGURE 3 | Effect of 3-week treatment with YKSCH on pentobarbital-induced sleeping behavior in group housed mice. One hour after the last injection, mice were

treated with pentobarbital. Sleep latency (A) and duration (B) were measured. Diazepam was administered once, 1 h before pentobarbital injection. Data are

expressed as the mean ± SEM (n = 6). *p < 0.05 vs. the control group, Peritz’s F-test.

FIGURE 4 | Effect of YKSCH on pentobarbital-induced sleeping behavior in socially isolated mice. Mice were housed individually and treated with YKSCH or vehicle

for 4 weeks. One hour after the last injection, mice were treated with pentobarbital. Sleep latency (A) and duration (B) were measured. Diazepam was treated once 1 h

before pentobarbital injection. Data are expressed as the mean ± SEM (n = 7–8). #p < 0.05 vs. the control group; *p < 0.05, **p < 0.01 vs. the vehicle-treated

group, Peritz’s F-test.

(Figure 4). However, YKSCH has no effect on 24 h locomotor
activity in the social isolation model (Supplemental Figure 1).

According to previous reports, social isolation stress disrupts
many kinds of brain networks, including the GABAergic neuron
system. In this study, we investigated whether the effect
of YKSCH is related to the GABAergic neuron system by
using bicuculline, a GABA receptor antagonist. Treatment with
bicuculline did not change either sleep latency or sleep duration
in socially isolated mice. On the other hand, prolonged sleep
duration with YKSCH treatment was blocked by bicuculline
treatment (Figure 5) [sleep latency; F(4, 29) = 3.701, p = 0.0149,
sleep duration; F(4, 29) = 4.378, p= 0.0068].

Effect of YKSCH on ALLO and SRD5A1
Expression in the OB and PFC
A previous report have showed that social isolation stress-
induced behavioral abnormalities are related to a reduction in
ALLO contents in the OB and PFC (22). In this context, we

evaluated the ALLO content in both brain regions. We showed
that 4 weeks of isolation-induced stress reduced the ALLO
content in both brain regions. Importantly, YKSCH treatment
inhibited the decrease in ALLO content in the OB, but not in the
PFC (Figure 6) [OB; F (2, 10) = 7.083, p= 0.0121, PFC; F(2, 12) =
11.93, p= 0.0014].

Brain cells synthesize ALLO from progesterone by two types
enzymes, SRD5A1 and 3α-hydroxysteroid oxidoreductase. In
socially isolated mice, the expression level of SRD5A1 is reduced
in the OB and PFC, but 3α-hydroxysteroid oxidoreductase is
unaffected (19). This report indicates that SRD5A1 is responsible
for producing ALLO in this model. In this study, we investigated
whether YKSCH treatment affected the SRD5A1 expression
level in the OB and PFC. As a result, YKSCH treatment
improved the reduction of SRD5A1 expression levels in the
OB. However, YKSCH treatment had no effect in the PFC
(Figure 7) [OB; F(2, 12) = 5.503, p= 0.0201, PFC; F(2, 12) = 2.786
p= 0.101].
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FIGURE 5 | Effect of YKSCH was mediated by GABAergic neuron system in socially isolated mice. Mice were housed individually and treated with YKSCH or vehicle

for 4 weeks. Thirty minutes after the last injection, mice were treated with 3 mg/kg bicuculline (i.p.). Mice were treated with 60 mg/kg pentobarbital 30min after

bicuculline injection. The sleep latency (A) and duration (B) were measured. Diazepam was administered once 1 h before pentobarbital injection. Data are expressed

as the mean ± SEM (n = 6–7). #p < 0.05 vs. the control group; *p < 0.05, vs. the vehicle-treated group; $p < 0.05, vs. the YKSCH-treated group, Peritz’s F-test.

FIGURE 6 | Effect of YKSCH on allopregnanolone content in the olfactory bulb and prefrontal cortex. Allopregnanolone content in the OB (A) and PFC (B). Data are

expressed as the mean ± SEM (n = 4–5). #p < 0.05 vs. the control group; *p < 0.05 vs. the vehicle-treated group, Peritz’s F-test.

DISCUSSION

Here, we showed YKSCH could improve social isolation stress-
induced insomnia via GABAergic actions. In addition, YKSCH

treatment improved the ALLO content and SRD5A1 expression

level in the mice, especially in the OB.
Benzodiazepines are widely used to treat insomnia,

however, benzodiazepines often cause side effects such as
sleepiness, amnesia, and dizziness. Therefore, treatment with
benzodiazepines is not recommended for elderly people in Japan
because of the potential for abuse, dependence, and adverse
effects. For that reason, there is a need to develop new drugs
with a different mechanism of action than benzodiazepines.
Diazepam, a member of the benzodiazepine family, is a

positive allosteric modulator of the GABAA receptor. Diazepam
works by binding to the GABAA receptor subunit directly
and enhancing the affinity of GABA for its binding site. In a
previous clinical trial, Aizawa et al. demonstrated that YKSCH
treatment in healthy subjects extended the total sleeping time
significantly, had no influence on rapid eye movement (REM)
sleep, tended to increase stage 2 sleep, and decreased stage
3+4 sleep compared with Anchu-san as the control drug (3).
Benzodiazepine treatment was also reported to affect the same
sleep stage as that observed with YKSCH treatment. Therefore,
this report concluded that the effect of YKSCH may have a
similar mechanism of action to that of benzodiazepines in terms
of non-REM sleep. However, in the present study, we showed
that diazepam treatment significantly prolonged sleep duration
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FIGURE 7 | Effect of YKSCH on SRD5A1 expression in the olfactory bulb and prefrontal cortex. (A,B) Western blot analyses of SRD5A1 expression in the OB. (A)

Representative images of immunoblots obtained using antibodies against SRD5A1 and β-actin. (B) Quantitative analyses of OB SRD5A1 in socially isolated mice.

(C,D) Western blot analyses of SRD5A1 expression in the PFC. (C) Representative images of immunoblots obtained using antibodies against SRD5A1 and β-actin.

(D) Quantitative analyses of PFC SRD5A1 in socially isolated mice. Data are expressed as mean % of control ± SEM (n = 5). #p < 0.05 vs. the control group;

*p < 0.05 vs. the vehicle-treated group, Peritz’s F-test.

in both models. On the other hand, YKSCH treatment improved
sleep duration in socially isolated mice only (Figures 2, 3).
Among the components of YKSCH, Japanese Angelica root
extract improves pentobarbital-induced sleep in socially isolated
mice without affecting pentobarbital-induced sleep behavior in
group-housed mice (23). Here, we did not investigate which
component is responsible for the effect of YKSCH on sleep;
however, Japanese Angelica root might partly contribute to the
effects of YKSCH.

The abnormal behavior induced by social isolation
involves functional changes in various brain neurotransmitter
systems, including dopaminergic (13), serotonergic (14), and
noradrenergic systems (15, 16). Yokukansan, which is the
Chinese medicine that excludes both C. unshiu peel and
pinellia tuber from YKSCH, also improves sleeping duration
but only in socially isolated mice and not in group-housed
mice. Furthermore, Yokukansan improved the shortening of
sleeping duration via the GABAergic and not the serotonergic
neurotransmitter system in a GABA or 5-HT receptor antagonist
study (24). In the present study, we also demonstrated that the
effect of YKSCH on a social isolation stress model was blocked
by bicuculline injection (Figure 4). This result indicates that
long-term YKSCH treatment improved GABAergic neuron
disruption induced by social isolation stress and that this

mechanism may be similar to that of Yokukansan. And this
result also indicates that YKSCH and diazepam have similar
mechanisms in that both drugs affect the GABAergic neuron
system to improvement social isolation-induced insomnia.
Some crude drugs contained in YKSCH (Bupleurum root,
Japanese angelica root, and Cnidium rhizome) are reported to
have compounds that bind to the GABA binding sites of the
GABAA receptor in a receptor binding assay (25). According
to previous studies, oral administration of GABA prolonged
pentobarbital-induced sleep duration in group-housed mice
(26). Though Yokukansan includes water-soluble botanic GABA
(27), orally administered GABA does not cross the blood-brain
barrier efficiently, and YKSCH treatment could not prolong
the sleeping time in group-housed mice (Figure 2). Therefore,
we hypothesized that YKSCH might potentiate the GABAergic
neuron system through an indirect pathway, such as ALLO.

ALLO is a neuroactive steroid derived from progesterone,
and acts as positive allosteric modulator of GABAA receptor
action. As a positive allosteric modulator of the GABAA receptor,
ALLO has been reported to be an anxiolytic, anesthetic, and
anticonvulsant agent (28–30). In addition, ALLO treatment has
been reported to improve memory impairment and BPSD-
like behavior in Alzheimer’s disease mouse models (22, 31,
32). Both ALLO and benzodiazepines are positive allosteric
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modulators of the GABAA receptor and enhance the GABAergic
neurotransmitter system, however, there may differ in terms of
side effects, such as tolerance development and abuse liability
(33). Several reports have shown that social isolation stress-
induced behavioral abnormalities are related to the reduction
in ALLO contents in the OB and PFC (22). The ALLO
content is reported to be about twice higher in the OB
than that in PFC (22). Olfactory dysfunction is frequently
observed in patients with REM sleep behavior disorders, such
as dementia and Parkinson’s disease (34, 35). In addition, some
reports have shown that olfactory bulbectomy in rats induces
a reduction in REM sleep duration and frequency (36). These
reports suggest that the OB has an important role in sleep-
wakefulness patterns. Biosynthesis of ALLO in the brain is
regulated by two specific enzymes. It starts with the conversion
of progesterone into 5α-dihydroprogesterone by the SRD5A1
enzyme. Next, 5α-dihydroprogesterone is converted into ALLO
by the 3α-HSD enzyme. Social isolation stress does not change
the brain’s content of progesterone and pregnenolone (29). In
socially isolated mice, brain expression of SRD5A1 mRNA and
protein was approximately 50% less than in group-housed mice,
whereas the expression of 3α-HSD mRNA was unchanged (19).
These reports suggest SRD5A1 is the enzyme responsible for
producing the brain ALLO in this model. Here, we demonstrated
that YKSCH treatment inhibited the decrease in both ALLO
content and SRD5A1 expression levels in the OB (Figures 5,
6). On the other hand, Yokukansan administered once just
before pentobarbital injection had the ability to improve the
reduced sleep duration in socially isolated mice (24). Although
YKSCH could have other rapid mechanisms to improve sleep
disruption, the present study suggests that the increase in
ALLO content and SRD5A1 expression might be involved in
the mechanism of YKSCH in part. However, further studies
are required to clarify the mechanisms mediating the action
of YKSCH.

There are some limitations to this study. The first is in
Figures 3, 4. In the group-housed and social isolation stress
model animals, mice were treated with YKSCH for different
periods. A previous report showed that social isolation stress
for 4 weeks not 3 weeks reduced the sleep duration induced
by pentobarbital, so we set the experimental condition based
on that study in the social isolation stress model (37). While
we performed YKSCH treatment for 3 weeks in group-housed
mice, it is possible that YKSCH treatment for 4 weeks might
have a similar effect to the effect observed in the social isolation
stress model. The second is in Figure 5. There was no significant
difference between the YKSCH group and bicuculline+ YKSCH
group with regard to sleep duration. In the GABA receptor
antagonist study, we administered bicuculline once just before

pentobarbital injection. This might be the reason why bicuculline
treatment did not inhibit the effect of YKSCH completely.

In conclusion, this study demonstrates for the first time
that YKSCH treatment improves social isolation stress-induced
insomnia via the GABAergic nervous system. In addition,
YKSCH treatment increased the ALLO content and SRD5Al
expression level in the mouse brain. Moreover, these results
suggest that YKSCH may be a good candidate drug to treat
patients with insomnia.
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1Division of Cancer Pathophysiology, National Cancer Center Research Institute, Tokyo, Japan, 2 Laboratory of

Pharmacology and Therapeutics, Faculty of Pharmaceutical Sciences, Tokyo University of Science, Chiba, Japan,
3Department of Medicinal Chemistry, School of Pharmacy, Kitasato University, Tokyo, Japan, 4 Laboratory of Molecular
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Cancer cachexia is highly prevalent in patients with progressive cancer and is

characterized by decreased food consumption, and body weight. Japanese herbal

medicine Ninjinyoeito (NYT), composed of 12 herbal crude drugs, is prescribed in

Asian countries to improve several symptoms such as anorexia and fatigue, which are

commonly observed in patients with cancer cachexia. However, the action mechanisms

of NYT in improving anorexia or fatigue in patients with cancer are not clear. Therefore,

in the present study, we examined the effects of NYT on the activities of several

G-protein-coupled receptors (GPCRs), which activate hyperphagia signaling in the

central nervous system, using an in vitro assay with the CellKeyTM system, which detects

the activation of GPCRs as a change in intracellular impedance (1Z). NYT increased the

1Z of human embryonic kidney 293 (HEK293) cells expressing orexin 1 receptor (OX1R)

and those expressing neuropeptide Y1 receptor (NPY1R) in a dose-dependent manner.

On the contrary, NYT did not significantly increase the 1Z of HEK293A cells expressing

growth hormone secretagogue receptor (GHSR) and those expressing NPY5R. The

selective OX1R antagonist SB674042 significantly decreased the NYT-induced increase

in 1Z in OX1R-expressing cells. Contrarily, the selective NPY1R antagonist BIBO3340

failed to inhibit the NPY-induced increase in 1Z in NPY1R-expressing cells. Additionally,

we prepared modified NYT excluding each one of the 12 herbal crude drugs in NYT and

investigated the effects on the activity of OX1R. Among the 12modified NYT formulations,

the one without citrus unshiu peel failed to activate OX1R. A screening of each of the 12

herbal crude drugs showed that citrus unshiu peel significantly activated OX1R, which

was significantly suppressed by SB674042. These finding suggest that NYT and citrus

unshiu peel could increase food intake via activation of orexigenic OX1R-expressing

neurons in the hypothalamus. This study provides scientific evidence to support the

potential of NYT for cancer patients with anorexia.

Keywords: anorexia, citrus unshiu peel, kampo medicine, ninjinyoeito, orexin 1 receptor
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INTRODUCTION

Cancer cachexia, which is characterized by a decrease in body
weight and food consumption, occurs in 80% of patients with
progressive cancer, causing at least 20% of cancer-related deaths
(1–3). This syndrome not only decreases the quality of life
(QOL) but also attenuates the efficacy of chemotherapy (4–7).
Studies suggest that cancer cachexia is caused by complicated
interrelation among several mediators in the hypothalamus,
such as hormones (e.g., leptin and ghrelin), and neuropeptides
(e.g., neuropeptide Y and orexin), which regulate food intake
(8–10). However, the mechanisms underlying this syndrome
are not fully understood, and appropriate therapies for the
treatment of cancer cachexia have not been established. The
current treatment options for cancer cachexia are far from
being satisfactory because of the lack of effective drugs currently
available (6).

Ninjinyoeito (NYT), a traditional Japanese kampo medicine
that contains extracted ingredients of 12 herbal crude drugs, is
approved by Japan’s Ministry of Health, Labor, and Welfare as a
prescribed medicine in clinical practice. Since the 16th century,
NYT has been prescribed in Japan and other Asian countries
to ameliorate diseases and improve several symptoms such as
anorexia and fatigue (11). In addition, several studies have shown
that some herbal crude drugs of NYT improved appetite in a
cancer cachexia model of animals or patients with cancer (12–
16). However, the action mechanisms of NYT in improving
anorexia and/or fatigue in cancer cachexia–anorexia syndrome
are not clear.

Therefore, in the present study, we examined the effects of
NYT on the activities of several G-protein-coupled receptors
(GPCRs), which activate hyperphagia signaling in the central
nervous system (CNS). With respect to GPCR-activating
hyperphagia signaling, we focused on activated appetite-
stimulating receptors, such as growth hormone secretagogue
receptor 1a (GHSR), neuropeptide Y1 receptor (NPY1R),
neuropeptide Y5 receptor (NPY5R), and orexin 1 receptor
(OX1R) (17–32). First, we analyzed the effects of NYT on
the activities of these receptors. Second, we identified active
medicinal herbs contained in NYT by screening both modified
NYT excluding 1 of the 12 herbal crude drugs and each of the 12
herbal crude drugs contained in NYT.

MATERIALS AND METHODS

Chemicals and Reagents
The following reagents and medium were used in the present
study: poly-D-lysine and bovine serum albumin (BSA) (Sigma-
Aldrich, St. Louis, MO, USA); fetal bovine serum (FBS),
Dulbecco’s modified Eagle’s medium (DMEM), and geneticin
(Gibco, Carlsbad, CA, USA); penicillin/streptomycin and
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES)
(Nacalai Tesque, Kyoto, Japan); and DMEM (Fujifilm Wako
Pure Chemical, Osaka, Japan).

NYT extract powder (lot no. 15112017), the base powder
of NYT without excipients, was obtained from Kracie Pharma,
Ltd. (Tokyo, Japan), as an aqueous extract of the following

12 medicinal herbs (percentage): atractylodes rhizome (12.9),
Japanese angelica root (12.9), poria sclerotium (12.9), Rehmannia
root (12.9), ginseng (9.7), cinnamon bark (8.1), citrus unshiu peel
(6.5), peony root (6.5), polygala root (6.5), astragalus root (4.8),
Glycyrrhiza (3.2), and schisandra fruit (3.2). NYT formulations
excluding each one of the 12 herbal crude drugs were also
obtained from Kracie Pharma, Ltd. The dried powdered extract
of NYT and its crude drugs were suspended in sterile water at
100mg/ml concentration, diluted 100-fold with Hanks’ balanced
salt solution (in mM: 1.3 CaCl2 · 2H2O, 0.81 MgSO4, 5.4 KCl,
0.44 KH2PO4, 4.2 NaHCO3, 136.9 NaCl, 0.34 Na2HPO4, and 5.6
D-glucose) containing 20mMHEPES and 0.1% BSA, and filtered
through a 0.2µm membrane (KURABO Industry Ltd., Osaka,
Japan). The solution was used to treat cells at final concentrations
of 3, 10, 30, and 100µg/ml. All other reagents were of the highest
purity available from commercial sources.

Generation of Stable Cell Lines
GHSR-expressing cells were cultured as described previously
(33). The expression vector C-terminal FLAG-tagged human
GHS-R1a was transfected into human embryonic kidney 293A
(HEK293A) cells using PEI Max (Polysciences, Inc., Warrington,
PA, USA). For humanNPY1R andNPY5R clones, we synthesized
the combined fragment of the NruI restriction site, human EF1
promoter (34), N-terminal cleavable hemagglutinin secretion
signal (MKTIIALSYIFCLVFA) (35), and NheI site and inserted
it into the pIRESpuro3 expression vector (Takara, Shiga, Japan)
using its recognition site (pEF1-IRESpuro). Subsequently, we
amplified the cDNA encoding hNPY1R (NM_000909.6) ORF
and hNPY5R (NM_001317091.1) ORF with the primers tagged
with the NheI (N′) and BamHI (C′) sites from a full-length cDNA
clone (Genscript, Piscataway, NJ, USA), and it was transferred
into the pEF1-IRESpuro vector. The expression constructs were
transfected into HEK293T cells according to the manufacturers’
instructions, and 48 h after transfection, cells stably expressing
either NPY1R or NPY5R were selected. The human OX1R clone
(GenBank accession: AB463762; Kazusa DNA Research Institute,
Chiba, Japan) was amplified according to the manufacturer’s
instructions. HEK293 cells (American Type Culture Collection,
Manassas, VA, USA) stably expressing OX1R were generated
through transfection of plasmids using ScreenFectTM (Fujifilm
Wako Pure Chemical) and selected based on the OX1R activity
measured using the CellKeyTM assay. Ethical approval of the
experimental procedures was obtained from National Cancer
Center Research Institute (approval no. B85M1-13).

Cell Culture
All cells were cultured at 37◦C in a humidified atmosphere of
95% air and 5% CO2. GHSR-expressing HEK293A cells and
OX1R-expressing HEK293 cells were maintained in DMEM
(Gibco or Fujifilm Wako Pure Chemical) supplemented with
10% FBS, penicillin (100U/ml), streptomycin (100mg/ml), and
geneticin (800µg/ml). HEK293T cells expressing NPY1R or
NPY5R were maintained in DMEM (Gibco) supplemented with
sodium pyruvate (1mM), 10% FBS, penicillin (100U/ml), and
streptomycin (100 mg/ml).
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FIGURE 1 | Effects of Ninjinyoeito (NYT) on impedance changes in cells expressing several G-protein-coupled receptors, which activate hyperphagia signaling in the

central nervous system using the CellKeyTM assay. The cells stably expressing growth hormone secretagogue receptor 1a (GHSR) (A, n = 6–8), neuropeptide Y1

receptor (NPY1R) (B, n = 6), neuropeptide Y5 receptor (NPY5R) (C, n = 6), or orexin 1 receptor (OX1R) (D, n = 6) were treated with NYT (3–100 µg/kg) or its vehicle

(control). The rate of change in impedance was measured using the CellKeyTM system and expressed as the difference of the minimum impedance and maximum

impedance after drug injection. The data are expressed as mean ± S.E.M. *** and **** indicate p < 0.001 and p < 0.0001, respectively, compared with the control;

Bonferroni’s multiple comparison test following one-way ANOVA.

Measurement of GPCR Activity Using the

CellKeyTM System
The assay with the CellKeyTM system was conducted as
described previously (36–40). Briefly, the cells were cultured at
a density of 4.0 × 104 (GHSR-expressing HEK293A), 6.0 × 104

(NPY1R-expressing HEK293T), 5.0 × 104 (NPY5R-expressing
HEK293T), and 6.0× 104 cells/well (OX1R-expressing HEK293)
in CellKeyTM 96-well microplates. After incubating at 37◦C for
24 h, the cells were washed with Hanks’ balanced salt solution
containing 20mM HEPES and 0.1% BSA, and allowed to
equilibrate in the assay buffer for 30min before the assay. The
CellKeyTM instrument applies small voltages to the electrodes
every 10 s and measures impedance of the cell layer. In this
study, we recorded at 5min baseline, added drugs, and measured
changes in impedance (1Z) for 25min. The rate of change
in impedance is expressed as the difference of the minimum
impedance and maximum impedance after drug injection as
previously reported (39).

Statistical Analysis
The data are presented as mean ± S.E.M. The statistical
analyses were performed using the one-way analysis of variance
(ANOVA) followed by Bonferroni’s multiple comparison test
(GraphPad Prism 8, GraphPad Software, San Diego, CA, USA).

The results with a probability value p < 0.05 were considered
statistically significant.

RESULTS

NYT Activated OX1R but Not GHSR,

NPY1R, and NPY5R
We examined the effects of NYT on the activation of GHSR,
NPY1R, NPY5R, and OX1R using the CellKeyTM system. As
shown in Figures 1A,C, NYT (3–100µg/ml) did not significantly
change the 1Z of GHSR-expressing HEK293A cells and NPY5R-
expressing HEK293T cells. On the contrary, the GHSR agonist
ghrelin (10−7 M) and NPYR agonist neuropeptide Y (NPY,
10−6 M) increased the 1Z of these cells, respectively, in GHSR-
expressing cells: control vs. ghrelin (10−7 M) (% of control,
mean ± S.E.M.), 100 ± 7.81 vs. 2,227.5 ± 288.4; in NPY5R-
expressing cells: control vs. NPY (10−6 M), 100± 10.24 vs. 172.8
± 9.68. NYT significantly increased the 1Z of cells expressing
NPY1R or OX1R in a dose-dependent manner (Figures 1B–D).
However, the NYT-induced increase in1Z of NPY1R-expressing
HEK293T cells was not significantly attenuated by BIBO3340
(BIBO, 10−5 or 10−4 M), at concentrations that completely
inhibited the increase in 1Z induced by NPY (10−8M)
(Figures 2A,B). Contrarily, SB676042 (SB, 10−6 or 10−5M)
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FIGURE 2 | Effects of the antagonists of NPY1R and OX1R on the NYT-induced increase in impedance of cells expressing NPY1R or OX1R. The cells expressing

NPY1R (A,B) were pretreated with or without BIBO3340 (BIBO, 10−5 or 10−4 M), a selective NPY1R antagonist, for 30min and then treated with NYT (A, 100µg/ml)

or NPY (B, 10−8 M), respectively. After treatment with the vehicle or selective OX1R antagonist SB676042 (SB, 10−6 or 10−5 M) for 30min, OX1R-expressing HEK293

cells were treated with NYT (C) or orexin A (D, OXA). The rate of change in impedance is expressed as the difference of the minimum and maximum impedance after

drug injection. The data are expressed as mean ± S.E.M. (n = 6–12). *p < 0.05, and ****p < 0.0001, respectively, compared with the vehicle (control); ####p <

0.0001, compared with NYT or each selective agonist; Bonferroni’s multiple comparison test following one-way ANOVA.

significantly suppressed the NYT-induced increase in 1Z of
OX1R-expressing HEK293 cells (Figure 2C). Pretreatment with
SB676042 (SB, 10−6, or 10−5M) significantly inhibited the
increase in 1Z induced by the OX1R agonist orexin A (OXA)
in a dose-dependent manner (Figure 2D).

Only Citrus Unshiu Peel, One of the Herbal

Crude Drugs in NYT, Elicited OX1R

Activation
To clarify the medical herbal crude drugs involved in NYT-
induced OX1R activation, we investigated the effects of modified
NYT excluding 1 of the 12 herbal drugs composing NYT on
the increase in 1Z of OX1R-expressing HEK293 cells. As shown
in Figure 3, only the modified NYT without citrus unshiu peel
(100µg/ml) failed to significantly increase the 1Z of OX1R-
expressing cells; compared with the NPY-induced increase in1Z,
the responses were significantly low (Figure 3).

We further examined the effects of each of the medical
herbal crude drugs composing NYT on the activity of OX1R.
NYT contains 12 medicinal herbs in the following ratio:

atractylodes rhizome (4), Japanese angelica root (4), poria
sclerotium (4), Rehmannia root (4), ginseng (3), cinnamon bark
(2.5), citrus unshiu peel (2), peony root (2), polygala root
(2), astragalus root (1.5), Glycyrrhiza (1), and schisandra fruit
(1). Thus, the major components of the herbal drugs were
atractylodes rhizome, Japanese angelica root, poria sclerotium,
and Rehmannia root, each accounting for 13% of NYT. We
therefore analyzed the effects of 20µg/ml of the 12 individual
medicinal herbs (20% of the volume of NYT) on the activity
of OX1R to reveal the medicinal herbs in NYT that activate
OX1R. As shown in Figure 4A, only citrus unshiu peel (20µg/ml)
significantly increased the 1Z (Figure 4A), and the responses
were suppressed by pretreatment with SB676042 (SB, 10−6 and
10−5M) in a dose-dependent manner (Figure 4B).

DISCUSSION

The present study, to the best of our knowledge, for the first time,
revealed that NYT activated OX1R but not GHSR, NPY1R, and
NPY5R, which are receptors of various hypothalamic peptides
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FIGURE 3 | Effects of modified NYT excluding each one of the 12 herbal crude drugs on the increase in impedance of OX1R-expressing HEK293 cells. HEK293 cells

stably expressing OX1R were treated with modified NYT excluding 1 herbal crude drug (100µg/ml) from 12 ingredients of NYT or its vehicle (control). The rate of

change in impedance is expressed as the difference of the minimum and maximum impedance after drug injection. The data are expressed as mean ± S.E.M. (n = 6).

****p < 0.0001, compared with the control; #p < 0.05, compared with the NYT; Bonferroni’s multiple comparison test following one-way ANOVA.

regulating feeding behavior. Moreover, we found that citrus
unshiu peel in NYT induced the activation of OX1R. These
data suggest that citrus unshiu peel in NYT is an activator of
feeding behavior.

NPY is a 36-amino-acid neuropeptide and abundantly
distributed in the arcuate nucleus of the hypothalamus, which
integrates signals for energy homeostasis (18). NPYR is classified
into five subtypes (NPY1, NPY2, NPY3, NPY5, and NPY6), and
NPY1R and NPY5R play roles in appetite control (30). The
present results showed that NYT induced an increase of 1Z in
HEK293T cells expressing NPY1R but not NPY5R (Figure 1).
However, the selective NPY1R antagonist BIBO3340 did not
significantly decrease NPY1R-induced responses (Figure 2A).
Recently, it has been reported that NPYR forms heterodimers
with other GPCRs (41, 42). In some cases, the responses of GPCR
heterodimers were not notably inhibited by the antagonist of
each GPCRmonomer (43). Overall, our present data suggest that
NYT might activate NPY1R/endogenous unidentified GPCRs
expressed in HEK293 cells as heterodimers.

Orexin (orexin A and orexin B), one of the neuropeptides, was
initially recognized as a regulator of feeding behavior, because of
its exclusive production in the lateral hypothalamic area (LHA),
a region known as the feeding center (17, 20, 29, 31). The
orexin receptor is classified into two subtypes (OX1R andOX2R),
and OX1R is mainly involved in the increase in food intake
(20, 22, 31). In this study, NYT-induced OX1R activities were
significantly attenuated by SB676042 (Figure 2C), suggesting that
NYT could be an agonist of OX1R. Modified NYT without citrus
unshiu peel (100µg/ml) failed to increase OX1R activities in
the cells (Figure 3), and the increase was completely suppressed

by SB676042 (Figure 4). However, the level of increase in 1Z
induced by NYT or citrus unshiu peel [NYT (% of control):
433.3 ± 19.5, citrus unshiu peel: 207.4 ± 28.0] was considerably
smaller than that caused by OXA (% of control: 9,781.5± 252.9).
Theoretically, kampo medicine comprises several medical herbal
crude drugs; thus, it is considered to exert multiple actions
(11, 44–51). Furthermore, each action of kampo medicine is
considered milder than that of a drug composed of only one
component, such as western drugs. Thus, kampo medicines are
known to cause fewer adverse effects (52). Taken together, these
results suggest that NYT might have other actions, besides the
activation of OX1R, to improve appetite and fatigue.

In the present study, modified NYT excluding citrus unshiu
peel (100µg/ml) did not significantly activate OX1R (Figure 3).
In addition, the OX1R activities were induced by citrus unshiu
peel alone, and this was suppressed by SB676042 (Figure 4).
These data suggest that citrus unshiu peel is an agonist of
OX1R. In an aqueous extract mixture of NYT, the main
ingredients of citrus unshiu peel were hesperidine, nobiletin,
tangeretin, heptamethoxyflavone, naringin, and synephrine (53–
55). Some studies on blood pharmacokinetics indicated that
these ingredients are absorbed into the blood in humans after
oral administration (56, 57). In addition, some reports have
shown permeation of polymethoxyflavones and nobiletin into
the brain using animal models (58, 59). Therefore, these data
suggest that ingredients derived from citrus unshiu peel could
pass the blood–brain barrier (BBB), and reach the OX1R on
neurons. The facts suggest that these ingredients in citrus unshiu
peel could pass the BBB and act as agonists of OX1R in
neurons. However, further studies are required, and we will
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FIGURE 4 | Effects of each herbal crude drug containing NYT on the increase in impedance of OX1R-expressing HEK293 cells. (A) HEK293 cells stably expressing

OX1R were treated with each herbal crude drug alone contained in NYT (20µg/ml) or its vehicle (control) (n = 6–12). (B) The cells expressing OX1R were pretreated

with or without the selective OX1R antagonist SB676042 (SB, 10−6 or 10−5 M) for 30min and then treated with citrus unshiu peel (20µg/ml) (n = 5–6). The rate of

change in impedance is expressed as the difference of the minimum and maximum impedance after drug injection. The data are expressed as mean ± S.E.M (n = 6).

**< 0.001, and ****p < 0.0001, respectively, compared with the vehicle (control); #p < 0.05, compared with citrus unshiu peel; Bonferroni’s multiple comparison test

following one-way ANOVA.

elucidate the ingredients that induce the activation of OX1R in
the future.

Several studies have shown that cancer cachexia induced
a decrease in food intake in accordance with the changes
in orexigenic/anorexigenic neuropeptides such as orexin. This
suggests that modulating orexigenic/anorexigenic neuropeptide
expression is important for patients with cancer to improve
cachexia (10, 18). In this study, we revealed that NYT and citrus
unshiu peel activated OX1R using an in vitro assay. Kim et al.
have shown that citrus unshiu peel extract alleviates cancer-
induced weight loss in mice bearing CT-26 adenocarcinoma
(60). Although further studies using cancer cachexia–anorexia
model animals are required, these previous and our present data

suggest that NYT might improve cancer cachexia–anorexia via
the activation of OX1R.

Ghrelin, a 28-amino-acid peptide, is mainly secreted from
X/A-like cells in the stomach as an orexigenic peptide (19,
28, 32). The ghrelin receptor GHSR is primarily located in
NPY and agouti-related protein (AGRP) containing neurons of
the hypothalamus–pituitary unit (21–28). The plasma ghrelin
levels increase in response to prolonged fasting and rapidly
decrease after feeding, suggesting that peripheral ghrelin
is significantly important for appetite regulation (26). We
previously reported that rikkunshito (RKT), a Japanese herbal
kampo medicine, improved appetite as assessed using a visual
analog scale (VAS) in a randomized phase II study (61).
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In addition, we previously revealed the mechanism through
which RKT ameliorated anorexia in cancer cachexia model
rats (32, 62). It has been demonstrated that RKT alleviated
ghrelin resistance by enhancement of ghrelin signaling (32).
We also previously reported that atractylodin, an ingredient
in Atractylodes lancea rhizome, an herbal drug composing
RKT, enhanced ghrelin-induced GHSR activation via an
increase in the ghrelin/GHSR-binding activity (33). However,
NYT does not contain Atractylodes lancea rhizome, and the
present study showed that NYT neither activated GHSR
(Figure 1A) nor enhanced the ghrelin-induced GHSR activation
(Supplementary Figure 1). These data suggest that although
both RKT and NYT are involved in the improvement of
anorexia, they may ameliorate cancer cachexia–related anorexia
via different mechanisms.

In conclusion, the present results suggest that NYT and its
ingredient citrus unshiu peel activated OX1R. Although further
studies using animal models with cancer cachexia–anorexia are
needed, these data suggest that NYT might improve cancer
cachexia–anorexia partially via activation of OX1R. This study
provides scientific evidence supporting the use of NYT in patients
with cancer cachexia–anorexia.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

AUTHOR CONTRIBUTIONS

KM and YU: conceptualization and writing—review and editing.
KM, KO, and YY: methodology: MN: validation. KO, NS, and
SF: investigation. KM, KO, and NS: data curation. KM: writing—
original draft preparation. YH, KY, and HF: supervision. YU:
project administration and funding acquisition.

FUNDING

This work was supported by a grant from Kracie Pharma, Ltd.
This funder was not involved in the study design, collection,
analysis, interpretation of data, the writing of this article or the
decision to submit it for publication.

ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.jp) for English
language editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2020.
00005/full#supplementary-material

REFERENCES

1. Laviano A, Meguid MM, Inui A, Muscaritoli M, Rossi-Fanelli F. Therapy

insight: cancer anorexia-cachexia syndrome–when all you can eat is yourself.

Nat Clin Pract Oncol. (2005) 2:158–65. doi: 10.1038/ncponc0112

2. Muscaritoli M, Bossola M, Aversa Z, Bellantone R, Rossi Fanelli F. Prevention

and treatment of cancer cachexia: new insights into an old problem. Eur J

Cancer. (2006) 42:31–41. doi: 10.1016/j.ejca.2005.07.026

3. EvansWJ,Morley JE, Argiles J, Bales C, Baracos V, Guttridge D, et al. Cachexia:

a new definition. Clin Nutr. (2008) 27:793–9. doi: 10.1016/j.clnu.2008.06.013

4. Theologides A. Cancer cachexia. Cancer. (1979) 43:2004–12. doi: 10.1002/

1097-0142(197905)43:5+<2004::AID-CNCR2820430708>3.0.CO;2-%23

5. Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer. (2002) 2:862–71.

doi: 10.1038/nrc927

6. Topkan E, Yavuz AA, Ozyilkan O. Cancer cachexia: pathophysiologic aspects

and treatment options. Asian Pac J Cancer Prev. (2007) 8:445–51.

7. Sudo Y, Otsuka H, Miyakawa R, Goto A, Kashiwase Y, Terawaki K, et al.

Differential metabolic responses to adipose atrophy associated with cancer

cachexia and caloric restriction in rats and the effect of rikkunshito in cancer

cachexia. Int J Mol Sci. (2018) 19:3852. doi: 10.3390/ijms19123852

8. Hanada T, Toshinai K, Kajimura N, Nara-Ashizawa N, Tsukada T,

Hayashi Y, et al. Anti-cachectic effect of ghrelin in nude mice bearing

human melanoma cells. Biochem Biophys Res Commun. (2003) 301:275–9.

doi: 10.1016/S0006-291X(02)03028-0

9. Neary NM, Small CJ, Wren AM, Lee JL, Druce MR, Palmieri C, et al.

Ghrelin increases energy intake in cancer patients with impaired appetite:

acute, randomized, placebo-controlled trial. J Clin Endocrinol Metab. (2004)

89:2832–6. doi: 10.1210/jc.2003-031768

10. Ramos EJ, Suzuki S, Marks D, Inui A, Asakawa A, Meguid MM. Cancer

anorexia-cachexia syndrome: cytokines and neuropeptides. Curr Opin Clin

Nutr Metab Care. (2004) 7:427–34. doi: 10.1097/01.mco.0000134363.53782.cb

11. Miyano K, NonakaM, UzuM, Ohshima K, Uezono Y.Multifunctional actions

of ninjinyoeito, a Japanese kampo medicine: accumulated scientific evidence

based on experiments with cells and animal models, and clinical studies. Front

Nutr. (2018) 5:93. doi: 10.3389/fnut.2018.00093

12. Liu Y, Jia Z, Dong L, Wang R, Qiu G. A randomized pilot study of

atractylenolide I on gastric cancer cachexia patients. Evid Based Complement

Alternat Med. (2008) 5:337–44. doi: 10.1093/ecam/nem031

13. Lobina C, Carai MA, Loi B, Gessa GL, Riva A, Cabri W, et al. Protective effect

of Panax ginseng in cisplatin-induced cachexia in rats. Future Oncol. (2014)

10:1203–14. doi: 10.2217/fon.13.276

14. Unlu A, Nayir E, Kirca O, Ay H, Ozdogan M. Ginseng and cancer. J BUON.

(2016) 21:1383–7.

15. Tahaghoghi-Hajghorbani S, Ebrahimzadeh MA, Rafiei A, Golpour M,

Hosseini-Khah Z, Akhtari J. Improvement of chemotherapy through reducing

of cachexia by using Citrus unshiu peel extract. J Ethnopharmacol. (2019)

242:111929. doi: 10.1016/j.jep.2019.111929

16. Bae T, Jang J, Lee H, Song J, Chae S, Park M, et al. Paeonia lactiflora root

extract suppresses cancer cachexia by down-regulating muscular NF-kappaB

signalling and muscle-specific E3 ubiquitin ligases in cancer-bearing mice. J.

Ethnopharmacol. (2020) 246:112222. doi: 10.1016/j.jep.2019.112222

17. Edwards CM, Abusnana S, Sunter D, Murphy KG, Ghatei MA, Bloom SR.

The effect of the orexins on food intake: comparison with neuropeptide Y,

melanin-concentrating hormone and galanin. J Endocrinol. (1999) 160:R7–12.

doi: 10.1677/joe.0.160r007

18. Inui A. Cancer anorexia-cachexia syndrome: are neuropeptides the key?

Cancer Res. (1999) 59:4493–501.

19. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is

a growth-hormone-releasing acylated peptide from stomach. Nature. (1999)

402:656–60. doi: 10.1038/45230

20. Haynes AC, Jackson B, Chapman H, Tadayyon M, Johns A, Porter RA, et al.

A selective orexin-1 receptor antagonist reduces food consumption in male

and female rats. Regul Pept. (2000) 96:45–51. doi: 10.1016/S0167-0115(00)

00199-3

21. Kamegai J, Tamura H, Shimizu T, Ishii S, Sugihara H, Wakabayashi I.

Central effect of ghrelin, an endogenous growth hormone secretagogue, on

Frontiers in Nutrition | www.frontiersin.org 7 February 2020 | Volume 7 | Article 523

www.editage.jp
https://www.frontiersin.org/articles/10.3389/fnut.2020.00005/full#supplementary-material
https://doi.org/10.1038/ncponc0112
https://doi.org/10.1016/j.ejca.2005.07.026
https://doi.org/10.1016/j.clnu.2008.06.013
https://doi.org/10.1002/1097-0142(197905)43:5+<2004::AID-CNCR2820430708>3.0.CO;2-%23
https://doi.org/10.1038/nrc927
https://doi.org/10.3390/ijms19123852
https://doi.org/10.1016/S0006-291X(02)03028-0
https://doi.org/10.1210/jc.2003-031768
https://doi.org/10.1097/01.mco.0000134363.53782.cb
https://doi.org/10.3389/fnut.2018.00093
https://doi.org/10.1093/ecam/nem031
https://doi.org/10.2217/fon.13.276
https://doi.org/10.1016/j.jep.2019.111929
https://doi.org/10.1016/j.jep.2019.112222
https://doi.org/10.1677/joe.0.160r007
https://doi.org/10.1038/45230
https://doi.org/10.1016/S0167-0115(00)00199-3
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Miyano et al. Ninjinyoeito Activates OX1R Expression

hypothalamic peptide gene expression. Endocrinology. (2000) 141:4797–800.

doi: 10.1210/endo.141.12.7920

22. Yamada H, Okumura T, Motomura W, Kobayashi Y, Kohgo Y. Inhibition of

food intake by central injection of anti-orexin antibody in fasted rats. Biochem

Biophys Res Commun. (2000) 267:527–31. doi: 10.1006/bbrc.1999.1998

23. Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno N, et al. Ghrelin

is an appetite-stimulatory signal from stomach with structural resemblance

to motilin. Gastroenterology. (2001) 120:337–45. doi: 10.1053/gast.2001.

22158

24. Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa K, et al. A

role for ghrelin in the central regulation of feeding. Nature. (2001) 409:194–8.

doi: 10.1038/35051587

25. Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M, Miyanaga F, Takaya K,

et al. Ghrelin, an endogenous growth hormone secretagogue, is a novel

orexigenic peptide that antagonizes leptin action through the activation of

hypothalamic neuropeptide Y/Y1 receptor pathway. Diabetes. (2001) 50:227–

32. doi: 10.2337/diabetes.50.2.227

26. Tschop M, Wawarta R, Riepl RL, Friedrich S, Bidlingmaier M, Landgraf R,

et al. Post-prandial decrease of circulating human ghrelin levels. J Endocrinol

Invest. (2001) 24:Rc19–21. doi: 10.1007/BF03351037

27. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, et al.

Ghrelin enhances appetite and increases food intake in humans. J Clin

Endocrinol Metab. (2001) 86:5992. doi: 10.1210/jcem.86.12.8111

28. Date Y, Murakami N, Toshinai K, Matsukura S, Niijima A, Matsuo H,

et al. The role of the gastric afferent vagal nerve in ghrelin-induced feeding

and growth hormone secretion in rats. Gastroenterology. (2002) 123:1120–8.

doi: 10.1053/gast.2002.35954

29. Haynes AC, Chapman H, Taylor C, Moore GB, Cawthorne MA, Tadayyon

M, et al. Anorectic, thermogenic and anti-obesity activity of a selective

orexin-1 receptor antagonist in ob/ob mice. Regul Pept. (2002) 104:153–9.

doi: 10.1016/S0167-0115(01)00358-5

30. Lin S, Boey D, Herzog H. NPY and Y receptors: lessons from transgenic

and knockout models. Neuropeptides. (2004) 38:189–200. doi: 10.1016/

j.npep.2004.05.005

31. Sakurai T. Roles of orexins in the regulation of body weight homeostasis.Obes

Res Clin Pract. (2014) 8:e414–20. doi: 10.1016/j.orcp.2013.12.001

32. Terawaki K, Kashiwase Y, Sawada Y, Hashimoto H, Yoshimura M, Ohbuchi

K, et al. Development of ghrelin resistance in a cancer cachexia rat model

using human gastric cancer-derived 85As2 cells and the palliative effects of the

Kampo medicine rikkunshito on the model. PLoS ONE. (2017) 12:e0173113.

doi: 10.1371/journal.pone.0173113

33. Fujitsuka N, Asakawa A, Uezono Y, Minami K, Yamaguchi T, Niijima A,

et al. Potentiation of ghrelin signaling attenuates cancer anorexia-cachexia and

prolongs survival. Transl Psychiatry. (2011) 1:e23. doi: 10.1038/tp.2011.25

34. Mizushima S, Nagata S. pEF-BOS, a powerful mammalian expression vector.

Nucleic Acids Res. (1990) 18:5322. doi: 10.1093/nar/18.17.5322

35. Quitterer U, Pohl A, Langer A, Koller S, Abdalla S. A cleavable signal

peptide enhances cell surface delivery and heterodimerization of Cerulean-

tagged angiotensin II AT1 and bradykinin B2 receptor. Biochem Biophys Res

Commun. (2011) 409:544–9. doi: 10.1016/j.bbrc.2011.05.041

36. Miyano K, Sudo Y, Yokoyama A, Hisaoka-Nakashima K, Morioka N,

TakebayashiM, et al. History of the G protein-coupled receptor (GPCR) assays

from traditional to a state-of-the-art biosensor assay. J Pharmacol Sci. (2014)

126:302–9. doi: 10.1254/jphs.14R13CP

37. Hisaoka-Nakashima K, Miyano K, Matsumoto C, Kajitani N, Abe H, Okada-

Tsuchioka M, et al. Tricyclic antidepressant amitriptyline-induced glial cell

line-derived neurotrophic factor production involves pertussis toxin-sensitive

galphai/o activation in astroglial cells. J Biol Chem. (2015) 290:13678–91.

doi: 10.1074/jbc.M114.622415

38. Kajitani N, Miyano K, Okada-Tsuchioka M, Abe H, Itagaki K, Hisaoka-

Nakashima K, et al. Identification of lysophosphatidic acid receptor 1 in

astroglial cells as a target for glial cell line-derived neurotrophic factor

expression induced by antidepressants. J Biol Chem. (2016) 291:27364–70.

doi: 10.1074/jbc.M116.753871

39. Meguro Y, Miyano K, Hirayama S, Yoshida Y, Ishibashi N, Ogino T,

et al. Neuropeptide oxytocin enhances mu opioid receptor signaling

as a positive allosteric modulator. J Pharmacol Sci. (2018) 137:67–75.

doi: 10.1016/j.jphs.2018.04.002

40. Manabe S, Miyano K, Fujii Y, Ohshima K, Yoshida Y, NonakaM, et al. Possible

biased analgesic of hydromorphone through the G protein-over beta-arrestin-

mediated pathway: cAMP, CellKey, and receptor internalization analyses. J

Pharmacol Sci. (2019) 140:171–7. doi: 10.1016/j.jphs.2019.06.005

41. Parker MS, Sah R, Balasubramaniam A, Park EA, Sallee FR, Parker SL. Dimers

of G-protein coupled receptors as versatile storage and response units. Int J

Mol Sci. (2014) 15:4856–77. doi: 10.3390/ijms15034856

42. Kilpatrick LE, Humphrys LJ, Holliday ND. A G protein-coupled receptor

dimer imaging assay reveals selectively modified pharmacology of

neuropeptide Y Y1/Y5 receptor heterodimers. Mol Pharmacol. (2015)

87:718–32. doi: 10.1124/mol.114.095356

43. Hubner H, Schellhorn T, Gienger M, Schaab C, Kaindl J, Leeb L, et al.

Structure-guided development of heterodimer-selective GPCR ligands. Nat

Commun. (2016) 7:12298. doi: 10.1038/ncomms12298

44. Kono T, Kaneko A, Matsumoto C, Miyagi C, Ohbuchi K, Mizuhara Y, et al.

Multitargeted effects of hangeshashinto for treatment of chemotherapy-

induced oral mucositis on inducible prostaglandin E2 production

in human oral keratinocytes. Integr Cancer Ther. (2014) 13:435–45.

doi: 10.1177/1534735413520035

45. Fukamachi H, Matsumoto C, Omiya Y, Arimoto T, Morisaki H, Kataoka

H, et al. Effects of Hangeshashinto on growth of oral microorganisms. Evid

Based Complement Alternat Med. (2015) 2015:512947. doi: 10.1155/2015/5

12947

46. Matsumoto C, Sekine-Suzuki E, Nyui M, Ueno M, Nakanishi I, Omiya Y,

et al. Analysis of the antioxidative function of the radioprotective Japanese

traditional (Kampo) medicine, hangeshashinto, in an aqueous phase. J Radiat

Res. (2015) 56:669–77. doi: 10.1093/jrr/rrv023

47. Hiroshima Y, Bando M, Inagaki Y, Kido R, Kataoka M, Nagata T,

et al. Effect of Hangeshashinto on calprotectin expression in human oral

epithelial cells. Odontology. (2016) 104:152–62. doi: 10.1007/s10266-015-

0196-3

48. Hitomi S, Ono K, Yamaguchi K, Terawaki K, Imai R, Kubota K, et al.

The traditional Japanese medicine hangeshashinto alleviates oral ulcer-

induced pain in a rat model. Arch Oral Biol. (2016) 66:30–7. doi: 10.1016/

j.archoralbio.2016.02.002

49. Hitomi S, Ono K, Terawaki K, Matsumoto C, Mizuno K, Yamaguchi K,

et al. [6]-gingerol and [6]-shogaol, active ingredients of the traditional

Japanese medicine hangeshashinto, relief oral ulcerative mucositis-induced

pain via action on Na(+) channels. Pharmacol Res. (2017) 117:288–302.

doi: 10.1016/j.phrs.2016.12.026

50. Miyashita T, Kono T, Matsui D, Yamazaki Y, Sadatomi D, Fujitsuka

N, et al. Preventive effect of oral hangeshashinto (TJ-14) on the

development of reflux-induced esophageal cancer. Surgery. (2018) 164:49–55.

doi: 10.1016/j.surg.2018.02.003

51. Hitomi S, Ujihara I, Ono K. Pain mechanism of oral ulcerative mucositis

and the therapeutic traditional herbal medicine hangeshashinto. J Oral Biosci.

(2019) 61:12–5. doi: 10.1016/j.job.2019.01.004

52. Tatsumi L, Suzuki T, Yamada K, Mimura M, Uchida H. Kampo, A Japanese

traditional medicinal system for psychiatric conditions: a narrative review.

Pharmacopsychiatry. (2019) 52:251–60. doi: 10.1055/a-0637-9760

53. Zhang C, Lu Y, Tao L, Tao X, Su X, Wei D. Tyrosinase inhibitory effects

and inhibition mechanisms of nobiletin and hesperidin from citrus peel

crude extracts. J Enzyme Inhib Med Chem. (2007) 22:83–90. doi: 10.1080/

14756360600953876

54. Matsumoto T, Nishikawa T, Furukawa A, Itano S, Tamura Y, Hasei

T, et al. Antimutagenic effects of polymethoxy flavonoids of Citrus

unshiu. Nat Prod Commun. (2017) 12:23–6. doi: 10.1177/1934578X17012

00108

55. Kim JJ, Kim K, Jung YR, Bian Y, Ngo T, Bae ON, et al. Co-

existence of hypertensive and anti-hypertensive constituents, synephrine, and

nobiletin in Citrus unshiu Peel. Molecules. (2019) 24:1197. doi: 10.3390/

molecules24071197

56. Kanaze FI, Bounartzi MI, Georgarakis M, Niopas I. Pharmacokinetics

of the citrus flavanone aglycones hesperetin and naringenin after single

oral administration in human subjects. Eur J Clin Nutr. (2007) 61:472–7.

doi: 10.1038/sj.ejcn.1602543

57. Kitagawa H, Munekage M, Matsumoto T, Sadakane C, Fukutake M,

Aoki K, et al. Pharmacokinetic profiles of active ingredients and its

Frontiers in Nutrition | www.frontiersin.org 8 February 2020 | Volume 7 | Article 524

https://doi.org/10.1210/endo.141.12.7920
https://doi.org/10.1006/bbrc.1999.1998
https://doi.org/10.1053/gast.2001.22158
https://doi.org/10.1038/35051587
https://doi.org/10.2337/diabetes.50.2.227
https://doi.org/10.1007/BF03351037
https://doi.org/10.1210/jcem.86.12.8111
https://doi.org/10.1053/gast.2002.35954
https://doi.org/10.1016/S0167-0115(01)00358-5
https://doi.org/10.1016/j.npep.2004.05.005
https://doi.org/10.1016/j.orcp.2013.12.001
https://doi.org/10.1371/journal.pone.0173113
https://doi.org/10.1038/tp.2011.25
https://doi.org/10.1093/nar/18.17.5322
https://doi.org/10.1016/j.bbrc.2011.05.041
https://doi.org/10.1254/jphs.14R13CP
https://doi.org/10.1074/jbc.M114.622415
https://doi.org/10.1074/jbc.M116.753871
https://doi.org/10.1016/j.jphs.2018.04.002
https://doi.org/10.1016/j.jphs.2019.06.005
https://doi.org/10.3390/ijms15034856
https://doi.org/10.1124/mol.114.095356
https://doi.org/10.1038/ncomms12298
https://doi.org/10.1177/1534735413520035
https://doi.org/10.1155/2015/512947
https://doi.org/10.1093/jrr/rrv023
https://doi.org/10.1007/s10266-015-0196-3
https://doi.org/10.1016/j.archoralbio.2016.02.002
https://doi.org/10.1016/j.phrs.2016.12.026
https://doi.org/10.1016/j.surg.2018.02.003
https://doi.org/10.1016/j.job.2019.01.004
https://doi.org/10.1055/a-0637-9760
https://doi.org/10.1080/14756360600953876
https://doi.org/10.1177/1934578X1701200108
https://doi.org/10.3390/molecules24071197
https://doi.org/10.1038/sj.ejcn.1602543
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Miyano et al. Ninjinyoeito Activates OX1R Expression

metabolites derived from rikkunshito, a ghrelin enhancer, in healthy Japanese

volunteers: a cross-over, randomized study. PLoS ONE. (2015) 10:e0133159.

doi: 10.1371/journal.pone.0133159

58. Singh SP,Wahajuddin Tewari D, Patel K, Jain GK. Permeability determination

and pharmacokinetic study of nobiletin in rat plasma and brain by

validated high-performance liquid chromatography method. Fitoterapia.

(2011) 82:1206–14. doi: 10.1016/j.fitote.2011.08.010

59. Okuyama S, Miyazaki K, Yamada R, Amakura Y, Yoshimura M, Sawamoto A,

et al. Permeation of Polymethoxyflavones into themouse brain and their effect

on MK-801-induced locomotive hyperactivity. Int J Mol Sci. (2017) 18:489.

doi: 10.3390/ijms18030489

60. Kim A, Im M, Gu MJ, Ma JY. Citrus unshiu peel extract alleviates cancer-

induced weight loss in mice bearing CT-26 adenocarcinoma. Sci Rep. (2016)

6:24214. doi: 10.1038/srep24214

61. Inoue T, Takagi H, Owada Y, Watanabe Y, Yamaura T, Fukuhara M, et al.

The efficacy of the Kampo medicine rikkunshito for chemotherapy-induced

anorexia (RICH trial): study protocol for a randomized controlled trial. Trials.

(2017) 18:485. doi: 10.1186/s13063-017-2227-6

62. Fujitsuka N, Uezono Y. Rikkunshito, a ghrelin potentiator, ameliorates

anorexia-cachexia syndrome. Front Pharmacol. (2014) 5:271. doi: 10.3389/

fphar.2014.00271

Conflict of Interest: YU received grant support from Kracie Pharma, Ltd.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2020 Miyano, Ohshima, Suzuki, Furuya, Yoshida, Nonaka, Higami,

Yoshizawa, Fujii and Uezono. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Nutrition | www.frontiersin.org 9 February 2020 | Volume 7 | Article 525

https://doi.org/10.1371/journal.pone.0133159
https://doi.org/10.1016/j.fitote.2011.08.010
https://doi.org/10.3390/ijms18030489
https://doi.org/10.1038/srep24214
https://doi.org/10.1186/s13063-017-2227-6
https://doi.org/10.3389/fphar.2014.00271
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


CASE REPORT
published: 30 April 2020

doi: 10.3389/fnut.2020.00057

Frontiers in Nutrition | www.frontiersin.org 1 April 2020 | Volume 7 | Article 57

Edited by:

Akio Inui,

Kagoshima University, Japan

Reviewed by:

Masatoshi Kanno,

Nara Medical University, Japan

Kanako Miyano,

National Cancer Center Research

Institute, Japan

*Correspondence:

Naoki Aomatsu

hong_shim@yahoo.co.jp

Specialty section:

This article was submitted to

Clinical Nutrition,

a section of the journal

Frontiers in Nutrition

Received: 25 January 2020

Accepted: 08 April 2020

Published: 30 April 2020

Citation:

Aomatsu N, Uchima Y, Tsujio G,

Miyamoto Y, Okada T, Kurihara S,

Matsutani S, Hirakawa T, Iwauchi T,

Morimoto J, Yamagata S,

Nakazawa K, Nishii T, Tachimori A,

Maeda K, Ikeda K and Takeuchi K

(2020) Postoperative Adjuvant

Chemotherapy Regimen of CAPOX

Combined With Ninjin’yoeito in an

Elderly Patient With Stage III Colon

Cancer: A Case Report.

Front. Nutr. 7:57.

doi: 10.3389/fnut.2020.00057

Postoperative Adjuvant
Chemotherapy Regimen of CAPOX
Combined With Ninjin’yoeito in an
Elderly Patient With Stage III Colon
Cancer: A Case Report
Naoki Aomatsu 1,2*, Yasutake Uchima 2, Gen Tsujio 2, Yoshinari Miyamoto 2, Takuma Okada 2,

Shigeaki Kurihara 2, Shinji Matsutani 2, Toshiki Hirakawa 2, Takehiko Iwauchi 2,

Junya Morimoto 2, Shigehito Yamagata 2, Kazunori Nakazawa 2, Takafumi Nishii 1,

Akiko Tachimori 1, Kiyoshi Maeda 1, Katsumi Ikeda 3 and Kazuhiro Takeuchi 2

1Department of Gastroenterological Surgery, Osaka City General Hospital, Osaka, Japan, 2Department of Surgery Center,

Fuchu Hospital, Osaka, Japan, 3Department of Breast Surgical Oncology, Osaka City General Hospital, Osaka, Japan

We report the successful management of stage III colon cancer in an elderly patient who

received an adjuvant chemotherapy regimen of capecitabine plus oxaliplatin (CAPOX)

with the Japanese kampo medicine ninjin’yoeito (NYT). A 75-year-old woman with a

medical history of hypertension presented at another institution with fecal occult blood,

and a colonoscopy that showed a type II tumor in the sigmoid colon. She was referred

to our hospital for tumor resection, where colonoscopy confirmed the location of the

type II tumor in the sigmoid colon. Histopathology of the biopsy specimen indicated

a moderately differentiated tubular adenocarcinoma. Enhanced computed tomography

of the thorax and abdomen indicated thickening of the sigmoid colon wall. Regional

lymph node metastasis was suspected, but distant metastasis was not indicated.

A blood examination revealed an elevated carcinoembryonic antigen (CEA) concentration

(32.7 ng/ml). Following a diagnosis of cancer of the sigmoid colon, clinical stage IIIb [cT4a,

N1b, M0], a laparoscopic sigmoid colectomy was performed without complications.

The postoperative histopathological examination revealed a moderately differentiated to

mucinous adenocarcinoma. Three of 16 retrieved lymph nodes containedmalignant cells.

The final tumor classification was Stage IIIb [pT4a, pN1b, M0]. The patient recovered

uneventfully, and was discharged 10 days after surgery with a recommendation for

adjuvant chemotherapy with CAPOX starting 4 weeks after surgery. The patient also

received 7.5 g of NYT daily throughout the adjuvant chemotherapy course. She did

not report any loss of appetite, general fatigue, peripheral neuropathy, neutropenia, or

febrile neutropenia. During a 1-year postoperative follow-up, she has not experienced

any recurrence. We conclude that NYT might be useful for reducing the adverse effects

of anticancer therapy, particularly in elderly patients.
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INTRODUCTION

Combinations of oxaliplatin (L-OHP) with fluoropyrimidine
drugs have been used as standard adjuvant chemotherapy
regimens for the treatment of stage III colon cancer since
2004. Although elderly patients reap the same benefits
from these regimens as younger patients, the main adverse
effect of L-OHP is peripheral neuropathy. In previous
reports, ninjin’yoeito (NYT) was reported to be useful
for reducing adverse effects such as anticancer anemia,
peripheral neuropathy, and cancer cachexia (1–4). We
report a case of postoperative adjuvant chemotherapy
comprising capecitabine plus L-OHP (CAPOX) combined
with NYT for the treatment of stage III colon cancer in an
elderly patient.

CASE PRESENTATION

A 75-year-old woman with a medical history of hypertension
presented at another institution with fecal occult blood, and
a colonoscopy showed a type II tumor in the sigmoid colon.
She was referred to our hospital for tumor resection, where
colonoscopy determined that the tumor was located 23 cm
from the anal verge. Histopathology of a biopsy specimen
revealed a moderately differentiated tubular adenocarcinoma.
Enhanced computed tomography of the thorax and abdomen
showed sigmoid colon wall thickening. Regional lymph
node metastasis was suspected, but no evidence of distant
metastasis was observed. A blood examination revealed an
elevated carcinoembryonic antigen (CEA) concentration
(32.7 ng/ml). Following a diagnosis of cancer of the sigmoid
colon, clinical stage IIIb [cT4a, N1b, M0], a laparoscopic
sigmoid colectomy was performed without complications.
The postoperative histopathological examination revealed a
moderately differentiated to mucinous adenocarcinoma. Three
of the 16 retrieved lymph nodes contained malignant cells.
Finally, the cancer was classified as stage IIIb [pT4a, pN1b, M0].
The patient recovered uneventfully and was discharged 10 days
after the surgery. Following the diagnosis of stage III colorectal
cancer, the patient was recommended to receive adjuvant
chemotherapy with CAPOX starting 4 weeks after surgery. The
selected regimen consisted of capecitabine (1,000 mg/m2 orally
twice daily) for 14 days and L-OHP (130 mg/m2 intravenous
infusion) on the first day of each cycle, with a periodicity of 3
weeks over 3 months (four cycles). The anticancer drug dosage
was reduced to 80% because of the patient’s age. The patient
had postoperative physical weakness and appetite loss, and also
received 7.5 g of NYT daily throughout the course of adjuvant
chemotherapy. She did not report any events of peripheral loss
of appetite, general fatigue, peripheral neuropathy, neutropenia,
or febrile neutropenia. Adverse effects were graded according to
the Common Terminology Criteria for Adverse Events (CTCAE)
v5.0. She has not experienced any recurrence during a 1-year
postoperative follow-up.

DISCUSSION

Herein, we report the successful management of stage III
colon cancer in an elderly patient via adjuvant CAPOX
chemotherapy combined with NYT. Adjuvant chemotherapy
improves overall survival in patients with resected stage III
colorectal cancer (5). The MOSAIC Multicenter International
Study (6) revealed that a regimen of FOLFOX [fluorouracil
(FU) bolus and continuous infusion combined with leucovorin
(LV) and L-OHP] significantly improved 3-year disease-
free survival outcomes when compared with fluorouracil
and leucovorin alone. Additionally, CAPOX improved overall
survival outcomes in patients with resected stage III colon cancer
when compared with bolus FU after amedian follow-up of almost
7 years (7). CAPOX allows for central venous (CV)-port-free
administration. Therefore, this regimen might be considered a
standard adjuvant treatment option for patients with stage III
colon cancer.

Elderly patients receive the same survival benefit from these
regimens as younger patients. In both older (≥70 years) and
younger patients, adjuvant 5-FU therapy has been significantly
associated with reducedmortality in randomized controlled trials
(8). Haller reported that in a pooled analysis of individual patient
data from four randomized controlled trials of CAPOX/FOLFOX
vs. LV/5-FU [NSABP C-08 (9), XELOXA (7), X-ACT (10),
and AVANT (11)], disease-free survival benefits were observed
regardless of age or medical comorbidity. However, the benefits
were modestly attenuated in patients aged ≥70 years, with a
hazard ratio of 0.77 (P < 0.014) vs. 0.68 (P < 0.0001) among
patients aged <70 years (12).

Peripheral neuropathy is the main adverse effect of L-OHP
therapy. In the MOSAIC study, grade 2 and 3 peripheral sensory
neuropathy was observed during treatment in 31.4 and 12.5%
patients in the FOLFOX group (13). During treatment with
L-OHP chemotherapy, patients have experienced acute and
chronic mechanical hyperalgesia and cold allodynia. The dose
and duration of therapy are limited once a patient develops
peripheral neuropathy, leading to a reduced quality of life. The
cumulative administered dose of L-OHP increases the risk of
associated sensory neurotoxicity (13, 14). In the MOSAIC trial
(13), the frequency of grade 3 peripheral sensory neuropathy
among patients receiving L-OHP persisted over time (1.3% at
12 months and 0.7% at 48 months after treatment). This toxic
adverse effectmay be severe and can persist long after treatment is
completed, leading to potentially life-long effects on the patients’
activities of daily living (15).

To date, various integrative approaches, including Japanese
kampo medicine, have been used in an attempt to prevent the
adverse effects of chemotherapy. Kampo medicines are currently
used to treat several types of diseases, and are also used to
improve the quality of life of patients throughout the world and
especially in Asian countries (3). Of the traditional medicine
components prescribed to prevent L-OHP-induced peripheral
neuropathy, goshajinkigan has been the most popular with
animal experiments (16–18). However, goshajinkigan could not
prevent L-OHP-induced peripheral neurotoxicity in colorectal
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cancer patients treated with FOLFOX regimens in a randomized
phase III clinical trial (19).

NYT is a Japanese kampo medicine composed of 12 herbal
plants that is used to facilitate disease recovery and improve
several symptoms, such as anemia, anorexia, and fatigue. In
previous reports, NYT appeared to be useful for reducing the
adverse effects of anticancer anemia, peripheral neuropathy and
cancer cachexia (1–4). NYT should be administered at the same
time as adjuvant chemotherapy. At that time, the indicating
disease, such as postoperative physical weakness, general fatigue,
appetite loss, and anemia, must be present. Some references
indicate that more human data, both younger and elderly
patients, is needed to validate the efficacy of NYT in managing
adverse effects of a systemic chemotherapy regimen (20, 21). In
mice, NYT improved 5-FU-induced anemia and increased the
populations of burst-forming unit-erythroid cells and colony-
forming unit-erythroid cells in bone marrow (22).

In an in vitro study, Suzuki reported that an extract of
NYT prevented L-OHP-induced neurodegeneration in PC12
cells (1). Particularly, ginseng extract appeared to exert the
strongest protective effect against neurodegeneration among
the 12 herbal components of NYT. In a mouse model
experiment, NYT and ginseng reduced L-OHP-induced neurite
damage and neuropathic pain. In an in vitro study, L-OHP
treatment suppressed neurite outgrowths from primary dorsal
root ganglion cells. NYT extract blocked this suppression in a
concentration-dependent manner. Ginseng showed a protective
effect against neurite damage induced by L-OHP, and one of
its active ingredients was identified as ginsenoside Rg3 (4).
In addition to NYT, other kampo medicines, such as ginseng
and hochuekkito also reduce the adverse effects of anticancer
therapy. Hochuekkito is not expected to improve peripheral
neuropathy, but has been noted to improve gastrointestinal

conditions and increase physical strength, and is expected to
improve immune function (23). Consistent with those earlier
observations, the administration of NYT reduced the adverse
effects associated with adjuvant CAPOX chemotherapy, such as
peripheral neuropathy, neutropenia, and febrile neutropenia in
our elderly patient with stage III colorectal cancer.

In conclusion, our observations suggest that NYT might be
useful for reducing the adverse effects of anticancer therapy in
elderly patients.
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We report a case involving a 92-year-old man who successfully received treatment with

ninjin’yoeito, a Japanese herbal medicine, during the rehabilitation phase after hip fracture

surgery. The patient was diagnosed with a left femoral neck fracture and underwent

surgery. Twoweeks after surgery, he was admitted to a rehabilitation hospital. At that time,

his height, weight, body fat percentage, muscle mass, and Functional Independence

Measure (FIM) score were 167 cm, 61 kg, 34.1%, 38.2 kg, and 49, respectively. For 1

month after surgery (i.e., 2 weeks after admission to the rehabilitation facility), he received

rikkunshito, a traditional Japanese herbal medicine also known as Kampo medicine,

for appetite loss and underwent rehabilitation. However, his appetite loss showed no

improvement, and rikkunshito (7.5 g/d) was replaced with ninjin’yoeito (7.5 g/d). Two

months later, although the patient’s body weight and body fat percentage decreased

to 56.5 kg and 21.1%, respectively, his muscle mass increased to 38.9 kg. Nutritional

status evaluation indicated an improvement in the level of proteins such as transferrin,

prealbumin, and retinol-binding protein, which reflected an increase in food intake. The

FIM score improved from 49 to 105. No side effects were observed. The findings from this

case suggest that ninjin’yoeito, which includes Astragalus root and Schisandra fruit, may

be an effective treatment option for sarcopenia or frailty with appetite loss and impaired

activities of daily living in aged patients.

Keywords: ninjin’yoeito, sarcopenia, frailty, rehabilitation, body composition, hip fracture, malnutrition

INTRODUCTION

Japan is becoming a super-aged society, and this trend has been accompanied by a substantial
increase in the incidence of age-related disease in recent decades. Frailty due to sarcopenia
associated with aging and underlying diseases has received particular attention because it impairs
the quality of life (QOL) of the elderly and shortens the healthy life span. Fracture resulting from
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sarcopenia or frailty is one of the main reasons why elderly
individuals become bedridden, which markedly impairs
their QOL. Thus, rehabilitation after treatment of the
fracture is important. However, many elderly individuals
with fractures exhibit a state of malnutrition, which affects
the outcome of rehabilitation (1–3). Although it has
been shown that nutritional management is an important
part of rehabilitation, some patients exhibit appetite
loss, and decreased food intake and show no progress
during rehabilitation.

Mosapride and acotiamide, which are indicated for the
treatment of functional dyspepsia (4), are generally used
to treat appetite loss. Japanese traditional herbal medicines
(Kampo medicine) are also used as appetite stimulants when
pharmacological treatment is ineffective in Japan. Kampo
medicine, which is derived from Chinese medicine and
developed independently (5), has been integrated into modern
medicine owing to its high quality and safety (6). The choice
of treatment is guided according to the patient’s constitution
and symptoms (7). Ninjin’yoeito is used for treating serious
illnesses and has been approved for use in the treatment of
systemic malaise, appetite loss, and anemia by the Japanese
Ministry of Health, Labor and Welfare. Ninjin’yoeito is
a multicomponent formulation comprising 12 crude drugs:
ginseng 3 g, Astragalus root 1.5 g, Atractylodes rhizome 4 g,
Poria sclerotium 4 g, Japanese angelica root 4 g, Rehmannia
root 4 g, cinnamon bark 2.5 g, peony root 2 g, Citrus unshiu
peel 2 g, polygala root 2 g, Schisandra fruit 1 g, and Glycyrrhiza
1 g. However, the effects of ninjin’yoeito on nutritional
status and rehabilitation outcomes have not been reported
to date.

Herein, we report a case involving an elderly man
with appetite loss and decreased motivation levels during
the rehabilitation phase after surgery for a femoral neck
fracture. Although his rehabilitation did not progress well
initially, the outcomes improved with the introduction
of ninjin’yoeito as part of the treatment. Specifically, he
exhibited an improvement in nutritional status and activities
of daily living (ADLs), with a notable increase in lean
body mass.

CASE PRESENTATION

A 92-year-old man who experienced a fall while walking
presented at an acute care hospital with left hip pain. The
patient’s medical history included hypertension, dyslipidemia,
and a previous myocardial infarction. The patient’s current
medications included amlodipine besylate, pravastatin sodium,
ethyl icosapentate, aspirin, and nicorandil. Prior to his falling,
he was independent with his ADLs and had a good appetite.
Examination revealed a left femoral neck fracture, and the
patient underwent surgery as a result. Although rehabilitation
was initiated immediately after surgery, the patient’s motivation

Abbreviations: FIM, Functional Independence Measure; QOL, quality of life;

ADLs, activities of daily living; HG, hand grip; SMI, skeletal muscle mass index;

NPY, neuropeptide Y.

level was low, because of which his rehabilitation did not
progress well. Moreover, he did not eat sufficiently because
of appetite loss. Accordingly, treatment was initiated with
rikkunshito (7.5 g/d; Tsumura & Co., Tokyo, Japan), a Japanese
herbal medicine used for appetite loss and functional dyspepsia.
Two weeks after surgery, the patient was transferred to our
rehabilitation hospital. At that time, his height, weight, body
fat percentage, muscle mass, and Functional Independence
Measure (FIM) score were 167 cm, 61 kg, 34.1%, 38.2 kg,
and 49, respectively. His general condition and nutritional
status from admission to discharge are described in Table 1,
whereas findings of body composition assessments and FIM
scores during that period are described in Tables 2, 3,
respectively. InBody S10 (InBody, Tokyo, Japan) was used
to measure the body composition. The patient’s hand grip
(HG) strength and skeletal muscle mass index (SMI) were
19.6 kg and 6.42 kg/m2, respectively. He was diagnosed
with sarcopenia according to the Asian Working Group for
Sarcopenia criteria as follows: HG strength of <26 kg and
SMI of <7.0 kg/m2 (8). He also exhibited weakness, poor
endurance, and low activity, thus meeting the criteria for
frailty (9).

Prior to the fracture, the patient was ambulatory; however,
when he was transferred to our rehabilitation hospital, he
initially used a wheelchair. In addition, his total FIM score
was 49 (Table 3); he showed independence only while eating
meals and required assistance with all other activities such as
dressing, defecating, and moving around. Furthermore, he felt
like eating only occasionally and ingested a variable amount
of food, with an average daily calorie intake of 992 kcal.
Although conventional rehabilitation (joint range-of-motion
training and ADL training) was ongoing, he typically remained
in bed. Considering the constant appetite loss and decreased
motivation levels, rikkunshito treatment was replaced with
ninjin’yoeito treatment (7.5 g/d; Kracie Pharma, Ltd., Tokyo,
Japan) twice a day before meals according to the package
insert from day 15. There was no restriction on other drugs
during the ninjin’yoeito treatment. Subsequently, his food intake
gradually stabilized, and the average daily calorie intake during
the period of ninjin’yoeito treatment increased to 1,159 kcal.
In particular, the average daily calorie intake increased to
1,234 kcal during the last month of hospitalization. Moreover,
there was an increase in the serum levels of transferrin,
prealbumin, and retinol-binding protein, which are typical
indices of nutritional status. The duration of ninjin’yoeito
treatment was 2 months. Although the patient’s HG strength
and SMI still indicated sarcopenia, he became almost fully
independent with his lifestyle activities and exhibited a total
FIM score of 105, with markedly improved motor subscores,
at the time of discharge 2.5 months after admission. Despite
weight loss and decreased body fat percentage relative to
the time of admission, there was an increase in lean body
mass. During the period of hospitalization, the patient had
good adherence and reported no adverse events related to the
ninjin’yoeito treatment.

The treatment protocol for this case was approved by the
ethics committee of Hattanmaru Rehabilitation Hospital, and
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TABLE 1 | Findings and laboratory data from admission to discharge for an elderly patient who received ninjin’yoeito, a Japanese herbal medicine, during the

rehabilitation phase after hip fracture surgery.

At admission At discharge

Height, cm 167 167

BW, kg 61.0 56.5

BMI, kg/m2 21.9 20.3

HS, kg (right) 19.6 22.6

HS, kg (left) 23.3 20.7

Nutritional status At admission Ninjin’yoeito treatment initiation 1 month after treatment initiation 2 months after treatment initiation

TP, g/dL 6.4 6.8 6.7 7.1

ALB, g/dL 3.0 3.5 3.3 3.5

Tf, mg/dL 227 213 238

PreALB, mg/dL 24.7 21.9 27.9

RBP, mg/dL 2.9 2.6 3.6

BW, body weight; BMI, body mass index; HS, handgrip strength; TP, total protein; ALB, albumin; Tf, transferrin; PreALB, prealbumin; RBP, retinol-binding protein.

TABLE 2 | Body composition of an elderly patient who received ninjin’yoeito, a Japanese herbal medicine, during the rehabilitation phase after hip fracture surgery.

At admission 1 month after admission 2 months after admission At discharge after 2.5 months

BW, kg 61.0 59.1 57.5 56.5

Lean mass, kg 38.2 37.5 42.0 42.2

Fat mass, kg 20.8 19.6 13.1 11.9

PBF, % 34.1 33.2 22.7 21.1

LEAN MASS

Right arm, kg 2.22 2.04 2.38 2.45

Left arm, kg 2.14 2.02 2.33 2.46

Trunk, kg 19.3 18.5 20.1 20.6

Right leg, kg 6.64 6.82 6.71 6.62

Left leg, kg 6.90 6.93 6.98 6.78

SMI, kg/m2 6.42 6.39 6.60 6.57

BME, kcal 1,239 1,223 1,330 1,333

PBF, percent body fat; SMI, skeletal muscle mass index; BME, basal metabolic expenditure.

the patient provided written informed consent for publication of
this report.

DISCUSSION

In this report, we describe the successful rehabilitation after
surgery for a femoral neck fracture in an elderly patient
who was associated with improvement of average daily calorie

intake from 992 to 1,159 kcal, muscle mass from 38.2 to
38.9 kg, and FIM score from 49 to 105. Because of appetite

loss and decreased motivation levels, the patient’s rehabilitation
did not progress well. Even after 2-week administration of

rikkunshito, used for the management of appetite loss and
functional dyspepsia in Japan (10), there was no improvement

in the amount of food ingested by the patient. Therefore,
his treatment was switched to ninjin’yoeito, which is used to
manage appetite loss, sarcopenia, mild depression, and fatigue
during cancer treatment (11). The initiation of ninjin’yoeito

treatment increased the patient’s daily calorie intake, thus
resulting in good progress of rehabilitation and an improvement
in ADLs. In addition, there was an increase in the serum
levels of transferrin, prealbumin, and retinol-binding protein,
which are typical indices of nutritional status. Ohsawa et al.
(12) reported that ninjin’yoeito maintained the skeletal muscle
mass through the improvement of amino acid metabolism and
might improve the capacity of amino acid storage in the skeletal
muscle in tumor-bearing mice. In the present case, muscle mass
increased from 38.2 to 38.9 kg with ninjin’yoeito treatment.
However, with no cancer-induced sarcopenia, ninjin’yoeito
might improve the amino acid metabolism and storage in the
skeletal muscle. Whereas the body fat percentage decreased
(it exceeded 30% at the time of admission), the trunk and
appendicular skeletal muscle mass increased. Malafarina and
colleagues (13) evaluated elderly patients with hip fracture and
found that intake of oral nutritional supplements in addition
to a standard diet helped in maintaining body weight, fat
mass, and muscle mass, all of which exhibited a decrease
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TABLE 3 | Functional Independence Measure scores at admission and discharge for an elderly patient who received ninjin’yoeito, a Japanese herbal medicine, during the

rehabilitation phase after hip fracture surgery.

FIM item At admission At discharge Maximum Improvement

Self-care 18 38 42 20

Sphincter control 2 14 14 12

Transfer 9 18 21 9

Locomotion 2 10 14 8

FIM-M total 31 80 91 49

Communication 9 13 14 4

Social cognition 9 12 21 3

FIM-C total 18 25 35 7

Total 49 105 126 56

FIM, functional independence measure; FIM-M, FIM motor subscores; FIM-C, FIM cognitive subscores.

in the control group. The increase in skeletal muscle mass
and decrease in body weight and fat mass in the present
patient can be attributed to improved ADLs and increased
calorie consumption.

To date, clinical studies on the use of ninjin’yoeito have
demonstrated efficacy in patients with lung cancer (11),
pulmonary non-tuberculous mycobacteriosis (14), pharyngeal
vascular malformation (15), anemia associated with chronic
hepatitis C (16), chronic inflammation and poor QOL due to
hemodialysis (17), depression associated with Alzheimer-type
dementia (when used in combination with donepezil) (18), and
frailty (19–22). Rikkunshito is a formulation comprising eight
crude drugs, five of which are also included in ninjin’yoeito:
ginseng, Atractylodes rhizome, Poria sclerotium, C. unshiu peel,
and Glycyrrhiza. Rikkunshito has been reported to enhance
ghrelin signaling and consequently improve appetite loss (23).
Hesperidin, a component of C. unshiu peel, has been reported to
inhibit the binding of serotonin to serotonin receptors, thereby
increasing the secretion of ghrelin, an orexigenic hormone,
from the stomach (23). Goswami et al. (24) reported that
ninjin’yoeito activates the orexigenic peptide neuropeptide Y
(NPY) in the arcuate nucleus of the hypothalamus, independent
of ghrelin, and has a therapeutic potential to improve appetite
in the elderly patients with ghrelin resistance. This suggests a
difference in efficacy between rikkunshito and ninjin’yoeito with
regard to appetite stimulation. Astragalus root, which is not
included in rikkunshito but is a constituent of ninjin’yoeito, has
been reported to improve cancer-associated anorexia in patients
with advanced cancer (25). In addition, ogikenchuto, a Kampo
formula that includes Astragalus root, has been reported to
improve ADLs in bedridden elderly patients in a Japanese study
(26). Conversely, there are no similar published reports regarding
rikkunshito. Kawamata et al. (26) reported that ogikenchuto
improved motivation levels for rehabilitation and ADLs in two
elderly bedridden patients, one of which received rikkunshito
before ogikenchuto and showed a poor response. In the present
case, the beneficial effects of ninjin’yoeito on appetite loss and
decreased ADLs could be attributed to Astragalus root, which is
not present in rikkunshito. Schisandra fruit, another ingredient of
ninjin’yoeito, has also been reported to enhance exercise-induced

adaptive muscle strengthening in aged mice (27) and improve
endurance andmetabolism in the skeletal muscle of exercised rats
(28). Thus, it may be responsible for the improvement in ADLs
and increase in muscle mass in our patient.

CONCLUSION

We described herein the successful use of ninjin’yoeito for the
management of appetite loss, malnutrition, and decreased ADLs
during the rehabilitation phase after surgery for femoral neck
fracture in an elderly patient. Our findings suggest that Kampo
medicine containingAstragalus root and Schisandra fruit, such as
ninjin’yoeito, may be an effective treatment option for sarcopenia
or frailty with malnutrition due to appetite loss. Furthermore,
ninjin’yoeito may be applied to other types of fracture due
to sarcopenia. Further large clinical trials on the efficacy of
ninjin’yoeito treatment for sarcopenia or frailty are warranted.
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With the continued growth of the aging population in Japan, geriatric syndrome (GS),

which is associated with aging-related symptoms, has become a social problem.

GS is caused by physiological and pathological aging and may manifest various

symptoms. Physicians use multidisciplinary approaches to provide treatment for

individual GS symptoms. Kampo medicine, a Japanese traditional medicine that uses

multiple pharmacologically active substances, is useful for many syndromes, conditions,

disorders, and diseases associated with GS. Evidence of the effectiveness of Kampo

medicine for GS has accumulated in recent years. The effects of Kampo treatment for

symptoms related to functional decline of the cardiovascular, respiratory, and digestive

systems, cognitive impairment and related disorders, pain and other sensory issues,

among others, support the use of Kampo medicine for the management of GS. The

role of Kampo medicine for GS is summarized in this review.

Keywords: aging, Kampo medicine, geriatric syndrome, elderly, evidence

INTRODUCTION

Geriatric syndrome (GS) is a well-known clinical entity characterized by symptoms highly prevalent
in old age. It presents with multiple contributing factors, including physiological aging, and
requires a multidisciplinary approach. When compared to the “disease” entity, the differences in
features are unknown etiology and inclusion of physiological aging as a cause (1). There is no
universal definition of GS; there are some variations in the features included in GS definitions.
These variations in definition lead to ambiguity regarding the included symptoms. Originally, GS
symptoms were expressed as the 3Ms (mentality, micturition, and mobility) or 4Is (immobility,
instability, impaired cognition, and incontinence—also named the “geriatric giants”) (2). Today, 20
ormore symptoms are listed (3). Themajority of GS symptoms emerge slowly and are chronic, with
a low risk of mortality by themselves. Consequently, they tend to be overlooked as physiological
changes, resulting in increased dependency. GS is clinically significant as a warning sign for the
risk of increased care dependency. When determining countermeasures for GS, we must exclude
the possibility of a single cause before considering multifactorial etiology (3, 4) (e.g., endocrine
disorders) (5). Then, we must exclude medication-related side effects (6).
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Kampomedicine is effective inmany cases of GS withmultiple
causes. Original GS symptoms (such as symptoms related
to functional decline of the cardiovascular, respiratory, and
digestive systems; cognitive impairment and related disorders;
and pain and other sensory issues) are considered treatment
targets. Because of the multifactorial nature of GS and
specialization in medicine, care for those with GS tends to be
fragmented. Kampo medicine could prevent fragmentation of
patient care.

On the other hand, medical expenses amounted to more
than one third of social security expenses in 2018 (7). With the
growing “super-aging” society and the declining birth rate in
Japan, medical expenses are only expected to increase. In light
of these points, we have herein summarized the efficacy, safety,
and social economic advantage associated with the use of Kampo
medicine for GS.

In this review, we summarize randomized controlled trials
(RCTs) for GS. When no RCT was available for specific
conditions or disorders, some observational studies were
described. Details of each Kampo medication are listed on
the Standards of Reporting Kampo Products (STORK) website
(http://mpdb.nibiohn.go.jp/stork/) (8). The names of Kampo
medicines were abbreviated according to the Japan Society of
Oriental Medicine (9).

KAMPO MEDICINE FOR GS

Kampo Medicine for Cardiovascular
Disease and Related Symptoms
Generally, cardiovascular disease and related disorders increase
with age. The Japanese lifestyle has shifted toward a Western
lifestyle; thus, cardiovascular disease has increased in the last
half century. Western medications are commonly used to control
hypertension and related diseases; furthermore, they have been
shown to effectively suppress cardiovascular events. A few clinical
trials have been conducted on Kampomedicine for the treatment
of cardiovascular disease and related symptoms. Overall, these
RCTs were conducted to manage symptoms difficult to control
in Western medicine. Soft endpoints were the improvement of
accessory symptoms of hypertension, orthopedic hypotension
related to diabetes mellitus, and edema according to deep vein
thrombosis of the lower limb (Table 1).

Hypertension
Arakawa et al. conducted a double-blinded (DB) RCT on
orengedokuto (OGT) for the treatment of accessory symptoms
of hypertension; the study included elderly subjects (10). Efficacy
was significantly higher in the OGT group based on the total
score for the accessory symptoms of hypertension; sub-analysis
showed the efficacy to be higher for hot flashes and facial

Abbreviations: BAK, Bakumondoto; BOT, Boiogito; CTS, Chotosan; DKT,

Daikenchuto; DKZT, Daiokanzoto; GRS, Goreisan; GJG, Goshajinkigan; HJG,

Hachimijiogan; HKT, Hangekobokuto; HET, Hochuekkito; ICKT, Inchinkoto; JDI,

Jidabokuippo; KBG, Keishibukuryogan; KHT, Kihito; NYT, Ninjinyoeito;

OGT, Orengedokuto; RKT, Rikkunshito; SBT, Saibokuto; SHT, Seihaito;

YKS, Yokukansan.

suffusion in the OGT group. However, there were no significant
differences between the OGT and placebo groups regarding the
decrease of blood pressure or the antihypertensive effect.

Hypotension
Nakamura et al. reported the efficacy of goreisan (GRS) for
orthopedic hypotension related with diabetes mellitus in an RCT
that included elderly subjects (11). The change in orthopedic
systolic and diastolic pressure was significantly lower in the GRS
group than in the placebo group. All patients complained of
dizziness in the placebo group, but only 10% complained of the
symptom in the GRS group.

Disorders Related to Vein Dysfunction
Uchida reported the effect of keishibukuryogan (KBG) for edema
according to deep vein thrombosis of the lower limb in an RCT
of elderly subjects (12). The improvement rates of circumference
difference between the affected and the normal limbs were
significantly higher in the KBG group than in the conventional
treatment group.

Kampo Medicine for Aspiration Pneumonia
and Chronic Obstructive Pulmonary
Disease
Respiratory disease is increasing with the aging of society.
Kampo medicine has been effective at treating acute respiratory
infection, and there are some reports that Kampo medicine
has a prophylactic effect in aspiration pneumonia and acute
exacerbation of chronic obstructive pulmonary disease (COPD)
(Table 2).

Kampo Medicine for Aspiration Pneumonia
Pneumonia is one of the leading causes of death in the
elderly. Therefore, preventing pneumonia, including aspiration
pneumonia, is very important. Aspiration pneumonia occurs
frequently in patients with cerebrovascular disease, patients
with neurodegenerative disease, and bedridden patients with
dysphagia and depression of swallowing and cough reflex.
Patients with swallowing or coughing impairment have low
levels of substance-P in their saliva (13, 14). Substance-P is a
neuropeptide that plays an important role in swallowing and
cough reflexes (13). Table 2A shows studies of Kampo medicine
for aspiration pneumonia.

Iwasaki et al. reported that hangekobokuto (HKT) improves
swallowing reflex and increases salivary levels of substance-P
in patients who had a stroke (15). They also reported that
HKT improves swallowing reflex in patients with Parkinson’s
disease despite no significant changes in their salivary levels of
substance-P (16). Iwasaki et al. also showed that HKT improves
cough reflex of patients with cerebral atrophy and lacunar
infarction (17), reduces the risk of aspiration pneumonia in
the elderly, and maintains self-feeding capacity better than the
control (18). Additionally, Kawago et al. reported that HKT
prevents aspiration pneumonia in patients after cardiovascular
surgery (19). HKT is thought to act via regulation of the cerebral
levels of 5-hydroxytryptamine, noradrenaline, and dopamine
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TABLE 1 | RCT of Kampo medicine in cardiovascular and related conditions.

References Study

design

Subjects

(n)

Age, years

(mean ± SD)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse

reaction

Uchida (12) RCT 12 65.8 ± 16.3 Acute

symptomatic

proximal deep

vein thrombosis

KBG added

to

conventional

treatment

Conventional

treatment with

thrombolysis

and

anticoagulant

The improvement rates of

circumference difference

between the affected and

the normal limbs were

significantly higher in the

KBG group.

N/A

Arakawa

et al. (10)

DB-RCT 204 52.3 ± 11 Accessory

symptoms of

hypertension

OGT Placebo Efficacy was significantly

higher in the OGT group

based on the total score for

the accessory symptoms of

hypertension, especially hot

flushes and facial suffusion.

None

Nakamura

et al. (11)

Crossover

RCT

10 57.6 ± 8.1 Orthopedic

hypotension

related with

diabetes mellitus

GRS Placebo The change of orthopedic

systolic and diastolic

pressure was significantly

lower in the GRS group than

in the placebo group. All

patients complained of

dizziness in the placebo

group, but only 10%

complained of the symptom

in the GRS group.

N/A

DB, double-blinded; GRS, goreisan; KBG, keishibukuryogan; OGT, orengedokuto; RCT, randomized controlled trial; SD, standard deviation; N/A, not assigned.

(20). Impairment of the swallowing reflex correlates strongly
with decreased dopamine levels in the basal ganglia (21).
Therefore, HKT-induced improvement of swallowing reflex may
be associated with HKT-induced increase in brain dopamine
levels. Hochuekkito (HET) is another Kampo formula for
prevention of aspiration pneumonia. Tamano et al. reported
that administration of HET, alone or in combination with
rehabilitation, reduces the number of hospitalizations due to
aspiration pneumonia (22, 23). HET also improves clinical
symptoms such as appetite loss and general malaise, increases
body weight and serum albumin, and increases temperature in
patients with low body temperature. Mantani et al. reported
that seihaito (SHT), added to conventional treatment, decreases
the mean values of fever, C-reactive protein (CRP) levels, and
antibiotics use compared with conventional therapy alone (24).
However, SHT does not improve the latency of swallowing
reflex. This study indicated that SHT has an anti-inflammatory
effect in patients with recurrent aspiration pneumonia but
does not improve swallowing reflex. Iwasaki et al. reported
that xanthine oxidase activity in lung tissues is elevated in a
mouse model of aspiration pneumonia and that SHT is able
to reverse this elevation (25). The authors speculated that SHT
pretreatment can reduce oxygen radical production in inflamed
lungs. Dysphagia is also considered to relate to gastroesophageal
reflux disease (GERD).

Kampo Medicine for COPD
COPD does not affect solely the airways; it is considered a
systemic inflammation. The treatment guidelines for COPD

recommend the use of bronchodilators, inhaled corticosteroids,
and rehabilitation. One of the main goals of COPD treatment
is to prevent acute exacerbation, which is known to affect
patient prognosis. Table 2B shows an RCT of Kampo medicine
for COPD.

Among Kampo medications, bakumondoto (BAK) and SHT
have been shown to improve the symptoms of COPD. Sasaki
et al. reported that BAK significantly helps loosen phlegm of
patients with chronic respiratory disease (26). Mukaida et al.
showed that BAK significantly improves visual analog scale (VAS)
scores for cough frequency, but not for cough intensity (27). Kato
et al. reported that administration of SHT improves the clinical
symptoms of COPD (28). BAK is thought to exert a peripheral
antitussive effect by inhibiting the synthesis or release of nitric
oxide (29). According to the traditional theory, BAK should be
used for patients with dry cough and SHT for patients with
productive cough.

Shinozuka et al. and Tatsumi et al. reported that HET
reduces the number of common cold and acute exacerbation
episodes in patients with COPD (30, 31). HET decreased
serum CRP, tumor necrosis factor (TNF)-α, and interleukin-6
levels and increased serum prealbumin levels. Furthermore,
HET resulted in a significant increase in body weight
over 6 months and a decrease in St. George’s Respiratory
Questionnaire score, indicating an improvement in quality of
life (QOL). HET has antiviral and anti-inflammatory effects,
thus contributing to preventing exacerbation (32). Jo et al.
reported that daikenchuto (DKT) reduces exacerbation in
patients with COPD (33). Patients treated with DKT had
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TABLE 2A | Studies of Kampo medicine for aspiration pneumonia.

References Study

design

Subjects (n) Age, years (mean ±

SD or range) Kampo

group/control group

Disease/symptom Kampo

formulation

Comparator Outcome Adverse

reaction

Iwasaki et al.

(15)

Controlled

clinical trial

32 76.4 ± 3.1/70.5 ± 5.6 Aspiration

pneumonia

HKT Placebo The swallowing reflex was significantly

improved and substance-P in saliva

increased significantly in the Kampo group.

N/A

Iwasaki et al.

(17)

RCT 16 79.6 ± 4.3/70.5 ± 5.6 Aspiration

pneumonia,

lacunar

infarction, or

brain atrophy

HKT Placebo Cough reflex was significantly improved

after HKT administration.

N/A

Mantani et al.

(24)

RCT 15 78.7 (65–96)/80.5

(72–93)

Aspiration

pneumonia

SHT No Kampo,

only

conventional

therapy

The mean values of fever index, CRP, and

antibiotics use were decreased

significantly in the SHT group. The latency

of the swallowing reflex was not

significantly changed.

None

Iwasaki et al.

(18)

RCT 95 (92) 84.5 ± 6.8/83.1 ± 7.2 Aspiration

pneumonia in

dementia

HKT Placebo HKT reduced pneumonia onset and

tended to reduce pneumonia-related

mortality. The relative risk of pneumonia in

the Kampo group compared with the

control group was 0.51, and that of death

from pneumonia was 0.41.

None

Kawago et al.

(19)

DB-RCT

(envelope)

34 (30) 65.2 ± 13.9/69.2 ±

13.0

Aspiration

pneumonia

after

cardiovascular

surgery

HKT Placebo The rate of postoperative aspiration

pneumonia was significantly lower in the

Kampo group than in the placebo group.

White blood cell counts and CRP levels on

postoperative day 3 were significantly

lower in the Kampo group.

N/A

CRP, C-reactive protein; DB, double-blinded; HET, hochuekkito; HKT, hangekobokuto; RCT, randomized controlled trial; SD, standard deviation; SHT, seihaito; N/A, not assigned.
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TABLE 2B | RCT of Kampo medicine for COPD.

References Study

design

Subjects (n) Age, years (range or

mean ± SD) Kampo

group/control group

Disease/symptom Kampo

formulation

Comparator Outcome Adverse

reaction

Sasaki et al.

(26)

RCT

(envelope)

19 62–83/65–88 Chronic

respiratory

disease

BAK Bromhexine

hydrochloride

The BAK group showed

improved loosening of phlegm

after 2 and 4 weeks.

None

Kato et al.

(28)

RCT

(envelope)

31 66.7 ± 7.1/66.7 ± 6.4 COPD SHT +

smoking

cessation

No Kampo,

only smoking

cessation

SHT improved the clinical

symptoms of patients with

COPD for 6 months, and chest

X-ray or CT findings at 24

months.

N/A

Shinozuka

et al. (30)

RCT 35 73 ± 1 COPD HET +

bronchodilators

Bronchodilators In the HET group, serum CRP

and TNF-α significantly

decreased, and serum albumin

level was significantly increased.

N/A

Tatsumi et al.

(31)

RCT

(envelope)

71 Elderly COPD HET +

conventional

therapy

Conventional

therapy

In the HET group, body weight

significantly increased for 6

months, and St. George’s

Respiratory Questionnaire score

decreased, indicating that quality

of life improved. The number of

common cold and acute

exacerbations was significantly

lower. CRP, TNF-α, and IL-6

decreased, and serum

prealbumin increased.

None

Mukaida et al.

(27)

Crossover

RCT

24 (23) Group A: 76.2 ±

8.5/group B: 79.2 ±

2.6

COPD BAK No Kampo BAK significantly improved VAS

scores for cough frequency in

group A. VAS scores for cough

intensity in each group tended to

improve. BAK improved scores

of cough severity significantly.

Serum ALP

elevation in

two

participants

ALP, alkaline phosphatase; BAK, bakumondoto; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; CT, computed tomography; HET, hochuekkito; IL, interleukin; SHT, seihaito; TNF-α, tumor necrosis factor-α; VAS,

visual analog scale; N/A, not assigned.
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a significantly lower risk of rehospitalization or death after
discharge. By improving bowel movements and tolerance
to muscarinic antagonists, DKT improves the respiratory
status of patients with COPD. Recently, there have been a few
DB-RCTs on traditional Chinese medicine for patients with
COPD (34–36). In the majority of the studies, crude drugs
added to the conventional therapy prevented recurrence of
acute exacerbation.

Kampo Medicine for the Digestive System
Kampo medicine was developed to control and maintain the
function of the digestive system. It is used to enhance motility
in the gastrointestinal tract and promote digestion. Kampo
medicine has recently been used for early recovery from surgical
intervention, especially for elderly patients receiving cancer
treatment. RCTs have explored the use of Kampo medicine
for constipation, perioperative symptoms, and conditions in
the gut, functional dyspepsia (FD), GERD, and nonerosive
reflux disease (NERD) (Table 3). After development of a
placebo of these Kampo medicines, DB-RCTs using DKT or
rikkunshito (RKT) were conducted. RCTs showed that DKT
can be used for preventing postoperative ileus, improving bowel
movement in the early days, improving QOL, having anti-
inflammatory effects, improving early oral intake, enhancing
total oral/enteral caloric intake and portal venous flow volume,
and minimizing weight loss after abdominal surgery in the
perioperative stage. RCTs showed that RKT can be used for
improving upper gastric symptoms (globus sensation, delayed
gastric emptying, abdominal bloating, heavy feeling in the
stomach, sick feeling after meals, heartburn after meals, and
epigastric pain), psychological symptoms, appetite loss, acyl
ghrelin levels, and a low body mass index in FD, GERD, and
NERD. Table 3A shows an RCT of Kampo medicine for FD
and GERD.

FD and GERD
Tominaga et al. reported the effects of RKT administration on
FD and its correlation with anxiety (37). RKT increased the
overall treatment efficacy and improved upper gastrointestinal
symptoms, especially postprandial fullness/early satiety and
bloating. Improvement of the Hospital Anxiety and Depression
Scale was correlated with that of the Patient Assessment of
Upper Gastrointestinal Disorders–Symptom Severity Index, the
Global Overall Symptom scale, and the modified Frequency
Scale for the Symptoms of Gastroesophageal Reflux Disease
(postprandial fullness/early satiety, dyspepsia, and postprandial
distress syndrome). This suggests that RKT may be beneficial
for patients with FD to simultaneously treat gastrointestinal
and psychological symptoms. Tominaga et al. also studied the
use of RKT for patients with NERD refractory to proton-pump
inhibitors (PPIs) in a DB-RCT that included elderly subjects
(38). The mental component summary scores improved more in
the RKT group than in the control group, especially in patients
with a low body mass index, and significantly improved the
acid-related dysmotility symptoms in female and elderly patients.
Sakata et al. reported additional analysis of this study (39).

Especially in the elderly, the degrees of improvement in the total
and acid-related dysmotility symptom scores were significantly
greater in the RKT group. Combination therapy with RKT led to
significant improvement in abdominal bloating, heavy feeling in
the stomach, sick feeling after meals, and heartburn after meals.
Kato et al. reported that HKT significantly improved respiratory
symptoms associated with GERD (40). Suzuki et al. reported the
efficacy and safety of RKT for FD in a DB-RCT that included
elderly subjects (41). Administration of RKT reduced dyspepsia,
particularly the symptoms of epigastric pain and postprandial
fullness. Among the patients positive forHelicobacter pylori, RKT
improved acyl ghrelin levels. In a DB-RCT, Hayakawa et al.
reported the effects of RKT on enteral feeding and plasma ghrelin
levels in critically ill elderly patients (42). The RKT group reached
50% of the target amount of enteral feeding significantly earlier
than the metoclopramide group. RKT increased the plasma
level of active ghrelin. Tokashiki et al. reported the effects of
RKT on the globus sensation in patients with PPI-refractory
laryngopharyngeal reflux in an RCT that included elderly subjects
(43). RKT or RKT with PPI significantly decreased the globus
sensation and improved delayed gastric emptying. A significant
positive correlation was found between improvements in the
globus sensation and gastric emptying. Tominaga et al. reported
the efficacy of RKT for patients with GERD refractory to
treatment with PPI in a DB-RCT that included patients from 20
to 90 years of age (44). RKT combined with PPI significantly
decreased the frequency scale of the GERD symptoms’ score,
similar to the decrease seen after treatment with a double dose
of PPI. Subgroup analysis showed that the improvement rate
of male NERD patients in the RKT group was significantly
greater. Subgroup analysis also showed that the patients of male
sex or with a low body mass index showed more improvement
than other subgroups. Furthermore, no adverse events were
observed in this study. Additional RKT therapy for patients with
GERD refractory to PPI treatment seemed to be more effective
for NERD, male, or low-body mass index patients, and the
therapy was shown to be safe. Arai et al. reported a significant
improvement in dyspeptic symptoms in patients treated with
either RKT or domperidone (45). The improvements of reflux
and indigestion symptoms in patients treated with RKT showed
good correlations with the increased levels of acylated ghrelin.
Harasawa et al. conducted a DB-RCT on RKT for the treatment
of dysmotility-like dyspepsia in elderly subjects (46). The regular
dose of RKT improved dysmotility-like dyspepsia significantly
more than the low dose of RKT. Tatsuta et al. reported the effects
of RKT on gastric emptying and gastrointestinal symptoms
in dyspeptic patients (47). Gastric emptying was significantly
accelerated, and gastrointestinal symptoms were significantly
reduced in patients treated with RKT. Miyoshi et al. examined
the effects of RKT for complaints related to gastrointestinal
function in an RCT that included elderly subjects (48). RKT
significantly improved the symptoms of appetite loss, epigastric
pain, abdominal discomfort, cold feelings of the limb, and
dazzling when compared with cisapride. In a subanalysis, RKT
was more effective in patients over 60 years of age, with a thin
type body, and with water retention.
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TABLE 3A | RCT of Kampo medicine for FD and GERD.

References Study

design

Subjects (n) Age, years

(mean ± SD

or range)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse reaction

Tominaga

et al. (37)

DB-RCT 125 50.4 ± 13.7

(23–76)/50.4

± 14.9

(23–83)

Functional

dyspepsia

RKT Placebo RKT increased overall treatment efficacy.

RKT improved upper gastrointestinal

symptoms, especially postprandial

fullness/early satiety and bloating.

Improvement of the Hospital Anxiety and

Depression Scale correlated with those of

the Patient Assessment of Upper

Gastrointestinal Disorders-Symptom

Severity Index, the Global Overall

Symptom scale, and the modified

Frequency Scale for the Symptoms of

Gastroesophageal Reflux Disease,

postprandial fullness/early satiety,

dyspepsia, and postprandial distress

syndrome. RKT may be beneficial for

patients with FD to simultaneously treat

gastrointestinal and psychological

symptoms.

None

Tominaga

et al. (38)

DB-RCT 242 62.1

(25–85)/59.4

(22–83)

Patients with

PPI-refractory

non-erosive

reflux disease

RKT with PPI Placebo with

PPI

The mental component summary scores

improved more in RKT administration,

especially more effective in patients with a

low body mass index and significantly

improved the acid-related dysmotility

symptoms in female and elderly patients.

Nausea, mild

cough, dizziness,

diarrhea, etc. (low

level)

Sakata et al.

(39)

DB-RCT 95 72.1

(65–85)/73.4

(65–83)

Patients with

PPI-refractory

non-erosive

reflux disease

RKT with PPI Placebo with

PPI

The degree of improvement of total and

acid-related dysmotility symptoms scores

was significantly greater in the RKT group.

Combination therapy with RKT showed

significant improvement in abdominal

bloating, heavy feeling in stomach, sick

feeling after meals, and heartburn after

meals.

N/A

Suzuki et al.

(41)

DB- RCT 247 54.5 ± 16.2

(22–85)/53.6

± 16.0

(21–85)

Functional

dyspepsia

RKT Placebo Administration of RKT reduced dyspepsia,

particularly symptoms of epigastric pain

and postprandial fullness. Among

Helicobacter pylori-positive individuals,

RKT improved acyl ghrelin levels.

None

Hayakawa

et al. (42)

DB- RCT 23 75 ± 11/70 ±

13

Patients who

were

projected to

require

intragastric

tube feeding

RKT Metoclopramide RKT group reached 50% of the target

amount of enteral feeding significantly

earlier than the metoclopramide group.

RKT increased the plasma level of active

ghrelin.

N/A

(Continued)
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TABLE 3A | Continued

References Study

design

Subjects (n) Age, years

(mean ± SD

or range)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse reaction

Tokashiki

et al. (43)

RCT 22 55.9

(39–76)/56.6

(25–76)

PPI-refractory

laryngopharyngeal

reflux

RKT RKT with PPI RKT significantly decreased the globus

sensation. It also improved delayed gastric

emptying. A significant positive correlation

between improvements in globus

sensation and in gastric emptying were

shown.

N/A

Tominaga

et al. (44)

DB-RCT 101 63.6

(25–86)/64.5

(25–90)

Refractory

GERD with

PPI

RKT with a

standard

dose of PPI

Double dose

of PPI

RKT addition significantly decreased the

frequency scale of the GERD symptom

score similar to treatment with a double

dose of PPI.

None

Arai et al. (45) RCT 27 56.5 ±

15.0/59.0 ±

14.0

FD RKT Domperidone A significant improvement was shown in

dyspeptic symptoms treated with either

RKT or domperidone. RCT increased

acylated ghrelin. The symptom

improvement of reflex and ingestion were

well correlated with the increase of

acylated ghrelin.

N/A

Kato et al.

(40)

RCT 19 74.1 ±

6.4/71.7 ±

5.2

GERD with

cough,

sputum,

pharyngolaryngeal

discomfort, or

mild dyspnea

HKT no HKT HKT significantly improved respiratory

symptoms related with GERD.

N/A

Harasawa

et al. (46)

DB-RCT 235 53.5

(23–79)/52.3

(21–78)

Dysmotility-

like

dyspepsia

Regular dose

of RKT

Low dose of

RKT

Regular dose of RKT improved

dysmotility-like dyspepsia.

Gastrointestinal

symptom, liver

dysfunction, or

pseudo

aldosteronism

were shown, the

frequency and

severity were low

Tatsuta et al.

(47)

RCT 42 Chronic

dyspepsia

RKT Placebo Gastric emptying was significantly

accelerated and gastrointestinal

symptoms were significantly reduced in

patients treated with RKT.

N/A

Miyoshi et al.

(48)

RCT 246 Under 20 to

over 80 years

Non-ulcer

dyspepsia

RKT Cisapride RKT significantly improved symptom of

appetite loss, epigastric pain, abdominal

discomfort, cold feeling of limb, dazzling

compared with cisapride. In subanalysis,

RKT was more effective in patients over 60

years old, thin, and with water retention.

N/A

HKT, hangekobokuto; PPI, proton-pump inhibitor; RKT, rikkunshito; N/A, not assigned.
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Constipation
Table 3B shows an RCT of Kampo medicine for constipation.
Numata et al. reported the efficacy of DKT for functional
constipation in elderly patients after stroke (49). Constipation
scoring system points, especially the frequency of bowel
movements, feeling of incomplete evacuation, and need for an
enema/disimpaction, improved significantly with the addition of
DKT. The gas volume score also significantly reduced with the
addition of DKT. Arita et al. performed a responder analysis of
DKT treatment for constipation in poststroke patients (50). The
total neurogenic bowel dysfunction score and Gastrointestinal
Symptom Rating Scale (GSRS)-constipation subscale score
were significantly reduced after DKT administration. The total
neurogenic bowel dysfunction score, GSRS-constipation subscale
score, and gas volume score at baseline were significantly
correlated with the change in these scores, suggesting that
higher scores in these categories and a higher gas volume
in the gut may be predictors of response to DKT. Horiuchi
et al. reported the effect of DKT in patients with chronic
constipation in an RCT that included elderly subjects (51).
The addition of DKT to sennoside resulted in a significant
improvement in bloating and abdominal pain and a significant
decrease in the gas volume score comparing a regular dose
and a half dose of DKT. Miyoshi et al. reported the effect
of daiokanzoto (DKZT) in patients with chronic constipation
in an RCT that included elderly subjects (52). DKZT was
significantly more effective for constipation than the placebo.
A regular dose of DKZT has a strong effect on some patients;
as such, the dose should be determined considering the
patient’s condition.

Perioperative Symptoms and Conditions in the Gut
Table 3C shows an RCT of Kampomedicine for the perioperative
period. Nishino et al. reported the effects of DKT after esophageal
cancer resection in an RCT that included elderly subjects (53).
The rate of weight loss at postoperative day 21 was significantly
suppressed in the DKT group. Postoperative bowel symptoms
tended to be rare, and the serum CRP level at postoperative
day 3 tended to be lower in the DKT group. This suggests that
DKT treatment after esophageal cancer resection may promote
the recovery of gastrointestinal motility and minimize weight
loss; it may also suppress the excess inflammatory reaction
related to surgery. In a DB-RCT, Katsuno et al. reported the
effect of DKT on elderly patients with colon cancer undergoing
open surgery by transit analysis using radiopaque markers (54).
The number of radiopaque markers in the anal side of the
small intestine at 6 h was significantly greater in the DKT
group. This suggests that DKT may contribute to early oral
intake in the postoperative course. Okada et al. examined the
efficacy of DKT for the prevention of paralytic ileus after
pancreaticoduodenectomy in a DB-RCT of elderly patients
(55). Perioperative treatment with DKT neither decreased the
incidence of clinically relevant postoperative paralytic ileus nor
shortened the time to the first postoperative flatus, suggesting
that DKT may preclude the routine use of DKT in clinical
practice after this operation. Akamatsu et al. reported the
effects of DKT on intestinal motility after total gastrectomy in

an RCT that included elderly subjects (56). DKT significantly
improved the number of stools per day, stool consistency, and
gas volume scores. This suggests that DKT promoted early
postoperative bowel functions after total gastrectomy. In a DB-
RCT, Katsuno et al. reported the clinical efficacy of DKT for
gastrointestinal dysfunction following colon surgery in elderly
patients (57). Bowel movement frequency in the DKT group
at postoperative day 8 was significantly lower than that in the
placebo group, suggesting that the moderate effects of DKT were
observed in the early days after the operation. In a DB-RCT,
Yoshikawa reported the effects of DKT after total gastrectomy
for gastric cancer in elderly patients (58). DKT administration
shortened the median time to the first bowel movement and
resulted in fewer gastrointestinal dysfunctions on postoperative
day 12. This suggests that DKT administration in the immediate
postoperative period after total gastrectomy promotes early
recovery of postoperative bowel function. Yaegashi et al. reported
the effects of DKT on colonic motility after laparoscopic-assisted
colectomy in elderly colon cancer patients (59). The DKT
group had a significantly faster time until the first flatus and
bowel movement and colonic transit time. This suggests DKT
accelerates colonic motility in patients undergoing laparoscopic-
assisted colectomy for colon cancer. Yoshikawa et al. reported the
effects of DKT on the surgical inflammatory response following
laparoscopic colorectal resection in an RCT that included elderly
subjects (60). Postoperative DKT administration significantly
suppressed the CRP level and shortened the time until first
flatus. This suggests that DKT has anti-inflammatory effects and
may help patients recover following surgery. Takahashi et al.
reported the effects of RKT on the stasis of patients after pylorus-
preserving gastrectomy in a crossover RCT that included elderly
patients (61). RKT significantly reduced gastric stasis-related
symptoms and improved emptying of solid meals from the
remnant stomach. Endo et al. reported the effect of DKT on
the stasis of patients with total gastrectomy and jejunal pouch
interposition in a crossover RCT that included elderly subjects
(62). DKT significantly reduced stasis-related symptoms. In the
emptying test, DKT significantly accelerated emptying of both
liquid and solid meals from the pouch. The pouch showed
bursts of contractions, which were increased significantly by
oral intake of DKT. This suggests that DKT increased intestinal
motility and improved the QOL of patients with this condition.
Itoh et al. reported the effects of DKT on postoperative ileus
in an RCT that included elderly subjects (63). The need for
further surgery was significantly reduced in patients receiving
DKT. Patients receiving DKT also showed a lower tendency
for recurrent ileus than those receiving the placebo. Takagi
et al. reported the effects of DKT on paralytic ileus after repair
of abdominal aortic aneurysm in elderly subjects (64). DKT
administration significantly reduced intestinal gas. Kubo et al.
reported the effects of DKT on ileus in an RCT that included
elderly subjects (65). The duration to defecation, exhaust gas,
and ileus tube removal did not differ significantly between the
DKT and control groups. However, DKT administration reduced
abdominal boating, nausea, and vomiting.

Kaido et al. reported the effect of DKT on oral and enteral
caloric intake after liver transplantation in a DB-RCT that
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TABLE 3B | RCT of Kampo medicine for constipation.

References Study

design

Subjects (n) Age, years

(mean ± SD)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse

reaction

Arita et al. (50) RCT

subanalysis

34 77.5 ± 11.9

78.7 ± 12.1

Functional

constipation

DKT added to

conventional

therapy

Conventional

therapy

The total neurogenic bowel

dysfunction score,

Gastrointestinal Symptom Rating

Scale-constipation subscale

score, and gas volume score at

baseline were significantly

correlated with the change in

these scores.

N/A

Numata et al.

(49)

RCT 34 78.1 ± 11.6 Functional

constipation

DKT added to

conventional

therapy

Conventional

therapy

The frequency of bowel

movements, feeling of

incomplete evacuation, and need

for enema/disimpaction were

significantly improved by DKT.

The gas volume score was also

significantly reduced by DKT.

Liver

dysfunction

(low level)

Horiuchi et al.

(51)

RCT 22 69.2 ±

13/68.9 ± 16

Chronic

constipation

Regular dose

of DKT added

to sennoside

Half of regular

dose of DKT

added to

sennoside

The addition of DKT reduced

abdominal bloating and pain in

chronic constipation patients

receiving stimulant laxatives with

decreasing the bowel gas

volume.

None

Miyoshi et al.

(52)

DB-RCT 146 65 patients

over 60 years

Constipation Regular dose

of DKZT

Low dose of

DKZT or

placebo

DKZT was significantly effective

for constipation compared to the

placebo.

No significant

difference

between

groups.

DKT, daikenchuto; DKZT, daiokanzoto; N/A, not assigned.
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TABLE 3C | RCT of Kampo medicine for the perioperative period.

References Study

design

Subjects (n) Age, years

(mean ± SD

or range)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse event

related with

Kampo

Kaido et al.

(66)

DB-RCT 104 56 (22–69)/57

(30–67)

Patients undergoing liver

transplantation

DKT Placebo Postoperative total oral/enteral caloric

intake was significantly accelerated in the

DKT group. Portal venous flow volume

and velocity were significantly higher in the

DKT.

None

Nishino et al.

(53)

RCT 39 68.0 (61.0–

74.0)/60.5

(55.0–67.0)

Patients planned of subtotal

esophageal resection for

esophageal cancer

DKT Non-DKT The rate of body weight decreased at

postoperative day 21 was significantly

suppressed in the DKT group.

Postoperative bowel symptoms tended to

be rare in the DKT group. The serum CRP

level at postoperative day 3 showing a

tendency of a suppressed serum CRP

level in the DKT group.

N/A

Katsuno et al.

(54)

DB-RCT 71 67.7

(39–88)/68.2

(51–85)

Patients who were scheduled to

undergo open surgery for

sigmoid or rectosigmoid cancer

DKT Placebo The number of radiopaque markers in the

anal side of the small intestine at 6 h was

significantly greater in the DKT group.

None

Okada et al.

(55)

DB-RCT 207 68.9 ±

8.4/64.9 ±

11.3

Patients who were scheduled to

undergo

pancreaticoduodenectomy for

periampullary tumors and tumors

of the head of the pancreas

DKT Placebo Perioperative treatment with DKT neither

decreased the incidence of clinically

relevant postoperative paralytic ileus nor

shortened the time to first postoperative

flatus.

N/A

Shimada

et al. (67)

RCT 209 68(36–

87)/69(31–84)

Primary and metastatic liver

cancer patients who underwent

hepatic resection

DKT Placebo DKT improve gastrointestinal dysmotility

and reduce serum CRP levels in patients

with grade B liver damage after

hepatectomy.

None

Akamaru

et al. (56)

RCT 81 63.4 ± 8.9

(32–77)/63.7

± 9.2 (40–78)

Patients with gastric cancer

scheduled for a total

gastrectomy

DKT Non-DKT DKT significantly improved the number of

stools per day, stool consistencies, and

gas volume scores.

None

Katsuno et al.

(57)

DB-RCT 336 68 (28–88)/69

(35–91)

Patients scheduled to undergo

colectomy for colon cancer

DKT Placebo The frequency of bowel movement in the

DKT group at postoperative day 8 was

significantly lower than that in the placebo

group. The moderate effects of DKT were

observed early days after the operation.

None

Yoshikawa

et al. (58)

DB-RCT 195 68 (33–83)/67

(28–84)

Gastric cancer patients who

underwent total gastrectomy

DKT Placebo DKT shorter median time to first bowel

movement and made fewer

gastrointestinal dysfunction on

postoperative day 12.

None

Yaegashi

et al. (59)

RCT 51 69 (51–83)/68

(43–89)

Colon cancer patients who

underwent colectomy

DKT Lactobacillus

preparation

DKT group had significantly faster time

until first flatus and bowel movement and

colonic transit time. DKT accelerated

colonic motility in patients undergoing

laparoscopy-assisted colectomy for colon

cancer.

None

(Continued)
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TABLE 3C | Continued

References Study

design

Subjects (n) Age, years

(mean ± SD

or range)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse event

related with

Kampo

Nishi M et al.

(68)

RCT 32 68.8 ±

8.7/64.3 ±

7.3

Patients who underwent hepatic

resection

DKT No DKT DKT significantly decreased the levels of

c-reactive protein and beta-(1–3)-d-glucan

on postoperative day 3. DKT significantly

shortened postoperative periods for the

first flatus, bowel movement, and full

recovery of oral intake.

None

Yoshikawa

et al. (60)

RCT 30 62 ± 12

(41–80)/70 ±

5 (61–86)

Patients who underwent

laparoscopic colectomy for

colorectal carcinoma

DKT Non-DKT Postoperative DKT administration

significantly suppressed CRP level and

shortened the time until first flatus.

N/A

Takahashi

et al. (61)

Crossover

RCT

11 60 (46–70) Pylorus-preserving gastrectomy

for early gastric cancer

Rikkunshito No

rikkunshito

administration

Rikkunshito significantly reduced gastric

stasis-related symptoms and improved

emptying of solid meals from the remnant

stomach.

N/A

Endo et al.

(62)

Crossover

RCT

17 62 ± 10 Patients who underwent total

gastrectomy with jejunal pouch

interposition for gastric cancer

DKT Non-DKT DKT significantly reduced stasis-related

symptoms. In the emptying test, DKT

significantly accelerated emptying of both

liquid and solid meals from the pouch. The

pouch showed bursts of contractions,

which were increased significantly by oral

intake of DKT.

N/A

Kaiho et al.

(69)

RCT 43 61.6 ±

8.1/62.4 ±

19.3/63.8 ±

10.0

Patients with liver resection DKT Lactulose or

no

administration

of

DKT/lactulose

DKT significantly lower postoperative

serum ammonia levels with low

occurrence of diarrhea.

N/A

Itoh et al. (63) RCT 24 58 ± 10/60 ±

11

Postoperative ileus after

abdominal surgery

DKT Placebo The need for further surgery was

significantly lower in patients receiving

DKT. DKT also showed a lower tendency

in recurrent ileus than those receiving

placebo.

N/A

Takagi et al.

(64)

RCT 21 72 ± 5 Patients who underwent an

aortic replacement for intrarenal

abdominal aortic aneurysm with

transperitoneal approach

DKT from

nasogastric

tube

Panthenol

and/or

lukewarm

water from

nasogastric

tube

DKT significantly improved the timing and

disappearance of intestinal gas.

No

Kubo et al.

(65)

RCT 30 56.1 ±

22.6/53.3 ±

21.5

Simple adhesive ileus DKT from

ileus tube

Lukewarm

water from

ileus tube

The duration to defecation, exhaust gas,

and ileus tube removal were not

significantly different between DKT

administration and control. However, DKT

reduced abdominal bloating, nausea, and

vomiting.

N/A

DKT, daikenchuto; RCT, randomized controlled trial; N/A, not assigned.
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included elderly subjects (66). Postoperative total oral/enteral
caloric intake was significantly accelerated in the DKT group.
Portal venous flow volume and velocity were significantly
higher in the DKT group. This suggests that postoperative
administration of DKT may enhance total oral/enteral caloric
intake and portal venous flow volume and velocity after liver
transplantation and favorably contribute to the performance of
the Enhanced Recovery After Surgery protocol. Shimada et al.
reported the effect of DKT administered after hepatic resection
in elderly patients with liver cancer (67). DKT improved
gastrointestinal dysmotility and reduced serum CRP levels in
patients with grade B liver damage after hepatectomy. This
suggests that DKT is an effective and safe treatment option after
hepatic resection in patients with liver cancer. Masaki et al.
also reported the effect of DKT in patients who underwent
hepatic resection. DKT significantly decreased the levels of
CRP and beta-(1–3)-D-glucan on postoperative day 3. DKT
significantly shortened postoperative periods for the first flatus,
bowel movement, and full recovery of oral intake (68). Takahashi
et al. reported the effect of DKT in patients with liver resection.
DKT significantly lowered postoperative serum ammonia levels
with low occurrence of diarrhea (69).

Other Diseases and Conditions Related to the

Digestive System
Table 3D shows an RCT of Kampomedicine for other conditions
and symptoms related with the digestive system. Bessho et al.
reported the effectiveness of saibokuto (SBT) for patients with
glossodynia in an RCT that included elderly subjects (70).
When compared with diazepam with vitamin B complex, SBT
significantly reduced the symptoms of pain, burning sensation,
and discomfort.

In an RCT, Okabayashi et al. reported the effects of inchinkoto
(ICKT) on the bilirubin reduction rate after biliary drainage in
elderly patients with obstructive jaundice (71). ICKT significantly
improved jaundice following biliary drainage and also improved
subjective symptoms such as loss of appetite and general fatigue.
Miyazaki et al. reported the efficacy of ninjinyoeito (NYT)
for dry mouth induced by oxybutynin hydrochloride to treat
psychogenic frequency or unstable bladder in an RCT that
included elderly subjects (72). The addition of NYT reduced the
symptom of dry mouth in 75% of patients. Saliva secretion also
improved after NYT addition.

Kampo Medicine for Symptoms of
Dementia
Dementia has become a global health issue. The number of
people living with dementia in the world was estimated to be
46.8 million in 2015 (73). Japan has one of the most rapidly
aging societies; the prevalence of dementia was already beyond
3% (five million) in 2015, and it has been increasing, even
though the Japanese population has begun to decline (74).
This situation might drive doctors to conduct a number of
clinical studies using Kampo medicine for the symptoms of
dementia. Dementia is a syndrome associated with declines
in memory, thinking, behavior, and the ability to perform
daily activities. Cognitive disorders and noncognitive symptoms,

that is, behavioral and psychological symptoms of dementia
(BPSD), are equally important clinical manifestations. Kampo
medications are composed of multiple herbal ingredients and
have different target symptoms. Therefore, based on the current
clinical evidence, we herein introduce some Kampo medications
and their target symptoms (Table 4).

Cognitive Disorders
Chotosan (CTS) was originally used for headache, tinnitus,
and dizziness. In 1994, Shimada et al. conducted a multicenter
placebo-controlled RCT using CTS (75). After 12 weeks of CTS
treatment, patients with vascular dementia had a decrease in
the score of cognitive dysfunctions (Hasegawa’s Dementia Scale-
Revised) when compared to baseline. CTS was superior to the
placebo in the global improvement rating, utility rating, global
rating for subjective symptoms, subjective symptoms (shoulder
stiffness and palpations), global rating for psychiatric symptoms,
psychiatric symptoms (decline in interest in television or books
and lack of facial expression), and activities of daily living
(ADLs). Terasawa et al. conducted another placebo-controlled
RCT using CTS for vascular dementia (76). When compared
with the placebo, the global improvement rating, global rating for
subjective symptoms, psychiatric symptoms (decline in simple
arithmetic ability, global intellectual ability, sleep disturbance,
hallucination, and delusion), and ADLs significantly improved
after a 12-week administration of CTS. In the study, cognitive
dysfunctions did not improve. The overall safety rating did
not differ significantly between the chitosan treatment group
and the placebo group. Suzuki et al. reported that an 8-week
treatment of CTS improved cognitive dysfunction [assessed
by the Mini-Mental State Examination (MMSE)] and ADL
when compared to the baseline in patients with Alzheimer’s
disease; goshajinkigan (GJG) treatment and the placebo did not
improve these symptoms (77). In 2017, Imai et al. conducted
a meta-analysis of the three above-mentioned RCTs to assess
the effectiveness and acceptability of CTS (78). CTS was more
effective than the placebo for short-term improvement of
cognitive function. The acceptability, measured in terms of
the number of dropouts due to adverse effects, did not differ
between the CTS treatment group and the placebo group.
However, the results are considered imprecise, partly because
of the small number of participants. Iwasaki et al. conducted a
placebo-controlled DB-RCT using hachimijiogan (HJG), a pill
made with herbs and honey, for the treatment of dementia
(79). Administration of HJG for 8 weeks significantly improved
cognitive dysfunction (assessed by MMSE) and ADL (assessed by
the Barthel index) when compared to baseline, while the placebo
did not change those scores. No adverse events were observed.
Maruyama et al. reported the effectiveness of a combination
of donepezil and kamiuntanto on cognitive function and brain
perfusion in patients with Alzheimer’s disease (80). A 12-week
observer-blinded RCT revealed that combination treatment with
a donepezil and kamiuntanto decoction significantly improved
cognitive function (MMSE and ADAS-cog) when compared
with treatment with donepezil alone. Furthermore, cerebral
blood flow in the frontal region (measured by single photon
emission computed tomography) significantly increased in the
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TABLE 3D | RCT of Kampo medicine for other conditions and symptoms related with the digestive system.

References Study

design

Subjects (n) Age, years

(mean ± SD

or range)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse

event

related with

Kampo

Bessho et al.

(70)

RCT 200 61.3 (28–85) Glossodynia Saibokuto Diazepam

with vitamin B

complex

Symptom of pain,

burning sensation, and

discomfort were

significantly reduced

compared with control.

N/A

Okabayashi

et al. (71)

RCT 24 68.3 ±

7.5/68.1 ±

7.6

Patients with

obstructive

jaundice who

received

percutaneous

transhepatic

cholangio-

drainage

Inchinkoto

with drainage

Drainage Inchinkoto significantly

improved jaundice

following biliary

drainage and also

improved subjective

symptoms such as loss

of appetite and general

fatigue.

N/A

Miyazaki et al.

(72)

RCT 16 52.3 (31–72) Dry mouth

patients who

received

oxybutynin

hydrochloride

Ninjinyoeito

added to

oxybutynin

hydrochloride

Oxybutynin

hydrochloride

Ninjinyoeito addition

reduced the symptoms

of dry mouth. Gum test

also showed

improvement of saliva

symptoms with

ninjinyoeito

administration.

N/A

RCT, randomized controlled trial; N/A, not assigned.
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TABLE 4 | RCT of Kampo medicine for symptoms of dementia.

References Study design Subjects (n) Age, years

(mean ± SD)

Disease/

symptom

Kampo

formulation

Comparator Outcome Adverse event

related with

Kampo

Shimada et al. (75) RCT 57 78.9 ± 7.6 VD and

subarachnoid

hemorrhage

CTS Placebo The scores of cognitive dysfunction

(Hasegawa’s Dementia Scale-Revised),

the global improvement rating, utility

rating, global rating for subjective

symptoms, subjective symptoms

(shoulder stiffness and palpations), global

rating for psychiatric symptoms,

psychiatric symptoms (decline in interest in

television or books, lack of facial

expression), and ADL were decreased

after 12-week administration of CTS

compared to placebo.

1 liver dysfunction

in 1 case

Terasawa et al.

(76)

DB-RCT 139 76.6 ± 8.4 VD CTS Placebo The global improvement rating, global

rating for subjective symptoms, psychiatric

symptoms (decline in simple arithmetic

ability, global intellectual ability, sleep

disturbance, hallucination, and delusion),

and ADL were alleviated after 12-week

administration of CTS compared to

placebo.

Urtic aria in one,

diarrhea in one,

appetite, in one

loss, oral

bitterness in one,

and liver

dysfunction in one

case (no

information of

intervention group)

Suzuki et al. (78) DB-RCT 30 84.4 ± 6.3 AD and VD CTS/GJG Placebo CTS improved the scores of cognitive

dysfunction (MMSE), and ADL, compared

to placebo.

N/A

Iwasaki et al. (79) DB-RCT 33 84.4 ± 7.8 Mixed dementia

and AD

HJG Placebo Cognitive dysfunction (MMSE), and ADL

were improved after treatment of HJG

compared to placebo.

No

Maruyama et al.

(77)

Observer blind

RCT

38 73.7 ± 5.6

74.6 ± 3.9

AD Kamiuntanto add

to donepezil

Donepezil Kamiuntanto added to donepezil improved

the scores of MMSE, and Alzheimer’s

Disease Assessment Scale, compared to

donepezil alone.

No

Higashi et al. (81) RCT 75 82.8 ± 8.1

84.2 ± 6.4

86.1 ± 5.0

AD KHT/GJG No treatment The scores of MMSE improved only in the

KHT treatment group. The orientation and

attention subscale scores of the MMSE

improved significantly in the

KHT-treatment group.

N/A

Iwasaki et al. (82) Observer blind

RCT

52 80.3 ± 9.0 AD, VD, mixed

dementia and DLB

YKS No treatment Four-week administration of YKS

significantly improved BPSD, especially in

hallucinations, agitation/aggression,

irritability/lability, and aberrant motor

activity, and ADL.

No

(Continued)
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TABLE 4 | Continued

References Study design Subjects (n) Age, years

(mean ± SD)

Disease/

symptom

Kampo

formulation

Comparator Outcome Adverse event

related with

Kampo

Mizukami et al.

(83)

RCT- cross over N = 88 78.7 ± 5.4 AD and DLB YKS No treatment BPSD, especially in agitation/aggression

and irritability/lability subscale scores,

were improved after treatment of YKS.

Gastrointestinal

distress in 3 cases

Monji et al. (84) RCT N = 15 80.2 ± 4.0 AD YKS add to

sulpiride

Sulpiride The average dose of sulpiride tened to be

less in the YKS treatment group than the

control group.

Hypokalemia in 2

cases

Okahara et al. (85) RCT N = 61 76.1 ± 8.1

77.1 ± 6.8

AD YKS add to

donepezil

Donepezil The scores of BPSD decreased in the YKS

treatment group. The subscale score of

agitation and irritability decreased

significantly.

N/A

Teranishi et al. (86) Rater blind RCT N = 76 83.5 ± 5.8

80.7 ± 8.8

83.2 ± 5.4

AD, VD, and DLB YKS Risperidone/fluvoxamine The three intervention significantly

alleviated BPSD. The adverse events were

more frequent in the risperidone-treatment

group.

No

Fukuhara et al. (87) DB-RCT N = 145 78.3 ± 5.4

78.5 ± 5.1

AD YKS Placebo The BPSD scores did not change in both

YKS and placebo intervention. The

subgroup scoring below 20 points on the

MMSE at baseline showed a greater

improvement in BPSD, especially in

agitation/aggregation in the YKS-treatment

group, compared to the placebo group. In

the subgroup younger than 74 years of

age, a significant decrease in the score for

agitation/aggression was shown in the

YKS-treatment group.

Hypokalemia in 3

cases

VD, Vascular dementia; CTS, chotosan; ADL, activity of daily living; AD, Alzheimer’s disease; GJG, goshajinkigan; HJG hachimijiogan; MMSE, Mini-Mental State Examination; KHT, kihito; DLB, dementia with Lewy body; YKS, yokukansan;

BPSD, behavioral and psychological symptoms of dementia; N/A, not assigned; SD, standard deviaton.
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combination treatment group. In 2007, Higashi et al. reported the
effectiveness of kihito (KHT) extract granules on the cognitive
function of patients with Alzheimer’s disease (81). The MMSE
showed significant improvement 3 months after treatment with
KHT, but not in the nontreated or GJG-treated groups. The
orientation and attention subscale scores of the MMSE improved
significantly in the KHT treatment group when compared with
those of the nontreatment group. No adverse events were
observed in any of the groups.

BPSD
Yokukansan (YKS) was originally used in children for the
treatment of agitation and crying at night. Starting in the 1980s,
when the Japanese society shifted to an aging society, YKS began
to be used for the treatment of BPSD. Five RCTs and one meta-
analysis have shown the efficacy of YKS for BPSD, especially
for delusions, hallucinations, and agitation/aggression. In 2005,
Iwasaki et al. firstly conducted a multicenter RCT using YKS
for dementia patients (82). A 4-week administration of YKS
significantly improved BPSD [assessed by the Neuropsychiatric
Inventory (NPI)], especially hallucinations, agitation/aggression,
irritability/lability, and aberrant motor activity. YKS also
improved ADL (assessed by the Barthel index). In an RCT
conducted by Mizukami et al., 88 dementia patients received
4 weeks of YKS treatment and spent another 4 weeks under
observation (no treatment) in a crossover design (83). BPSD
improved in the YKS treatment period, and no rebound
phenomenon was observed in the following observation period.
Monji et al. reported that 12 weeks of YKS treatment significantly
improved BPSD in patients with Alzheimer’s disease (84). The
average dose of antipsychotics (sulpiride) tended to be less
in the YKS treatment group than in the control group. The
Barthel index did not change in the YKS treatment group
or the control group. In 2010, Okahara et al. reported the
efficacy of 4 weeks of treatment with YKS and donepezil for
BPSD in patients with Alzheimer’s disease (85). Among the
NPI subscales, the agitation and irritability scores decreased
significantly. Cognitive dysfunction, ADL, and caregiver burden
scores did not change in the YKS treatment group or in
the control group. Teranishi et al. reported the efficacy and
safety of YKS compared with risperidone and fluvoxamine
for BPSD in patients with dementia (86). All three drugs
significantly alleviated BPSD, with no significant intergroup
differences. The tolerability analysis revealed that adverse effects
(constipation, muscle rigidity, and extrapyramidal symptoms)
were more frequent in the risperidone treatment group. In 2016,
Furukawa et al. conducted a placebo-controlled DB-RCT on
patients with Alzheimer’s disease (87). Both 4 weeks of YKS
treatment and the placebo improved BPSD, with no significant
intergroup differences. The subgroup scoring below 20 points
on the MMSE at baseline showed a greater improvement in
BPSD, especially in agitation/aggregation in the YKS treatment
group, when compared to the placebo group. In the subgroup
younger than 74 years of age, a significant decrease in the
subcategory score for agitation/aggression was shown in the YKS
treatment group when compared with the placebo group. In

2016, Matsunaga et al. conducted a meta-analysis of the above-
mentioned RCTs using YKS for BPSD in dementia patients (88).
YKS significantly decreased total BPSD scores when compared
with the controls (placebo or usual care), especially the subscale
scores for delusions, hallucinations, and agitation/aggression.
However, only in the Alzheimer’s disease patients, YKS was not
superior to the controls for BPSD. YKS treatment significantly
improved ADL when compared with the controls. MMSE scores
did not improve in the YKS treatment group or in the control
group. Incidence of adverse effects did not differ significantly
between the YKS treatment and control groups. Various Kampo
formulations are clinically effective for the treatment of dementia.
A Kampo medicine may be selected according to the patients’
symptoms. Adverse events due to Kampo medicine are not
frequent. Therefore, Kampo medicine may be a treatment option
for both cognitive dysfunction and BPSD.

Kampo Medicine for Pain Control
In elderly individuals, physical, psychological, and social
changes cause various types of chronic pain. Western analgesic
medications are used as the basic approach for pain relief;
however, modulation of organ systems and pharmacokinetics
often induce adverse effects in aging patients. Furthermore,
chronic pain often accompanies various symptoms such as
coldness, fatigue, and depression. These conditions exacerbate
pain and hinder the physical exercise needed to control pain.

Kampo medicine balances the equilibrium of mind and body
disturbed due to external and internal factors. As a result, it is
possible to relieve pain as well as multiple coexisting symptoms.
In Japan, Kampo medicine is empirically assumed to be
effective and widely applied for the treatment of pain. However,
the suitable formula often differs depending on the patient’s
personality. This inhibits the performance of large clinical trials;
most studies are case reports or case series (Table 5). However,
animal studies have recently begun to elucidate the mechanisms
of Kampo formulae.

Musculoskeletal Pain

Back Pain

Back pain has a prevalence of 24.4% in the Japanese population
over 70 years of age (89). Degenerative spine conditions
(spondylosis, spinal stenosis, interval disc disease, etc.) and
osteoporosis (OP) induce skeletal deformities, joint imbalance,
and tension in muscular structures (90), which lead to chronic
musculoskeletal pain.

GJG is used to alleviate symptoms in the lower part of
the body associated with aging. Hamaguchi et al. reported
the efficacy of routine GJG administration for low back pain
(LBP) (91). In a retrospective observational study, LBP improved
within 6 months in 10 out of 28 patients. Patients with spinal
stenosis were less likely to respond to GJG than those without
spinal disease. GJG is expected to relieve LBP in patients
without spinal disease. In a retrospective cohort study, Oohata
et al. reported the efficacy of Kampo medicine in patients
with lumbar spinal stenosis (92). Patients received routine
medication with or without Kampo treatment. The frequently
used Kampo medicines were GJG, HJG, and shakuyakukanzoto.
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TABLE 5 | RCT of Kampo medicine for pain.

References Study

design

Subjects (n) Age, years

(mean ± SD)

Disease/symptom Kampo

formulation

Comparator Outcome Adverse reaction

Nakae et al. (101) RCT 162 60(16–90)

66(23–90)

Rib fracture JDI NSAIDs Shorten the duration,

Lower healthcare

expenditure

No adverse reaction in

JDI, gastrointestinal

symptoms in 2.5% of

the NSAIDs group

Majima et al. (104) RCT 47 68.3 ± 10.0

71.5 ± 6.0

Osterarthritis of

knee

BOT Loxoprofen Improve the Knee

Society Rating

System and SF-36

Dry month in a patient

Watanabe et al.

(114)

RCT 116 59.4 ± 7.8

60.9 ± 7.4

Diabetes mellitus

type 2

GJG No GJG Decrease progression

neuropathy

None

JDI, jidabokuippo; BOT, boiogito; GJG, goshajinkigan; NSAIDs, non-steroidal anti-inflammatory drugs; SD, standard deviaton.

The rate of reduced and discontinued use of pregabalin and
opioid was significantly greater in the Kampo treatment group
than in the non-Kampo treatment group. Side effects were
observed in 6.3% of patients treated with Kampo medicine
and in 62.5% of patients treated without Kampo medicine.
Hamaguchi et al. reported the efficacy of Kampo medicine for
symptoms in the lower extremities caused by various lumbar
spinal diseases (93). In a retrospective observational study, the
addition of Kampo medicine to Western medications relieved
pain in 53% of patients and relieved coldness in 50% of
patients. On the other hand, numbness was improved in only
21% of patients. The effective formulae included shimbuto,
keishikajutsubuto (KSTJB), ryokeijutsukanto, and GJG. Coldness
is an uncomfortable symptom that exaggerates chronic pain.
Takahashi et al. reported the effectiveness and safety of
tokishigyakukagoshuyushokyoto (TSGS) for improving coldness
with LBP (94). This retrospective observation study showed that
74% of patients were satisfied with the relief from coldness. The
VAS significantly decreased from 57.7 ± 11.4 to 43.7 ± 14.1.
Routine treatment combined with Kampo medicine may be safer
andmore effective than treatment using onlyWestern medicines.
There are some case reports on back pain. In four case reports,
Western treatment involving nerve block could not relieve the
pain of geriatric patients with lumbar spinal stenosis. However,
Kampo treatment was successful (95–98). In these case reports,
some patients were able to avoid surgery. Patients often suffer
from residual symptoms after operations for spinal diseases.
Ogawa et al. reported a case of postoperative residual pain,
coldness, and numbness treated with Kampo medicine (99).

OP-induced fractures result in severe pain. Tetsumura et al.
reported a case of multiple OP-induced fractures treated with
Kampo medicine (100). KSTJB and other Kampo formulae
diminished the suffering of a bedridden patient. The patient was
able to stand 11 months after treatment. Nakae et al. performed
an RCT to compare the efficacies of jidabokuippo (JDI) and
nonsteroidal anti-inflammatory drugs (NSAIDs) in young and
old patients with rib fracture (101). The treatment duration was
significantly shorter in the JDI group than in the NSAID group.
Furthermore, healthcare expenditure was significantly lower in
the JDI group than in the NSAID group.

Osteoarthritis
Osteoarthritis (OA) has a prevalence of 32.5% in the Japanese
population over 60 years of age (102). The pain of OA is
attributed to unstable joint structure, anatomical degeneration,
and inflammation (103). Though standard pharmacotherapy is
used for nociceptive pain, it is sometimes ineffective. Boiohito
(BOT) is often used for arthritis of the knee. In an RCT, Majima
et al. reported the clinical efficacy of BOT on OA of the knee
(104). Patients were assigned to the concomitant-use group (both
loxoprofen and BOT) and the loxoprofen group (loxoprofen
alone). The knee score, based on the Knee Society Rating System
and the 36-item short form from the Medical Outcome Study
Questionnaire (SF-36), improved in both groups. However, the
score for the ability to climb up and down a staircase, based on the
Knee Society Rating System functional score and joint fluid, was
significantly improved in the concomitant-use group compared
to the loxoprofen group.

Bushi is a crude drug with an analgesic effect. In a
nonrandomized prospective study, Nakae reported the efficacy
and safety of bushimatu (powdered processed aconite root) for
the treatment of pain associated with orthopedic disease (105).
OA of the knee was the most common orthopedic disease.
Patients were administered bushimatu (1.5–8 g/day) with other
Kampo formulae without NSAIDs. Patients with ≥50% and
≥25% reductions in VAS accounted 102 and 84 out of 257
patients, respectively, 4 weeks after treatment. Three patients
(1.2%) experienced side effects.

Neuropathic Pain
Neuropathic pain develops after difficult-to-treat injury of
neurons along nociceptive pathways. YKS has a variety
of neuropharmacological actions, such as neuroprotection,
anti-stress effect, promotion of neuroplasticity, and anti-
inflammatory effect (106). Therefore, YKS is sometimes used
to treat neuropathic pain. Nakamura et al. reported 11 cases
(36–85 years old) of successful treatment of neuropathic pain
[postherpetic neuralgia (PHN), central pain, complex regional
pain syndrome, and trigeminal neuralgia] using YKS (107). The
patients had VAS scores of 17–81 despite Western conventional
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treatment. The VAS scores decreased to 0–22 after YKS
administration for 2 days to 2 months.

PHN is a persisting neuropathic pain syndrome that occurs
after resolution of a herpes zoster (HZ) rash. The frequency
increases with age, occurring in 20% of people aged 60–65 years
and in more than 30% of people aged >80 years who had
acute HZ (108). Nakabayashi et al. published a case series on
medication combined with KBG and bushimatsu for patients
with PHN (2–92 months after HZ onset) (109). The VAS score
improvement rate was 76.5 ± 27.7%. However, three of 15
patients could not continue the study due to hot flashes and
gastric discomfort. There are some reports of successful PHN
treatment with Kampo medicine (110–112). In these reports,
patients had suffered from PHN from 2 months to 2 years.
From 8 weeks to 4 months after treatment, their symptoms
disappeared with Kampomedicine. However, in some cases, pain
worsened again when the Kampo medication was discontinued.
Radical treatment of PHN may be difficult, but it may be
effective if Kampo medication is started during the acute stage
of herpes infection.

In elderly people, the prevalence of diabetes increases due to
glucose intolerance. Diabetic neuropathy is the most common
chronic complication, with an estimated lifetime prevalence
exceeding 50% (113). In an RCT, Watanabe et al. reported
the efficacy of GJG on the progression of type 2 diabetes
complications in middle-aged and older people (114). GJG
significantly decreased glycated hemoglobin and progression of
neuropathy (ankle reflex) when compared with the control. GJG
is also used to prevent and relieve peripheral neuropathy due to
chemotherapy (115).

Kampo Medicine for Others
Peripheral Arterial Disease
Peripheral arterial disease (PAD) represents atherosclerotic
disease associated with aging. PAD has a prevalence of 15–
20% in the Japanese population over 70 years of age (116).
The clinical presentation of a reduction in limb blood flow
includes peripheral coldness, atypical leg pain, or intermittent
claudication; as it progresses, it may present with ischemic ulcer
or critical limb ischemia.

In a prospective study, Kawago et al. reported the efficacy of
HJG for improvement of the QOL in patients with PAD (117).
The patients were administered HJG for 6 months without any
new interventions. The pain score on the Japanese version of the
Walking Impairment Questionnaire (WIQ) improved from 25.0
(0.0–50.0) at baseline to 75.0 (68.8–100.0). The absolute change
was 37.5 (25.0–75.0). TSGS improved peripheral blood flow and
perception of peripheral coldness (118). In a nonrandomized
prospective study, Jojima reported the efficacy of TSGS for
arteriosclerosis obliterans (ASO) (119). TSGS and cilostazol
improved the absolute claudication distance 1 and 3 months after
treatment. However, side effects were observed in 4% of patients
treated with TSGS, while they were observed in 38% of patients
treated without Kampo. One case report has been published
regarding Kampo treatment for severe limb pain with ASO (120).
A decoction of KBG and daisaikoto relieved pain, coldness, and
ischemic ulcers and eliminated the need for limb amputation.

Rehabilitation
Physical exercise is necessary to improve pain and prevent
secondary injuries. However, elderly individuals often cannot
take exercise sufficiently due to frailty or sarcopenia.

Hozai is one group of Kampo formulations that restore
vitality to patients who have lost psychological and physical
energy due to various diseases or aging (121). These formulations
improve pain in various conditions induced by sarcopenia and
frailty, such as fatigue, anorexia, and mental problems. Sakamoto
et al. reported their experience of using Kampo, mainly Hozai
formulae (RKT, HET, NYT, etc.) for rehabilitation (122). In a
prospective non-RCT, Sakisake et al. reported the efficacy of
NYT against frailty (123). Administration of NYT for 24 weeks
prevented deterioration of muscle mass and muscle quality score
when compared to the control group. Furthermore, the NYT
group significantly improved grip strength, whereas there was no
change in the control group.

DISCUSSION

Here, we reviewed RCTs on the efficacy of Kampo medicine for
GS. Figure 1 shows the relationship between Kampo medicines
and organs and physiological systems. One of the characteristics
of Kampo medicine is the use of multiple crude drugs (Table 6).
Therefore, Kampo medicine can act upon multiple organs and
physiological systems. HET is effective for COPD, nutrition,
anti-inflammation, and QOL; RKT for GERD, NERD, FD, and
appetite; and DKT for constipation and perioperative conditions.
As GS symptoms are expressed by the 3Ms or 4Is, Kampo
medicine can contribute to GS.

The possible mechanisms of Kampo medicines have been
reported in recent years. For example, YKS is composed
of seven crude drugs (Table 6) and has been used to
improve irritation, insomnia, muscle twitching, and pain.
Several studies reported various neuropharmacological actions
of YKS, namely, on serotonergic, glutamatergic, cholinergic,
dopaminergic, adrenergic, and gamma-aminobutyric acidergic
neural systems (124). These actions maintain neural signal
conduction and neuronal function of neurons as well as glial cells
(125). GJG is composed of 10 crude drugs and has been used
to alleviate various types of age-related conditions, including
muscle weakness of the lower limbs, dysuria, foot edema, and
cold sensation of the lower limbs. Recently, GJG is used to
prevent and relieve various types of peripheral neuropathy. GJG
has antinociceptive effects via increasing produced nitric oxide
(126), reduces hypersensitivity by suppressing the overexpression
of TRPM8 and TRPA1 mRNA (127), and ameliorates allodynia
via the suppression of TNF-α expression in the spinal cord (128).
Furthermore, GJG has also been reported to suppress sarcopenia
via the insulin growth factor-1/insulin pathway, maintains the
expression of mitochondrial-related transcription factors, and
suppresses the expression of TNF-α (129).

DKT is composed of four crude drugs and has been used to
treat abdominal pain and abdominal bloating with abdominal
coldness. DKT treats abdominal symptoms by enhancing the
secretions of motilin (130), substance-P, calcitonin gene-related
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FIGURE 1 | The relationship between Kampo medicines and symptome/condition/disorder in organs and viscera.

peptide, and adrenomedullin (131–133) and activating the
transient receptor potential of the vanilloid receptor complex
(134). RKT is composed of eight crude drugs and has been
used to treat appetite loss, upper abdominal discomfort, and
indigestion. A recent study reported that RKT increases plasma
ghrelin levels in humans and mice (135) and restores decreased
plasma ghrelin levels induced by serotonin release in rats. HKT is
composed of five crude drugs and has been used for pharyngeal
discomfort. It has been reported that HKT modulates cerebral
levels of 5-hydroxytryptamine, noradrenaline, and dopamine in
mice (20).

The efficacy and safety of Kampo medicine were investigated
in several clinical studies. Based on these reports, clinical practice
guidelines have recommended Kampo medicines for symptoms
in geriatrics. Our previous study (136), conducted between
January 1, 2012, and October 31, 2017, showed that the Clinical
Practice Guideline for the Pruritus Cutaneous Universalis (137),
Practical Guideline for the Management of Allergic Rhinitis
in Japan (138), the Japanese Respiratory Society Guidelines
for the Management of Cough (139), Evidence-Based Clinical
Practice Guidelines for GERD (140), Evidence-Based Clinical
Practice Guidelines for Functional Dyspepsia (141), Evidence-
Based Clinical Practice Guidelines for Irritable Bowel Syndrome
(142), Evidence-Based Clinical Practice Guidelines for Chronic
Constipation (143), Clinical Guidelines for Overactive Bladder
Syndrome (144), and Practice Guideline for Dementia (145) have
recommended the use of Kampo medicines for skin symptoms,

allergy, cough, gastrointestinal dysfunction, urinary dysfunction,
and dementia.

In recent years, the usefulness of Kampo medicine in
the clinical setting has been investigated using the diagnosis
procedure combination (DPC) inpatient database in Japan
(Table 7). A propensity score analysis using DPC is a
retrospective investigation; however, the groups of patients
with or without intervention can be matched, and the subject
number is large. Thus, this method can show the intervention’s
effect and influence on the social economy. Jo et al. reported a
reduction in the exacerbation of COPD in patients of advanced
age using DKT (33). DKT users had a significantly lower
risk of rehospitalization or death after discharge. Subgroup
analysis of long-acting muscarinic receptor antagonist users
showed a significant difference in rehospitalization or death,
while subgroup analysis of long-acting muscarinic receptor
antagonist nonusers showed no significant difference. Yasunaga
reported the effects of GRS on reoperation rates after burr-hole
surgery for chronic subdural hematoma (146). GRS use was
significantly associated with a lower reoperation rate when
compared with nonuse. These results suggest that GRS use
reduced the need for reoperation after burr-hole surgery for
chronic subdural hematoma. Yasunaga et al. also reported effects
of DKT on postoperative adhesive small bowel obstruction
requiring long-tube decompression (LTD) (147). DKT use
was associated with a significantly shorter duration of LTD, a
shorter duration between long-tube insertion and discharge, and
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TABLE 6 | Kampo medicines and their crude drugs by RCT.

Kampo medicineIndication as per the

Japanese Pharmacopeia

(i.e.,)

Included crude drugs

Orengedokuto

(OGT)

Patients with ruddy face with

comparatively strong

constitution, a touch of hot

flushes, and a tendency to

irritability: nose bleeding,

hypertension, insomnia,

neurosis, gastritis, alcoholic

hangover, climacteric

disturbance and automatic

imbalance syndrome peculiar

to women resembling

climacteric disturbance,

dizziness, palpitation, eczema

or dermatitis, and pruritus

cutaneous

JP Scutellaria

Root

JP Coptis

Rhizome

JP Gardenia

Fruit

JP

Phellodendron

Bark

Goreisan (GRS) Patients with oral dryness

and decreased urine volume:

edema, nephrosis, alcoholic

hangover, acute

gastrointestinal catarrh,

diarrhea, nausea, vomiting,

dizziness, water retention in

the stomach, headache,

uremia, heat-stroke, and

diabetes mellitus

JP Alisma

Rhizome

JP Atractylodes

Lancea

Rhizome

JP Polyporus

Sclerotium

JP Poria

Sclerotium

JP Cinnamon

Bark

Keishibukuryogan

(KBG)

Patients with solid

constitution who have ruddy

face and generally solid

abdomen with resistance in

the lower abdomen:

inflammation in the uterus

and its adnexa, endometritis,

menstrual irregularity,

dysmenorrhea, leukorrhea,

climacteric disturbance

(headache, dizziness, feeling

of hot flushes, shoulder

stiffness, etc.), oversensitivity

to cold, peritonitis, contusion,

hemorrhoid, and orchitis

JP Cinnamon

Bark

JP Peony Root JP Peach KernelJP Poria

Sclerotium

JP Moutan Bark

Rikkunshito (RKT) Patients with weak stomach,

loss of appetite and full

stomach pit, and those who

are easily fatigued, anemic

and likely to have cold limbs:

gastritis, gastric atony,

gastroptosis, maldigestion,

anorexia, gastric pain, and

vomiting

JP Atractylodes

Lancea

Rhizome

JP Ginseng JP Pinellia Tuber JP Poria

Sclerotium

JP Jujube JP Citrus Unshiu Peel JP Glycyrrhiza JP Ginger

(Continued)
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TABLE 6 | Continued

Kampo medicineIndication as per the

Japanese Pharmacopeia

(i.e.,)

Included crude drugs

Daikenchuto

(DKT)

Abdominal cold feeling and

pain accompanied by

abdominal flatulence

JP Processed

Ginger

JP Ginseng JP Zanthoxylum

Fruit

JP Koi

Daiokanzoto

(DKZT)

Constipation JP Rhubarb JP Glycyrrhiza

Saibokuto (SBT) Patients who have depressed

feelings and a feeling of

foreign body in the throat and

esophagus and who

sometimes have palpitation,

dizziness, nausea, etc.:

infantile asthma, bronchial

asthma, bronchitis, coughing,

and anxiety neurosis

JP Bupleurum

Root

JP Pinellia Tuber JP Poria

Sclerotium

JP Scutellaria

Root

JP Magnolia

Bark

JP Jujube JP Ginseng JP Glycyrrhiza JP Perilla Herb JP Ginger

Ninjinyoeito (NYT) Declined constitution after

recovery from disease,

fatigue and malaise, anorexia,

perspiration during sleep,

cold limbs, and anemia

JP Rehmannia

Root

JP Japanese

Angelica Root

JP Atractylodes

Rhizome

JP Poria

Sclerotium

JP Ginseng JP Cinnamon Bark JP Polygala Root JP Peony Root JP Citrus

Unshiu Peel

JP Astragalus

Root

JP Glycyrrhiza JP

Schisandra

Fruit

Inchinkoto (ICKT) Patients with a comparatively

strong constitution and

decreased urine volume who

are somewhat likely to have

constipation: jaundice,

hepatic cirrhosis, nephrosis,

urticaria, and stomatitis

JP Artemisia

Capillaris Flower

JP Gardenia

Fruit

JP Rhubarb

Chotosan (CTS) Chronic headache with

hypertension in those

middle-aged or elderly

JP Gypsum JP Uncaria

Hook

JP Citrus

Unshiu Peel

JP Ophiopogon

Tuber

JP Pinellia Tuber JP Poria Sclerotium JP Chrysanthemum

Flower

JP Ginseng JP

Saposhnikovia

Root

JP Glycyrrhiza JP Ginger

Hachimijiogan

(HJG)

Patients with severe fatigue

or malaise, decreased urinary

output or increased urinary

frequency, dry mouth, and

alternate cold and hot feeling

in the extremities: nephritis,

diabetes mellitus, impotence,

sciatica, low back pain,

beriberi, cystorrhea, prostatic

hypertrophy, and

hypertension

JP Rehmannia

Root

JP Cornus Fruit JP Dioscorea

Rhizome

JP Alisma

Rhizome

JP Poria

Sclerotium

P Moutan Bark JP Cinnamon Bark JP Powdered

Processed

Aconite Root

Kihito (KHT) patients with a delicate

constitution and a poor

complexion: anemia and

insomnia

JP Astragalus

Root

JP Jujube Seed JP Ginseng JP Atractylodes

Rhizome

JP Poria

Sclerotium

JP Longan Aril JP Polygala Root JP Jujube JP Japanese

Angelica Root

JP Glycyrrhiza JP Ginger JP

Saussurea

Root

Yokukansan (YKS) Patients with delicate

constitution and

nervousness: neurosis,

insomnia, night cry in

children, and peevishness in

children

JP Atractylodes

Lancea

Rhizome

JP Poria

Sclerotium

JP Cnidium

Rhizome

JP Uncaria

Hook

JP Japanese

Angelica Root

JP Bupleurum Root JP Glycyrrhiza

(Continued)
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TABLE 6 | Continued

Kampo medicineIndication as per the

Japanese Pharmacopeia

(i.e.,)

Included crude drugs

Hangekobokuto

(HKT)

Patients who have depressed

feelings and a feeling of

foreign body in the throat and

esophagus and who

sometimes have palpitation,

dizziness, nausea, etc.:

anxiety neurosis, nervous

gastritis, hyperemesis

gravidarum, coughing,

hoarseness, nervous

esophageal stricture, and

insomnia

JP Pinellia Tuber JP Poria

Sclerotium

JP Magnolia

Bark

JP Perilla Herb JP Ginger

Bakumondoto

(BAK)

Coughing with a hard,

obstructive sputum,

bronchitis, and bronchial

asthma

JP Ophiopogon

Tuber

JP Brown Rice JP Pinellia Tuber JP Jujube JP Glycyrrhiza JP Ginseng

Goshajinkigan

(GJG)

Patients with decreased urine

volume or polyuria sometimes

having dry mouth who are

easily fatigued and easily feel

cold in the extremities: leg

pain, low back pain,

numbness, blurred vision in

old patients, pruritus, dysuria,

frequent urination, and

edema

JP Rehmannia

Root

JP Achyranthes

Root

JP Cornus Fruit JP Dioscorea

Rhizome

JP Plantago

Seed

JP Alisma Tuber JP Poria Sclerotium JP Moutan Bark JP Cinnamon

Bark

JP Powdered

Processed

Aconite Root

Jidabokuippo

(JDI)

Swelling and pain caused by

contusion

JP Cnidium

Rhizome

JP Atractylodes

Lancea

Rhizome

JP Forsythia

Fruit

JP Lonicera

Leaf and Stem

JP

Saposhnikovia

Root

JP Glycyrrhiza JP Schizonepeta

Spike

JP Safflower JP Rhubarb

Boiogito (BOT) Patients with a

white-complexion, soft

muscles, and a flabby

constitution who are easily

fatigued, perspire profusely,

do not excrete enough urine,

and develop edema in the

lower limbs and swelling and

pain of the knee joint:

nephritis, nephrosis,

nephropathy of pregnancy,

hydrocele testis, obesity,

arthritis, carbuncle, furuncle,

myositis, edema, dermatosis,

hyperhidrosis, and menstrual

irregularity

JP Astragalus

Root

JP Sinomenium

Stem

JP Atractylodes

Lancea

Rhizome

JP Jujube JP Glycyrrhiza JP Ginger
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TABLE 7 | Propensity score analysis of Kampo medicine.

References Study design Subjects (n) Age, years

(mean ± SD)

Disease/

symptom

Kampo

formulation

Comparator Outcome

Jo et al. (146) Propensity score

analysis

2385 82.1 ± 4.8

82.1 ± 4.8

Chronic

obstructive

pulmonary disease

exacerbation

DKT No DKT DKT users had a significantly lower risk of

re-hospitalization or death after discharge.

Subgroup analysis of long-acting

muscarinic receptor antagonists users

showed a significant difference in

re-hospitalization or death, while subgroup

analysis of long-acting muscarinic receptor

antagonists non-users showed no

significant difference.

Yasunaga (147) Propensity score

analysis

7758 76.2 (10.7) 76.2

(10.7)

Chronic subdural

hematoma

GRS No GRS GRS use was significantly associated with

a lower reoperation rate compared with

non-use.

Yasunaga et al.

(148)

Propensity score

analysis

288 68.4 ± 10.1 67.9

± 9.1

Postoperative

adhesive small

bowel obstruction

requiring long-tube

decompression

DKT No DKT Patients who received DKT showed

significant shorter duration of long-tube

decompression (LTD), shorter duration

between long-tube insertion and

discharge, and lower hospital charges

compared with patients without DKT. It

suggested that DKT is effective for

reducing the duration of LTD and saving

costs.

DKT, daikenchuto; GRS, goreisan; SD, standard deviation.

lower hospital charges when compared with DKT nonuse. This
suggests that DKT effectively reduces the duration of LTD and
saves costs.

Not only the efficacy but also adverse drug reactions (ADRs)
were reported in RCTs of Kampo medicine (148). The total
incidence of ADRs was 2.47%, and those of pseudoaldosteronism
and liver disorders caused by Kampo medicine were 0.02
and 0.16%, respectively. In our previous study, the incidence
of ADRs was 0.09% for BAK, 0.44% for DKT, 2.04% for
RKT, 1.7% for GJG, 3.45% for HET, 3.34% for CTS, 4.41%
for NYT, and 5.17% for YKS. Many of the ADRs were
gastrointestinal disorders.

Due to an increase in Japan’s “super-aging population” and a
decline in the country’s birth rate, medical expenses are expected
to increase and pose an important problem. Furthermore,
medical expenses have grown every year. This review has shown
the efficacy, safety, and the social and economic advantages
associated with Kampo treatment.
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Appetite loss or anorexia substantially deteriorates quality of life in various diseases,

and stand upstream of frailty. Neuropeptide Y (NPY) in the hypothalamic arcuate

nucleus (ARC) and ghrelin released from stomach are potent inducers of appetite.

We previously reported that Ninjin’yoeito, a Japanese kampo medicine comprising

twelve herbs, restores food intake, and body weight in cisplatin-treated anorectic

mice. Furthermore, Ninjin’yoeito increased cytosolic Ca2+ concentration ([Ca2+]i) in not

only ghrelin-responsive but ghrelin-unresponsive NPY neurons in ARC. The cellular

lineage/differentiation of ghrelin-unresponsive neuron is less defined but might alter

along with aging and diet. This study examined the occupancy of ghrelin-unresponsive

neurons among ARC NPY neurons in adult mice fed normal chow, and explored the

mechanisms underlying Ninjin’yoeito-induced [Ca2+]i increases in ghrelin-unresponsive

vs. ghrelin-responsive NPY neurons. Single ARC neurons were subjected to [Ca2+]i
measurement and subsequent immunostaining for NPY. Ghrelin failed to increase [Ca2+]i
in 42% of ARC NPY neurons. Ninjin’yoeito (10µg/ml)-induced increases in [Ca2+]i were

abolished in Ca2+ free condition in ghrelin-responsive and ghrelin-unresponsive ARC

NPY neurons. Ninjin’yoeito-induced [Ca2+]i increases were inhibited by N-type Ca2+

channel blocker ω-conotoxin in the majority (17 of 20), while by L-type Ca2+ channel

blocker nitrendipine in the minority (2 of 23), of ghrelin-responsive neurons. In contrast,

Ninjin’yoeito-induced [Ca2+]i increases were inhibited by nitrendipine in the majority (14

of 17), while by ω-conotoxin in the minority (8 of 24), of ghrelin-unresponsive neurons.

These results indicate that ghrelin-unresponsive neurons occur substantially among NPY

neurons of ARC in adult mice fed normal chow. Ninjin’yoeito preferentially target N-type

and L-type Ca2+ channels in the majority of ghrelin-responsive and ghrelin-unresponsive

neurons, respectively, to increase [Ca2+]i. We suggest ARCN- and L-type Ca2+ channels

as potential targets for activating, respectively, ghrelin-responsive, and unresponsive NPY

neurons to treat anorexia.

Keywords: Ninjin-yoeito, anorexia, arcuate nucleus, neuropeptide Y, ghrelin, N-type Ca2+ channel, L-type Ca2+

channel
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TABLE 1 | Composition (daily dose*) of kampo formula Ninjin’yoeito.

Ingredient Contents (g)

English name Latin name

Rehmannia root Rehmanniae radix 4.0

Japanese angelica root Angelicae acutilobae 4.0

Atractylodes rhizome Atractylodis rhizoma 4.0

Poria sclerotium Poria 4.0

Ginseng Ginseng radix 3.0

Cinnamon bark Cinnamomi cortex 2.5

Polygala root Polygalae radix 2.0

Peony root Paeoniae radix 2.0

Citrus unshiu peel Citri unshiu pericarpium 2.0

Astragalus root Astragali radix 1.5

Glycyrrhiza Glycyrrhizae radix 1.0

Schisandra fruit Schisandrae fructus 1.0

*Approximate 6,700mg of dried water extract of Ninjin’yoeito was prepared in

GMP-standardized factory of Kracie Pharma, Ltd. (Japan) on the basis of above

described composition.

INTRODUCTION

Reduced appetite and body weight are associated with cancer,
sarcopenia and frailty (1, 2), and deteriorate the quality of
life (QOL) (3, 4). Hence, effective means to promote appetite
have been awaited. Ninjin’yoeito, a Japanese traditional Kampo
medicine, has been used clinically and demonstrated to be
effective to treat anorexia, fatigue, anemia, cold limbs, persistent
cough, mental disequilibrium, and to promote recovery from
disease (5–7). Its ability to ameliorate this variety of symptoms
is considered to result partly from counteraction of anorexia.
Ninjin’yoeito comprises 12 crude drugs (Table 1). Some of these
crude drugs are known to pass through the blood brain barrier
(BBB) and hence possibly access to the hypothalamus including
the arcuate nucleus (ARC), while ghrelin, an orexigenic gut
hormone, freely accesses to the ARC neurons without crossing
the BBB (8). Hence, oral administration of Ninjin’yoeito could
act on ARC via one or both of these routes.

We previously reported that Ninjin’yoeito counteracted the
anorexigenic and body weight-lowering effects of cisplatin, a
chemo-therapy drug, in mice (9). In parallel, Ninjin’yoeito
increased cytosolic Ca2+ concentration ([Ca2+]i) in single
neurons isolated from ARC, and the majority (79%) of the
Ninjin’yoeito-responsive neurons were immunoreactive (IR) to
neuropeptide Y (NPY). The neuron coexpressing NPY and
agouti-related protein (AgRP) (NPY/AgRP neuron) in ARC of
hypothalamus is considered as the principal neuron for initiating
feeding behavior (10–13). Selective activation of ARCNPY/AgRP
neurons acutely and robustly triggers feeding (14, 15), while
their selective deletion in adult mice markedly reduces feeding
(16, 17), placing the ARC NPY/AgRP neuron as the necessary
and adequate inducer of feeding.

Abbreviations: VDCC, voltage-dependent Ca2+ channel; NPY, Neuropeptide Y;

ARC, arcuate nucleus.

We reported previously that Ninjin’yoeito increased [Ca2+]i
in the ghrelin-responsive and ghrelin-unresponsive NPY
neurons in ARC. Ghrelin, released from gut under fasted
condition, stimulates feeding via activating NPY neurons
(18–20). Hence, the ghrelin-responsive NPY neurons in
ARC is considered to play a central role in stimulating
physiological feeding. Compared to ghrelin-responsive NPY
neurons, the role of the ghrelin-unresponsive NPY neurons
is less defined. A possibility exists that ghrelin-responsive
and ghrelin-unresponsive NPY neurons could be converted
to each other depending on the diet/metabolic states and
aging, including ghrelin resistance (21–23). The present study
firstly investigated the occupancy (percentage) of the ghrelin-
unresponsive neurons among ARC NPY neurons in adult
mice fed normal chow. Notably, it has been documented that
ghrelin-resistance occurs with aging and likely contributes to
appetite reduction and resultant BW decrease and frailty. In this
line, our previous finding that Ninjin’yoeito interacts with and
recruits ghrelin-unresponsive NPY neurons to [Ca2+]i increases
suggests its potential to restore appetite and counteract frailty.
Hence, it is of relevance to elucidate the mechanisms underlying
the [Ca2+]i responses to Ninjin’yoeito in ghrelin-unresponsive
NPY neurons. The present study aimed to elucidate the Ca2+

channel type implicated in the [Ca2+]i response to Ninjin’yoeito
in ghrelin-unresponsive NPY neurons in comparison with that
in ghrelin-responsive NPY neurons.

It has been reported that N-type (CaV2.2) and L-type
(CaV1.3) voltage-dependent Ca2+ channels (VDCCs) participate
in depolarization-induced release of NPY in rat medium
eminence-ARC preparation (24). In this report, 23mM KCl-
induced NPY release was blunted by nitrendipine, a blocker of
L-type Ca2+ channels, and 45mM KCl-induced NPY release
was markedly attenuated by ω-conotoxin, a blocker of N-
type Ca2+ channels, but not by nitrendipine. These data may
indicate differential roles of N-type and L-type Ca2+ channels
depending on the magnitude of depolarization by KCl. In
addition, N-type and/or L-type Ca2+ channels in ARC neurons
are involved in the [Ca2+]i responses to several substances
including ghrelin (25, 26). Hence, the present study explored
the link of Ninjin’yoeito to N-type and/or L-type VDCCs in
ghrelin-responsive vs. unresponsive neurons. Single neurons
were isolated from ARC of adult mice fed normal chow,
subjected to Ca2+ imaging to determine their responsiveness
to ghrelin and Ninjin’yoeito, and subsequently immunostained
for NPY. In the ghrelin-responsive and ghrelin-unresponsive
NPY neurons, the effects of Ninjin’yoeito on [Ca2+]i and
their modulation by N-type and L-type Ca2+ channel blockers
were examined.

MATERIALS AND METHODS

Ninjin’yoeito Extract
Ninjin’yoeito is an herbal supplement composed of 12 crude
drugs (Table 1). Ninjin’yoeito extract was supplied by Kracie Co.
(Tokyo, Japan). Ninjin’yoeito extract was mixed with distilled
water to prepare the stock solution.
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Materials and Solution
For [Ca2+]i imaging, Ninjin’yoeito solution was diluted at the
concentrations used for superfusion in HEPES-buffered Krebs-
Ringer bicarbonate buffer (HKRB) solution composed of (in
mM) 129 NaCl, 5.0 NaHCO3, 4.7 KCl, 1.2 KH2PO4, 1.8 CaCl2,
1.2 MgSO4, and 10 HEPES with pH adjusted at 7.4 using NaOH.
Ghrelin was purchased from Peptide Institute (Osaka, Japan).
Fresh solution of Ninjin’yoeito and ghrelin were prepared before
each experiment.

Animals
Male C57BL/6J mice aged 4–6 weeks were obtained from Japan
SLC (Shizuoka, Japan) and housed for at least 1 week under
conditions of controlled temperature (23± 1◦C), humidity (55±
5%) and lighting (light phase 7:30–19:30). Food and water were
available ad libitum. Animal experiments were carried out after
receiving approval from the Institutional Animal Experiment
Committee and in accordance with the Institutional Regulation
for Animal Experiments at Jichi Medical University (IACUC
approval number; 17-229) and Kobe University (IACUC
approval number; 30-10-06-R1).

Preparation of Single Neurons From ARC
The ARC was isolated from the brain of mice aged 5–7 weeks and
single neurons were prepared as reported previously (25). Briefly,
mice were anesthetized with intraperitoneal injection of urethane
(ethyl carbamate; 1 g/kg, ip) or inhalation administration of
isoflurane and decapitated, and their brain was removed. Brain
slices containing ARC were prepared, and the whole ARC of
the left and right sides was punched out. The dissected tissues
were incubated in HKRB supplemented with 20 units/ml papain
(Sigma Aldrich, St. Louis, MO), 0.015 mg/ml deoxyribonuclease,
and 0.75 mg/ml BSA for 16min at 36◦C in a shaking water bath,
followed by gentle mechanical trituration for 5–10min. The cell
suspension was centrifuged at 100 × g for 5min. The pellet
was resuspended in HKRB and distributed onto coverslips. The
cells were kept at 30◦C in moisture-saturated dishes till [Ca2+]i
measurements for up to 6 h.

Measurements of [Ca2+] in Single ARC
Neurons
At 2–10 h after cell preparation, [Ca2+]i was measured
by ratiometric fura-2 fluorescence imaging as previously
reported (25). Briefly, following incubation with 2µM fura-2AM
(DOJINDO, Kumamoto, Japan) for 30min at 30◦C, the cells were
mounted in a chamber and superfused at 1 ml/min with HKRB
containing 2.5mM glucose at 30◦C. Data were taken from the
single cells that were identified as neurons by the criteria reported
previously (25); relatively large diameter (≥10µm), clear and
round cell bodies on phase-contrast microscopy. Ninjin’yoeito
(10µg/ml) and ghrelin (10−8 M) were administered under
superfusion conditions. Fluorescence ratio (F340/F380) images
were produced by Aquacosmos ver. 2.5 (Hamamatsu Photonics,
Shizuoka, Japan). When [Ca2+]i increases took place within
10min of superfusion with agents and their amplitudes were
at least twice larger than fluctuations of baseline, they were

considered responses. In all experiments, neurons from at least
three separate preparations were analyzed.

Immunocytochemistry and Identification of
NPY Neurons
After [Ca2+]i measurements, cells were fixed with 4%
paraformaldehyde, pretreated with 3% H2O2 for 1 h, and
blocked in 10% normal goat serum and in 0.1M PBS for 1 h
at room temperature. Cells were incubated overnight at 4◦C
with primary antiserum to NPY (DiaSorin, Stillwater, MN)
diluted 1:10,000 in PBS containing 1.5% normal goat serum.
After rinsing, cells were incubated with biotinylated secondary
antibody raised against rabbit IgG (Vector Laboratories Inc.,
Burlingame, CA; diluted 400-fold) for 1 h at room temperature.
After rinsing, the sections were labeled with avidin-peroxidase
complex (ABC kit, Vector) for 1 h and color-developed with 3,
3’-diaminobenzidine (DAB). [Ca2+]i and immunocytochemical
data were correlated to each other, based on the photographs
of the single neurons subjected to [Ca2+]i measurements in the
microscopic field (25).

RESULTS

Effect of Ghrelin on [Ca2+]i in ARC NPY
Neurons
Single neurons isolated from ARC were superfused with
HKRB containing 2.5mM glucose for [Ca2+]i imaging. After
[Ca2+]i was stabilized at baseline, administration of ghrelin
(10−8 M) increased [Ca2+]i in some single neurons that were
subsequently shown to be immunoreactive (IR) to NPY by
immunocytochemistry (Figure 1A). In contrast, administration
of ghrelin failed to increase [Ca2+]i in other single neurons that
were IR to NPY (Figure 1B). Among 43 ARC NPY neurons, 25
(58%) neurons responded to ghrelin and 18 (42%) neurons did
not respond to ghrelin (Figure 1C). These results indicated that
ghrelin-unresponsive neurons occur substantially among NPY
neurons of ARC in adult mice fed normal chow.

Ninjin-yoeito Increases [Ca2+]i via Ca2+

Influx Preferentially Through N-Type VDCC
in the Minority of Ghrelin-Responsive
Neurons
The effect of Ninjin’yoeito (10µg/ml) on [Ca2+]i in ARC
NPY neurons that responded to ghrelin were examined. Under
superfusion with HKRB without added Ca2+ and with 0.1mM
EGTA (Ca2+-free HKRB), administration of Ninjin’yoeito
(10µg/ml) for 10–12min did not increase [Ca2+]i, while it
subsequently increased [Ca2+]i in HKRB with 2mM Ca2+

(normal HKRB) in a single neuron that subsequently responded
to ghrelin with [Ca2+]i increase (Figure 2A). In nine ghrelin-
responsive neurons, none responded to Ninjin’yoeito in Ca2+-
free HKRB (Figure 2A, Right). This result indicated that the
[Ca2+]i response to Ninjin’yoeito in ghrelin-responsive neurons
requires the presence of extracellular Ca2+.

We next examined whether particular type of VDCCs
could be implicated in the [Ca2+]i response to Ninjin’yoeito
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FIGURE 1 | Effect of ghrelin on [Ca2+]i in ARC NPY neurons. (A) Ghrelin (10−8 M) increased [Ca2+]i in a single ARC neuron that was subsequently shown to be IR to

NPY, indicated by the thick arrow in right. (B) Ghrelin (10−8 M) failed to increase [Ca2+]i in a single ARC neuron that was subsequently shown to be IR to NPY,

indicated by the thick arrow in right. Thin arrows in right of (A,B) indicate neurons that were not IR to NPY. Scale bars in right of (A,B) show 10µm. (C) Incidence of

ghrelin-responsive and ghrelin-unresponsive ARC NPY neurons: 25 of 43 (58%) neurons responded to ghrelin and 18 of 43 (42%) neurons did not respond to ghrelin.

Glucose concentration was 2.5mM. These data were obtained from 3 preparations of single neurons from 3 mice.

in ghrelin-responsive neurons. The effects of N-type Ca2+

channel blocker, ω-conotoxin, and L-type Ca2+ channel blocker,
nitrendipine, were examined. In the presence of ω-conotoxin
(100 nM) Ninjin’yoeito did not increase [Ca2+]i, while it

subsequently increased [Ca2+]i after washing out ω-conotoxin
in the majority of single neurons (Figure 2B). In the presence
of ω-conotoxin Ninjin’yoeito increased [Ca2+]i in only 3 of
20 (15.0%) ghrelin-responsive neurons (Figure 2B, Right). By
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FIGURE 2 | Ninjin’yoeito-induced [Ca2+]i increases were inhibited in Ca2+ free condition and preferentially by N-type Ca2+ channel blocker in the majority of

ghrelin-responsive ARC NPY neurons. ARC NPY neurons that responded to Ninjin’yoeito (10µg/ml) and ghrelin (10−8 M) with increases in [Ca2+]i were studied.

Glucose concentration was 2.5mM. (A) The [Ca2+]i response to Ninjin’yoeito was inhibited under superfusion with Ca2+ free HKRB. Right: incidence (%) of

(Continued)
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FIGURE 2 | responses to Ninjin’yoeito in Ca2+ free HKRB. Numbers above bar indicate number of neurons responding to Ninjin’yoeito over that examined. Data were

from five preparations of single neurons from four mice. (B) An N-type Ca2+ channel blocker, ω-conotoxin, inhibited the [Ca2+]i response to Ninjin’yoeito. Right:

incidence of responses to Ninjin’yoeito in the presence of ω-conotoxin. Numbers above bar indicate number of neurons responding over examined. Data were from

six preparations of single neurons from three mice. (C) An L-type Ca2+ channel blocker, nitrendipine, failed to inhibit the [Ca2+]i response to Ninjin’yoeito. Right:

incidence of responses to Ninjin’yoeito in the presence of nitrendipine. Numbers above bar indicate number of neurons responding over examined. Data were from 9

preparations of single neurons from four mice.

contrast, in the presence of nitrendipine (2µM) Ninjin’yoeito
increased [Ca2+]i in the majority of single neurons (Figure 2C),
and this response occurred in 21 of 23 (91.3%) of ghrelin-
responsive neurons (Figure 2C, Right). These results indicated
that Ninjin’yoeito increases [Ca2+]i in the majority of ghrelin-
responsive neurons via Ca2+ influx to which N-type Ca2+

channel has greater contribution than L-type Ca2+ channel.

Ninjin-yoeito Increases [Ca2+]i via Ca2+

Influx Preferentially Through L-Type VDCC
in the Minority of Ghrelin-Unresponsive
Neurons
The effect of Ninjin’yoeito (10µg/ml) on [Ca2+]i in ARC
NPY neurons that did not respond to ghrelin were examined.
Under superfusion with Ca2+ free KRB, Ninjin’yoeito did not
increase [Ca2+]i while it subsequently increased [Ca2+]i in
2mM Ca2+ KRB in a single neuron that subsequently failed to
respond to ghrelin with [Ca2+]i increase (Figure 3A). In nine
ghrelin-unresponsive neurons, none responded to Ninjin’yoeito
in Ca2+-free HKRB (Figure 3A, Right). This result indicated that
the [Ca2+]i response to Ninjin’yoeito in ghrelin-unresponsive
neurons requires the presence of extracellular Ca2+.

We examined involvement of particular type of VDCC in
the [Ca2+]i response to Ninjin’yoeito in ghrelin-unresponsive
neurons. Ninjin’yoeito induced increases in [Ca2+]i both in the
presence of and after washing out ω-conotoxin (100 nM) in
the majority of single neurons (Figure 3B). The pattern and
amplitude of [Ca2+]i increases in response to Ninjin’yoeito
in the presence and absence of ω-conotoxin were comparable
(Figure 3B). In the presence of ω-conotoxin, Ninjin’yoeito
increased [Ca2+]i in 16 of 24 ghrelin-unresponsive neurons
(66.7%) (Figure 3B, Right). By contrast, in the presence of
nitrendipine (2µM) Ninjin’yoeito failed to increase [Ca2+]i
in the majority of single neurons (Figure 3C), while it
subsequently increased [Ca2+]i after washing out this drug,
showing a reversible inhibition. In the presence of nitrendipine
Ninjin’yoeito increased [Ca2+]i in only 3 of 17 ghrelin-
unresponsive neurons (17.6%) (Figure 3C, Right). These results
indicated that Ninjin’yoeito increases [Ca2+]i in ghrelin-
unresponsive neurons via Ca2+ influx to which L-type Ca2+

channel has greater contribution than N-type Ca2+ channel.

DISCUSSION

The present study employed [Ca2+]i measurement in ARC single
neurons combined with immunocytochemistry and found that
among 43 ARC NPY neurons, 25 (58%) neurons responded

to ghrelin and 18 (42%) neurons did not respond to ghrelin.
This incidence of ghrelin-responsive neurons (58%) is not far
from that in previous reports, considering different experimental
conditions used among studies. The extracellular single unit
recordings from in vitro slices indicated that ghrelin excited
73% of neurons in the ventromedial ARC, where NPY neurons
are dominant, in adult rats (27). Ex vivo whole-cell patch-
clamp recordings showed that ghrelin depolarized 40% of GFP-
labeled arcuate NPY neurons in brain slices from 8–12 week-
old male NPY-humanized Renilla reniformis green fluorescent
protein transgenic mice (28). Ghrelin increased [Ca2+]i in 59%
of single ARC NPY neurons (9) and in 21–41% of single ARC
neurons (12, 25) in 5–7 week-old male mice. The present
study demonstrated that ghrelin-unresponsive neurons occur
substantially among NPY neurons of ARC in 5–7 week-old
male mice fed normal chow. Ninjin’yoeito-induced [Ca2+]i
increase was blunted in Ca2+-free condition in both ghrelin-
responsive and ghrelin-unresponsive neurons. Ninjin’yoeito-
induced [Ca2+]i increases were inhibited by N-type Ca2+

channel blocker ω-conotoxin in the majority (17 of 20), while
by L-type Ca2+ channel blocker nitrendipine in the minority (2
of 23), of ghrelin-responsive neurons. In contrast, Ninjin’yoeito-
induced [Ca2+]i increases were inhibited by nitrendipine in
the majority (14 of 17), while by ω-conotoxin in the minority
(8 of 24), of ghrelin-unresponsive neurons. Both N- and L-
type Ca2+ channels are reportedly expressed and functioning
in ARC (24, 25, 29). Our results demonstrate that Ninjin’yoeito
increases [Ca2+]i via Ca

2+ influx, to whichN-type Ca2+ channels
have greater contribution in ghrelin-responsive neurons and
L-type Ca2+ channels have greater contribution in ghrelin-
unresponsive neurons. The [Ca2+]i increase often results from
membrane excitation and/or stimulated signal transduction and
results in exocytosis, transport, gene expression, and/or protein
regulation. Thus, the [Ca2+]i increase, in general, reflects the
neuronal activation. The present findings place N-type and L-
type Ca2+ channels in ARC as potential molecular targets for
Ninjin’yoeito to preferentially activate ghrelin-responsive and
ghrelin-unresponsive NPY neurons, respectively, in ARC.

The mechanisms underlying the link of Ninjin’yoeito to
distinct VDCCs in ghrelin-responsive and ghrelin-unresponsive
neurons remain to be elucidated. It has been documented that
ghrelin and/or GHSR influence the activities of VDCCs (30–36).
Since ghrelin increases [Ca2+]i via Ca

2+ influx primarily through
N-type Ca2+ channels in NPY neurons (25), it is speculated that
Ninjin’yoeito could interact with the GHSR and/or downstream
signaling linked to N-type Ca2+ channels in ghrelin-responsive
NPY neurons. In consistent with this, it was previously reported
that GHSR coexpression with dopamine type 2 receptor (D2R)
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FIGURE 3 | Ninjin’yoeito-induced [Ca2+]i increases were inhibited in Ca2+ free condition and preferentially by L-type Ca2+ channel blocker in the majority of

ghrelin-unresponsive ARC NPY neurons. ARC NPY neurons that responded to Ninjin’yoeito (10µg/ml) but not to ghrelin (10−8 M) with increases in [Ca2+]i were

studied. Glucose concentration was 2.5mM. (A) The [Ca2+]i response to Ninjin’yoeito was inhibited under superfusion with Ca2+ free HKRB. Right: incidence (%) of

(Continued)
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FIGURE 3 | responses to Ninjin’yoeito in Ca2+ free HKRB. Numbers above bar indicate number of neurons responding to Ninjin’yoeito over that examined. Data were

from five preparations of single neurons from four mice. (B) An N-type Ca2+ channel blocker, ω-conotoxin, failed to inhibit the [Ca2+]i response to Ninjin’yoeito. Right:

incidence of responses to Ninjin’yoeito in the presence of ω-conotoxin. Numbers above bar indicate number of neurons responding over examined. Data were from

six preparations of single neurons from three mice. (C) An L-type Ca2+ channel blocker, nitrendipine, inhibited the [Ca2+]i response to Ninjin’yoeito. Right: incidence of

responses to Ninjin’yoeito in the presence of nitrendipine. Numbers above bar indicate number of neurons responding over examined. Data were from nine

preparations of single neurons from four mice.

reduces the inhibition of N-type VDCC currents by D2R
activation (35). However, different results were also reported
that N-type VDCC currents is inhibited by constitutive GHSR
activity in mouse hippocampal cultures (34) and hypothalamic
neurons (33). Though the cause for the apparent discrepancy
among previous documents and our finding remains unknown,
we investigated the effect of short-term (∼5min) administration
of ghrelin in the current and previous studies (25), while some
of previous documents observed the effect of constitutive GHSR
activation (33, 34). Hence, ghrelin and GHSR signaling may have
dual, acute stimulatory and chronic inhibitory, actions on N-
type Ca2+ channel activity. Compared to ghrelin-responsive NPY
neurons, properties of ghrelin-unresponsive ARC NPY neurons
are less characterized. However, it was reported that a ligand for
the taste receptor T1R2/T1R3 increased [Ca2+]i in ARC neurons,
the majority of which did not respond to ghrelin (26), and that
this [Ca2+]i increase was inhibited by nitrendipine, but not ω-
conotoxin. Hence, T1R2/T1R3 is possibly linked to L-type Ca2+

channels in ghrelin-unresponsive ARC neurons and this pathway
could be involved in the action of Ninjin’yoeito.

Though the Ninjin’yoeito’s cellular signaling is less defined,
it could interact with the excitatory signaling pathways in NPY
neurons, which include the orexin—OX1R—phospholipase
C pathway and low glucose—Na+,K+-ATPase suppression—
depolarization pathway (37, 38). Notably, it was shown that
AMPK activator AICAR increased [Ca2+]i in two types of ARC
NPY neurons, one with and the other without [Ca2+]i responses
to ghrelin (39), and that the AICAR-induced [Ca2+]i increases
were blunted in Ca2+-free conditions (40). Thus, Ninjin’yoeito
and AICAR share the common properties: they stimulate
Ca2+ influx in both ghrelin-responsive and unresponsive NPY
neurons in ARC. In line with this, expression of carnitine
palmitoyltransferase 1 (CPT1), a signaling molecule of AMPK,
is regulated by metabolic conditions (41). Taken together,
Ninjin’yoeito may elicit intracellular AMPK signaling pathway
for activating ghrelin-responsive and ghrelin-unresponsive
NPY neurons. However, further studies are definitely
required to elucidate intracellular signaling mechanisms
of Ninjin’yoeito.

The functional role of the Ninjin’yoeito-regulated VDCCs
in ARC NPY neurons remains to be clarified. In ghrelin-
responsive neurons, administration of Ninjin’yoeito interacts
with N-type Ca2+ channels to enhance and/or cooperate with
the action of ghrelin, possibly leading to efficacious activation
of ghrelin-responsive NPY neurons and consequent stimulation
of appetite. Our study places ARC N-type Ca2+ channel
as a potential mediator and integrator of the actions of
Ninjin’yoeito and ghrelin in ghrelin-responsive NPY neurons.

On the other hand, the ghrelin-unresponsive ARC NPY
neuron has been less defined for its physiological property
and cellular lineage/differentiation. It has been documented
that metabolic/feeding conditions induce dynamic remodeling
of NPY/AgRP neurons and differentiation of feeding related
neurons in ARC (42). Hence, the ghrelin-responsive neurons
and ghrelin-unresponsive neurons could be converted to each
other, depending on metabolic/feeding conditions and aging.
Our finding that the type of VDCC correlates with ghrelin
responsiveness in NPY neurons suggests that expression of
specific VDCC type may be related to remodeling of NPY
neurons. In this line, the ghrelin resistance, the phenomenon
that ghrelin administration cannot stimulate feeding, occurs
in association with aging and diet-induced obesity (21–
23). This ghrelin resistance reportedly takes place in ARC
NPY neurons (21), which could result in reductions in
NPY neuronal activity and appetite. The transformation
of ghrelin-responsive to ghrelin-unresponsive NPY neurons
may underly ghrelin resistance. Of note, we found that
Ninjin’yoeito preferentially target L-type VDCC to activate
ghrelin-unresponsive NPY neurons in ARC. This action of
Ninjin’yoeito could serve to compensate for the ghrelin resistance
and restore appetite.

The present study demonstrated that Ninjin’yoeito activates
the majority of ghrelin-responsive ARC NPY neurons
preferentially via N-type VDCC while the majority of ghrelin-
unresponsive NPY neurons preferentially via L-type VDCCs.
We suggest ARC N-type VDCC as a target for activating
ghrelin-responsive NPY neurons and promoting feeding while
L-type VDCC as a target for activating ghrelin-unresponsive
NPY neurons and possibly compensating for ghrelin-resistance
to restore appetite.
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5Department of Horticultural Science, Faculty of Agriculture, Kagoshima University, Kagoshima, Japan

Shinkiku (Massa Medicata Fermentata) is a traditional crude drug used to treat anorexia

and dyspepsia of elder patients in east Asia. Shinkiku is generally prepared by the

microbial fermentation of wheat and herbs. Shinkiku is also used in Japanese Kampo

medicine as a component of 半夏白朮天麻湯 (Hangebyakujutsutemmato). However,

the quality of shinkiku varies by manufacture because there are no reference standards

to control the quality of medicinal shinkiku. Thus, we aim to characterize the quality

of various commercially available shinkiku by chemical and microbial analysis. We

collected 13 shinkiku products manufactured in China and Korea and investigated the

microbial structure and chemical constituents. Amplicon sequence analysis revealed that

Aspergillus sp. was common microorganism in shinkiku products. Digestive enzymes

(α-amylase, protease, and lipase), organic acids (ferulic acid, citric acid, lactic acid,

and acetic acid), and 39 volatile compounds were commonly found in shinkiku

products. Although there were some commonalities in shinkiku products, microbial and

chemical characteristic considerably differed as per the manufacturer. Aspergillus sp.

was predominant in Korean products, and Korean products showed higher enzyme

activities than Chinese products. Meanwhile, Bacillus sp. was commonly detected in

Chinese shinkiku, and ferulic acid was higher in Chinese products. Principal component

analysis based on the GC-MS peak area of the volatiles also clearly distinguished shinkiku

products manufactured in China from those in Korea. Chinese products contained

higher amounts of benzaldehyde and anethole than Korean ones. Korean products were

further separated into two groups: one with relatively higher linalool and terpinen-4-ol

and another with higher hexanoic acid and 1-octen-3-ol. Thus, our study revealed the

commonality and diversity of commercial shinkiku products, in which the commonalities

can possibly be the reference standard for quality control of shinkiku, and the diversity

suggested the importance of microbial management to stabilize the quality of shinkiku.

Keywords: shinkiku, Hangebyakujutsutemmato, Aspergillus sp., Rhizopus sp., ferulic acid
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INTRODUCTION

Massa Medicata Fermentata is a traditional crude drug used for
treatment of anorexia and dyspepsia in elders in East Asia, called
shinkiku in Japan, shenqu in China, and singug in Korea. Shinkiku
is prepared from wheat (Triticum sativum), apricot kernel
(Prunus armeniaca), red beans (Phaseolus angularis), polygonum
(Polygonum hydropiper), sweet wormwood (Artemisia apiacea),
and cocklebur (Xanthium strumarium). After mixing these
materials, the mixture is fermented for a few days and
subsequently dried to obtain shinkiku (1). Although shinkiku is
manufactured in only China or Korea, it is also used in Japanese
Kampo medicine as a component of “Hangebyakujutsutemmato
(半夏白朮天麻湯),” which is used to treat dizziness and
nausea (2, 3). Along with the increase in the consumption
of Hangebyakujutsutemmato, the demand for shinkiku has also
increased in recent years in Japan (4). However, the quality of
shinkiku considerably differs with respect to the manufacture
(5). This is because there are no reference standards for quality
control of shinkiku. The voluntary standard in Japan stated that
shinkiku should contain appreciable starch and reducing sugar,
while that in Korea or China focused on the maximum ash
or water content (1, 6, 7). The quality instability of shinkiku
is a serious problem among the distributers of crude drugs
in Japan. Thus, the characterization and standardization of
commercial shinkiku are strongly needed to stabilize its medicinal
grade quality.

A characteristic of shinkiku is the unique microbial
fermentation process during its manufacture. “Qu” is sometimes
mixed as a fermentative starter in China. Qu is the same as
“Koji” in Japan, which is a solid-state culture of filamentous
fungi (Aspergillus sp., Rhizopus sp., or Mucor sp.) on cereal
grains, and is used to manufacture soy sauce, vinegar, and
liquor. As these filamentous fungi produce various enzymes
during growth (8–10), qu serves as an exogenous enzyme source
during the production of fermented foods. Enzymes purified
from Aspergillus sp. are also applied for medical industries.
α-Amylase and lipase produced by Aspergillus oryzae have been
used as digestive agents to treat dyspepsia (11). Furthermore,
Aspergillus sp. produces ferulic acid esterase and releases free
ferulic acid from the cell wall of plants (12, 13). Ferulic acid has
been reported to show anti-inflammatory effects and accelerate
gastrointestinal motility (14, 15). It has also been reported that
free ferulic acid increased by fermentation with qu (16). Thus,
the fermentation process by those filamentous fungi would add
the stomachic function to the unfermented materials.

Chen et al. (17) has reported that Aspergillus sp. and Rhizopus
sp. also exist in Chinese shinkiku products. Our previous
study showed that shinkiku obtained from local markets in
China and Korea contained digestive enzymes and ferulic acid
(5). Therefore, digestive enzymes and ferulic acid derived by
filamentous fungi possibly contribute to the stomachic property
of shinkiku. However, in the previous study, neither Aspergillus
sp. nor Rhizopus sp. could be detected using denaturing
gradient gel electrophoresis (DGGE). It seems that DGGE is
not appropriate for investigating the microbial structures of
shinkiku. In addition, it was possible that shinkiku was stored

in unsuitable environments in local markets, which altered the
microbial conditions during storage. As shinkiku is prepared by
microbial fermentation, characterization of microorganisms is
required for quality control. In the present study, we obtained
new commercial shinkiku products from a Japanese trading
company specializing in crude drugs and investigated their
chemical constituents and microbial structures using amplicon
sequencing to establish reference standards for quality control of
shinkiku in Japan.

MATERIALS AND METHODS

Chemicals and Strains
Chemicals used for the analysis were obtained from Nacalai
Tesque Inc. (Kyoto, Japan) and Wako Pure Industries
Ltd. (Osaka, Japan). Folin and Ciocalteu’s phenol reagent
were purchased from MP Biomedicals (CA, USA), and
ethylenediaminetetraacetic acid (EDTA) was obtained from
DOJINDO (Kumamoto, Japan).

Crude Drug Materials
Thirteen commercial shinkiku products, imported from Korea or
China, were kindly provided by Tochimoto Tenkaido Co., Ltd.
(Osaka, Japan), Kotaro pharmaceutical Co., Ltd. (Osaka, Japan),
and UCHIDAWAKANYAKU Ltd. (Tokyo, Japan). Shinkiku
products used in this study are shown in Figure 1, and their
production country and year of import are shown in Table 1. All
the samples were maintained at−20◦C until analysis.

DNA Extraction
DNA extraction was performed using a ZR Fecal DNAMiniprep
kit (Zymo Research, CA, USA) according to the manufacturer’s
instructions. Mechanical disruption was carried out for each
100mg of shinkiku at 6.0 m/s for 30 s by bead beating using a
FastPrep 120 Cell Disrupter System (Thermo Savant; Carlsbad,
CA, USA) and subjected to DNA extraction. The extracted
DNAwas quantified using a NanoDrop-8000 Spectrophotometer
(Thermo Fisher Scientific K.K., Japan) and stored at−20◦C until
amplicon sequencing.

Amplicon Sequencing Analysis
Amplicon sequencing analysis was performed at Bioengineering
Lab. Co., Ltd. (Kanagawa, Japan). PCR amplification was
performed using primer sets V3V4f and V3V4r for bacterial
16S rDNA V3/V4 regions and ITS1F_KYO1 and ITS2_KYO2
for the fungal ITS1 region (18, 19). For each sample, a library
was prepared using the two-step tailed PCR method. The
obtained amplicons were subjected to a 2 × 300 bp paired
end run using a MiSeq system (Illumina K.K., Tokyo, Japan).
The data were deposited to the DNA data Bank of Japan
(DDBJ) under the accession numbers DRR205793-DRR205818.
After quality filtering and chimera check of sequencing reads,
the operational taxonomic units (OTU) were predicted using
QIIME (Quantitative Insight Into Microbial Ecology) (20). The
OTUs that accounted for more than 1% of the total sequence
number were classified, whereas taxa with abundance <1% were
summarized as “others.”
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FIGURE 1 | Commercial shinkiku products used in this study. Chinese products for C1–C7, and Korean products for K8–K13.

Enzymatic Activity Assays
α-Amylase Assay
Crude enzyme extract was prepared according to the
Official Analysis Method of National Tax Agency of Japan.
Shinkiku (2 g) was suspended in 10mL of 0.1M acetate buffer
solution (pH 5.0) containing 0.5% NaCl and homogenized
at 11,000 rpm for 2min on ice. Then, the homogenate was
centrifuged at 22,300 × g at 4◦C for 3min. α-Amylase activity
was measured using an α-amylase assay kit (Kikkoman

Biochemifa, Tokyo, Japan) following the manufacturer’s
instructions, and 2-chloro-4-nitrophenyl-65-azido-65-deoxy-
β-maltopentaoside (N3-G5-β-CNP) was used as a substrate,
which was cleaved to 2-chloro-4-nitrophenol (CNP) on
action of α-amylase. The increment of CNP was measured
at 400 nm using a spectrophotometer. One unit of α-amylase
activity was referred to the quantity of α-amylase required
to release 1 µmol of CNP from N3-G5-β-CNP per minute
at 37◦C.
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TABLE 1 | Commercial shinkiku products used in this study.

Sample no. Production area Import year

C1 China 2016

C2 China 2015

C3 China 2013

C4 China 2013

C5 China 2012

C6 China 2009

C7 China 2008

K8 Korea 2000

K9 Korea 1998

K10 Korea 1993

K11 Korea 2013

K12 Korea 2015

K13 Korea 2017

Protease Assay
Crude enzyme extract (10mL) was dialyzed in a cellulose tube
(Dialysis membrane 27/32, Viskase Companies Inc., USA) for
15 h in 1 L of 10mM of acetate buffer (pH 5.0) and then filled
up to 20mL with water for the protease activity assay. A casein
solution (2%, w/v) was used as a substrate, and the derived tyrosin
by protease was quantified by a chromogenic reaction which used
Folin and Ciocalteu’s phenol reagent. Tyrosine was quantified
using the standard curve obtained from absorbance of the known
concentration of tyrosine standard. One unit of protease activity
was defined as the quantity of protease required to release 1µg of
tyrosine from casein per hour at 40◦C.

Lipase Assay
Lipase solution from shinkiku was prepared according to the
method of Rahayu et al. (21) with slight modification. Shinkiku
(5 g) was added to 15mL of 0.1M acetate buffer solution (pH
5.0) containing 0.5% NaCl and homogenized at 11,000 rpm
for 1min, and then, 10mL of ethanol (99.5%) was added
to the mixture and held for 1 h to extract. The supernatant
obtained by centrifugation at 890 × g for 5min was used as
a lipase solution. The lipase activity was determined by Lipase
Activity Assay Kit (Cayman Chemical, MI, USA) following
the assay protocol. An arachidonoyl-1-thioglycerol was used as
substrate, and thioglycerol derived by lipase was quantified using
a fluorescence detector (ex. 380 nm, em. 510 nm) (Mithras LB940,
Berthold, GmbH & co. KG., Germany) after reaction with the
thiol detector. The thioglycerol concentration was determined
using the calibration curve obtained from the fluorescence
intensity of the known concentration of thioglycerol standard.
One unit was defined as the amount of lipase that was required to
release 1 nmol of thioglycerol from arachidonoyl-1-thioglycerol
per minute at 37◦C.

Quantification of Ferulic Acid
Ferulic acid (4-hydroxy-methoxycinnamic acid) was quantified
according to the method of Okutsu et al. (5) with slight
modifications. Shinkiku (2 g) was added to 10mL of a

water/methanol mixture (3:2) and was homogenized at 11,000
rpm for 1min. The mixture was then centrifuged at 4,800
× g for 5min. The supernatant was filtered through a 0.45-
µm cellulose acetate membrane filter (Toyo Roshi Kaisha Ltd.,
Tokyo, Japan), and 10 µL of the sample was injected into
the High Performance Liquid Chromatography (HPLC) system
(Shimadzu LC system 20A, Shimadzu Corp., Kyoto, Japan). The
ferulic acid concentration was determined using the calibration
curve obtained from the peak area of the known concentration of
ferulic acid standard.

Quantification of Other Organic Acids
Organic acids except for ferulic acid were determined using a
Prominence HPLC system and an electroconductivity detection
(Shimadzu CDD-10AVP). Each shinkiku (2 g) sample was mixed
with 20mL of deionized water, homogenized at 11,000 rpm
for 1min, and then, centrifuged at 4,800 × g for 5min to
obtain a supernatant. The supernatant was filtered through
a 0.45µm pore-size cellulose acetate membrane filter. The
separation of organic acids was performed using an ion-exclusion
chromatography column (Shim-pack SCR-102H, 8mm I.D. ×
300mm ×2) equipped with a Guard column (SCR-102H, 6mm
I.D. × 50mm) at 50◦C using 4mM p-toluenesulfonic acid as the
mobile phase at a flow rate of 0.8 mL/min. The buffer solution
containing 16mM Bis-Tris, 4mM p-toluenesulfonic acid, and
80µM EDTA was pumped into the column at 0.8 mL/min
flow rate.

Volatile Compounds Analysis
The supernatant used for organic acid analysis was also used
to analyze the volatile compounds in shinkiku products. The
volatile compounds were evaluated with the method described
by Rahayu et al. (21). In brief, 10mL supernatant, described
in the quantification of organic acid, was transferred to a
10mL sample vial with a 15-mm stir bar coated with 0.5mm
polydimethylsiloxane (Twister, GERSTEL K.K., Japan). The
sample was stirred using a stir bar at 1,200 rpm for 60min at
25–30◦C to adsorb volatile components. Then, the stir bar was
removed from the sample, washed with deionized water, and
placed into a glass insert. The volatile compounds were desorbed
from the SBSE stir bar using the temperature program of thermal
desorption system (GERSTEL TDS 3, GERSTEL CIS 4, GERSTEL
K.K., Japan) and transferred to a gas chromatograph (6890N
Network GC System) equipped with a mass spectrometer (5975B
insert MSD) (Agilent Technologies, Palo Alto, CA). The volatile
compounds were separated on a Pure-WAX column (0.25mm
I.D. × 60m length × 0.25µm film thickness, J&W Scientific,
Folsom, CA), and the oven temperature was held at 50◦C for
5min at 3◦C/min till the temperature reached 240◦C (hold for
5min). The carrier gas was helium at a flow rate of 2mL/min. The
detected compounds were identified by comparison of their mass
spectra with the National Institute of Standards and Technology
(Gaithersburg, MD, USA) mass spectral library (NIST 05) and
by comparison of their retention index (RI) with the database of
Aroma Office software (Nishikawa Keisoku/Gerstel K.K., Japan).
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RESULTS

Microbial Structure in Shinkiku Products
Preliminary, we investigated the viable fungi in shinkiku products
using a plating assay to detect Aspergillus sp., Rhizopus sp., or
Mucor sp.; however, no filamentous fungus like colonies were
detected except for C1, K11, and K13 (Table S1). Thus, amplicon
sequencing analysis was applied to investigate the community
structure of microorganism that included filamentous fungi in
shinkiku products.

Aspergillus sp. was detected in all shinkiku products, and
Rhizopus sp. was found in more than half of shinkiku products
(7/13) (Figure 2A). Aspergillus sp. and Rhizopus sp. were totally
accounted for more than 50% in C3, K11, K12, and K13.
Rhizopus sp. was predominant in C1, C3, and C4 compared with
Aspergillus sp., but Aspergillus sp. was predominant in C2, K11,
K12, and K13. In particular, Aspergillus sp. accounted for more
than 70% in K11, K12, and K13. Meanwhile, Mucor sp. was
detected only in K11 at 3%, and Saccharomyces sp. was detected in
K11 and K12 at 4–7%. Xeromyces sp. was detected in C5, K8, and
K9, and accounted for more than 40%.Wallemia sp. was detected
in K10 and accounted for more than 80%. In addition, Fusarium
sp. was detected in Chinese products such as C1, C2, C3, C4, C6,
and C7, and accounted for 36% in sample C4. Botrytis sp. was
characteristically detected in C7 with an abundance rate of 55%.
Wickerhamomyces sp. was detected in C1, C3, C6, C7, K9, and
K11 and accounted for 52% in C6.

For bacterial community structure, Bacillus sp. accounted for
more than 60% in all Chinese products, but chloroplast and
mitochondria DNA accounted for more than 50% in Korean
products such as K11, K12, and K13 (Figure 2B). Multiple lactic
acid bacteria were detected in Korean products. Pediococcus sp.
and Lactobacillus sp. were detected in K12, andWeissella sp. was
detected in K9 and K10. In contrast, Erwinia sp. was detected
in K8.

Enzyme Activities in Shinkiku Products
As shinkiku is used to treat anorexia and dyspepsia, digestive
enzymes derived by microorganisms in shinkiku work as a
digestive promotor (22). Thus, wemeasured the digestive enzyme
activities in shinkiku products. All shinkiku products showed α-
amylase (8.3–51.3 U/g), protease (86.0–7892.8 U/g), and lipase
(0.1–5805.5 U/g) activity, and Korean products tended to have
higher enzyme activity than Chinese products (Table 2). K8 and
K10 showed higher amylase activity compared to other shinkiku
products. K13 showed the highest protease activity, and K11
showed the highest lipase activity among all shinkiku products.

Ferulic Acid in Shinkiku Products
Ferulic acid could contribute to efficacies of shinkiku because
it accelerates gastrointestinal motility (15). Because some
microorganisms secrete ferulic acid esterase (13, 23), free ferulic
acid could be released from wheat materials during shinkiku
fermentation. All shinkiku products were confirmed to contain
free ferulic acid, and the content ranged from 25.8 to 91.4 nmol/g
in Korean products and from 99.9 to 554.6 nmol/g in Chinese
products (Table 3).

Other Organic Acids in Shinkiku Products
Organic acids are important metabolites of fermentative
microorganisms. As each microorganism secretes different
organic acids, we quantified the organic acids to investigate
the relationship with microbial structure in shinkiku products.
Citric acid, pyruvic acid, lactic acid, formic acid, and acetic acid
were detected in shinkiku products (Table 3). Although K11,
K12, and K13 contained remarkably high citric acid (71.9–88.8
µmol/g), the total organic acid contents tended to be higher
in Chinese products compared to Korean products. Especially
C2, C4, and C5 contained higher lactic acid compared to other
shinkiku products.

Volatiles in Shinkiku Products
Herb materials in shinkiku contain various essential oils, and
they act as appetizers (stomachic) (24). We measured the volatile
content in shinkiku products exhaustively using GC-MS. A
total of 146 compounds were detected, and among them, 39
compounds were common in all Chinese and Korean products:
7 acids, 5 alcohols, 8 aldehydes, 7 esters, 5 ketones, 3 lactones,
3 phenols, and 1 polycyclic aromatic hydrocarbon (Table 4).
Principal component analysis (PCA) were used to analyze
datasets of peak area of 39 common volatiles to differentiate
shinkiku products. The PCA score plot indicated a clear variance
for different volatiles based on different manufacture across PC1
(42.98%) and PC2 (16.91%) (Figure 3).

A clustered pattern was observed in Chinese products with
a higher content of some benzenoid aromatic hydrocarbons
such as naphthalene, ethyl benzoate, benzaldehyde, and benzyl
alcohol. The Korean products were further separated into two
groups. Samples K8, K9, and K10 were classified into the same
group (Korea A) because of the higher content of terpenoids
such as linalool, paeonol, and terpinen-4-ol. Meanwhile, samples
K11, K12, and K13 were differentiated (Korea B) from other
groups with higher contents of fatty acid (hexanoic acid, capric
acid, and caprylic acid), aldehydes (decanal and hexanal), and
alcohols (β-phenylethyl alcohol and 1-octen-3-ol). In addition
to the common volatiles, 2,3-butanediol and pyrazines were
characteristically detected in all Chinese products. Vanillin and
4-vinylguaiacol, which are metabolites of ferulic acid, were
also detected in all Chinese products. Meanwhile, d-limonene,
myristic acid, toluene, 2-pentylfuran, 2-heptanone, hinesol, and
methylguaiacol were only detected in all Korean products (data
not shown).

DISCUSSION

Amplicon sequencing analysis revealed that Aspergillus sp.
was common microorganism in all shinkiku products, and
no common bacterial types was detected in all products.
Thus, shinkiku was manufactured with microbial fermentation
with such filamentous fungi. As these fungi were difficult
to be detected as viable cells, they possibly died during the
production or storage process of shinkiku. Thus, amplicon
sequencing analysis seems appropriate for clarifying the
microbial structure in shinkiku. In addition, digestive enzymes
(α-amylase, protease, and lipase), organic acids (ferulic acid,
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FIGURE 2 | Relative abundance of bacterial and fungal sequence reads at the genus level in shinkiku products. (A) Fungi detected by ITS1F_KYO1-ITS2_KYO2

primer set; (B) Bacteria detected by V3/V4f-V3/V4r primer set.

citric acid, lactic acid, and acetic acid), and 39 volatiles were
commonly found in shinkiku products. These microbial and
chemical characteristics of shinkiku is fundamental data

for the quality control of shinkiku in the market, and the
commonalities would contribute to normalize the quality
of shinkiku.
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However, microbial and chemical characteristics of shinkiku
were considerably different among the shinkiku products. Various
fungi were detected in Chinese products. Not only Aspergillus
sp. and Rhizopus sp. but also Mucor sp. and Saccharomyces sp.
were detected with a small abundance. These microorganisms
have been reported to exist in Chinese qu (25, 26). Qu is
mixed as a fermentation starter for shinkiku manufacture in
China. The microbial community of qu was reported to be
different among the products because it was prepared by
natural fermentation (8, 27). Thus, the microbial diversity
of qu possibly affects the microbial structures of shinkiku
in China.

For bacteria communities, Bacillus sp. was predominant in all
Chinese products. As Bacillus sp. is generally found in soil and
grass hay, it possibly comes from wheat bran or herb materials in

TABLE 2 | Digestive enzyme activities of shinkiku products.

Sample U/g

α-Amylase Protease Lipase

C1 10.2 560.8 2.6

C2 10.3 86.0 0.1

C3 8.3 591.7 11.4

C4 35.4 435.9 1.9

C5 9.8 328.3 25.8

C6 10.0 116.1 5.5

C7 8.3 260.6 11.9

K8 51.3 2,029.8 1,673.8

K9 35.8 1,858.2 696.7

K10 49.6 2,814.6 2,656.5

K11 19.7 1,552.7 5,805.5

K12 11.8 1,762.6 4,025.0

K13 21.1 7,892.8 2,639.7

shinkiku. Bacillus sp. is reported to secret considerable ferulic acid
esterase (23). It is expected that the higher ferulic acid in Chinese
products was caused by ferulic acid esterase secreted by Bacillus
sp. Higher levels of benzenoid compounds such as benzaldehyde,
and anethole in Chinese products were also derived by Bacillus
sp. because these volatiles have been reported to be synthesized
by Bacillus sp. (28, 29).

In the case of Korean products, Aspergillus sp. was more
predominant than Rhizopus sp., and microbial composition was
simpler compared to Chinese products. It suggests that pure
cultivated Aspergillus sp. might be inoculated in the materials
to ferment shinkiku in Korea. In addition, a relatively high
abundance of chloroplast DNA from herb materials and that
from mitochondria were detected in Korean products. This
result suggests that the amount of DNA derived from bacteria
was extremely low in Korean products. The number of viable
bacteria in Korean products was also considerably lower than
that in Chinese products (Table S1). It was reported that the
number of viable bacteria in qu was increased at the late stage
of fermentation (30). Therefore, it was expected that Korean
shinkiku was short-fermented with simple microorganisms.

Lactic acid bacteria such asWeissella sp., Lactobacillus sp., and
Pediococcus were detected in Korean products. As these lactic
acid bacteria are known to have potential to promote digestion
for humans (31, 32), they possibly contribute to the efficacies
of Korean shinkiku for anorexia and dyspepsia. However, the
relative abundances of lactic acid bacteria were inconsistent
with lactic acid contents in shinkiku. In addition, Rhizopus sp.
in qu was also reported to secrete lactic acid (33), but the
relative abundance of Rhizopus sp. was inconsistent with lactic
acid content in shinkiku products. It possible that the microbial
structure changed during fermentation, and the microorganisms
in the early stage of the fermentation process affect the lactic acid
contents in shinkiku products. Although our study revealed the
microbial structure only in the final product of shinkiku, further

TABLE 3 | Organic acid contents of shinkiku products.

Sample nmol/g µmol/g

Ferulic acid Citric acid Pyruvic acid Lactic acid Formic acid Acetic acid Total

C1 99.9 8.0 4.6 9.5 4.3 5.6 032.1

C2 321.0 7.8 8.4 80.3 7.0 7.7 111.2

C3 87.8 7.7 10.7 16.3 5.0 5.9 045.7

C4 554.6 8.6 10.5 38.3 6.9 8.2 072.6

C5 140.7 8.0 13.5 23.8 7.3 3.3 056.0

C6 109.8 9.7 5.4 11.4 6.8 6.9 040.2

C7 176.5 9.6 14.3 9.2 8.7 5.7 047.6

K8 60.7 8.1 6.0 0.7 n.d. 0.5 015.3

K9 42.3 3.7 0.2 2.3 n.d. 0.5 006.6

K10 91.4 3.8 n.d. 1.0 0.8 0.4 005.9

K11 75.4 72.6 n.d. 11.5 1.9 3.1 089.2

K12 59.9 88.8 n.d. 7.0 2.8 2.0 100.6

K13 25.8 71.9 n.d. 0.9 4.5 1.1 078.5

n.d., not detected.
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TABLE 4 | Volatile compounds commonly detected in shinkiku products.

Name RIa m/z Identification Peak area (1/1.0 × 106)b

minimum maximum meanc

Acids

Non-anoic acid 2,147 73 MS, RI 1.8 107.8 24.5

Capric acid 2,253 73 MS, RI 3.2 23.5 9.8

Lauric acid 2,464 73 MS, RI 8.7 22.9 12.3

Acetic acid 1,439 60 MS, RI 1.4 10.6 2.8

Hexanoic acid 1,829 60 MS, RI 1.0 407.7 70.3

Palmitic acid 2,881 73 MS, RI 131.0 479.5 268.3

Caprylic acid 2,041 60 MS, RI 1.4 105.3 24.6

Alcohols

Linalool 1,538 93 MS, RI 3.3 48.0 15.9

Terpinen-4-ol 1,592 93 MS, RI 1.8 16.9 8.1

Benzyl alcohol 1,858 108 MS, RI 3.6 117.3 51.1

1-Octen-3-ol 1,442 57 MS, RI 5.3 158.7 33.7

β-Phenylethyl Alcohol 1,893 91 MS, RI 4.0 37.4 10.7

Aldehydes

(E)-2-Heptenal 1,315 83 MS, RI 1.0 15.4 4.9

Benzaldehyde 1,509 106 MS, RI 11.1 4,610.7 1,013.1

2-Phenyl-2-butenal 1,912 146 MS, RI 0.8 13.2 6.1

5-Methyl-2-phenyl-2-hexenal 2,056 117 MS, RI 0.7 36.1 11.6

Hexanal 1,085 56 MS, RI 6.3 427.1 96.2

Nonanal 1,384 57 MS, RI 2.7 64.8 17.2

Decanal 1,489 57 MS, RI 2.4 18.9 7.4

Furfural 1,451 96 MS, RI 1.4 89.5 15.3

Esters

Ethyl benzoate 1,655 105 MS, RI 1.0 60.8 13.9

Dibutyl phthalate 2,676 149 MS, RI 11.8 129.3 49.3

Benzyl acetate 1,715 108 MS, RI 1.0 46.7 19.5

Ethyl caproate 1,229 88 MS, RI 0.5 480.2 75.9

Ethyl caprylate 1,428 88 MS, RI 1.0 33.7 9.1

Methyl salicylate 1,760 120 MS, RI 1.9 22.1 7.4

2-Phenylethyl acetate 1,801 104 MS, RI 2.1 37.1 12.9

Ketones

Pulegone 1,635 152 MS, RI 2.7 66.1 14.9

Piperitone 1,713 110 MS, RI 1.9 181.8 23.4

2-Octanone 1,279 58 MS, RI 1.6 71.0 11.1

2-Nonanone 1,381 58 MS, RI 0.8 30.2 5.7

Geranylacetone 1,842 69 MS, RI 3.9 14.9 7.0

Lactones

γ-Octalactone 1,897 85 MS, RI 0.8 32.4 10.8

γ-Nonalactone 2,009 85 MS, RI 13.6 203.5 94.8

Dihydroactinolide 2,319 111 MS, RI 2.8 13.3 6.0

Phenols

Anethole 1,811 148 MS, RI 3.8 100.5 28.5

Paeonol 2,237 151 MS, RI 35.6 5,626.8 807.8

Methyleugenol 1,994 178 MS, RI 3.6 5,499.0 452.4

PAH*

Naphthalene 1,724 128 MS, RI 3.7 45.8 16.4

*PAH, polycyclic aromatic hydrocarbon.
aRI, retention index calculated on a Pure-WAX column.
bPeak area was shown as a relative value with 1 × 106.
cMean value of component peak area was calculated on the average of peak areas in 13 shinkiku.
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FIGURE 3 | Principal component analysis based on peak area of common volatile components in shinkiku products. (A) is for Score plot, and (B) is for Loading plot.

studies are needed to investigate the changes in microbes and
their metabolites during shinkiku fermentation.

PCA based on the volatile components differentiated shinkiku
products into three groups, among them two groups were
composed of Korean shinkiku (Korea A and Korea B). The
relative abundance of Aspergillus sp. in Korea B was considerably
higher than that in Korea A. High levels of fatty acids in Korea
B were possibly caused by lipase because of their higher lipase
activity. The higher citric acid content in Korea B was also caused
by its high abundance of Aspergillus sp. because Aspergillus sp. is
known to secrete considerable digestive enzymes and citric acid
(34). Therefore, the microbial characteristics were found to affect
the chemical composition of shinkiku.

In contrast, some contaminating microorganisms were also
detected in several shinkiku products. Xeromyces sp. and
Wallemia sp. are known as food-contaminating fungi, and they
were reported to have drought-resistance (35, 36). Fusarium sp.
is a type of plant pathogenic fungi that produces mycotoxin (37).
Erwinia sp. is known as a pathogenic bacteria of plants (38),
and thus, Erwinia sp. detected in shinkiku products was possibly
derived from infected herb materials. This result suggests that
some samples in the market were possibly contaminated with
poisonous microorganisms, and thus, microbial control would be
critically important in shinkiku production.

In addition to the microbial structure, manufacturing
conditions seemed to be different among manufacturers. Bacillus
sp., which is predominant in Chinese products, forms heat-
resistant spores (39), and thermal treatment caused the selective
survival of Bacillus sp. (40). The lower enzyme activities
in Chinese products indicated the possibility of enzyme
deactivation by heat treatment. In addition, pyrazines, which are
produced during heating (41), were also detected in Chinese
products. Thus, Chinese products should be thermally treated

for dryness after fermentation. In contrast, heat treatment
should not be carried out for Korean products because enzyme
activities in Korean products are higher than those in Chinese
products. Korean products, especially Korea A, contained
higher terpenoids such as linalool and terpinen-4-ol. They were
derived from essential oils in herbal materials in shinkiku:
wormwood (42), cocklebur (43), and polygonum (44). As these
terpenoids are volatile, Korean shinkiku is possibly dried at
lower temperature than Chinese shinkiku. In addition, ferulic
acid content was relatively lower in Korean products in spite
of the higher abundance of Aspergillus sp., which is also
reported to secret ferulic acid esterase (12, 13). As ferulic
acid is an enzymatic product, the production temperature and
duration possibly affected the ferulic acid content in shinkiku.
Further studies are needed to investigate the relationships
between manufacturing processes and chemical constituents
in shinkiku.

Although there was no relationship between the import
year and quality of shinkiku (Table 1), some shinkiku products
contained vanillin, which is possibly formed during storage.
Vanillin is derived from 4-vinylguaiacol by the maturation of
liquors such as awamori (45). As vanillin formation is affected by
temperature, the storage condition of shinkiku would affect the
vanillin content. The effects of storage and transportation were
also confirmed by comparing the effects observed in the previous
study. Digestive enzyme activities and ferulic acid contents of
some shinkiku obtained from local markets were significantly
lower than those in the present study (5). As shinkiku seems
to be stored for a long time in unsuitable environment in the
local markets, the enzyme activities or ferulic acid content were
possibly altered depending on the storage condition. Further
studies are required to investigate the aging effects on the quality
of shinkiku.
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In conclusion, our study revealed that the commonality and
diversity of commercial shinkiku products. The commonalities
were possibly the reference standard for quality control of
shinkiku. Furthermore, amplicon sequence analysis showed a
clearly different microbial characteristic among the products. As
a result of chemical analysis partially corresponding to microbial
structure, the microorganisms in shinkiku were found to affect
its chemical composition. Thus, microbial management was
suggested to be important to stabilize the quality of shinkiku
products. In addition, the results indicated that manufacturing
conditions such as heating temperature seemed to be different
among manufacturers. To standardize the shinkiku quality,
further studies are needed to elucidate the effects of microbes or
manufacturing conditions on chemical constituents of shinkiku.
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Background: Clonazepam (CNZP) is effective in ∼90% of patients with rapid eye

movement sleep behavior disorder (RBD) but has risks of oversedation, muscular

relaxation, and adverse effects on cognitive function when used to treat RBD

associated with dementia with Lewy bodies (DLB). Yokukansankachimpihange (YKSCH),

a traditional herbal medicine, decreases sleep latency and increases sleep stage

2, like benzodiazepines (BZPs), but does not cause adverse events such as

oversedation, muscular relaxation, and adverse effects on cognitive function. Given these

pharmacological properties, YKSCH was studied as a potential alternative to CNZP.

Methods: Of patients who were diagnosed with DLB according to the criteria for

the clinical diagnosis of DLB established by the Consortium on Dementia with Lewy

Bodies (CDLB) in 2017, 13 consecutive patients with the cutoff score (5 points) or

more in a REM sleep behavior disorder screening questionnaire and polysomnographic

evidence of REM without atonia were observed using the Neuropsychiatric Inventory

(NPI) night-time behavior disturbance, visual analog scale (VAS) frequency, and VAS

severity as the co-primary endpoints. Data from 11 patients who completed the study

were statistically analyzed.

Results: Statistically significant improvements were observed in the NPI night-time

behavior disturbance, VAS frequency, and VAS severity. No notable adverse events

were reported.

Conclusion: The results indicated that YKSCH, which does not cause oversedation,

muscular relaxation, or adverse effects on cognitive function, may provide a new

therapeutic option for RBD associated with DLB as an alternative to CNZP.

Keywords: clonazepam, Lewy body disease, polysomnography, REM sleep behavior disorder, traditional herbal

medicine
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Manabe Yokukansankachimpihange on RBD With DLB

INTRODUCTION

Rapid eye movement sleep behavior disorder (REM sleep
behavior disorder; RBD) is a parasomnia involving dream
enactment behavior (DEB). Among neurodegenerative diseases,
this disease attracts special interest because of its close
relationship with α-synucleinopathy, including Lewy body
diseases (LBD) such as Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB), and multiple system atrophy (MSA),
as evidenced by a report that half of patients with RBD develop
PD-related disease within 10 years (1). Schenck et al. reported
that ∼38% of 29 patients with idiopathic RBD developed PD
after a mean time of 3.7 years since diagnosis (2), with a
16 year follow-up report that RBD progressed to PD-related
disease or dementia in ∼81% of patients (3). In addition to
these clinical studies, Boeve et al. conducted a neuropathological
study in 172 patients with RBD and reported that 93% of the
patients had α-synucleinopathy, including 136 patients with
LBD (and Alzheimer’s disease in 59 patients) (4). Based on
many findings, including the aforementioned, the criteria for the
clinical diagnosis of DLB in 2017 have raised RBD to a core
feature of DLB and added polysomnographic (PSG) evidence of
REM without atonia (RWA) as a new biomarker indicative of
DLB (5).

In the treatment of RBD, clonazepam (CNZP) is effective in
∼90% of patients with RBD (6), and it was reported that CNZP
was as effective for RBD associated with PD as for idiopathic
RBD, leading to the use of CNZP as the standard of care (7),
although no randomized comparative study in LBD has been
conducted to evaluate the usefulness of CNZP.While RBD, which
poses a risk of injury to patients and their bed partners, requires
aggressive therapeutic intervention, patients with LBD, especially
DLB, are hypersensitive to drugs and vulnerable to the side
effects of CNZP, including oversedation,muscular relaxation, and
adverse effects on cognitive function. Hence, drugs that improve
RBD by acting on the sleep architecture without muscular
relaxation are awaited, and potential alternative treatments
include Yokukansankachimpihange (YKSCH), a traditional
herbal medicine, which has been reported to be effective for
sleep disorder, including RBD associated with PD (8). To the
best of our knowledge, however, the position of YKSCH in
the treatment of sleep disorder, including RBD associated with
DLB, has not been studied or reported. YKSCH, which decreases
sleep latency and increases sleep stage 2 (9), is approved for the
treatment of sleep disorder in Japan and is widely used in clinical
settings, partly due to its large safety margin, a feature common
to traditional herbal medicines.

We studied YKSCH as a potential alternative to CNZP for
RBD associated with DLB based on our experience, previous
reports, and pharmacological features of YKSCH.

METHODS

Participants
Thirteen new patients who visited our hospitals from September
1, 2017, to March 31, 2019, and met all of the inclusion criteria
listed below were included in the study.

Inclusion and Exclusion Criteria
1. Patients who were diagnosed with DLB as evidenced by 123I-

MIBG myocardial scintigraphy and/or 123I-ioflupane SPECT
according to the criteria for the clinical diagnosis of DLB
established by the Consortium on Dementia with Lewy Bodies
(CDLB) in 2017. Patients who met the diagnostic criteria but
were not diagnosed with dementia but had a Mini-Mental
State Examination (MMSE) score of ≥24 were included as
candidate subjects with pre-dementia stage of DLB.

2. Aforementioned candidate subjects who were definitively
diagnosed with RBD based on the cut-off score (5 points)
or more on the REM sleep behavior disorder screening
questionnaire (REM sleep behavior disorder screening
questionnaire—Japanese version; RBDSQ-J) and had
polysomnographic (PSG; PSG-1100, Nihon Kohden Corp.,
Tokyo, Japan) evidence of RWA. The cut-off score was based
on the results of a validation study of the RBDSQ-J conducted
by Miyamoto et al. (10).

3. Patients who had not received YKSCH or Yokukansan of the
same class, and they were drug-naïve about psychotropics.

4. Patients who met all of the aforementioned criteria and
provided oral and written informed consent to participate in
the study after receiving an explanation of the study.

Preexisting psychotropic drugs were allowed at stable
doses, with dose modification prohibited throughout the
observation period. Starting treatment with psychotropic
drugs, including acetylcholinesterase inhibitors, anti-
parkinsonian drugs, and hypnotics, was prohibited during the
observation period.

Those who, in the opinion of the clinician, had disease or
comorbidity inadequate for participation in the study such as
severe cardiac failure, assisted-living residents, those living alone,
and those who had no consistent bed partner were excluded from
the study.

Procedures
Thirteen patients meeting all of the aforementioned criteria
orally received YKSCH at a dose of 3.75 g before dinner and
at bedtime. Symptoms were assessed in terms of the endpoints
described below before (Week 0) and 4 weeks after the start
of treatment.

RBD was assessed by bed partners using the Neuropsychiatric
Inventory (NPI) night-time behavior disturbance and the visual
analog scale (VAS) for frequency and severity. The VAS for
frequency was defined as follows: 0: neither talking nor shouting
during sleep, nor intense movements of limbs are observed;
1: talking or shouting during sleep and/or intense movements
of limbs are observed less than once a week; 2: talking or
shouting during sleep and/or intense movements of limbs are
observed at least once a week; and 3: talking or shouting
during sleep and/or intense movements of limbs are observed
every day. The VAS for severity was defined as follows: 0:
neither talking nor shouting during sleep nor intense movements
of limbs are observed; 1: talking or shouting during sleep
and/or intense movements of limbs are observed but do not
bother the bed partner; and 2: talking or shouting during sleep
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and/or intense movements of limbs are observed and bother the
bed partner.

The cognitive function of subjects was assessed using the
MMSE, the revised Hasegawa’s dementia rating scale (HDS-
R), and the Japanese version of Montreal Cognitive Assessment
(MoCA-J). The motor symptoms were assessed using the
Movement Disorder Society-Unified Parkinson’s Disease Rating
Scale Part III (MDS-UPDRS III).

In addition, adverse events, including hypokalemia,
edema, and weakness, were monitored at Weeks 0 and

4 by means of general physical examination and blood
biochemical tests.

Statistical Analysis
Collected data were statistically analyzed using Wilcoxon’s
signed-rank test using the statistical analysis software EZR
Version 1.37 (Easy R, The R Foundation for Statistical
Computing, Vienna, Austria) (11).

This study was conducted after being reviewed and approved
by the institutional review board of Yokohama Shintoshi

TABLE 1 | The baseline data for individual subjects.

Sex Age Diagnosis MMSE HDS-R MoCA-J RBDSQ-J MDS

UPDRSIII

NPI-night time

behavior

disturbance

VAS

frequency

VAS

severity

Serum

potassium

(mEq/l)

Concomitant

drugs

1M 85 DLB 23 24 18 6 1 8 3 2 4.7

2M 76 Pre-dementia

stage of DLB

25 26 22 8 0 8 3 2 4

3M 66 Pre-dementia

stage of DLB

30 29 26 8 1 4 3 2 4.6

4 F 74 DLB 25 22 19 7 2 4 3 2 4.1

5M 81 DLB 24 21 17 9 6 8 3 2 4.5 Pitavastatin,

Clopidogrel

6M 76 Pre-dementia

stage of DLB

26 26 25 5 0 4 2 1 4.5

7 F 81 DLB 16 14 11 5 10 6 2 1 5.1

8M 71 Pre-dementia

stage of DLB

30 28 24 6 0 3 1 1 4.2 Topiroxostat, Zinc

9 F 89 DLB 20 23 14 6 3 4 3 1 5.1

10M 66 Pre-dementia

stage of DLB

30 30 27 8 0 8 3 2 4.7

11M 76 Pre-dementia

stage of DLB

29 29 24 10 0 8 3 2 4.4 Telmisartan,

Benidipine

Atrorvastatin,

Famotidine

DLB, dementia with Lewy bodies; HDS-R, the revised Hasegawa’s dementia rating scale; MoCA-J, Japanese version of Montreal Cognitive Assessment; MMSE, Mini-Mental State

Examination; MDS-UPDRSIII, Movement Disorder Society- Unified Parkinson’s Disease Rating Scale part III; NPI, Neuropsychiatric Inventory; VAS, visual analog scale.

TABLE 2 | The changes after 4 weeks from baseline of NPI night-time behavior disturbance, VAS for frequency and severity, and serum potassium level.

Sex Age Diagnosis NPI night time behavior disturbance VAS frequency VAS severity Serum potassium (mEq/l)

0 w 4 w 0 w 4 w 0 w 4 w 0 w 4 w

1M 85 DLB 8 2 3 1 2 1 4.7 4.4

2M 76 Pre-dementia stage of DLB 8 2 3 1 2 1 4 3.9

3M 66 Pre-dementia stage of DLB 4 4 3 3 2 2 4.6 5.1

4 F 74 DLB 4 1 3 1 2 1 4.1 4

5M 81 DLB 8 6 3 2 2 1 4.5 4.5

6M 76 Pre-dementia stage of DLB 4 4 2 2 1 1 4.5 4.2

7 F 81 DLB 6 3 2 1 1 1 5.1 4.1

8M 71 Pre-dementia stage of DLB 3 0 1 0 1 0 4.2 4.7

9 F 89 DLB 4 3 3 2 1 1 5.1 4.7

10M 66 Pre-dementia stage of DLB 8 0 3 0 2 0 4.7 4

11M 76 Pre-dementia stage of DLB 8 3 3 2 2 1 4.4 4.5

DLB, dementia with Lewy bodies; NPI, Neuropsychiatric Inventory; VAS, visual analog scale.
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FIGURE 1 | It shows the results of changes before and after treatment with Yokukansankachimpihange in statistical analysis. The mean and median scores improved

in NPI night-time behavior disturbance, VAS, frequency, and severity with statistically significant differences observed between the two time points. There is no

statistically significant difference in the serum potassium level.

Neurosurgical Hospital. The author declares no conflict
of interest.

RESULTS

Of 13 subjects, 2 dropped out of the study; therefore, the
remaining 11 subjects were included in the analysis. The
reasons for dropout were as follows: one subject who was
found to have breast cancer after informed consent withdrew
consent to receive treatment for breast cancer, and the other
subject voluntarily dropped out of the study due to poor
treatment compliance.

Baseline data for individual subjects are presented in Table 1,
and the changes after for weeks from baseline of NPI night-
time behavior disturbance, VAS for frequency and severity, and
serum potassium level after 4 weeks are shown in Table 2.
Furthermore, the results of statistical analysis are presented in
Figure 1.

Of the 11 subjects, 8 were male, and 3 were female, with a
mean age of 76.5± 2.3 years; 5 had DLB, and 6 had pre-dementia
stage of DLB. All female subjects had DLB. These demographic
characteristics of subjects are presented in Table 3.

On behalf of subjects, the polysomnogram and
polysomnographic findings obtained from PSG in Case 11 are
presented in Figure 2. The polysomnogram revealed REM sleep

TABLE 3 | The demographic characteristics of subjects.

Total participants 11

Men 8

Women 3

Age 76.5 ± 2.3

The number of patients with DLB 5

The number of patients with

pre-dementia stage of DLB

6

MMSE 25.3 ± 4.5 median: 25 (16–30)

HDS-R 24.7 ± 4.7 median: 26 (14–30)

MoCA-J 20.6 ± 5.2 median: 22 (11–27)

MDS-UPDRS III 2.1 ± 3.2 median: 1 (0–16)

DLB, dementia with Lewy bodies; HDS-R, the revised Hasegawa’s dementia rating scale;

MoCA-J, Japanese version of Montreal Cognitive Assessment; MMSE, Mini-Mental State

Examination; MDS-UPDRSIII, Movement Disorder Society- Unified Parkinson’s Disease

Rating Scale part III.

from 22:03 to 23:03, whereas the concurrent electromyogram
(EMG) revealed RWA.

NPI Night-Time Behavior Disturbance
The mean and median scores improved from 5.9 ± 2.1
and 6 (3–8) at baseline to 2.5 ± 1.8 and 3 (0–6) after
treatment with YKSCH, respectively, with statistically
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FIGURE 2 | It shows records of polysomnography (PSG) in Case 11. The top part of the figure shows sleep stages in Case 11, and the bottom part of the figure

shows records from many physiological signals including electroencephalograms, electrooculograms, electromyograms (EMG), nasal–oral flow, chest and abdominal

movements, electrocardiograms, and arterial oxygen saturation which obtained PSG in Case 11. REM sleep without atonia is seen on the record of EMG channels

during polysomnography.

significant differences observed between the two time points
(p < 0.01) (Figure 1).

Individually, there were no changes in score from baseline
after treatment with YKSCH in Cases 3 and 6.

Visual Analog Scale—Frequency
The mean and median scores improved from 2.6 ± 0.7 and 3
(1–3) at baseline to 1.4 ± 0.9 and 1 (0–3) after treatment with
YKSCH, respectively, with statistically significant differences
observed between the two time points (p < 0.01) (Figure 1).

Individually, there were no changes in score from baseline
after treatment with YKSCH in Cases 3 and 6.

Visual Analog Scale—Severity
The mean and median scores improved from 1.6 ± 0.5 and 2
(1, 2) at baseline to 0.9 ± 0.5 and 1 (0–2) after treatment with

YKSCH, respectively, with statistically significant differences
observed between the two time points (p < 0.05) (Figure 1).

Individually, there were no changes in score from baseline
after treatment with YKSCH in Cases 3 and 6.

MDS-UPDRS III
There were no changes from mean score of 2.1 ± 3.2 or median
score of 1.0 (0–10) at baseline after treatment with YKSCH;
therefore, data were not statistically analyzed.

Adverse Events
During the observation period, no serious adverse events,
including edema, increased blood pressure, and acute cardiac
failure, were reported. In addition, hearing of subjects or
their bed partners revealed no episodes of fall associated with
oversedation or muscular relaxation.
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Themean serum potassium level was 4.5± 0.4mEq/L atWeek
0 before treatment with YKSCH and 4.4 ± 0.4 mEq/L at Week 4
after the start of treatment. There was no statistically significant
decrease in serum K level from baseline after treatment with
YKSCH (p= 0.260).

DISCUSSION

CNZP is the standard of care for RBD associated with LBD as well
as for idiopathic RBD. On the other hand, many patients with
DLB have fall and subsequent facture, as evidenced by a report
that DLB had a greater risk of admission to hospital (or death)
because of most commonly fall-related injuries than AD (12).
For the treatment of RBD associated with DLB, therefore, drugs
that improve symptoms without muscular relaxation are awaited.
YKSCH, a traditional herbal medicine used in the treatment of
sleep disorder, decreases sleep latency and increases the total
duration of sleep and sleep stage 2 (9). These actions are based on
pharmacological mechanisms similar to those of benzodiazepines
(BZPs), which are widely used in the treatment of sleep disorder
(13). In addition, YKSCH contains Citrus Unshiu Peel as equal
to Chimpi as a constituent crude drug, and hesperidin, an
ingredient of Citrus Unshiu Peel, is metabolized to hesperetin,
which has anxiolytic effects through the serotonergic system
(14). Angelica root, another constituent crude drug, has been
demonstrated to act on the GABA receptor, as a partial agonist at
the 5-HT1A receptor, and to downregulate the 5-HT2A receptor
(15, 16), and has been reported to act on the BZP receptor to
have anxiolytic effects (15). Geissoschizine methyl ether, which
is contained in Uncaria hook, also acts as an agonist at the 5-
HT1A receptor to have anxiolytic and antidepressant effects (17).
Taken together, YKSCH, like CNZP, may alleviate the symptoms
of RBD directly by acting as an agonist at the BZP binding site of
the GABAA receptor, but the ingredients of various constituent
crude drugs may also play a role in alleviating nightmare and
DEB by acting on serotonergic neurons.

Regardless of the above, there are limits to discussion of
potential mechanisms of action of YKSCH against RBD. More
specifically, since REM sleep may be generated in the brain
stem, lesions responsible for RBD are suspected to be damaged
to neuronal nuclei involved in regulating REM sleep, including
the locus coeruleus, pedunculopontine tegmental nucleus, and
medullary gigantocellular reticular nucleus, but have not yet
been identified; therefore, the reason why DEB occurs, that
is, the mechanism underlying the development of RBD, is
unknown. In addition, the mechanism of action of CNZP, the
gold standard treatment for RBD, has not been elucidated,
including whether CNZP produces radical cure by acting directly
on the etiology of RBD or only alleviates symptoms by acting
on the sleep architecture or reducing dream-induced anxiety.
Since neither the pathophysiology of RBD nor the mechanism
of action of CNZP is clear, the mechanism of action of
YKSCH can be hypothesized or assumed but unfortunately
cannot be determined. It is absolutely crucial to elucidate the
mechanism underlying the development of RBD, including
essential neuropathological findings. In addition, one of roles
of REM sleep is memory retention. Therefore, it is necessary to
consider what kind of influence occurs for a memory function by

controlling REM sleep. Similarly, Matsui et al. pointed out in his
paper about efficacy of Yokukansan (YKS) for the treatment of
RBD (18). YKS is a herbal medicine with the same indications of
YKSCH. By the way, the authors said that a mixture of various
ingredients derived from seven medical herbs in YKS makes
it more difficult to identify the specific positive mechanism of
action for RBD symptoms in that paper. However, the glutamate
uptake function of YKS suggests that the drug possibly reduces
oneiric behavior through the suppression of phasic muscle
activity as one of hypothesis with a possibility.

While the pathophysiology of RBD and the mechanism of
action of CNZP remain unclear, the present study demonstrated
that YKSCH improved RBD associated with DLB without
causing fall due to oversedation or muscular relaxation or
impairing cognitive function, indicating that YKSCH may be a
potential alternative to CNZP. In addition, since patients with a
definitive diagnosis of RBD as determined by PSG were enrolled
in the study, the usefulness of YKSCH in the treatment of RBD
was evaluated in subjects with an accurate diagnosis. This is
particularly important in evaluation of the potential of YKSCH
for RBD.

Finally, I discuss two cases that did not respond to a treatment
and several limitations in this study.

The total number of pre-dementia stage of DLB was six cases
and all patients were male. Two cases of those, Case 3 and Case
6, were not improved in clinical measures by using YKSCH.
They had no significant differences in age, sex, level of cognitive
function, and MDS-UPDRS III, among others. In an elemental
analysis of PSG, Arousal Index (AI: awakening more than 3 s
per 1 h) was 20.7% in Case 3 and 6.4% in Case 6. The mean
AI was 15.8% in total subjects with pre-dementia stage of DLB.
Hence, a low or high percentage of AI cannot be the cause of
ineffective results.

One of possible causes is a ratio of REM sleep during the
sleep (REM%). The mean REM%was 17.4% in total subjects, and
the mean REM% in cases except Cases 3 and 6 was 24.9%. By
contrast, REM% of Case 3 was 5.0 and 13.2% in Case 6. REM%
in these two cases showed a significantly low frequency of REM
sleep during the total sleep. One of the mechanisms of YKSCH
against RBD is the increase in the total duration of sleep and sleep
stage 2; therefore, REM sleep is relatively decreased. The patients
had a few REM% in the first place; thereby, it is suggested that
YKSCH may be ineffective against RBD in these two cases.

Second, since the subjects had DLB, the NPI night-time
behavior disturbance was used as the measure of RBD in view
of behavioral and psychological symptoms of dementia. The
Parkinson’s Disease Sleep Scale (PDSS), the recommended scale
for sleep disorder associated with PD, was not employed in the
study. In view of the neuropathological connection between PD
and the target disease, including pre-dementia stage of DLB,
however, the PDSS perhaps should have been selected as another
assessment tool, although the disease of subjects was not pure PD.

To determine the pathophysiology of RBD or the
pharmacological mechanisms of YKSCH, furthermore, PSG
should be used to investigate how YKSCH changes the onset
of RWA and the sleep architecture itself, including REM sleep,
and whether YKSCH treats RBD fundamentally. Since the
present study was conducted under the regulations of Japanese
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health insurance law, PSG could not be used after therapeutic
intervention because of medical economic or legal constraints.
Furthermore, because of the strict inclusion and exclusion
criteria and the shortness of the entry period, the sample size in
this study became small. These factors might carry a high risk of
causing false-positive results. Therefore, the results in this study
should be regarded as reference value.

Hence, the aforementioned problems should be addressed
in future studies. With the limitations due to the preliminary
nature of the current study in mind, we would like to collect
further evidence.

CONCLUSION

The potential of YKSCH, which, like CNZP, acts on the
sleep architecture but does not cause oversedation or muscular
relaxation, was studied for the treatment of RBD associated
with DLB. The results of this study, although there were
limitations due to the preliminary nature of the study, verified
the hypothesis, indicating that YKSCH may provide a new
therapeutic option for RBD associated with DLB.
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Hachimijiogan (HJG), a Kampo prescription medication composed of eight crude drugs,

has been used for treatment of climacteric disturbance and irregular menstruation. In

the Japanese pharmaceutical market, HJG pills consisting of a powdered mixture of

these crude drugs are available, as well as a water extract preparation. In this study, two

cases of successful treatment with HJG pills are reported. Case 1 was a 37-years-old

woman who had irregular menstruation that had previously been treated with HJG

extract granules for 3 months; however, her symptoms were not improved. Subsequent

treatment with HJG pills at a dose of 40 pills/day for 10 months led to slight improvement

of her menstrual cycle, and at a dose of 60 pills/day, her menstrual cycle was normalized.

Case 2 was a 29-years-old woman who had irregular menstruation for more than 5 years

and was previously treated with HJG extract granules, which led to slight improvement of

her symptoms. Her menstrual cycle improved slightly after 9-months treatment with HJG

pills at a dose of 40 pills/day and was normalized at a dose of 60 pills/day. This study

suggests that the HJG crude drug preparation is more effective than the HJG extract

preparation in some cases.

Keywords: Hachimijiogan, Kampo prescription medication, crude drug preparation, case report, irregular

menstruation

INTRODUCTION

Hachimijiogan (HJG) is described in the Chinese classical medical book “Jin Gui Yao Lue”
(Kinkiyouryaku in Japanese), and it is known as one of the most useful Kampo medications
in Japan. HJG granules made from water-based extract preparations are widely used; however,
tablets (HJG pills) consisting of a mixture of the powdered crude drug constituents are also
commercially available. This study reports two cases of patients treated with HJG pills after
providing written consent.

CASE ONE

Patient 1 was a 37-years-old single female (height, 155 cm; weight, 49.1 kg; blood pressure,
108/48 mmHg) with chief complaints of cold sensitivity, tinnitus, dizziness, headache,
and irregular menstruation. The patient had no noteworthy family medical history or
genetic information. She had no yellowing of the conjunctiva bulbi; no conjunctival
anemia; no cervical, thoracic, or abdominal abnormalities; and no edema on the
anterior tibia. Considering that the patient was somewhat ectomorphic and tended to
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experience worsening of symptoms during menstruation,
tokishakuyakusan extract granules (5.0 g/day), which are effective
for treating cold sensitivity and headaches, were prescribed
(Figure 1). After taking tokishakuyakusan extract granules,
symptoms including cold sensitivity, tinnitus, dizziness, and
headache were alleviated; however, her menstrual cycle had
remained irregular. Three years after the initiation of the
Kampo treatment she had no menstruation for more than
2 months, so Kampo treatment was started anew for the
irregular menstruation.

Subjective symptoms included cold sensitivity of the
lower body, tinnitus, and lower back pain, in addition to
irregular menstruation; thus, the prescription was changed
from tokishakuyakusan extract granules to HJG extract
granules (5.0 g/day). Two months later, she reported no
menstruation despite continuous administration of HJG
extract granules.

The patient’s chief complaint was irregular menstruation with
subjective symptoms including cold sensitivity of the lower body
and lower back pain. In addition, she was somewhat thin and
had weakness of the lower abdominal region. Thus, treatment
with HJG was expected to be effective for this patient, and as a
result, treatment was changed to HJG pills (40 pills/day) instead
of simply increasing the dose of HJG extract granules.

One month after the administration of HJG pills, the
patient had menstruation for 5 days. She continued taking the
medication and menstruated again, but her cycle was abnormally
long at around 40 days. Hence, the dose of HJG pills was
increased from 40 to 60 pills/day. Since then, her menstrual cycle
has become∼30 days.

CASE TWO

Patient 2 was a 29-years-old single female pharmacist working
at a hospital (height, 158 cm; weight, 48.0 kg; blood pressure,
102/54 mmHg) with menstrual irregularities. The patient had
no noteworthy family medical history or genetic background.
She had no yellowing of the conjunctiva bulbi; no conjunctival
anemia; no abnormalities in the neck, chest, or abdomen; and
no edema on the anterior tibia. Her subjective symptoms were as
follows; slightly dark skin, somewhat ectomorphic, normal food
intake, no sleep disorder, no cold or heat sensitivity, no chills, no
headache, no shoulder tension, no dizziness, lower back pain due
to work in a standing position, tendency to have swelling of the
lower limbs, no urination during the night, and defecation once
per day.

The patient had her first menstruation at age 12, and had a
menstruation cycle of 35–42 days until the age of 18. Since the age
of 19, her menstrual cycle became longer, and her menstruation
stopped briefly. She visited a gynecologist and found out that
her basal body temperature was irregular rather than biphasic.
Hence, she underwent hormone therapy. She continued the
treatment on a regular basis and maintained a normal menstrual
cycle; however, she experienced an absence of menstruation
whenever the treatment was interrupted. Treatment with Kampo
medicine had been considered for the improvement of her
symptoms, and she visited the medical institution previously
indicated, where she was prescribed and started treatment with

5.0 g/day keishibukuryogan extract granules and 5.0 g/day
rokumigan extract granules (Figure 2).

She first visited our hospital with the same chief complaint. At
first, the prescription from her previous doctor was continued,
but menstruation was irregular: therefore, she was switched
from 5.0 g/day rokumigan extract granules to 5.0 g/day HJG
extract granules to normalize her unstable menstrual cycle. She
continued taking the prescribed drug for roughly 2 years, during
which her menstruation was on a 35–42-days cycle without
hormonal therapy. Although the cycle was relatively long, she
considered that the cycle had stabilized and stopped taking the
extract granules at her own discretion. After ceasing to take the
drug, her menstruation cycle remained the same for 3 years.
Subsequently, she had not menstruated for the past 2 months:
therefore, she visited our hospital.

Her symptoms were lower back pain related to work and
swelling of the lower limbs without any major complaints other
than the chief complaint of menstrual irregularity. She had
been taking keishibukuryogan extract granules and HJG extract
granules until a few years prior, observing that it positively
affected her menstrual cycle. Thus, HJG was expected to be
effective considering that she had only a few subjective symptoms
of lower back pain and swelling of the lower limbs. However,
because her menstrual cycle was longer and she showed a
benefit at the previous dose of the extract granules, treatment
was initially started with HJG pills (40 pills/day) (Figure 3).
Approximately 1 month after the initial administration of the
pills, she menstruated for 5 days. Subsequently, her menstrual
cycle became more regular at ∼1 month intervals. However, 5
months after the initial administration of the pills, she started
to have a somewhat longer menstrual cycle and missed her
menstrual period for 49 days during the subsequent period.
Thus, the dose of HJG pills was subsequently increased from
40 to 60 pills/day. Consequently, she started having a regular
menstrual cycle (e.g., 34 days after and 32 days after). Since
then, she has had regular menstruation occurring in nearly
30-days cycles.

DISCUSSION

HJG is composed of eight crude drug powders: Rehmanniae
Radix, Corni Fructus, Dioscoreae Rhizoma, Alismatis Tuber,
PORIA, Moutan Cortex, Cinnamomi Cortex and Aconiti
Radix, and is a Kampo medication used for the treatment
of the diseases referred to in Kampo medicine as being
characterized by reduced function of tissues that control growth,
development, and overall fertility (1). HJG has been found to
be effective for many diseases and symptoms including diabetes,
hypertension, back pain, edema, nephritis, bronchial asthma
and dementia, and many successful cases of its use have been
reported (2–5).

In particular, there have been many reports of using HJG
for infertility. In a study by Usuki et al. oral administration
of HJG granules (5.0–10.0 g/day) in 27 patients, aged 24–
38 years, with hyperprolactinemia infertility improved
their blood prolactin levels and led 12 cases (44%) to
pregnancy (6).
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FIGURE 1 | Case 1. Progress chart.

FIGURE 2 | Case 2. Progress chart 1.

Furthermore, Shima et al. reported that administration of
HJG extract granules (7.5 g/day) or HJG pills (60 pills/day) in
50 intractable infertility cases resulted in pregnancy in a total
of 45 cases (90%) within 6 months (7). Among the cases in
which pregnancy was not possible during treatment with HJG
extract granules, there weremany cases in which pregnancy could
be achieved by switching the prescription to HJG pills. With
respect to gynecologic diseases, there have been many reports on
tokishakuyakusan, keishibukuryogan, unkeito, kamishoyosan,
and other Kampo medications. In contrast, there have been
relatively few reports on the use of HJG for gynecologic diseases.
One of the reasons could be that HJG contains aconite root,
which is used to relieve pain in people with weak constitutions,

often including “after middle age,” “pain,” and “sharp pain” in
the descriptions. Thus, there has been reluctance to use it in
young women.

The two cases in the present study had reported experiencing
menstrual irregularity observed for a relatively long time. In the
first case, there was no significant effect on the menstrual cycle
after several years of taking tokishakuyakusan extract granules,
which are frequently used to treat irregular menstruation. As
a result, she was switched to HJG, taking into account her
symptoms of cold sensitivity in the lower back and lower limbs,
and lower back pain. She experienced no improvement during
treatment with extract granules, while her symptoms improved
after switching to the pill formulation.
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FIGURE 3 | Case 2. Progress chart 2.

The second case had a history of taking both rokumigan
extract granules and HJG extract granules, and the extract
granules were also effective. However, considering her back pain
and edema of the lower limbs, which often occurred in the
evening, she was treated with the crude drug HJG alone instead
of the extract granules. In both cases, a dose-dependent effect was
observed. Both patients were satisfied with the treatment due to
the improved menstrual cycle.

A study by Toriizuka et al. compared the difference in effect
between keishibukuryogan as a decoction and in pill form
with regard to (8) and a clear difference in their medicinal
effects was reported (9). They noted that the constituents of
keishibukuryogan decoctions and pills differed and hypothesized
that the differences may have occurred because the extraction
efficiency of the essential oil component is poor in the water-
based extract preparation, while the pill contains all the
components as a solidified crude drug powder.

Hachimijiogan contains essential oils such as paeonol and
paeoniflorin, a fat-soluble ingredients, which are considered to
be effective in improving blood flow (10).

Since pills are made by powdered crude herbs without
the process of extracting, both water-soluble and fat-soluble
ingredients are contained. On the other hand, the extract
granules are mainly composed by water-soluble ingredients.
Based on this fact, pills might contain a large amount of essential
oil ingredients such as paeonol and paeoniflorin due to the
difference in manufacturing method compared to the extract
granules. In our cases, the reason why the menstrual cycle was
improved might be that the fat-soluble ingredients composed
in the pills improved the disturbance of blood flow due to
pelvic congestion.

Regarding studies on HJG, Shima et al. reported that the use
of powdered crude drug tablets improved the effect of infertility
treatment, as described above. Similarly, the cases in this study
indicate that the crude drug preparation had enhanced efficacy

compared with the extract preparation. However, this study is
an inference based on two case reports, and it is necessary to
consider many cases in the future.

TRANSLATION

This paper was submitted to a journal written in Japanese
(philkampo No. 55, 25–27, 2015). It was rewritten in
English with permission from the magazine so as to reach a
global audience.
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Ninjinyoeito Has a Protective Effect
on the Auditory Nerve and
Suppresses the Progression of
Age-Related Hearing Loss in Mice

Takanori Kawashima*, Kenji Harai, Nina Fujita and Ryuji Takahashi

Kampo Research Laboratories, Kracie Pharma, Ltd., Tokyo, Japan

Currently, there are limited reports available regarding the treatment and prevention of

progressive age-related hearing loss. This is because age-related hearing loss is not a

critical disease with direct fatalities and has several well-established countermeasures

such as hearing aids and cochlear implants. This study evaluated the efficacy of

Ninjinyoeito (NYT) in the treatment of age-related hearing loss. C57BL/6J mice were

divided into three groups: baseline group, untreated group, and NYT-treated group, with

the latter receiving NYT treatment for 2 months. The mice were fed with NYT extract

mixed with 4% mouse normal chow. Hearing loss was confirmed by a reduction in intact

cell density of the auditory nerve from the age of 5–7 months. The suppression of hearing

loss with aging and decrease in the intact cell density of the auditory nerve were significant

in mice fed with NYT for 2 months. NYT has been reported to improve blood flow and

enhance mitochondrial activity and may exert its protective effects on spiral neurons

through these mechanisms. There was no decrease in the size of the stria vascularis

from the age of 5–7 months in C57BL/6J mice. The present model failed to reveal the

effect of NYT on atrophy of the stria vascularis of the cochlear duct. In conclusion, NYT

appears to have a protective effect on the auditory nerve and suppress the progression

of age-related hearing loss by reducing age-related auditory nerve degeneration.

Keywords: age-related hearing loss, cochlear, Ninjinyoeito (NYT), auditory nerve, stria vascularis, auditory

brainstem response

INTRODUCTION

The World Health Organization estimates that 466 million persons worldwide have disabling
hearing loss (6.1% of the world’s population); among them, 432 million (93%) are adults (242
million men and 190 million women), whereas 34 million (7%) are children; approximately one-
third of persons older than 65 years have disabling hearing loss (https://www.who.int/deafness/
estimates/en/). In Japan, more than 15 million people older than 65 years have age-related hearing
loss (1). There has been limited research on the treatment and prevention of progressive age-related
hearing loss because deafness is not perceived as a critical disease directly associated with mortality.
Moreover, there are several countermeasures available (hearing aids and cochlear implants) for
managing diagnosed cases of deafness.
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However, deafness not only leads to a reduced communication
ability but also causes other symptoms, such as isolation,
depression, dementia, and other comorbidities associated with
age-related deafness (2, 3). Moreover, the Japan Hearing
InstrumentManufacturers Association has reported an extremely
low proportion of hearing aid users for deafness in Japan. This
could be attributed to the inability to purchase a hearing aid
because of the high cost (24%). Even if they have a hearing
aid, they do not use it because of factors, such as discomfort
(46%), a feeling of unnecessity (25%), and shame (19%). In
addition to hearing aid use and cochlear implant placement,
controlling deafness progression with age is equally necessary for
the management of age-related hearing loss. These pathological
changes are reportedly caused by mitochondria-derived reactive
oxygen species that reduce cochlear blood flow and cause
abnormal accumulation of mitochondrial DNA (4). In Oriental
medicine (Shang Han Lun), reduced cochlear blood flow in
patients with age-related deafness is attributed to declined kidney
function; moreover, the blood flow can be restored with kidney
supplements, which are similarly considered to improve deafness
and tinnitus. A previous study demonstrated the beneficial effects
of Ninjinyoeito (NYT) on aging and enhancement of the general
well-being of elderly patients (5). However, no study has analyzed
the effect of NYT on age-related hearing loss. Therefore, this
study aimed to evaluate the usefulness of NYT for the treatment
of age-related hearing loss through improved cochlear blood flow
in mice.

FIGURE 1 | Flow of the experiment. (A) The component profile of the Ninjinyoeito (NYT) extract was evaluated using high-performance liquid chromatography.

(B,C) Mice in the NYT-treated group were fed normal chow supplemented with 4% NYT, whereas those in the untreated group were fed normal chow for 2 months.

After 2 months of treatment, the auditory brain response and pathological changes in the cochlea (spiral ganglion neurons and stria vascularis) were evaluated.

MATERIALS AND METHODS

Plant Materials
NYT is produced by Kracie Pharma (Toyama, Japan) as a powder

of the dried Rehmannia root (4 g), Japanese angelica root (4 g),

Atractylodes rhizome (4 g), Poria sclerotium (4 g), ginseng (3 g),

cinnamon bark (2.5 g), polygala root (2 g), peony root (2 g),

Citrus unshiu peel (2 g), astragalus root (1.5 g), Glycyrrhiza (1 g),

and schisandra fruit (1 g) (Figure 1A). These plants are identified

based on their external morphology and are authenticated based

on marker compounds according to the Japanese Pharmacopeia

as well as using our company’s standards. The powder (lot no.
E1712111A0) was mixed at 4% (w/w) with normal chow.

High-Performance Liquid Chromatography
NYT extract (0.5 g) was mixed and shaken with 50% methanol
(50mL) followed by extraction through ultrasonication for
30min. The supernatant was filtered using a membrane filter
(0.22µm) and subjected to three-dimensional high-performance
liquid chromatography (HPLC) fingerprint analysis. The HPLC
system comprised an LC-30AD pump, an SPD-M30A diode
array detector (Shimadzu, Kyoto, Japan), a YMC-Triart C18
column (φ3.0 × 150mm; YMC Co., Ltd., Kyoto, Japan), and
0.2% phosphoric acid in water/0.2% phosphoric acid in CH3CN
(6:4) or 0.2% phosphoric acid in water/0.2% phosphoric acid in
CH3CN (8:2) as solvent. In HPLC analyses, the flow rate was
controlled by the LC-30AD at 0.5 mL/min. The eluent from the
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column was monitored, and the three-dimensional data were
processed by the SPD-M30A diode array detector.

Animals
Five-month-old female C57BL/6J mice were purchased from the
Oriental Yeast Company, Ltd. (Shiga, Japan) and were acclimated
for 1 week at 23 ± 3◦C under a 12-h light/dark cycle (lights
on from 08:00 to 20:00), with ad libitum access to chow and
water. All efforts were made to minimize the suffering and the
number of animals used. All mice were treated following the
guidelines presented in the Standards for Human Care and Use
of Laboratory Animals of Tohoku University and Guidelines
for Proper Conduct of Animal Experiments by the Ministry of
Education, Culture, Sports, Science, and Technology of Japan.
All animal experiments were approved by the Ethics Committee
for Animal Experiments of Tohoku University Graduate School
of Medicine and the Experimental Animal Care Committee of
Kracie Pharma. The approval number for the animal experiments
was 2018MdA-189-1.

Reagents and Mouse Diets
Ketamine was purchased from the Daiichi Sankyo Company
Limited (Tokyo, Japan), and xylazine was purchased from the
Fujifilm Wako Pure Chemical Corporation (Osaka, Japan).
Mouse normal chow (MF) was purchased from CLEA Japan
Inc. (Tokyo, Japan). Five-month-old female C57BL/6J mice were
treated for 2 months with NYT powder mixed at 4% (w/w) with
normal chow until 7 months of age (n = 10). The non-treated
mice were fed MF.

Model for Age-Related Hearing Loss
Five-month-old female C57BL/6J mice were administered NYT
powder mixed at 4% (w/w) with normal chow. As controls, the
non-treated mice received a regular diet of MF. After 2 months
of NYT treatment, a hearing assessment was performed under
anesthesia (7-month-old mice). The female C57BL/6J mice were
classified into three groups. A hearing assessment was conducted
in 10 mice at 5 months of age to establish a baseline. The control
group of non-treated mice received a regular diet of MF for 2
months (n = 10) before the hearing assessment. The remaining
10 mice were administered NYT powder mixed at 4% (w/w)
with normal chow from the age of 5–7 months. After 2 months
of NYT treatment, a hearing assessment was performed under
anesthesia. After undergoing the auditory brainstem response
(ABR) assessment described below, the mice were sacrificed, and
their cochlear tissues were collected for analysis (Figure 1B).

Hearing Assessment
ABR hearing assessment was conducted as previously described
(6). The mice were anesthetized by an intraperitoneal
administration of ketamine (100 mg/kg body weight) and
xylazine (20 mg/kg body weight). ABR was assessed in a
soundproof room. For hearing threshold evaluation, three
subdermal electrodes (ground, reference, and active electrodes)
were placed 2–3mm under the skin. The active electrode was
subdermally inserted on the forehead (Figure 1B: yellow). The
reference and ground electrodes were inserted below the pinna of

the right ear (Figure 1B: blue) and back (Figure 1B: white). ABR
recordings were obtained using a TDT System 3 auditory-evoked
potential workstation and analyzed using the BioSigRP software
(Tucker-Davis Technologies, Alachua, FL, USA). The ABR
responses were evoked using bursts of pure tones at frequencies
of 4, 8, 12, 16, and 32 kHz. Evoked responses were averaged
across 1,000 sweeps. The responses were collected for stimulus
levels in 5-dB steps from 100 to 10 dB SPL. The threshold shift
was defined as the lowest sound intensity that could elicit at least
one peak in the averaged ABR. In this experiment, we used wave
V. Under blinded conditions, the ABR threshold was determined
with a clear confirmation of wave V from the raw data. This was
performed through double-checks by the person in charge and
the blinded caregiver.

Cochlear Tissue Analysis
After the ABR hearing assessment, cochlear tissues were
collected from the mice (Figure 1C). After specimen collection,
the perilymph was replaced with 4% paraformaldehyde, which
was injected from the oval or round window with a syringe;
subsequently, the cochlea was fixed. Thereafter, decalcification
treatment using 10% ethylenediaminetetraacetic acid was
performed, followed by stepwise dehydration with 70–100%
ethanol. Subsequently, a paraffin block was prepared, and
thin histological sections were obtained. Deparaffinization was
performed with xylene, which was subsequently removed with
ethanol. The slide was washed with water. The cells were stained
with Meier hematoxylin for 5min and washed with water for
30 s. The cells were soaked in a phosphate-buffered saline for
1min and washed with water for 2min. Eosin staining was
performed for 1min followed by washing of the cells with water
and encapsulated. The intact cell density and area of the stria
vascularis of the auditory nerve in the basal turn of the cochlea
were measured.

Statistical Analysis
All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which
is the graphical user interface for R-2.3-0 (The R Foundation for
Statistical Computing, Vienna, Austria). All data are expressed as
mean± standard error of the mean.

Statistical comparisons were performed using one-way
analysis of variance, followed by Tukey’s test. Steel–Dwass test
was used for data for which the p-value of the Bartlett test was
<0.01 or for which the p-value of the Kolmogorov–Smirnov test
(Shapiro–Wilk normality test) was <0.05.

Differences with p < 0.05 were considered
statistically significant.

RESULTS

High-Performance Liquid Chromatography

of NYT Extract
Figure 2 shows the chromatographic profile and composition
of NYT. Chemical compounds were identified in the
chromatographic profile according to their retention times
and ultraviolet spectra, based on the corresponding reference
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FIGURE 2 | Analysis of NYT components. (A,B) The chemical compounds were identified in the chromatograms based on the comparison of their retention times and

ultraviolet spectra (240–380 nm) with corresponding reference standards.

standards. Specifically, (E)-cinnamic acid, glycyrrhizic acid, (E)-
cinnam-aldehyde, (E)-2-methoxy-cinnamaldehyde, nobiletin,
schizandrin, atractylenolide III, and gomisin A were identified
when 0.2% phosphoric acid in water/0.2% phosphoric acid in
CH3CN (6:4) was used as solvent (Figure 2A). Contrastingly,
paeoniflorin, narirutin, hesperidin, (E)-cinnamic acid,
ginsenoside Rg1, and (E)-cinnam-aldehyde were identified
when 0.2% phosphoric acid in water/0.2% phosphoric acid in
CH3CN (8:2) was used as solvent (Figure 2B).

Hearing Assessment
In the ABR evaluation of female C57BL/6J mice after NYT
administration, the threshold shift increased from 5 to 7
months of age, which confirmed decreased hearing. NYT was
administered for 2 months from the age of 5 months; moreover,
the hearing acuity was evaluated (Figure 3). Hearing acuity
remained unchanged from the initiation of NYT administration
at 5 months of age. Meanwhile, the hearing loss did not progress,
and the hearing acuity at the age of 7 months was significantly
higher in the NYT-treated mice than that in the untreated mice.
Moreover, evaluation of the ABR results for each frequency
revealed that hearing acuity was significantly higher in the NYT-
treated mice than that in the untreated mice at 8, 12, and 32 kHz.
The raw ABR data are presented in Supplementary Table 1.

Analysis of Cochlear Tissue
The intact cell density in the spiral ganglion was significantly
reduced from 5 to 7 months of age. The intact cell density
was significantly higher in the NYT-treated group than in the
untreated group (Figures 4A,B). NYT seems to have a protective
effect against atrophy and decreased auditory nerve excitation
with aging. The spiral ganglion cell analyzed in this study was

FIGURE 3 | Results of the auditory brain response assessment after 2 months

of NYT treatment. Data are expressed as mean ± standard error of the mean

(n = 10). †p < 0.05 vs. group of mice treated for 7 months (Steel–Dwass test).

located in the basal turn of the cochlea and is associated with
hearing acuity in the high-frequency auditory region. There was
a marginally positive correlation between hearing acuity at a high
frequency (16 kHz) and intact cell density of the spiral ganglion
cells (cells/mm2) (r= 0.5; Figure 5). There was no decrease in the
size of the stria vascularis from the age of 5–7 months (Figure 6).
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DISCUSSION

This study reveals that NYT appears to suppress the progression
of age-related hearing loss and protect the auditory nerve.
Evaluation of the ABR results for each frequency revealed that
the hearing acuity was significantly higher in the NYT-treated
mice than that in the untreatedmice at 32 kHz, which implies that
NYT was effective in the high-frequency region characteristic

FIGURE 4 | Pathological changes in spiral ganglion neurons after 2 months of

NYT treatment. (A) Histological examination (hematoxylin and eosin stain) of

specimens from each group. (B) Nerve cell viability (cells/mm). Data are

represented as mean ± standard error of the mean (n = 7). **p < 0.01 vs.

group of mice treated for 5 months; ††p < 0.01 vs. group of mice treated for 7

months by Tukey’s test.

of age-related hearing loss (Figure 3). The suppression of age-
related hearing loss in NYT-treated mice could be attributed to
a protective effect on the spiral ganglion. Age-related hearing loss
is caused by the production of excess reactive oxygen species by
the mitochondria due to age-related reductions in cochlear blood
flow as well as the accumulation of abnormal mitochondrial
DNA. NYT, which seemingly suppresses age-related hearing loss,
is effective in improving blood flow. Additionally, it reportedly
increases the mitochondrial activity and has a protective effect
on the spiral ganglion cells. There was no decrease in the size
of the stria vascularis from the age of 5–7 months (Figure 6).
The present model failed to reveal the effect of NYT on
atrophy of the stria vascularis of the cochlear duct. Various
functional and structural changes that occur peripherally and
centrally contribute to the development of age-related hearing
loss, including degeneration of the stria vascularis, loss of hair
cells and primary afferent neurons, and alterations in the central
auditory pathways, including a reduction in the neurons of the
cochlear nucleus and changes in neurotransmitter release (7).

FIGURE 6 | Area of the stria vascularis in the basal turn of cochlea. Data are

represented as mean ± standard error of the mean (n = 7).

FIGURE 5 | Correlation between hearing and nerve cell viability at each frequency (kHz).
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Age-related hearing loss supposedly results from aging, oxidative
damage, mitochondrial impairment, and environmental factors
(8, 9). Oxidative damage caused by reactive oxygen species
has equally been postulated to play a causal role in age-
related hearing loss (9–13). Since NYT is designed to improve
fatigue, cold limbs, anorexia, night sweats, and anemia, it has
been used for elderly people in traditional Oriental medicine.
Specifically, NYT reportedly contributes to the improvement of
peripheral circulation disorders (14, 15). Regarding ear disease,
the Manabe group administered NYT to patients with acute,
low-tone, sensorineural hearing loss. They hypothesized that
NYT would improve the impaired blood supply to the stria
vascularis and therefore be effective in patients with intractable
acute, low-tone, sensorineural hearing loss (16). The C57BL/6J
mice used in this study were reported to develop age-related
hearing loss at 6 months (17) and have been widely used as an
evaluation model for age-relating hearing loss (13, 18–23). In
this study, we observed that NYT administration to 5-month-old
C57BL/6J mice suppressed the progression of age-related hearing
loss. The ABR results and the assessment of the association of
intact cells suggest that NYT maintains hearing by protecting
neurons in the cochlear nucleus that degenerate or die with
age (Figure 5). It is speculated that NYT may have suppressed
the progression of age-related hearing loss by improving
the blood flow.

This study has several limitations. First, changes in cochlear
blood flow could not be confirmed as being age-related.
Currently, blood flow in the cochlea is evaluated based on a
previous report by Kong’s team (24). Second, the C57BL/6J
mouse is an incomplete model for accurately reflecting the
human age-related hearing loss. It is empirically known that
men experience more rapid age-related hearing loss than
women. However, in C57BL/6J mice, female mice develop age-
related hearing loss much earlier and at a younger age than
male mice. Another limitation is the short observation period,
which was 2 months, as well as the administration of NYT
before the increase in symptom severity. In the future, we
plan to use CBA mice, which significantly correspond to the
model of human age-related hearing loss (25). Third, in this
experiment, it was technically impossible to evaluate changes
in hair cells. Finally, this was only an observational study, and
the molecular mechanism was not elucidated. HPLC results
indicate that NYT contains cinnamaldehyde from cinnamon
bark (Figure 2B). Cinnamaldehyde reportedly contributes to
Nrf2 activation; however, this could not be verified in this study

(26). In the future, we plan to evaluate whether NYT can cause
Nrf2 activation and other underlying mechanisms.

Several components have been reported to be useful in
preventing age-related hearing loss (11, 27). To our knowledge,
food, or medicine that is useful for age-related diseases, such
as fatigue, cold limbs, anorexia, night sweats, and anemia, has
never been reported to suppress age-related hearing loss. NYT
is covered by insurance. Since age-related hearing loss gradually
progresses in all patients, NYT supplements for various geriatric
problems, including progressive age-related hearing loss, can
help enhance the general quality of life in the elderly population.
In conclusion, NYT appears to have a protective effect on
the auditory nerve and suppress the progression of age-related
hearing loss by reducing age-related auditory nerve degeneration.
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Yokukansankachimpihange is a Japanese herbal medicine reported to benefit anxiety

and sleep disorders, and it has recently been introduced to treat behavioral and

psychological symptoms of dementia. There are no multicenter studies of its

effectiveness regarding dementia in Japan, and this study’s main objective was

to clarify the effects of Yokukansankachimpihange on behavioral and psychological

symptoms of dementia in a sample of patients from multiple healthcare centers. Nine

facilities affiliated with Osaka Association of Psychiatric Clinics participated in November

2013 through April 2015 and provided 32 Alzheimer’s disease patients to whom

Yokukansankachimpihange was orally administered for 8 weeks. During the study, the

patients continued their regular medication regimens. Behavioral and psychological

symptoms of dementia (Behavioral Pathology in Alzheimer’s Disease Rating Scale

[Behave-AD]), core symptoms [Mini-Mental State Examination (MMSE)], activities of daily

living [Nishimura Activity of Daily Living Scale (N-ADL)], and gastrointestinal symptoms

(nausea/vomiting, loss of appetite, gastric discomfort, constipation, and diarrhea) were

measured at baseline, after 4 weeks of treatment and after 8 weeks of treatment.

Yokukansankachimpihange was orally administered at a dosage of 7.5 g twice daily

before or between meals for 8 weeks. The Behave-AD mean score significantly

improved after 8 weeks of treatment. There were no significant changes in MMSE,

N-ADL, or gastrointestinal symptoms; however, decreased gastrointestinal scores were

observed after 8 weeks. There were no side effects related to Yokukansankachinpihange.

Pharmaceutical treatments are important for treating behavioral and psychological

symptoms of dementia, and this study confirmed Yokukansankachimpihange’s efficacy

for treating Alzheimer’s disease. Because the aggressiveness and sleep disorder

components of the Behave-AD construct were the symptoms most improved and

those symptoms are known to significantly burden dementia patients’ caregivers,

Yokukansankachimpihange’s efficacy might indirectly relieve these caregivers’ burden

of care.

Keywords: multi-center research, behavioral dementia symptoms, psychological dementia symptoms, dementia,

insomnia, Alzheimer’s disease
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INTRODUCTION

Antipsychotics used to treat behavioral and psychological
symptoms of dementia (BPSD) require particularly careful
administration because of their potential side effects. Their
main side effects are extrapyramidal symptoms, oversedation,
cognitive decline, increased cerebrovascular disorders, and
increased risk of mortality. A risk of increased blood sugar levels
needs to be considered in the use of atypical antipsychotics.
Avoiding typical antipsychotics as much as possible and
limited treatment with atypical antipsychotics have been
recommended (1).

Recently, Yokukansan (YKS) (2), a Japanese herbal medicine,
has been used to treat BPSD. Yokukansankachimpihange
(YKSCH) is a Japanese herbal medicine made up of Citrus unshiu
peel and Pinellia tuber combined with YKS. Citrus unshiu peel
and Pinellia tuber were formulated to improve gastrointestinal
symptoms (GIS), such as loss of appetite, nausea, and vomiting
(3). The blend is expected to favorably influence anxiety and sleep
disorders because of the influence that Citrus unshiu peel has on
serotoninergic neural pathways (4).

Several previous clinical studies have examined the effects of
YKSCH on BPSD (5–9); however, most of them were single-
setting studies and none involved multiple healthcare centers.
Further, the only cholinesterase inhibitor (ChEI), which is the
only class of medications on the market currently being used to
treat dementia, evaluated by the previous studies was donepezil.
This study aimed to clarify the effects of YKSCH on BPSD in
a nine-center joint clinical study under conditions similar to
those in which Alzheimer’s disease (AD) medications are used
in real-world settings without specifying the type and route of
ChEI administration.

METHODS AND MATERIALS

Setting and Participants
This multi-center prospective clinical study initially recruited 53
patients diagnosed with AD who met the inclusion and exclusion
criteria. It was conducted between November 2013 and April
2015 at nine facilities affiliated with the Osaka Association of
Psychiatric Clinics, Osaka, Japan.

The inclusion criteria were AD patients (1) currently on a
ChEI that lacked efficacy for their BPSD, (2) who had difficulty
continuing the ChEI treatment because of gastrointestinal side
effects, (3) who had no ChEI currently administered with a
demonstrated need for BPSD treatment, or (4) on continuous
ChEI treatment for more than 4 weeks without a change in
medication type or dosage.

The exclusion criteria were (1) patients currently on
memantine or YKS or (2) patients who had recently started or
changed the dosage of any medication that might influence the
efficacy of YKSCH, such as ChEI, antipsychotics, or Japanese
herbal medicines, within 4 weeks before the study began.

Ethics
The Ethics Committee of the Osaka Association of Psychiatric
Clinics approved this study. Written informed consent was
obtained from all the enrolled patients.

Procedure
YKSCH was orally administered at a dosage of 7.5 g twice daily
before or between meals for 8 weeks. All other medications
were continuously administered without changing the dosages,
and no additional medications were administered during the
study period. Four outcome variables were assessed at baseline,
4 weeks into the YKSCH treatment, and 8 weeks into the
YKSCH treatment.

Variables
BPSD was measured by responses to the Behavioral Pathology
in Alzheimer’s Disease Rating Scale (Behave-AD) using the
total Behave-AD score, which was based on responses to
25 items, with a maximum score of 75 points. The item
measuring “care burden” was excluded from the calculation
of Behave-AD score, because it was an overall indicator of
BPSD. The 11-item Mini-Mental State Examination (MMSE)
was used to measure core symptoms on a 30-point scale.
Activities of daily living were evaluated using the N-type
older adult living activities scale (Nishimura Activity of Daily
Living Scale; N-ADL), a five-item 50-point scale. Four levels of
GIS regarding nausea and vomiting, loss of appetite, stomach
discomfort, constipation, and diarrhea were identified where
0 = no symptoms, 1 = some untroublesome symptoms, 2 =

some symptoms that do not interfere with activities of daily
living, and 3 = symptoms that interfere with activities of daily
living. The patients assessed the severity of their symptoms
on a questionnaire survey using a 15-point scale. Higher
scores on the Behave-AD and GIS and lower scores on the
MMSE and N-ADL indicated more severe symptoms/disabilities.
The four variables (Behave-AD, MMSE, N-ADL, and GIS)
were measured before YKSCH administration (baseline), 4
weeks into the YKSCH treatment, and 8 weeks into the
YKSCH treatment.

Statistical Analysis
Multiple comparison tests were performed using one-way
analysis of variance (ANOVA) and Tukey’s HSD test, with a
statistical significance cutoff level of p < 0.05, to assess the
influences of YKSCH on the four outcomes after 4 weeks and
after 8 weeks.

RESULTS

At baseline, 53 cases at nine institutions were enrolled in the
study. Two patients did not visit the hospital after the baseline,
12 patients violated the protocol, and the safety analysis of
the influence of YKSCH was assessed for the remaining 39
patients. The 12 protocol violations (some cases had more than
one violation) were two cases of memantine use, six cases of
concomitant use of a ChEI initiated at the start of the study,
six cases of concomitant use of non-ChEI medications started
within 1 month of the study, and three cases of additional use of
concomitant medications during the study period. The efficacy
analysis was performed on 32 patients because of the loss of
two patients who refused to take the medication, four patients
who did not participate in the 8-week follow-up, and one patient
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TABLE 1 | Sample characteristics.

Characteristic Mean ± SD

Age (years) 76.9 ± 9.4

Height (cm) 156.7 ± 6.5

Weight (kg) (n = 13)a 53.1 ± 10

Dementia history (months) 49.4 ± 40.5

Gender Number of cases (%)

Male 9 (28)

Female 23 (72)

Total 32 (100)

Medical history Number of cases (%)

None 21 (66)

Existing 11 (34)

Total 32 (100)

Diseaseb

Hypertension 1

Hyperlipidemia 1

Glaucoma 1

Cholecystitis 1

Alcoholism 1

Cerebral infarction 1

Epidural hematoma 1

Lumbar compression fracture 1

Previous spinal canal stenosis surgery 1

Breast cancer 1

Previous breast cancer surgery 1

Previous stomach cancer surgery 1

Medical complications Number of cases (%)

None 16 (50)

Existing 16 (50)

Total 32 (100)

Complicationb

Hypertension 8

Diabetes 3

Hyperlipidemia 2

Prostatic hypertrophy 2

Depressive state 2

Hyperuricemia 1

Chronic gastritis 1

Chronic nephritis 1

Primary osteoporosis 1

Hypothyroidism 1

Tension headache 1

Depression 1

Suspected Parkinsonism 1

Concomitant AD medication Number of cases (%)

Yes 25 (78)

No 7 (22)

Total 32 (100)

Concomitant ChEI medication Number of cases (%)

None 12 (38)

Existingc 20 (62)

Total 32 (100)

Medicationb

Donepezil (5mg) 9

(Continued)

TABLE 1 | Continued

Donepezil (10mg) 2

Galantamine (8mg) 1

Galantamine (16mg) 3

Galantamine (24mg) 1

Rivastigmine (18mg) 4

Other concomitant medications for BPSD Number of cases (%)

None 22 (69)

Existing 10 (31)

Total 32 (100)

Medicationb

Antipsychotic 7

Antidepressant 5

Antianxiety 4

Hypnotic 1

aMissing data = 19.
bThere are duplicate cases.
cAdministration period until start of study, 9.9 ± 9.7 months [n = 16].

FIGURE 1 | The effects of YKSCH on BPSD (n = 29). Data were Behave-AD

scores (means ± SD and ranges) after YKSCH administration. Three cases

with missing data were dropped from the analysis. Post hoc Tukey’s HSD tests

were compared to baseline.

who independently discontinued treatment due to perceived
ineffectiveness. Of the 32 patients, nine were male and 23 were
female. The average age was 76.9 ± 9.4 years. Table 1 describes
the personal characteristics of the 32 patients in the efficacy
analysis. No side effects deemed attributable to the treatment
were observed.

YKSCH Results
The Behave-AD mean score was 20.8 ± 11.4 at baseline,
15.4 ± 10.4 4 weeks later, and 13.1 ± 9.1 after 8 treatment
weeks. An improvement was observed between baseline and
8 weeks (Figure 1). Of the construct’s 25 items, “aggression”
significantly improved after 4 and after 8 weeks of treatment,
and “circadian rhythm disorder” was significantly improved after
4 weeks of treatment. The “care burden” indicator also was
significantly reduced after 8 weeks of treatment (Figure 2). Core
symptoms (MMSE) and activities of daily living (N-ADL) did
not significantly change during the treatment period (Figure 3).
Regarding GIS, 15 patients reported symptoms at baseline [mean
2.0 ± 2.6 (range: 1–8)]. The score decreased to 0.9 ± 1.4 (range:
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1–9) after 4 weeks of treatment and to 0.7 ± 1.4 after 8 weeks of
treatment, but there was no significant difference from baseline
(Figure 4). Seven of 15 patients had symptoms at the start of the
study that disappeared after 8 weeks of treatment.

DISCUSSION

YKSCH was administered for 8 weeks to 32 AD patients who
were not experiencing sufficient efficacy with conventional BPSD
treatments or had difficulties with continuous use of a ChEI
due to gastrointestinal side effects. Because improvement was
observed in 8 weeks in the previous study (6), the administration
period was set to 8 weeks in this study as well. The results
indicated significant improvement in two Behave-AD items
(aggression and circadian rhythm disorders) and in the Behave-
AD overall care burden score. MMSE and N-ADL mean scores
were not significantly influenced.

FIGURE 2 | The effects of YKSCH on BPSD items. Data were Behave-AD item

scores (means ± SD and ranges) after YKSCH administration. Results were on

29 cases regarding “burden of care” and 28 cases otherwise. All excluded

cases were dropped because of missing data. Ad hoc multiple comparison

Tukey’s HSD tests (*p < 0.05, **p < 0.01) were compared to baseline.

YKSCH is a blend of Citrus unshiu peel and Pinellia tuber
with YKS. YKS is a prescription medication developed to cure
oversensitivity conditions, including children crying at night.
Citrus unshiu peel and Pinellia tuber are used to improve GIS,
such as loss of appetite and nausea/vomiting (3); thus, it is
suitable for older adults with reduced digestive function. In
this study’s analysis of GIS, the mean score improved, but the
differences were not statistically significant. YKSCH might have
contributed to improving GIS because Citrus unshiu peel and
Pinellia tuber have been reported to improve loss of appetite (10)
caused by suppression of cisplatin-induced anorexia via 5-HT2

receptor antagonism.
The “aggression” item in Behave-AD aims to assess the extent

of rants, threats, violence, and restlessness. This BPSD symptom
was the most improved in response to YKSCH treatment.
Basic research has investigated the mechanism by which YKS
diminishes aggression (11). It has been hypothesized that YKS
affects glutamatergic neural pathways related to aggressiveness
and serotoninergic (5-HT) pathways related to impulsivity (11).
It also has been reported that Uncaria hook, a component
of YKSCH, has a 5-HT1A receptor-stimulating action and
a 5-HT2A receptor-blocking action as well as an ability to
normalize the extracellular fluid concentration of glutamate (11),
all of which might be expected to contribute to reductions
in aggression.

The “circadian rhythm disorder” Behave-AD item is focused
on sleep-wake disorders (insomnia). High rates of insomnia are
observed in patients with dementia, which not only significantly
affects patients’ quality of life, but also increases the burden
of care because it causes physical and mental stress for
the caregiver. Regarding YKSCH’s mechanism of action on
insomnia, basic research has suggested that Uncaria hook (11)
and Citrus unshiu peel (4) have effects on nervous system
serotonin and that YKS influences the GABAA-benzodiazepine
receptor complex (12). We found that YKSCH treatment
alleviated the severity of circadian rhythm disorder, i.e.,
sleep-wake disorder, implying that YKSCH might be effective
for nighttime insomnia and improving quality of life, which,
in turn, suggests that the mental and physical burden on
caregivers might be reduced by suppressing patients’ nighttime
activity levels.

FIGURE 3 | The effects of YKSCH on MMSE and N-ADL. Data were MMSE scores and N-ADL scores (means ± SD and ranges) after YKSCH administration. MMSE

results were on 20 cases (12 cases dropped because of missing data), and N-ADL results were on 21 cases (11 cases dropped because of missing data).
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FIGURE 4 | The effects of YKSCH on Gastrointestinal Symptoms (n = 28).

Data were gastrointestinal symptoms scores (means ± SD and ranges) after

YKSCH administration. Four cases with missing data were dropped from the

analysis. Post hoc Tukey’s HSD tests were compared to baseline.

Because aggressiveness and circadian rhythm disorder are
major contributors to caregivers’ burden, alleviating both
problems likely led to a reduction in the burden of care. The
results suggest that YKSCH might be an effective treatment for
patients who demonstrate significant aggressiveness and those
who struggle with insomnia. There were no side effects of
the administration of this medication observed throughout the
study. Although this study has some limitations, such as the lack
of a control group and the insufficient number of cases, YKSCH
is considered a suitable treatment for AD sufferers.

CONCLUSIONS

This study clarifies the efficacy of YKSCH for BPSD. The results
suggest that treatment with YKSCH, a Japanese herbal medicine,
might benefit AD patients and their caregivers.
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Loss of appetite is a common symptom in patients with dementia, and if weight loss

or difficulty eating occurs without subjective symptoms, the patient can easily become

malnourished. There is also a close relationship between dementia and physical frailty,

such as weight loss and muscle weakness, and thus early intervention to address frailty

in patients with dementia is important. In this study, 3 patients with dementia who

complained of loss of appetite and weight loss showed increases in body weight and

muscle mass after taking Ninjin’yoeito. Ninjin’yoeito was found to be a potentially effective

treatment option for physical frailty in patients with dementia.

Keywords: muscle mass, weight loss, dementia, loss of appetite, Ninjin’yoeito

INTRODUCTION

Loss of appetite is a common symptom in patients with dementia, and when weight loss or
difficulty eating occur in the absence of subjective symptoms, the patient can easily become
malnourished. In such cases, the underlying causes should be carefully investigated. If the
loss of appetite is caused by an organic abnormality of the digestive system or worsening of
neurological function (e.g., dysphagia, constipation) associated with extrapyramidal symptoms,
the patient should be treated for the dysfunction. If these possible causes are excluded, energy
supplementation should be provided along with dietary nutritional guidance and prescriptions of
oral and enteral nutritional supplements. Selective serotonin reuptake inhibitors (SSRIs), serotonin
and norepinephrine reuptake inhibitors (SNRIs), or second-generation antipsychotics (atypical
antipsychotics) are used to treat loss of appetite caused by apathy and depression in dementia.
Patients who do not respond to treatment may experience repeated episodes of malnutrition and
dehydration, leading to heart failure, infection, and potentially fatal outcomes. Therefore, loss of
appetite in the elderly and patients with dementia has a significant impact on their life prognosis
and should not be overlooked.

In addition, elderly individuals with loss of appetite and patients with dementia who remain
malnourished are prone to fall into the frailty cycle, in which their basal metabolism and activity
level are decreased due to reduced muscle mass and strength, leading to further loss of appetite and
weight loss. Frailty is a condition in which physical and mental vitality, such as motor and cognitive
functions, declines with age, leading to functional impairment of activities of daily living (ADLs),
and a state that requires long-term care. There is a close relationship between dementia and frailty
whereby physical frailty, such as weight loss and muscle weakness, causes a person to be at risk
for cognitive decline or dementia, and conversely, cognitive impairment causes a person to be at
risk for physical frailty. It has been reported that as cognitive decline progresses, the level of frailty
increases (1, 2). Therefore, early intervention to address frailty, including weight loss and muscle
weakness, is important in patients with dementia. Our hospital is conducting active nutritional
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management, including a food frequency questionnaire, when
loss of appetite or weight loss is a concern. However, in some
patients nutritional status cannot be adequately controlled even
with such guidance, in which case traditional Japanese herbal
medicine (Kampo) may be introduced.

Ninjin’yoeito, Japanese herbal medicine (Kampo), is indicated
for the treatment of loss of appetite and has been used since
ancient times to improve nutritional status. In recent years, it
has also been applied to treat frailty because of its multifaceted
effects (3), and there have been numerous reports showing
improvements in musculoskeletal strength and mass in addition
to reversal of appetite loss, but none yet for muscle mass.

In this study, 3 cases of patients with dementia who
experienced loss of appetite and weight loss, and who gained
weight and muscle mass after receiving Ninjin’yoeito are
reported. Informed written consent was obtained from the
patients and their caregivers regarding this report.

CASE DESCRIPTIONS

Case 1
The patient was an 84-year-old female; 145.1 cm in height and
54.0 kg in weight at the time of her initial examination; a
housewife; and described as sincere and calm in personality.
Her chief complaints were loss of appetite and weight loss,
and she had a medical history of angina with onset at the age
of 75. With regard to the history of her present illness, she
came to our hospital in January X−3 due to noticeable amnesia
such as not being able to recognize the faces and names of
relatives and grandchildren. She was diagnosed with Alzheimer’s
disease based on a 16-point score on the Mini-Mental State
Examination (MMSE) and on functional imaging findings
such as cerebral blood flow single-photon emission computed
tomography (SPECT). She was treated with galantamine and
outpatient care for lifestyle diseases such as hypertension, and her
instrumental ADLs (IADLs) improved to the point where she was
able to prepare meals, go shopping, and take the bus.

She was treated with galantamine. However, her functional
ability to perform ADLs gradually declined; and in the summer
of X−1, her functional impairment in ADLs progressed to
the point where she required emergency treatment, including
intravenous fluids, due to heat stroke. In December X−1, she
fell on the stairs at a train station, fractured her right femur, and
underwent an artificial femoral head replacement. Although she
was discharged from the hospital in April X, she was unable to
take her medication or do household tasks on her own that she
was previously able to do. She was unable to prepare meals and
often did not eat when her eldest daughter prepared meals for
her. In October X, she had frequent hallucinations at home when
someone was in the room; she started to eat much less food; and
she weighed 50.4 kg, showing a decrease of 4 kg in 6 months.
Although she was able to walk on her own, her IADLs declined
as indicated by scores of 48 on the Dementia Assessment Sheet
for Community-based Integrated Care System 21-items (DASC-
21), 4 on the Lawton IADL scale, 3 on the level of long-term care
required, 21 on the MMSE, and 14 on the Frontal Assessment
Battery (FAB). Her muscle mass was 30.2 kg as measured by

a body composition analyzer (InBody 270) using bioelectrical
impedance analysis. The calculated weight after removing the
body fluid weight (19.1 kg) from the total body weight (50.4 kg)
was 31.3 kg. Since October X, she had been instructed to take
3.75 g of Ninjin’yoeito once before bedtime for her loss of appetite
and weight loss.

In April X+1, improvement in her appetite was observed. Her
weight was 52.2 kg, showing an increase of 1.8 kg. Her muscle
mass was 31.1 kg, showing an increase of 0.9 kg. The weight after
subtracting the body fluid weight was 52.2–19.7 kg = 32.5 kg,
showing an increase of 1.2 kg. In July X+1, her weight dropped
slightly by 0.8 to 51.4 kg, and her muscle mass also dropped by
0.3 to 30.8 kg. Eventually, there was an increase of 1.0 kg in body
weight and 0.6 kg in muscle mass, and the weight after removing
the body fluid weight was 51.4–19.5 kg = 31.9 kg, showing an
increase of 0.6 kg. With regard to ADLs, a decrease in basic ADLs
(BADLs) in addition to IADLs was observed, such as leaving a
pot on the fire, requiring assistance to take medication, being
unable to flush the toilet, and being unable to bathe and wash
her hair, but her hallucinations and insomnia improved and
she was no longer required to take sleeping medication and/or
antipsychotic medication.

Case 2
The patient was a 74-year-old female; 152.9 cm in height and
56.0 kg in weight at the time of her initial examination; a
housewife; and described as gentle in her personality. Her chief
complaints were lack of motivation, irritability, loss of appetite,
and weight loss. Her medical history included hypertension and
dyslipidemia at the age of 68, and she had undergone a colectomy
at the age of 73 in January X−1. She had no remarkable family
medical history, but her husband had Lewy body dementia and
was in need of long-term care. Regarding the history of here
present illness, she came to our clinic in December X−1 for
abnormal behavior based on amnesia and paranoia, such as
buying too many vegetables that she could not use, rotting them
in the refrigerator, being unable to clean her room, and repeatedly
washing her clothes while saying “my husband is dirty.” She had
high neuropsychological test scores of 28 on the MMSE and 16
on the FAB; and her ADLs were not abnormally rated low, as
indicated by scores of 33 on the DASC-21, 7 on the Lawton
IADL scale, and 2 on the level of support required. Neurological
examination showed no tendon reflex, left-right hyperactivity,
or pathological reflex; and no atrophy was observed in the
medial temporal lobe on magnetic resonance imaging (MRI)
with coronal transection imaging. However, cerebral blood flow
SPECT showed significant blood flow reduction in the anterior
part of the bilateral precuneus, which led to the diagnosis of
Alzheimer’s disease.

She was attending local clinics for internal medicine and
orthopedic surgery, but her conditions were poorly controlled,
with polypharmacy and a diastolic blood pressure of over 100
mmHg. In our hospital, the patient was not treated with anti-
dementiamedication and adjustments to hermedication regimen
were initiated. She was also diagnosed with colorectal cancer and
underwent a colectomy in January X. After discharge from the
hospital, she weighed 50.6 kg, but her weight increased to 54.4 kg
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in July X with repeated dietary and nutritional guidance aimed
at improving the breakfast menu with a focus on increasing
energy levels. However, in September X, depressive symptoms
such as “feeling lightheaded and agitated” became noticeable,
with frequent missed meals and a decrease in the amount of
food intake, which decreased her weight by 1.1 to 53.3 kg in 2
months. Muscle mass measured by a body composition analyzer
(InBody 270) using bioelectrical impedance analysis was 32.6 kg.
The weight after removing the body fluid weight (24.5 kg) from
the total body weight (53.3 kg) was 28.8 kg. Since September X,
she started taking 3.75 g of Ninjin’yoeito once before bedtime for
her loss of appetite and weight loss.

In November X+1, her appetite improved and she weighed
56.7 kg, with an increase of 3.4 kg. Her muscle mass was 33.0 kg
with an increase of 0.4 kg. The weight after removing the body
fluid weight was increased by 3.9 kg (56.7–24.0 kg= 32.7 kg).

Case 3
The patient was an 81-year-old male; 166.0 cm in height and
46.8 kg in weight at the time of his initial examination; running a
restaurant business; and described as slovenly in his personality.
His chief complaints were memory loss and weight loss, and he
had a medical history of hypertension and reflux esophagitis. As
to the history of the present illness, he had been suffering from
memory loss since around November X−1. He had been treated
at a local doctor’s clinic for hypertension, but his forgetfulness
worsened, as he was asking the same questions over and over
again, unable to tell the date of the day, and unable to take his
medication, and therefore he came to our clinic in September X.
He was diagnosed with Alzheimer’s disease, which was already
several years advanced, with impairment in recent memory,

semantic memory, executive function, and frontal lobe function
shown by the scores of 11 on the Hasegawa’s dementia scale, 18
on the MMSE, 10 on the FAB, and 10 on the clock-drawing test
(CDT), as well as atrophy of the frontal and medial temporal
lobes observed on MRI images. In September X, he complained
that he was unable to stop drinking and was not eating, and he
weighed 46.8 kg, with a decrease of 1.5 kg in 2months. Hismuscle
mass measured by a body composition analyzer (InBody 270)
using bioelectrical impedance analysis was 34.3 kg. The weight
after removing the body fluid weight (21.7 kg) from the total body
weight (46.8 kg) was 25.1 kg. Since September X, he started taking
Ninjin’yoeito 3.75 g once before bedtime.

InNovember X+1, improvement in his appetite was observed.
His weight was 49.3 kg, showing an increase of 2.5 kg. His muscle
mass was 36.7 kg, showing an increase of 2.4 kg. The weight
after removing the body fluid weight was 49.3–23.2 kg = 26.1 kg,
showing an increase of 1.0 kg.

DISCUSSION

In this study, 3 patients with dementia who complained of loss of
appetite and had a weight loss of more than 1 kg in 2months were
treated with 3.75 g/day of Ninjin’yoeito, after which appetite,
body weight, muscle mass, and body fluid loss were increased in
all patients (Figures 1, 2).

In the all 3 patients reported in this study, weight gain
was achieved beginning around 3 months after initiating the
treatment, suggesting that factors other than dementia, such
as alcohol consumption, affected nutritional management and
delayed the onset of effect.

FIGURE 1 | Change in body weight by treatment with Ninjin’yoeito. Three patients who had weight loss of more than 1 kg in 2 months were treated with Ninjin’yoeito

and their weight was measured using a body composition analyzer.
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FIGURE 2 | Change in muscle mass by treatment with Ninjin’yoeito. Three patients who had weight loss of more than 1 kg in 2 months were treated with Ninjin’yoeito

and their muscle mass was measured using a body composition analyzer.

The mechanism of loss of appetite involves not only
organic and functional gastrointestinal lesions, but also
central nervous system structures such as the frontal cortex,
gustatory and olfactory centers, and the brainstem; and
the involvement of the hormones ghrelin and orexin has
received particular attention (4). In basic research, it has
been reported that Ninjin’yoeito activates both ghrelin-
responsive and non-responsive neuropeptide Y (NPY)
neurons in the feeding center (5) and promotes ghrelin
secretion by Citri Unshiu Pericarpium (6), which may have
contributed to the improvement of appetite by Ninjin’yoeito in
this study.

Although there was no significant increase in the amount
of body fat in the patients reported in this study, I have
had patients in the past who have gained weight due
to an increase in body fat. However, ghrelin is said to
maintain the homeostasis of the organism not only by
stimulating feeding, but also as a result of fat accumulation
and growth hormone (GH)-induced anabolic effects. Thus, the
increase in fat induced by the administration of Ninjin’yoeito
may represent a recovery from ghrelin-mediated impaired
energy metabolism.

In this study, all 3 patients showed increases in muscle mass,
but all had been taking the product for a relatively long period of
time, between 9 and 13months. In a previous report, it required 6
months to improve grip strength in elderly people over 65 years of
age after administration of Ninjin’yoeito (7). On the other hand,
in basic research, it has been confirmed that administration of
Ninjin’yoeito suppresses food intake reduction and weight loss
and reduces atrophy of the gastrocnemius and soleus muscles in
klotho mice, which are a senescence-accelerated strain. The same

study also reported that Ninjin’yoeito activated 4E-BP1, which
is involved in protein synthesis, and inhibited the expression of
atrogin-1 and LC3-II, which are involved in muscle proteolysis
(8). The increase in muscle mass shown in this study may
be attributed to the anorexia-reducing effect of Ninjin’yoeito,
as well as the promotion of muscle protein synthesis. These
findings suggest that Ninjin’yoeito may improve not only loss of
appetite and weight loss, but also muscle weakness, which can
significantly affect activity, when it is taken for some long periods
of time.

A limitation of this study is that the possibility of
measurement error due to sweating and salivation cannot
be eliminated in the bioelectrical impedance analysis used to
measure body composition. In order to confirm the findings of
this study, it is necessary to conduct case-series studies with larger
sample sizes and to establish measurement conditions.

CONCLUSION

There is a close relationship between dementia and physical
frailty, such as weight loss and muscle weakness. Therefore, our
hospital focuses not only on the administration of anti-dementia
drugs in the treatment of dementia, but also on lifestyle-related
diseases and nutritional management.

In this study, patients with dementia who complained of
loss of appetite and weight loss were administered Ninjin’yoeito,
Japanese herbal medicine (Kampo), which resulted in increases
in body weight and muscle mass. Ninjin’yoeito was found to
be a potentially effective treatment option for physical frailty in
patients with dementia.
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Kampo medicines are frequently used empirically to treat pain in clinical practice.

Ninjin’yoeito (NYT), which is associated with few adverse effects, is often used to treat

the elderly, but has not yet been examined in detail. We herein investigated the effects

of NYT, at 500 and 1,000 mg/kg p.o. (NYT500/NYT1000 group) in single and repeated

administrations for 14 days, on pain in rats with peripheral neuropathy induced by loose

ligation of the sciatic nerve (chronic constriction injury: CCI). Untreated CCI rats given

distilled water were used as a control group. To assess induced pain, the pain threshold

wasmeasured using the von Frey test. To evaluate spontaneous pain, the ground-contact

area of the paw with neuropathic pain was measured using the Dynamic Weight Bearing

test. Serum samples were collected after the test to elucidate the mechanism of action

of NYT, and brain-derived neurotrophic factor (BDNF) and corticosterone protein levels,

which have been reported to change due to chronic pain, were analyzed. After single

administration of NYT, the pain threshold rose in the NYT500 and NYT1000 groups. The

pain threshold tended to rise on day 14 of repeated administration in the NYT500 group (p

= 0.08) and it significantly rose at NYT1000 group (p< 0.05) compared to Control group.

In addition, the foot contact area increased (p = 0.09). Therefore, CCI-induced pain was

significantly remitted and spontaneous pain was remitted after repeated administration

of NYT. Serum BDNF levels were higher in untreated CCI rats than in normal rats

(p = 0.05), but decreased after the repeated administration of NYT (NYT1000, p= 0.15),

while serum corticosterone levels were lower (p = 0.12) than those in normal rats and

increased after the repeated administration of NYT (NYT1000, p = 0.07). The blood

BDNF level has been suggested to influence pain intensity. The findings demonstrated

NYT effectively treats neuropathic pain, suggesting that a NYT-induced decrease in

blood BDNF contributed to the mechanism of pain relief. In addition, the variation of

corticosterone was observed, suggesting that normalization of responsiveness to stress

by NYT contributed to the pain relief.
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INTRODUCTION

Chronic pain has been estimated to affect∼25million individuals
in Japan (1), and has been divided into two categories:
inflammatory and neuropathic pain (2). Neuropathic pain is
caused by a lesion or disease of the somatosensory nervous
system. It reduces the quality of life of patients and is a frequently
encountered condition that limits the doses and durations
of treatments. A common treatment for neuropathic pain is
antidepressant drugs and Ca2+ channel α2δ ligands; however,
these are associated with adverse effects. In particular, these drugs
must be administered with caution to mental disorder patients
and the elderly.

Kampo medicines are frequently used empirically to treat
pain in clinical practice. NYT is composed of Poria Sclerotium,
Japanese Angelica Root, Rehmannia Root, Atractylodes Rhizome,
Ginseng, Cinnamon Bark, Citrus Unshiu Peel, Polygala Root,
Peony Root, Astragalus Root, Schisandra Fruit, and Glycyrrhiza
(Table 1). NYT, which is associated with few adverse effects,
is often used to treat the elderly. Mitsuhata reported the use
of NYT and Yokkansan chimpi hange in pain treatments (3).
Furthermore, NYT was shown to be effective for low back
pain and lower abdominal pain accompanying anemia (4).
In addition, it has recently been reported in a randomized
controlled trial that NYT is useful to treat pain induced by
an anticancer drug, oxaliplatin (5). In an animal study, both
oxaliplatin-induced cold allodynia and mechanical hyperalgesia
were markedly improved by NYT extract and a crude drug
comprising NYT, Ginseng, suggesting that the active crude drug
of NYT for pain is Ginseng. Furthermore, NYT extract, Ginseng,
and Ginsenoside Rg3 inhibited oxaliplatin-induced suppression
of neurite outgrowth of the primary dorsal root ganglion
in a concentration-dependent manner in an in vitro system,
identifying that ginsenoside Rg3 is one of the active ingredients
(6). A rat model of chronic constriction injury (CCI) simulating
symptoms of chronic nerve compression is a neuropathic pain
model close to clinical cases (7, 8). It has been reported that
liquiritin, an ingredient of licorice herb comprising NYT, ferulic
acid, an ingredient of Angelica Sinensis Radix, and catalpol, an
ingredient of Rehmanniae Radix, relieved neuropathic pain of
CCI (9–11). However, the usefulness of NYT for neuropathic
pain of CCI has not been investigated. Thus, in this study,
we investigated whether NYT relieves CCI-induced neuropathic
pain in rats.

MATERIALS AND METHODS

Animals
Male SD rats treated with CCI surgery in the left foot at 5
weeks of age were purchased at 6 weeks of age from Japan SLC
(Shizuoka, Japan). The CCI model was prepared following the
method created by Bennet et al. (12). Rats were anesthetized
with isoflurane, the skin was incised along the gap of the
left foot femoral muscle, and the sciatic nerve was exposed
and loosely ligated with 4–0 silk at 4 sites at 1-mm intervals.
Lepetan (buprenorphine) (Otsuka Pharmaceutical Co., Ltd.,
Japan) was subcutaneously administered twice as an analgesic

TABLE 1 | Composition (daily dose*) of Kampo Formula Ninjin’yoeito (NYT).

Ingredient Content (g)

English name Latin name

Poria sclerotium Poria 4.0

Japanese angelica root Angelicae Radix 4.0

Rehmannia root Rehmanniae Radix 4.0

Atractylodes rhizome Atractylodis Rhizoma 4.0

Ginseng Ginseng radix 3.0

Cinnamon bark Cinnamomi cortex 2.5

Citrus unshiu peel Aurantii Nobilis Pericarpium 2.0

Polygala root Polygalae Radix 2.0

Peony root Paeoniae Radix 2.0

Astragalus root Astragali Radix 1.5

Schisandra fruit Schisandrae Fructus 1.0

Glycyrrhiza Glycyrrhizae Radix 1.0

*Approximately 6,700mg of dried water extract of NYT was prepared at the

GMP-standardized factory of Kracie Pharma, Ltd. (Japan) based on the above

described composition.

after surgery and the following day. They were reared in an air-
conditioned animal house facility (room temperature 23 ± 2◦C;
reversed 12-h light/dark cycle; relative humidity 55 ± 10%) at
Kampo Research Laboratories in Kracie Pharma, Ltd. Rats were
housed in a sterilized metal cage with a wire mesh floor and
provided with laboratory pellet chow (CE-2; Clea Japan, Inc.)
and water ad libitum. Before experimental procedures, they were
acclimated to the room for 1 week. The experimental protocol
was approved by the Experimental Animal Care Committee of
Kracie Pharma, Ltd.

Drug Treatment
The dried extract powder of NYT (Lot No. 15112017) was
used in the present study, and was manufactured by the
GMP Pharmaceutical Factory of Kracie Pharma, Ltd. (Qingdao,
China). The von Frey test was performed before NYT
administration and animals with CCI which developed pain
were selected (pain threshold: 6.0 g or lower). The selected
CCI rats were divided into the following 3 groups: Control
group, NYT 500 mg/kg treatment group (NYT500), and NYT
1,000 mg/kg treatment group (NYT1000), so as to make no
significant difference in the pain threshold among the groups.
Then, NYT was administered at 10 mL/kg B.W. once a day for 14
consecutive days starting on the 14th day post-surgery as follows:
In the Control group, distilled water was orally administered.
In the NYT500 and NYT1000 groups, NYT was suspended
with distilled water before use and the specified dose was orally
administered. The drug was administered by collaborators and
efforts were made to ensure the experimenters were blinded in
evaluation of the subsequent von Frey test and dynamic body
weight bearing.

Von Frey Test for Mechanical Allodynia
Mechanical allodynia in rats was evaluated using the von Frey
test. In the von Frey test, a series of calibrated von Frey
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filaments (Touch-Test Sensory Evaluator, North Coast Medical,
Inc., Morgan Hill, CA) with a bending force ranging between 1
and 15 g were applied to the midplantar skin of each hind paw at
a rate of once per second. Specifically, the paw was stimulated
10 times at a speed of once per second in the order from the
filament with the lowest strength and when escape behavior
was noted once or more, the rat was judged as positive. Then,
stimuli were added using the one-step weaker filament when the
animal was positive and using the one-step stronger filament
when the animal was negative. Stimulation was repeated until
observing positive and negative responses to stimulation with 2
continuous filament types, respectively, and the filament strength
to which a positive response was observed was recorded as the
pain threshold. Fourteen days after the CCI surgery, the pain
threshold of the left foot was measured before administration
and on day 1 (single administration; 2 h after administration)
and day 14 (repeated administration; the day following 13-day
continuous administration) after initiation of administration.
The pain threshold of the right foot without surgery before
initiation of administration was recorded as the baseline.

Dynamic Weight Bearing for Spontaneous
Pain
The dynamic weight bearing test (Bioseb, Pinellas Park, FL)
was performed referring to the method reported by Quandros

et al. (13). Briefly, the device was constituted with a small
plexiglass chamber (22.0× 22.0× 30.0 cm) equipped with a floor
sensor including a pressure transducer. In this system, software
recording the mean weight loaded by each of the fore- and hind
feet in grams without interference with an analyzer was used. To
perform the test, the rat was placed in the chamber and allowed
to freely move for 6min. The device was used for acclimation
for 1min followed by recording for 5min. To support data
analysis, a camera was turned toward the side of the enclosure.
All movements were photographed and investigated following
the position of the rat on the device by the experimenters
and the foot corresponding to the pixel set recognized by the
sensor was identified as the right or left foot. DWB software
provides data concerning the area (inmm2) of the foot contacting
the floor. The testis and tail were excluded from analysis. The
results were presented as the area of the left foot. Fourteen
days after the CCI surgery, measurement was performed before
administration and on day 14 after initiation of administration
(repeated administration) in each rat. The value measured in the
right foot without surgery before initiation of administration was
recorded as the baseline.

Serum Analyses
Blood samples were collected immediately following the sacrifice
of each rat and clotted for 30min at room temperature before
centrifuging for 20min at 2,000 rpm. The supernatant was

FIGURE 1 | Effects of NYT on CCI-induced mechanical allodynia. Effects of NYT on CCI-induced mechanical allodynia in rats. NYT at 500 and 1,000 mg/kg p.o. in

single and repeated administrations for 14 days to rats. The black object group was administered water (Control); the gray object group was administered NYT

(NYT500/NYT1000). Each column shows the mean ± S.E. of 8 mice.*p < 0.05 vs. the control group, evaluated using Dunnett’s test.
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FIGURE 2 | Effects of NYT on CCI-induced spontaneous pain. Effects of NYT

on CCI-induced spontaneous pain in rats. NYT at 500 and 1,000 mg/kg p.o.

in repeated administrations for 14 days to rats. The black column group was

administered water (Control); the gray column group was administered NYT

(NYT500/NYT1000). Each column shows the mean ± S.E. of 4 mice. p-values

evaluated using Dunnett’s test.

then collected for an enzyme-linked immunosorbent assay
(ELISA). Serum was stored at −40◦C until assayed for brain-
derived neurotrophic factor (BDNF) and corticosterone. Serum
BDNF (BDNF/proBDNF Rapid ELISA Kit; BIOSENSYS) and
serum corticosterone [corticosterone (Human, Rat, Mouse)
ELISA (RE52211); IBL] were measured by ELISA following the
manufacturer’s instructions. Normal rats given distilled water
were used as a Normal group.

Statistical Analysis
Data were expressed as the mean ± standard error of means.
Significant differences were assessed by a one-way analysis of
variance followed by Dunnett’s test, or post hoc test followed by
Steel test for multiple comparisons. Between normal group and
control group were compared by Student’s t-test. P < 0.05 were
considered to be significant.

RESULTS

Effects of Single Administration of NYT on
CCI-Induced Mechanical Allodynia
After single administration of NYT, the pain threshold rose in
the NYT500 and NYT1000 groups (Figure 1) (Baseline: 9.1 g).
Although the elevation was not significant, it was suggested that
NYT exhibits an effect on pain, so administration was continued
and the effect of NYT on pain by repeated administration
was investigated.

Effects of Repeated Administration of NYT
on CCI-Induced Mechanical Allodynia and
Spontaneous Pain
The pain threshold tended to rise on day 14 of repeated
administration in the NYT500 group (p = 0.08, by dunnet)
and it significantly rose at NYT1000 (p < 0.05, Dunnett’s test;
Figure 1). In addition, the foot contact area increased (p = 0.09,
Dunnett’s test; Figure 2) (baseline: 78.52 mm2). Therefore, CCI-
induced pain was significantly remitted and spontaneous pain
was remitted after repeated administration of NYT.

Effects of NYT on BDNF Protein
Expression in Serum
BDNF is an important marker and modulator of neural
activity and N-methyl-D-aspartate receptor-dependent neuronal
plasticity in ascending and descending pain transmission
pathways (14). In animals, BDNF and its tropomyosin receptor
kinase B receptor were shown to be increased in models of
bladder inflammation and nerve injury (15, 16). Furthermore,
when BDNF was neutralized by the anti-BDNF antibody or
tropomyosin receptor kinase B receptor, mechanical allodynia
(17) and thermal hyperalgesia were alleviated (18). Based on
these findings, it was suggested that BDNF contributes to pain
sensitivity and intensity. In a clinical study, the serumBDNF level
was significantly higher in patients with pain of endometriosis
than in patients without pain (19). Using serum BDNF, we
investigated whether BDNF is involved in the action mechanism
of this study. Serum BDNF levels were higher in untreated
CCI rats than in normal rats (p = 0.05, by Student’s t-test),
but decreased after the repeated administration of NYT (1,000
mg/kg, p= 0.15, by Dunnett’s test) (Figure 3).

Effects of NYT on Corticosterone Protein
Expression in Serum
Glucocorticoid hormones are regarded as “stress hormones”
because they typically increase in response to environmental
challenges (20–23). Corticosterone, the primary glucocorticoid
in some vertebrates, is released following the activation of
the hypothalamic-pituitary-adrenal (HPA) axis. Stress negatively
affects hippocampal neurogenesis and plasticity through the
activation of the HPA axis, resulting in the increased production
of corticosterone and development of depressive-like symptoms
(24). Since pain may activate the HPA axis (25, 26), we
investigated whether our results were a consequence of the
activation of the HPA axis in response to chronic pain as a
stressful stimulus, and measured corticosterone serum levels
in normal rats and CCI rats. In untreated CCI rats, serum
corticosterone levels were lower (p = 0.12, by Student’t-test)
than those in normal rats, and increased after the repeated
administration of NYT (1,000 mg/kg, p = 0.07, by Steel test)
(Figure 4).

DISCUSSION

We herein evaluated the efficacy of NYT to prevent neuropathic
pain in CCI rats. Mechanical allodynia and spontaneous pain
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FIGURE 3 | Effects of NYT on BDNF protein expression in serum. BDNF protein levels in serum. The black column group was administered water (Control); the gray

column group was administered NYT (NYT500/NYT1000). The white column group comprised normal rats (Normal). (A) Normal vs CCI. (B) CCI vs NYT. Each column

shows the mean ± S.E. of 7–8 mice. p-values evaluated using t-test and Dunnett’s test.

FIGURE 4 | Effects of NYT on corticosterone protein expression in serum. Corticosterone protein levels in serum. The black column group was administered water

(Control); the gray column group was administered NYT (NYT500/NYT1000). The white column group comprised normal rats (Normal). (A) Normal vs CCI. (B) CCI vs

NYT. Each column shows the mean ± S.E. of 8 mice. p-values evaluated using t-test and Steel test.

were significantly induced by CCI surgery and inhibited by NYT.
These results are consistent with clinical findings. In addition,
repeated administration of NYT decreased blood BDNF whereas
blood corticosterone increased.

This study was focused on BDNF, which has been reported
as a pain-related factor. A positive correlation between the

blood and brain-tissue BDNF levels in rats has been reported
(27), suggesting that the blood BDNF level reflects the brain-
tissue BDNF level. In our study, the blood BDNF was measured
expecting that the blood BDNF level reflects the brain-tissue
BDNF level. In a preceding study, the BDNF level after CCI
increased by 45% in the thalamus and by 27% in the midbrain (p
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> 0.05) (28). In addition, it has been reported that the BDNF level
in CCI markedly increased in the periaqueductal gray matter
(PAG), which is the important pain control center on the spinal
cord (29), and the thalamic nucleus is decisively involved in down
regulation of harmful mechanical and heat-inducing reactions
(30). These reports concerning an increase in cerebral BDNF
in CCI and the increase in serum BDNF in CCI in this study
were consistent, suggesting that an NYT-induced decrease in the
BDNF level is a part of the mechanism of the analgesic effect.
On the other hand, the mechanism in the CCI model is analyzed
mainly in the spinal cord and BDNF expression in the spinal cord
is very important. However, the correlation between spinal cord
BDNF and serum BDNF is unclear and investigation of BDNF
expression in the spinal cord and upstream factors is necessary to
more closely analyze the mechanism.

When the serum corticosterone level was measured in rats
influenced by chronic pain, it was lower than that in normal
rats. It has been reported that in an SD rat continuous
stress model, a significant increase was observed on day 1,
the level gradually decreased from day 2, and no significant
difference from the level in the control was noted on day 5
(31), suggesting that the corticosterone level rises in response
to acute stress, but responsiveness to stress worsens through
subsequently becoming chronic. Our study demonstrated that
NYT elevated the corticosterone level. In a study on the levels
of the ingredients of NYT, intraperitoneal administration of
Ginseng saponin significantly increased plasma corticosterone
in normal rats, but Ginsenoside Rg1 decreased an increased
serum corticosterone level in a depression model in another
study (useful for behavior of depression). Based on the ingredient
levels, NYT may influence the blood corticosterone level in the
normal body, but considering the results of the depression model
described above and our model, it is also likely to return an
increased/decreased serum corticosterone to the normal state. In
addition, NYT and a component crude drug, onji (polygala root),
has an antidepressant effect (32, 33). Chenpi (Citrus Unshiu Peel)
has been demonstrated to exhibit an effect on serotonin in the

nervous system (34). Our study suggested that normalization
of responsiveness to stress leads to the analgesic effect. Stress
responsiveness and the mechanism of pain relief are interesting
and remain as issues in the future.

Multiple mechanisms resulting from sciatic nerve injury
have demonstrated that demyelination, ectopic discharge,
and macrophage infiltration are closely associated with the
development of neuropathic pain behaviors (35, 36). Myelinated
A fibers at the distal CCI stumps of the sciatic nerve
undergoing nerve demyelination increase ectopic discharge,
which is regarded as an injury-induced electrophysiological
characteristic (37, 38). On the other hand, a crude drug
composing NYT, Citrus Unshiu Peel, has been reported to
influence demyelination in the mouse brain (39), suggesting
that NYT relives pain only through myelination. In the
future, We want to investigate the mechanisms of these.
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Introduction: Frail patients are susceptible to a large number of diseases, and frailty

particularly is known to develop after acute illness. No conventional drugs are known to

prevent such exacerbation after acute illness. However, traditional Japanese medicine,

Kampo, is thought to confer efficacious energy and nutritional supplements and serve to

improve malaise after acute illness. Ninjin’yoeito is a representative Kampo medicine for

such situation.

Cases: We describe three frail patients hospitalized for acute illness who started taking

ninjin’yoeito at the time of discharge.

Case 1: An 87-year-old man admitted with acute prostatitis complicated by

hypertension and chronic obstructive pulmonary disease (COPD). His 36-Item Short

Form Health Survey (SF-36) score, which is representative of total quality of life and

comprises eight components, showed consistent improvements after 4 and 12 weeks of

ninjin’yoeito administration, especially for body pain (BP; scores from 41 to 51 and 100,

respectively), social function (SF; 50, 100, 100), and mental health (MH; 75, 75, 90).

Case 2: A 65-year-old man admitted with urinary tract infection complicated by primary

sclerosing cholangitis and COPD. All SF-36 component scores showed improvement

12 weeks later: physical function (PF; 70–95), role physical (RP; 75–100), BP (72–84),

general health (GH; 45–52), vitality (VT; 37.5–75), SF 75–100, role emotional (RE;

75–100), and MH (70–90).

Case 3: An 80-year-old man admitted for pneumonia complicated with hypertension.

SF-36 score was improved 4 weeks later for RP (68.8–100), BP (52–61), GH (52–72), VT

(43.8–62.5), SF (37.5–100), and RE (58.3–91.7).

Conclusion: Patients with frailty often have a worsened SF-36 score after discharge

following acute illness, but the score may be improved by taking ninjin’yoeito.

Keywords: ninjin’yoeito, quality of life, acute illness, frailty, hospitalization
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Kashima Case Report: Ninjin’yoeito Improve Acute Patient’s Frailty

INTRODUCTION

Frailty has been attracting increasing attention in today’s aging
society. It is associated with a need for nursing care, and
preventing exacerbation of frailty is crucial. Frail patients are
known to be susceptible to a large number of diseases, and
frailty particularly is known to develop after acute illness (1, 2).
No conventional drugs are known to prevent exacerbation of
frailty after acute illness. Currently, only basic interventions such
as nutrition therapy and rehabilitation are available to prevent
exacerbation of frailty. Traditional Japanese medicine, known as
Kampo, is thought to be efficacious as supplements for qi and the
blood; qi can be considered to mean vital energy or life energy,
and the blood the substance that supplies nutrition. Frailty is
considered a state of deficiency of both qi and the blood. The
experience of severe disease or trauma exhausts the qi and the
blood, leading to frailty.

Drugs that have the effect of supplementing qi and the blood
have been used traditionally to prevent or improve the medical
condition known as frailty. Ninjin’yoeito, which consists of 12
types of crude drugs and whose basic composition was first
described in the thirteenth century, is representative of Kampo
medicines and is a supplement for qi and the blood. Some studies
have shown that ninjin’yoeito can be effective in improving
some frail conditions (3–5). Currently, the Japanese national
medical insurance system has approved Kracie ninjin’yoeito
extract granules (Kampo Research Laboratory, Kracie Pharma
Ltd., Takaoka, Japan) for its efficacy in improving strength
after illness. However, few scientific studies have demonstrated
this efficacy.

Decreased strength is a part of frailty, yet it is difficult to
measure. Attempts have been made to measure it using various
indicators, such as quality of life (QOL), nutrition, and muscle
strength. The 36-Item Short Form Health Survey (SF-36) is a
36-item, patient-reported survey of patient health. The SF-36
is a measure of health status, and an abbreviated variant of
it and one of several established scoring systems for health-
related QOL and its reliability and validity have been confirmed.
The instrument consists of eight components: physical function
(PF), role physical (RP), body pain (BP), general health (GH),
vitality (VT), social function (SF), role emotion (RE), and mental
health (MH), which are the weighted sums of the questions
in their section. Each scale is directly transformed into a 0–
100 scale on the assumption that each question carries equal
weight. The lower the scoremeans themore disability. The higher
the score means the less disability (6–8). Thigh circumference
is related to whole body muscle mass and activities of daily
living in the elderly (9). Grip strength is known to correlate
with overall muscle strength and with mortality (10). Serum
albumin level and the Prognostic Nutritional Index [PNI; serum
albumin level (mg/dl× 10 + peripheral lymphocyte counts/mm3)
× 0.005] are known to correlate with nutritional status
and prognosis (11–13).

This report describes three frail patients for whom
supplementation with Kracie ninjin’yoeito improved frailty
after acute illness, as evaluated using the SF-36, grip strength,
serum albumin level, and PNI. The patients were provided

with sufficient information and consent regarding the study
in writing.

CASES

The three patients met the criteria for frailty of elderly age, low
grip strength (dominant hand grip strength <26 kg in men and
<18 kg in women), and low activity (no light exercise once a
week) (14).

Case 1
An 87-year-old man was admitted to our hospital for acute
prostatitis. He was treated with antibiotics and hospitalized
for 8 days. His condition was complicated by comorbid
hypertension, chronic obstructive pulmonary disease (COPD),
and mild dementia.

His body length was 168 cm, and at the time of discharge,
his body weight was 53.4 kg, body mass index (BMI) was 18.9,
serum albumin level was 2.9 g/dl, and PNI was 38.34. He
was started on Kracie ninjin’yoeito 7.5 g/day from the day of
discharge. Grip strength, femoral circumference, SF-36 score,
serum albumin level, and PNI were evaluated at discharge and
4 and 12 weeks later. Body weight increased to 51.8 kg at 4 weeks
and 52.6 kg at 12 weeks after discharge. As shown in Table 2,
grip strength in his dominant right hand increased from 24 kg
at discharge to 24.5 kg at 4 weeks after discharge and 27 kg at
12 weeks after discharge. Right thigh circumference increased
from 35 cm at discharge to 36 cm and then 38 cm at 4 and 12
weeks, respectively. SF-36 scores at discharge and after 4 and 12
weeks are shown in Table 1: PF 65.0, 75.0, and 50.0; RP 68.8,
68.8, and 56.3; BP 41.0, 51.0, and 100; GH 67.0, 77.0, and 62.0;
VT 87.5, 87.5, and 81.3; SF 50.0, 100.0, and 100.0; RE 58.3, 66.7,
and 58.3; and MH 75.0, 75.0, and 90.0. Serum albumin level
was 4.0 g/dl at both 4 and 12 weeks, and PNI was 49.98 and
50.16, respectively.

Case 2
A 65-year-old man was admitted to our hospital for urinary tract
infection. He was treated with antibiotics and hospitalized for
7 days. His condition was complicated by primary sclerosing
cholangitis, COPD, and diabetes mellitus.

His body length was 173.4 cm, body weight was 47.8 kg, BMI
was 15.9, serum albumin level was 3.0 g/dl, and PNI was 34.94
at discharge. He was started on Kracie ninjin’yoeito 7.5 g/day
from the day of discharge. Grip strength, femoral circumference,
SF-36 score, serum albumin level, and PNI were evaluated at
discharge and 12 weeks later. Body weight increased to 50.0 kg
at 12 weeks after discharge. As shown in Table 2, grip strength
in his dominant right hand improved from 28 kg at discharge to
31 kg at 12 weeks. Right thigh circumference increased from 27
to 33 cm. SF-36 scores at discharge and 12 weeks are shown in
Table 1: PF 70.0 and 95.0; RP 75.0 and 100.0, BP 72.0 and 84.0,
GH 45.0 and 52.0, VT 37.5 and 75.0, SF 75.0 and 100.0, RE 75.0
and 100.0, and MH 70.0 and 90.0. Serum albumin level was 3.6
g/dl, and PNI was 40.94 at 12 weeks after discharge.
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TABLE 1 | 36-item Short Form Health Survey component scores in 3 frail elderly

patients who received ninjin’yoeito from the time of discharge after acute illness.

Case Discharge 4 weeks 12 weeks

PF 1 65 75 50

2 70 – 95

3 70 40 –

Average 68.3 57.5 72.5

RP 1 68.8 68.8 56.3

2 75 – 100

3 68.8 100 –

Average 70.9 84.4 78.2

BP 1 41 51 100

2 72 – 84

3 52 61 –

Average 55 56 92

GH 1 67 77 62

2 45 – 52

3 52 72 –

Average 54.7 74.5 57

VT 1 87.5 87.5 81.3

2 37.5 – 75

3 43.8 62.5 –

Average 56.3 75 78.2

SF 1 50 100 100

2 75 – 100

3 37.5 100 –

Average 54.2 100 100

RE 1 58.3 66.7 58.3

2 75 – 100

3 58.3 91.7 –

Average 63.9 79.2 79.2

MH 1 75 75 100

2 70 – 90

3 95 85 –

Average 80 80 95

PF, physical function; RP, role physical; BP, body pain; GH, general health; VT, vitality SF,

social function; RE, role emotion; MH, mental health.

Case 3
An 80-year-old man was admitted to our hospital for
community-acquired pneumonia. He was treated with antibiotics
and hospitalized for 8 days. His condition was complicated by
diabetes mellitus and hypertension.

His body length was 158 cm, body weight was 63.7 kg, BMI
was 25.5, serum albumin level was 2.6 g/dl, and PNI was
32.8 at discharge. He was started on Kracie ninjin’yoeito 7.5
g/day from the day of discharge. His grip strength, femoral
circumference, SF-36 score, serum albumin level, and PNI were
evaluated at discharge and 4 weeks later. Body weight increased
to 65 kg at 4 weeks after discharge. As shown in Table 2,
grip strength in his dominant right hand increased from 17 kg
at discharge to 20 kg at 4 weeks after discharge. Right thigh
circumference increased from 44 cm at discharge to 45.7 cm

at 4 weeks after discharge. Corresponding SF-36 scores are
shown in Table 1: PF 70.0 and 40.0, RP 68.8 and 100.0, BP
52.0 and 61.0, GH 52.0 and 72.0, VT 43.8 and 62.5, SF 37.5
and 100.0, RE 58.3 and 91.7, and MH 95.0 and 85.0. Serum
albumin level was 4.3 g/dl, and PNI was 54.95 at 4 weeks
after discharge.

Overall, the average changes in the component SF-36 scores
from discharge in these three cases were as follows: PF
−10.00 at 4 weeks and +5.00 at 12 weeks after discharge,
RP +15.60 and +6.25, BP +9.50 and +35.5, GH +15.00
and +1.00, VT +9.35 and +15.65, SF +56.25 and 37.50, RE
+20.90 and +12.50, and MH −5.00 and +22.50 (Figure 1) (1,
2).

The average change in grip strength at discharge was+1.75 kg
at 4 weeks and +3 kg at 12 weeks after discharge. The
corresponding change in femoral circumference was +1.35 and
4.5 cm, in serum albumin level was+1.4 and+0.85 mg/dl, and in
PNI was+16.89 and+8.88 (Figure 2) (1, 2).

DISCUSSION

This report has described our experience treating three frail
patients with ninjin’yoeito after being discharged after acute
illness and the beneficial effects it showed. We also have
experience with five other frail patients (age, 66–90 years) who
were discharged with acute illness who were not placed on
ninjin’yoeito and were followed up for measurements of SF-
36 score, grip strength, serum albumin, and PNI at discharge
and for prognostic indices on an outpatient basis. The average
change in SF-36 scores for these five patients from discharge
to 4 and 12 weeks after discharge, respectively, were as follows:
−13.75 and +5.00 for PF, −4.7 and +18.75 for RP, −29.25 and
−8.75 for BP, −20.5 and −9.5 for GH, +4.67 and +14.05 for
VT, −12.50 and −12.50 for SF, −41.70 and −8.32 for RE, and
+1.25 and +10.00 for MH (Figure 1) (1, 2). The average grip
strength was 13.30 kg at discharge, with the average change in
grip strength +2.50 kg at 4 weeks and +2.16 kg at 12 weeks.
The corresponding average change in femoral circumference was
−0.70 and −0.43 cm, in serum albumin level from discharge
was +0.70 and +0.82 mg/dl, and the average change in PNI
was +9.07 and +12.51 (Figure 2) (1, 2). Comparing all three
patients who received ninjin’yoeito treatment with the five
patients who did not receive it showed that the SF-36 scores
for GH, BP, SF, and RE seem to have improved markedly, and
scores for RP and MH showed a slight improvement in the
three patients who received ninjin’yoeito. Scores for PF and
VT were almost the same in the two groups. MH, SF, and
RE reflect psychosocial status. Pain is known to be related to
psychological factors. Therefore, BP may have improved due
to the psychological effect of ninjin’yoeito. In both groups, PH
tended to decline after discharge (Figure 1) (1, 2). It is, however,
possible that their scores at discharge were higher than their
actual scores because baseline scores were measured during
hospitalization, when exercise was restricted compared with daily
life, and it was not possible to accurately define their level of
activity. Also, activity may have decreased due to progression
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TABLE 2 | PNI in our 3 elderly patients taking ninjin’yoeito after discharge.

Case 1 Case 2 Case 3 Average Percent average change

Body mass index 18.9 15.9 25.5 20.1 –

Grip strength (kg) Discharge 24 28 17 23.0 –

4 weeks 24.5 – 20 22.3 +9.86%

12 weeks 27 31 – 29.0 +11.60%

Femoral circumference(cm) Discharge 35 27 44 –

4 weeks 36 – 45.7 +3.35%

12 weeks 38 33 – +15.39%

Serum albumin (mg/dL) Discharge 2.9 3.0 2.6 –

4 weeks 4.0 – 4.3 +51.65%

12 weeks 4.0 3.6 – +38.97%

PNI Discharge 38.34 34.94 32.8 –

4 weeks 49.98 – 54.95 +48.94%

12 weeks 50.16 40.94 – +23.99%

Grip strength: measured in dominant hand.

Femoral circumference: measured in the leg of the dominant hand side.

PNI: Prognostic Nutritional Index; serum albumin level (mg/dL) × 10+ peripheral lymphocyte counts (/mm3 ) × 0.005.

FIGURE 1 | Average transition of SF36 with and without ninjin’yoeito. PF, RP, BP, GH, VT, SF, RE, MH: average value of SF-36 of three people who received

ninjin’yoeito. RF’, RP’, BP’, GH’, VT’, SF’, RE’, and MH’: average value of SF-36 of five people who did not receive ninjin’yoeito.

of underlying disease. Hochuekkito is a representative Kampo
supplement for qi and is reported to improve SF-36 score
(15). Ninjin’yoeito contains crude drugs such as Astragali
radix, Ginseng, Atractylodis rhizome, and licorice, which are
also components of hochuekkito and are thought to be qi
supplements, so it is expected that SF-36 can be improved with
ninjin’yoeito. Traditionally, ninjin’yoeito is considered to have an
effect on the heart, which is the center of mental function that is

addressed in Kampo medicine and is thought to be more likely to
produce a mental effect.

Cases 1 and 2 have COPD. Hochuekkito is reported to
improve total CAT (COPD assessment test) score and dyspnea,
fatigue in COPD patients (16). As mentioned above, because
ninjin’yoeito contains similar herbs to hochuekkito, ninjin’yoeito
may improve dyspnea and fatigue as well. This may have
contributed to the improvement of SF-36, especially VT in Cases
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FIGURE 2 | Average change from discharge of each index with and without ninjin’yoeito. GS, Grip strength; kg; TC, Thigh circumference: cm; SA, Serum albumin;

mg/dl; PNI, Prognostic Nutritional Index are the average change from discharge of the three patients who received ninjin’yoeito. GS’, Grip strength; TC’, Thigh

circumference; SA’, Serum albumin; PNI’, Prognostic Nutritional Index are the average change from discharge of five patients who did not received ninjin’yoeito.

1 and 2. In addition, ninjin’yoeito is a Kampo supplement for not
only qi but also the blood. Ninjin’yoeito may contribute to the
improvement of nutritional status in COPD patients

In terms of grip strength, there was no significant change
between the group treated with ninjin’yoeito and the group that
was not treated with it. However, half of those not treated with
ninjin’yoeito showed no change, whereas all the three subjects
in the ninjin’yoeito-treated group showed improvement in grip
strength. A previous randomized controlled trial reported an oral
ninjin’yoeito administration group also showed improved grip
strength (Figure 2) (1, 2, 5).

Regarding serum albumin and PNI, no significant difference
was observed between the group that received ninjin’yoeito
and the group that did not. However, Case 2 was complicated
with primary sclerosing cholangitis. It might be possible that
the poor improvement in serum albumin after 12 weeks was
due to reduced albumin production capacity. PNI showed an
improvement rate similar to that of albumin in both groups
(Figure 2) (1, 2).

There are some limitations of this open-label pilot case report.
First, the placebo effect was not taken into account especially
in terms of the psychological effect because this was not a
placebo-controlled trial. Second, this was not a randomized
controlled trial, so the conditions of the two groups, in terms of
treatment with ninjin’yoeito, were not the same. Thus, no test for
significant difference could be applied for comparison between
the two groups. Large randomized controlled trials are needed.
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Ninjin’yoeito, a Kampo prescription, was administered to two patients with idiopathic

pulmonary fibrosis (IPF) over a period of 12 weeks to improve loss of appetite

and lassitude. In Case 1, improvements were observed in appetite, lassitude, and

breathlessness, as well as increases or increasing tendencies in body weight, blood

albumin level, and hemoglobin (Hb) level. Case 2 showed no changes in appetite but

improvements in lassitude and no deterioration of breathlessness. His body weight and

his blood albumin and Hb levels increased or showed increasing trends. In both cases, a

trend for improvement of respiratory function was observed. In summary, ninjin’yoeito

trended to improve the subjective symptoms and nutritional status of a patient with

pulmonary fibrosis.

Keywords: idiopathic pulmonary fibrosis, loss of appetite, malaise, ninjin’yoeito, Kampo medicine

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive disease in which advanced
fibrogenesis results in irreversible honeycomb lungs. Antifibrotic agents can be used to treat IPF
but the efficacy is limited. The mean lifespan after diagnosis of IPF is 3–5 years; and the mean
lifespan after exacerbation of IPF is 2 months or less. IPF is associated with a very high mortality
rate (1). Accompanying the progression of restrictive ventilatory defect, the IPF patient may
complain of subjective symptoms, such as, exertional dyspnea, dry cough, weight loss, malaise,
and/or fatigability. Since these symptoms significantly reduce patients’ quality of life, we decided
to administer ninjin’yoeito as an available medicine for malaise under universal health coverage
in Japan. This report describes the administration of ninjin’yoeito to 2 IPF patients who had
experienced loss of appetite and malaise, and a clear therapeutic response was observed.

CASE REPORT

Case 1 was a 59-year-old male with a history of rhabodomyolysis. The patient was referred to our
hospital because of gradually progressive dyspnea on exertion. His height was 155.5 cm, the body
weight was 51.8 kg and the percentage of oxygen saturation (SpO2) was 95%. His respiratory test
results are shown in Table 1. Chest computed tomography (CT) demonstrated subpleural fibrotic
opacities with traction bronchiectasis in the upper and lower lung fields. Hewas clinically diagnosed
as IPF with pleuroparenchymal fibroelastosis-like lesions based on the guidelines (2) (Figure 1). He
was treated with nintedanib ethanesulfonate and 7.5 g (divided into two doses) of ninjin’yoeito. The
appetite score [Simplified Nutritional Appetite Questionnaire, SNAQ (3, 4)] showed improvement,
increasing from 15 before administration to 16 after both 4 and 12 weeks of administration (SNAQ
consists of four items related to appetite. All questions are scored from 1 to 5 points, with a total
score ranging from 4 to 20 points. The lower the score, the poorer the appetite). Similarly, the
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TABLE 1 | The results of pulmonary function tests and biomarkers before and

after ninjin’yoeito treatment in Case 1.

Before After 12 weeks of

administration administration

Vital capacity (VC) (L) 2.18 2.45

%Vital capacity (%VC) 63.2 72.5

Forced vital capacity (FVC) (L) 2.14 2.42

Forced expiratory volume 1.0

(FEV1) (L)

1.86 2.02

Forced expiratory volume

1.0% (FEV1%)

86.9 83.5

KL-6 (U/ml) 499 481

LDH (IU/L) 162 181

lassitude score [Chalder Fatigue Scale, CFS (5, 6)] improved
from six before administration to four after 4 and 12 weeks
of administration (CFS consists of 11 items related to physical
and mental fatigue. All questions are scored from 0 to 3
points, with a total score from 0 to 33 points. The higher
the score, the stronger the fatigue). The breathlessness score
[Modified Medical Research Council dyspnea scale, mMRC (7)]
also improved from two before administration to one after
both 4 and 12 weeks of administration (mMRC scale uses a 5-
grade scale, with Grade 0 representing almost no breathlessness
and Grade 4 representing severely impaired activities of daily
living due to breathlessness. The higher the grade, the stronger
the breathlessness). Body weight increased from 51.8 kg before
administration to 54.5 and 55.2 kg after 4 and 12 weeks of
administration, respectively. The blood albumin level increased
from 3.6 g/dL before administration to 4.5 g/dL after both 4
and 12 weeks of administration, and the Hb level showed an
increasing trend, changing from 14.9 g/dL before administration
to 15.6 and 15.4 g/dL after 4 and 12 weeks of administration,
respectively. The CONUT scores were zero before and 12 weeks
after ninjin’yoeito administration. A trend for improvement was
also observed with respect to respiratory function test results.
Serum KL-6 decreased from 499 to 481 U/ml. LDH increased
from 162 to 181 IU/L (Table 1). There was no occurrence
of transaminitis during the treatment. He had an increase in
walking distance from 383 to 440m in a 6-min walk test (6MWT)
12 weeks after administration. The value of the lowest SpO2
at 6MWT remained unchanged at ∼90% for 12 weeks. The
CT finding did not show significant changes before and after
treatment with ninjin’yoeito.

Case 2, a 59-year-old male was referred to our hospital for
respiratory failure and was clinically diagnosed as IPF based on
the guidelines [Raghu et al. (2)] (Figure 2).

His height was 167.5 cm, the body weight was 50.2 kg and
the SpO2 was 90%. His respiratory test results are shown in
Table 2. He was treated with nintedanib ethanesulfonate and
7.5 g (divided into 2 daily doses) of ninjin’yoeito. CFS decreased
from 27 before administration to 16 and 24 after 4 and 12
weeks of administration, respectively, showing improvement.
The mMRC scale was three before administration and 2 and

FIGURE 1 | Chest radiograph and CT scans of Case 1 showing elevation of

bilateral hilar opacities and subpleural reticular opacities in the bilateral lung

fields.

FIGURE 2 | Chest radiograph and CT scans of Case 2 showing reticular

opacities, traction bronchiectasis, and some ground-glass attenuation in the

bilateral lung fields.

3 after 4 and 12 weeks of administration, respectively, showing
no deterioration. The SNAQ score was 14 before administration
and after 4 and 12 weeks of administration, showing no change.
Body weight increased from 50.2 kg before administration to 50.4
and 51.9 kg after 4 and 12 weeks of administration, respectively.
The blood albumin level was 4.1 g/dL before administration
to 4.1 and 4.3 g/dL after 4 and 12 weeks of administration,
respectively, showing an increasing trend. The Hb level increased
from 12.8 g/dL before administration to 13.7 and 14.3 g/dL after
4 and 12 weeks of administration, respectively. The CONUT
score could not be measured because the serum cholesterol
levels were not measured. The levels of albumin and lymphocyte
counts were normal throughout the treatment period. A trend
for improvement was also observed with respect to respiratory
function. Serum KL-6 decreased slightly from 496 to 492 U/ml.
LDH decreased from 201 to 196 IU/L (Table 2). There was no
occurrence of transaminitis during the treatment. A 6MWT after
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TABLE 2 | The results of pulmonary function tests and biomarkers before and

after ninjin’yoeito treatment in Case 2.

Before After 12 weeks of

administration administration

Vital capacity (VC) (L) 1.65 1.90

%Vital capacity (%VC) 42.3 48.7

Forced vital capacity (FVC) (L) 1.62 1.83

Forced expiratory volume 1.0

(FEV1) (L)

1.19 1.43

Forced expiratory volume 1.0%

(FEV1%)

73.5 78.1

KL-6 (U/ml) 496 492

LDH (IU/L) 201 196

14 weeks of administration showed improvement in the lowest
SpO2 (from 87 to 91%) while the walking distance decreased
from 360 to 300m. The CT finding did not show significant
changes before and after treatment with ninjin’yoeito.

DISCUSSION

Ninjin’yoeito was administered to patients with IPF in this study.
The treatment improved subjective symptoms such as, loss of
appetite, malaise, and breathlessness, as well as scores related to
nutritional status, including body weight and blood albumin and
Hb levels. In a basic pharmacological study using a bleomycin-
induced pulmonary fibrosis model, ninjin’yoeito was reported
to have suppressed decreases in food intake and body weight,
atrophy of the gastrocnemius, and expression of inflammatory
cytokines in the lungs (8). Regarding the mechanism by which
it improves loss of appetite, activation of ghrelin-responsive, and
unresponsive neuropeptide Y neurons in the arcuate nucleus of
the hypothalamus (9) and actions mediated by dopamine D2

receptors (10) have been reported.
Ninjin’yoeito was administered to the two patients described

herein to improve subjective symptoms, such as, loss of appetite
and malaise. In addition to these improvements, trends for
improvement were also observed with respect to respiratory
function after 12 weeks of administration. Ninjin’yoeito is
a Kampo prescription consisting of 12 crude drugs. Unlike

hochuekkito and juzentaihoto, which are Kampo prescriptions
that are similarly used to improve lassitude and malaise,
ninjin’yoeito contains schisandra fruit, polygala root, and citrus
unshiu peel, which all act on the respiratory system. A component
of schisandra fruit, α-cubebenoate, has been reported to suppress
accumulation of eosinophils, macrophages, and lymphocytes
in the pulmonary alveoli in a bronchial asthma model and
inhibited Th2 cytokine and TGF-β1 in pulmonary tissue (11).
In a pneumonitis model, ninjin’yoeito was shown to suppress
lung injury and death as well as production of nitric oxide in
the serum (12). Pirfenidone is a therapeutic agent for IPF and
has been shown to have an antifibrotic action in models of
pulmonary fibrosis and hepatic cirrhosis (13, 14). Similarly, in a
hepatic fibrogenesis model, ninjin’yoeito was found to suppress
increases in the hepatic levels of hydroxyproline, which is an
index of total collagen, as well as the production of cytokines
that induce fibrogenesis (TGF-β1 and IL-13) (15). Investigation
of additional cases will help to clarify the effect of ninjin’yoeito for
the treatment of respiratory diseases. We believe that our study
makes a significant contribution to the literature because the
findings showed that NYT can improve fatigue and contribute
to maintaining quality of life in IP patients.
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