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The interest expressed by both patients and physicians in
integrating logical options from multiple perspectives continues to grow. Even in the most pharmaceutically oriented
cultures, patients and physicians recognize that there may
be much to learn from the world’s many healing traditions.
In fact, in Japan, 90% of conventional physicians practice a
very unique model that integrates traditional medicine and
modern biomedicine. To better understand the scope and
the perspectives of this integration, this special issue features
several examples on how to apply Kampo medicine in the
context of modern biomedicine.
Y.-C. P. Arai et al. showed the effect of the Kampo
prescription kamishoyosan, which is most often used for
the treatment of menopausal syndrome, on pain conditions
in patients with intractable persistent dentoalveolar pain
(PDAP) disorder. In this devastating condition, no effective conventional treatment has yet been established. However, these authors report that kamishoyosan significantly
improved the pain intensity in 14 out of 15 PDAP patients.
S. Uehara et al. emphasized the effect of oral administration of ninjinto on pediatric chronic intestinal failure which
is very difficult to treat by conventional biomedicine. The targeted symptoms were abdominal distension in four patients,
diarrhea in three patients, and frequent hospitalization due
to infections in two patients. Six out of 7 patients showed
an improvement of symptoms. In all four patients with
remarkably dilated bowel loops due to chronic intestinal

pseudo-obstruction, treatment with ninjinto resulted in significant improvement in abdominal X-ray findings.
H. Yasunaga analyzed the reoperation rate after burr-hole
surgery for chronic subdural hematoma (CSDH). He analyzed 36,020 patients with CSDH from the national Japanese
inpatient database. Among them, 3,889 took the Kampo
medicine goreisan. Propensity-matched analysis revealed that
goreisan use was significantly associated with a lower reoperation rate (4.8%) compared with nonuse (6.2%) and suggested that goreisan use reduced the need for reoperation after
burr-hole surgery for CSDH. This result is very important in
terms of the reduction of medical costs, since many developed
countries are facing an increase of medical costs in aged
society.
K. Sekiguchi et al. contributed to revealing the mechanisms of action of Kampo medicine in a basic research
model. Dermatitis was induced in rat ears by intradermal
injection of the bacteria P. acnes. A representative Kampo
formula for dermatitis, jumihaidokuto, was administered
orally and compared to the potent anti-inflammatory agent
prednisolone (PDN). The authors showed that both JHT
and PDN suppressed the extent of dermatitis in this model;
however, the mechanism of action was different. Histological
examinations revealed that JHT, but not PDN, promoted
macrophage accumulation. PDN suppressed the macrophage
chemokine MCP-1 while JHT did not affect it. The result supports the clinical belief that Kampo medicines can positively
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and selectively modulate the host immune system function,
while PDN broadly suppresses the host immune system.
One of the unique traditional characteristics in Kampo
is the “five viscera” system. T. Tomura et al. developed
a five viscera score (FVS) and investigated the validity of
this FVS using biological medical data of 50 middle-aged
and elderly individuals. The authors concluded that gender,
diastolic blood pressure, and HDL-C are related to the liver
subscore of the FVS; blood tests for glucose, SGOT, and GGT
are related to the spleen subscore; age, BMI, and HSCRP
are related to the lung subscore; and HbA1c and creatinine
clearance are related to the kidney subscore. This article tries
to explain and elucidate the traditional viscera system by
modern biomedical markers.
We hope that this wide scope of articles will inspire the
readers to consider further the potential benefits from the
collaboration of Eastern traditional medicine and Western
biomedicine.
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Purpose. Macrophages serve as sweepers of microbes and inflammation-derived wastes and regulators of inflammation. Some
traditional Japanese medicines are reported to have adjuvant effects by modifying macrophages. Our aim was to characterize the
actions of jumihaidokuto (JHT) for treatment of skin inflammations including acne vulgaris, in which Propionibacterium acnes has
pathogenic roles. Methods. Dermatitis was induced in rat ears by intradermal injection of P. acnes. JHT or prednisolone (PDN) was
given orally, and ear thickness and histology were evaluated. The effects of constituents and metabolites of JHT on monocytes
were tested by cell-based assays using the human monocytic THP-1 cell. Results. JHT and PDN suppressed the ear thickness
induced by P. acnes injection. Histological examinations revealed that JHT, but not PDN, promoted macrophage accumulation
at 24 h after the injection. PDN suppressed the macrophage chemokine MCP-1 in the inflamed ears, while JHT did not affect it.
The JHT constituents liquiritigenin and isoliquiritin increased expression of CD86 (type-1 macrophage marker) and CD192 (MCP-1
receptor) and enhanced phagocytosis by THP-1. Conclusions. JHT suppressed dermatitis, probably by enhancing type-1 macrophage
functions, with an action different from PDN. JHT may be a beneficial drug in treatment of skin inflammation induced by P. acnes.

1. Introduction
Inflammation is the living body’s response to both exogenous
and endogenous stimuli in order to exclude harmful stimuli
and promote repair of injured tissue. The inflammatory spiral
has recently been studied in order to understand the pattern recognition receptors and damage-associated molecular
patterns involved in sterile inflammation [1, 2]. Neutrophils
have high ability to kill foreign microbes but are remarkably
short-lived and die at sites of inflammation. Excessive release
of reactive oxygen species, reactive nitrogen species, and
proteases from dead neutrophils can damage surrounding
healthy cells and lead to formation of abscesses and pustules
[3, 4]. Macrophages help regulate sterile inflammation. The
targets of phagocytosis by macrophages are not only microbes

but also inflammation-derived wastes, including dead neutrophils. Type-1 macrophages expressing CD86 are highly
phagocytic and play critical roles in infections and cancers
to protect the host [4, 5]. Type-2 macrophages directly
and indirectly attenuate the inflammatory spiral, followed
by promotion of wound healing [6]. Thus, activation of
macrophages is critical in sterile inflammation, the inflammatory response to cell and tissue damage, and the shift from
acute to chronic inflammation.
Jumihaidokuto (JHT), a pharmaceutical-grade traditional Japanese medicine (Kampo), has been used widely
for treatment of skin symptoms such as reddening, swelling,
sharp pain, and a sense of burning, as well as skin diseases
including acute and/or purulent skin diseases, urticaria,
eczema, and athlete’s foot. It is reported that JHT is effective
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in patients with inflammatory acne [7]. Nose et al. found
that JHT inhibited hapten-induced inflammation in a mouse
model of allergic dermatitis [8]. Akamatsu et al. demonstrated adjuvant effects of JHT in cell-based assays using
human neutrophils and reported that JHT increased cell
chemotaxis, phagocytosis, and the intracellular concentration of calcium in neutrophils [9]. However, how JHT exerts
its pharmacological effects in vivo and which constituents of
JHT are active in its efficacy still remain to be unknown.
Some Kampo medicines exert adjuvant effects through
modification of macrophages [10–12]. Therefore, we hypothesized that JHT may exhibit anti-inflammatory functions by
modifying the association between neutrophils and macrophages. In this study, we utilized a rat model of acute dermatitis induced by intradermal injection of Propionibacterium
acnes, a Gram-positive anaerobic microbe, considering that
JHT is prescribed clinically for treatment of a variety of acute
and/or purulent skin diseases and is effective in acne patients
[7]. We first examined whether JHT attenuated inflammation
in P. acnes-induced dermatitis, in which both neutrophils
and macrophages are involved in the pathological process.
We also identified the active compounds of JHT constituents
and metabolites reported to be absorbed into the systemic
circulation. The results of our study suggested JHT and its
constituents and metabolites modified the P. acnes-induced
dermatitis by augmenting macrophage functions.

2. Materials and Methods
2.1. JHT and Test Compounds. JHT was supplied by Tsumura
& Co. (Tokyo, Japan) in the form of a powdered extract. It
was obtained by spray-drying a hot water extract mixture of
the following ten crude components in the ratios provided
in parentheses: Platycodi radix (14.3), Bupleuri radix (14.3),
Cnidii rhizoma (14.3), Poria sclerotium (14.3), Quercus cortex
(14.3), Araliae Cardatae rhizoma (7.1), Saposhnikoviae radix
(7.1), Glycyrrhizae radix (4.8), Schizonepetae spica (4.8), and
Zingiberis rhizoma (4.8).
Four constituents of JHT and two metabolites converted
in a living animal body were selected (see supplementary
Figure S1 in the Supplementary Material available online
at http://dx.doi.org/10.1155/2015/439258). Liquiritin, liquiritigenin, isoliquiritin, and 18𝛽-glycyrrhetinic acid (main metabolite of glycyrrhizin), which are constituent or metabolite of Glycyrrhizae radix, 4-O-methylgallic acid (the main
metabolite of gallic acid), which is found in Quercus cortex,
and cimifugin, which is a constituent of Saposhnikoviae
radix, were supplied to this study. Liquiritin and 4-O-methylgallic acid were purchased from Wako Pure Chemical Industries (Osaka, Japan), and the other four compounds with
purities high enough to be evaluated in biological tests
were obtained from the Kampo Formulations Development
Center, Tsumura & Co. These six compounds are absorbed
through the digestive system and detected in the systemic
circulation of humans and/or rats [13–17].
2.2. Animals. Male Sprague-Dawley rats were purchased
from Japan SLC (Shizuoka, Japan) and used at 7 weeks old.
The animals were allowed free access to water and standard
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laboratory food and housed at a temperature of 23 ± 3∘ C,
relative humidity of 55 ± 20%, and a 12 h light : 12 h dark cycle,
with lights on from 07:00 to 19:00 h daily. All experimental
procedures were performed according to the “Guidelines for
the Care and Use of Laboratory Animals” of Tsumura & Co.
Ethical approval of the experimental procedures was obtained
from the Laboratory Animal Committee of Tsumura & Co.
2.3. P. acnes-Induced Acute Dermatitis and Measurement of
Ear Thickness. The P. acnes strain ATCC6919 was purchased
from Microbiologics Inc. (St. Cloud, MN) and cultured in
GAM broth (Nissui Pharmaceutical Co., Tokyo, Japan) in
an anaerobic atmosphere using a GasPak system (Mitsubishi
Gas Chemical Co., Tokyo, Japan). To prepare the P. acnes
suspension for dermatitis experiments in rat ears, P. acnes was
harvested, washed with phosphate-buffered saline (PBS), and
then centrifuged at 10,000 g for 10 min. After washing twice
with PBS, P. acnes was heat-killed at 95∘ C for 5 min, freezedried, and then stored at −80∘ C until use.
P. acnes-induced dermatitis in rats was induced using
the procedure described by De Young et al. with a minor
modification [18]. Heat-killed P. acnes (0.14 mg in 50 𝜇L
saline) or saline alone was intradermally injected into the
ventral side of both ears using a microsyringe (Hamilton Co.,
Reno, NV) under isoflurane anesthesia. JHT was given orally
to rats at 0.1, 0.5, 1, or 2 g/kg in distilled water, 1 h before,
and 6, 24 h, 2, 3, 4, 5, and 6 d after the bacterial injection.
Prednisolone (PDN) (Shionogi Pharmaceutical Co., Osaka,
Japan) was given orally to rats at a dose of 10 mg/kg in distilled
water. The ear thickness was measured using a dial thickness
gauge micrometer (Ozaki MFG Co., Tokyo, Japan), at 0, 2,
4, 6, 24 h, 2, 3, 4, 5, 6, and 7 d after the bacterial injection.
All data on the increase in ear thickness were expressed as a
percentage of the previous value in each individual rat.
2.4. Histological Evaluation of Inflamed Ears. Some rats were
sacrificed by exsanguination under anesthesia 2, 24 h, and 7 d
after the bacterial injection. The inflamed ears were excised
and immediately fixed with 4% paraformaldehyde at 4∘ C for
histological examinations or frozen in liquid nitrogen for
immunological examinations. For histological observation,
paraffin-embedded ears were cut into 4 𝜇m cross-sections
through ear including the central cartilage. The cross-sections
were stained with hematoxylin and eosin (HE) and then
visualized by a microscope for the evaluation of cell-mediated
inflammatory response. For immunofluorescent (IF) analysis, sections were stained with 1 𝜇g/mL of PE-labeled antimacrophage (clone: HIS36, BD Biosciences, San Diego, CA) and
then mounted using the ProLong Gold Antifade Mountant
with DAPI (Life Technologies, Grand Island, NY). This
antibody reacts with an ED2-like antigen and binds to
tissue macrophages but not monocytes. All images were
taken using Biorevo BZ-9000 fluorescence microscope and
BZ-II software (Keyence, Osaka, Japan). Accumulation of
macrophages in the inflamed ears was evaluated as area of
PE-positive cells per unit area inside or outside the abscess.
2.5. Measurement of Chemokines in Inflamed Ears. The ears
obtained at 2 and 24 h after the injection of bacteria were
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applied to chemokine measurement. In brief, disks of 8.0 mm
diameter were punched out and weighed. Protein extracts
were obtained by homogenization of ear segments in 0.5 mL
of cold PBS supplemented with a cocktail of proteinase
inhibitors (Complete, Roche Applied Science, Indianapolis,
IN), under the manufacturer’s instructions. Samples were
centrifuged at 16,000 g for 5 min at 4∘ C and stored at −80∘ C
until use. MCP-1, CINC-1, and MPO were quantified using
ELISA kits according to the manufacturer’s instructions
(R&D Biosystems, Minneapolis, MN). Total protein was
measured by the Lowry assay (Bio-Rad, Hercules, CA) using
bovine serum albumin as a standard. Cytokine determinations were compensated and indicated as relative amounts.
2.6. Activation-Marker Antigen Assay. Cells of the human
monocytic cell line THP-1 (ATCC, Manassas, VA) were
grown in RPMI 1640 medium supplemented with 10% heatinactivated fetal bovine serum, 2 mmol/L L-glutamine, 100 U/
mL penicillin, 100 𝜇g/mL streptomycin, and 10 mmol/L
HEPES. Cells were seeded in 96-well culture plates at 2 × 104
cells/well and cultured with the test compound (30 𝜇mol/L)
in the presence or absence of 10 ng/mL human IFN-𝛾 (PeproTech, Rocky Hill, NJ). Two days after incubation in a CO2 -gas
incubator, cells were harvested and analyzed for cell-surface
expression of macrophage activation markers. That is, cells
were incubated on ice for 20 min with FITC-labeled antihuman CD86 (clone: 2331, BD Biosciences) or PE-labeled
anti-human CD192 (clone: K036C2, Biolegend, San Diego,
CA), washed, treated for 15 min at 4∘ C with phosphate buffer
containing 4% paraformaldehyde (pH 7.4), and analyzed
using an FACScalibur flow cytometer and CellQuest Pro
software (BD Biosciences). Levels of expression of CD86 and
CD192 were indicated as mean fluorescence intensity (MFI)
subtracted with that of nontreated cells. FITC- or PE-labeled
isotype-matched control antibodies (BD Biosciences) were
used in this study, confirming that the antibodies to CD86
or CD192 showed specific binding.
2.7. Phagocytosis Assay. THP-1 cells were seeded in 96-well
culture plates at 1 × 104 cells/well and precultured for 3 d
in the presence or absence of 10 ng/mL human IFN-𝛾. Test
compounds were added to cultures at 30 𝜇mol/L, and Fluoresbrite Yellow Green (YG) Carboxylate Microspheres
(2.0 𝜇m, Polysciences, Eppelheim, Germany) were added at a
final concentration of 6 × 106 particles/70 𝜇L/well and gently
mixed. Two hours after incubation in 5% CO2 -gas, cells
were harvested, washed, and treated for 15 min at 4∘ C with
phosphate buffer containing 4% paraformaldehyde (pH 7.4).
For measurement of phagocytosis, FITC-positive cells were
determined by an FACScalibur flow cytometer and CellQuest
Pro software. Activity was indicated as frequency of FITCpositive cells and MFI of whole cells.
2.8. Statistical Analysis. All values are expressed as the
mean ± SEM. Statistical significance was evaluated by oneway analysis of variance (ANOVA) or two-way repeated
measures ANOVA, followed by the post hoc Bonferroni’s or

3
Dunnett’s multiple comparisons or unpaired Student’s 𝑡-test.
A probability of less than 0.05 was considered significant.

3. Results
3.1. Antidermatitis Effect of JHT. We first investigated
whether JHT ameliorated P. acnes-induced dermatitis in rat
ears. Body weights of rats treated with JHT (0.1 to 2 g/kg)
were unchanged compared with those of vehicle-given
rats throughout the experiments, and no abnormality was
observed in these groups (data not shown). Rats subjected
to intradermal injection of P. acnes and given orally distilled
water (control) developed rapid ear swelling with cutaneous
erythema. At 2 h after the injection, the ear thickness of
control rats had increased to 190% of that prior to injection,
and the swelling lasted 24 h (Figure 1(a)). Rats treated with
0.5 g/kg JHT exhibited 149% and 143% increases in ear
thickness at 2 and 24 h, respectively, showing an increase
about half of control rats, while 0.1 g/kg JHT was not effective.
PDN completely inhibited the increase of ear thickness. To
examine effects of JHT at higher doses and longer duration,
JHT was given at doses of 0.5, 1, or 2 g/kg and observed until
7 d after the P. acnes injection. As shown in Figure 1(b), doses
of 0.5 to 2 g/kg JHT suppressed the ear swelling due to P. acnes
injection, though the efficacy was not dose-dependent.
3.2. Enhancement of Macrophage Infiltration by JHT. Histological examination of inflamed ears in control rats showed
infiltration of inflammatory cells at 2 h, 24 h, and 7 d, with
evident abscess at 24 h. Representative images at 2 and 24 h
are shown in Figures 2 and 3, respectively. In images of HE
stains showing P. acnes deposition and infiltrated cells at
2 h after P. acnes injection, there was no obvious difference
among three groups of rats given 0.5 g/kg JHT, PDN, and
distilled water (Figure 2). However, in the magnified images,
we observed that more epithelioid macrophages had infiltrated the whole inflamed area at 24 h in rats given JHT
than in PDN or control rats (Figure 3). IF stain using an
anti-rat macrophage antibody showed that macrophages had
accumulated around the abscess at 24 h (Figure 4). The accumulation of macrophages in each group was semiquantified
and is shown in Figure 5. These results revealed that rats given
JHT showed significantly more macrophage accumulation in
the dermatitis induced by P. acnes than control rats. Rats given
PDN showed less macrophage infiltration than rats given
JHT, though the differences were not statistically significant.
We also examined the amounts of MPO, a neutrophil marker,
in the inflamed ears and observed similar increases in
neutrophil infiltration in rats given JHT and control rats
at 2 and 24 h but less infiltration in rats given PDN (data
not shown). These suggested that JHT enhances macrophage
infiltration in P. acnes-induced dermatitis.
To elucidate the mechanisms of the increased macrophage accumulation in rats given JHT, we examined the
macrophage chemokines in inflamed ears. We observed
increases in two chemokines, MCP-1 and CINC-1 (a homolog
to human IL-8), in the inflamed ears at both 2 and 24 h after
P. acnes injection. JHT did not augment the induction, while
PDN suppressed MCP-1 induction at 2 h (Figure 6).
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Figure 1: Suppression of P. acnes-induced dermatitis in rats by jumihaidokuto administration. Dermatitis was induced by intradermal
injection of heat-killed P. acnes bacteria suspended in saline (0.14 mg/50 𝜇L/ear) into the pinna. The thickness of the ears was measured
at 0, 2, 4, 6, and 24 h and 2, 3, 4, 5, 6, and 7 d after the injection. Jumihaidokuto (JHT) suspended in distilled water (DW) was given orally to
rats at doses of 0.1, 0.5, 1, or 2 g/10 mL/kg, at 1 h before 6, 24 h, 2, 3, 4, 5, and 6 d after the injection. Prednisolone (PDN, 10 mg/10 mL/kg) was
used as a reference drug. Data represent the relative ear thickness, which was standardized against the previous values before the injection.
𝑁 = 10 (a) or 6-7 (b). ## 𝑃 < 0.01 versus saline + DW group, ∗,∗∗ 𝑃 < 0.05, 0.01 significant versus P. acne + DW group (two-way repeated
measures ANOVA + Bonferroni test).
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Figure 2: HE staining of pinna 2 h after P. acnes injection. The pinnae were excised at 2 h after the P. acnes injection and evaluated histologically
by hematoxylin and eosin (HE) staining. Representative images are shown for saline + DW ((a) and (b)), P. acnes + DW ((c) and (d)), P. acnes +
0.5 g/kg jumihaidokuto (JHT) ((e) and (f)), and P. acnes + 10 mg/kg prednisolone (PDN) ((g) and (h)). Yellow boxes indicate the sites of each
magnification. Scale bars: 100 𝜇m.
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Figure 3: HE staining of pinna 24 h after P. acnes injection. The pinnae were excised at 24 h after the P. acnes injection and evaluated
histologically by hematoxylin and eosin (HE) staining. Representative images of low-power (upper panels) and high-power (middle and
lower panels) fields in pinna sections are shown for saline + DW ((a), (b), and (c)), P. acnes + DW ((d), (e), and (f)), P. acnes + 0.5 g/kg
jumihaidokuto (JHT) ((g), (h), and (i)), and P. acnes + 10 mg/kg prednisolone (PDN) ((j), (k), and (l)). Yellow boxes indicate the sites of each
magnification, and arrows indicate macrophage-like cells. Scale bars: 100 𝜇m.

3.3. Investigation of JHT-Related Compounds Modulating
Macrophage Functions. The results of the induction of dermatitis in the animal model by P. acnes allowed us speculate
that JHT modulates the biological functions of macrophages,
and we therefore performed cell-based assays using the
human monocyte cell line THP-1. In this study, we examined
six compounds, which were all reported to be quantifiable in
human and/or animal blood. They were 18𝛽-glycyrrhetinic
acid, liquiritin, liquiritigenin, isoliquiritin, 4-O-methylgallic
acid, and cimifugin. We performed blood pharmacokinetics
by MS spectrometry in rats given JHT and confirmed that the
six compounds were detected in the peripheral blood of rats
(data not shown).
We examined the effects of the six compounds on IFN𝛾-stimulated THP-1 cells by measuring a differentiation
marker, CD86, for type-1 macrophages (M1). As shown in
Table 1, liquiritin, isoliquiritin, liquiritigenin, and cimifugin
significantly enhanced CD86 expression in IFN-𝛾-treated
THP-1 cells compared with IFN-𝛾-alone control. They also
enhanced expression of CD192, a receptor of MCP-1, which
was increased in the inflamed skin in P. acnes dermatitis. Finally, we performed phagocytosis assays. THP-1 cells
treated with liquiritin or liquiritigenin in the presence of

IFN-𝛾 exerted higher phagocytic activity than the IFN-𝛾treated alone control (Table 1). These findings suggest that
JHT enhanced differentiation of monocytes towards M1
macrophages, which can be efficiently recruited to inflamed
skin by CD192 and MCP-1.

4. Discussion
To the best of our knowledge, this is the first report showing
that JHT modifies macrophage functions. JHT suppressed
increases in ear thickness induced by intradermal injection
of P. acnes as well as the immunosuppressive agent PDN
did. However, histological examination at 24 h after the P.
acnes injection showed a difference between the two drugs.
Interestingly, JHT had dramatically accelerated migration
of tissue macrophages in the inflamed ears at 24 h, in
contrast to suppression of inflammatory cell infiltration by
PDN. Moreover, JHT enhanced monocyte differentiation
toward M1 and enhanced MCP-1 receptor expression as well
as phagocytic activity. These suggested that JHT activates
macrophages and enhances their recruitment to the skin
with the dermatitis. Considering the inhibitory effect of JHT
on ear thickness at 24 h and thereafter, the enhancement
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Figure 4: Immunofluorescent staining of macrophages 24 h after P. acnes injection. Pinnae sectioned at 4 𝜇m were incubated with a PElabeled anti-rat macrophage subset monoclonal antibody (clone: HIS36) and then mounted with antifade reagent with DAPI. Representative
images merged with DAPI are shown for saline + DW (a), P. acnes + DW ((b) and (c)), P. acnes + 0.5 g/kg jumihaidokuto (JHT) ((d) and (e)),
and P. acnes + 10 mg/kg prednisolone (PDN) ((f) and (g)). Panels (b), (d), and (f) are images of the inside of abscesses, and panels (c), (e),
and (g) are the outside of abscess. Arrowheads indicate macrophages, which stained double positively with PE and DAPI. PE-positive and
DAPI-negative cells found in the images are thought to be red blood cells and regarded as false positives for analysis of macrophages. Scale
bars: 20 𝜇m.

of macrophage accumulation was thought to attenuate or
accelerate the resolution of the dermatitis. To examine the
pathophysiological significance of macrophage accumulation
in the inflamed ears, a Gram-stain analysis was performed
preliminarily. That is, the number of Gram-positive depositions of the inoculated P. acnes components per unit area
outside the abscess was calculated, resulting in a negative
correlation between macrophage accumulation and stained
bacteria (data not shown). Although this needs further study,
it is possible that JHT promotes clearance of the bacteria.
JHT enhanced macrophage accumulation in vivo and
differentiation to type-1 macrophages in vitro, while JHT
inhibited inflammation. These results are confusing because
activation of macrophages, especially type-1 macrophages,

is known to evoke inflammatory responses. Therefore, we
examined the balance between type-1 and type-2 macrophages in the assay shown in Table 1 to assess activation markers. As a result, expression of the type-2 marker CD206 (mannose receptor) was significantly increased, as well as the type1 markers CD86 and CD192, by the active constituents of
JHT (data not shown). Namely, JHT is supposed to activate
macrophages nonselectively, not to develop an extreme polarization to type-1 macrophages.
One of the hallmarks of macrophages is their remarkable
plasticity. Type-1 and type-2 macrophages are theoretically
categorized by their biological functions. Macrophage polarization can be affected by concurrent stimulation of several
different signaling pathways. According to recent reports, the
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Table 1: Effects of jumihaidokuto-related compounds on macrophage functions.
Test compound

Expression of activation marker
CD86
CD192
0.08 ± 0.06
0.19 ± 0.16
1.70 ± 0.07
1.57 ± 0.05
3.28 ± 0.10∗∗
3.76 ± 0.05∗∗
3.47 ± 0.12∗∗
3.80 ± 0.19∗∗
∗∗
5.27 ± 0.17
4.21 ± 0.15∗∗
1.84 ± 0.13
2.24 ± 0.12
4.84 ± 0.65∗∗
3.82 ± 0.43∗∗
1.18 ± 0.10
1.18 ± 0.12

IFN-𝛾 (10 ng/mL)
−
+
+
+
+
+
+
+

—
—
Liquiritin
Liquiritigenin
Isoliquiritin
18𝛽-Glycyrrhetinic acid
Cimifugin
4-O-Methylgallic acid

Phagocytosis
% of FITC+ cells
MFI
14.43 ± 1.08
3.16 ± 0.17
20.86 ± 1.05
4.76 ± 0.28
24.67 ± 1.24
6.07 ± 0.41
31.01 ± 3.06∗∗
7.88 ± 0.93∗∗
42.42 ± 1.24∗∗
12.94 ± 0.71∗∗
18.00 ± 1.45
4.18 ± 0.31
19.05 ± 0.59
4.28 ± 0.10
18.91 ± 1.36
4.27 ± 0.31

Ratio of macrophage-positive area (%)

Human monocytic THP-1 cells were seeded in 96-well culture plates at 1 or 2 × 104 cells/well and cultured with test samples (30 𝜇mol/L) in the presence or
absence of 10 ng/mL human IFN-𝛾. To examine the activation markers, cells were harvested 2 d later and stained with a fluorescent-labeled antibody specific
to CD86 or CD192. Their expressions in cells were determined by flow cytometry. Data are shown as mean fluorescence intensity (MFI) subtracted with MFI
of naive cells (CD86: 7.29, CD192: 11.60). In the study of phagocytosis, FITC-microspheres were added at 6 × 106 beads/well after the preculture for 3 d and
cultured for an additional 2 h. Cells were harvested, and the FITC-positive cells were measured. 𝑁 = 3. ∗∗ 𝑃 < 0.01 versus IFN-𝛾 alone control (Dunnett’s test).
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Figure 5: Jumihaidokuto promoted macrophage accumulation in
inflamed ears. Macrophages were stained by the procedures described in Figure 4. Accumulation of macrophages in the inflamed
ears was evaluated relative to areas of PE-positive cells per unit area
inside or outside the abscess using Biorevo BZ-9000 microscope
and BZ-II software (Keyence, Osaka, Japan). 𝑁 = 5. ∗∗ 𝑃 < 0.01
(Dunnett’s test).

identification of a “switch” from a type-1 to a type-2 phenotype provides a novel paradigm for a relationship between
macrophage polarization and the inflammation process [19–
21]. This indicates that type-1 macrophages and/or monocytes
migrated to the inflamed site, can be converted to type-2
macrophages by exposure of a modifier-like adenosine and
pyrophosphates, and substantially work as anti-inflammatory
cells, for example, releasing the regulatory cytokine IL-10. It
is known that a proper inflammation is essential for normal
wound healing, especially in infectious inflammation [19,
22]. JHT may globally promote the physiological defense
system, that is, stimulating a series of actions from proper
inflammation to its termination and prompt wound healing.
The content of MCP-1 in the inflamed ears 2 h after the
bacteria injection was not affected by oral administration
of JHT. MCP-1 and other inflammation-related cytokines
and chemokines like IL-1𝛼, IL-1𝛽, IL-10, TNF-𝛼, and CINC1 in the inflamed ears at 2 and/or 24 h were the same in
rats given JHT as those in control rats (data not shown).

These results allowed us to hypothesize that the effect of
JHT on accumulation of macrophages resulted from modification of monocytes in the systemic blood and/or digestive
tract including the liver and intestines. The cell-based assay
revealed that liquiritin, liquiritigenin, isoliquiritin, and cimifugin increased expression of MCP-1 receptor and CD192
(CCR2), as well as activation-marker CD86. We and other
investigators have demonstrated that these constituents of
JHT were absorbed rapidly into the peripheral blood [13–15].
Therefore, the enhancement of macrophage accumulation in
the inflamed ears may be partially due to enhanced MCP1 receptor expression in circulating monocytes/macrophages
due to active JHT constituents before and during migration
toward the site of the dermatitis. It is also noteworthy that
liquiritigenin and isoliquiritin enhanced phagocytic activity
of the human monocyte cell line THP-1. Although the present
study did not show any effects on neutrophils in vivo, a previous report implied that JHT increased chemotaxis and phagocytosis of human neutrophils in in vitro assays [9]. Thus,
these compounds may exert adjuvant effects by activating
macrophage functions and regulating sterile inflammation.
Glycyrrhiza radix, one of crude components of JHT, is
well known to exert various pharmacological properties
including antioxidative, anti-inflammatory, antimicrobial,
hepatoprotective, and immunomodulatory activities [15, 23].
The main flavonoids of Glycyrrhiza radix are liquiritin (and
its apioside), liquiritigenin, isoliquiritin (and its apioside),
isoliquiritigenin, formononetin, and coumestrol, which are
generated by a series of metabolisms [15, 24]. Several investigators reported that these flavonoids ameliorate inflammation [25–27]. Liquiritigenin inhibited formation of paw
edema induced by carrageenan in rats [28] and IgE-dependent acute dermatitis [29]. We reported quantification of 20
polyphenols including gallic acid in the Quercus acutissima
cortex, one of the crude components of JHT [30]. 4-OMethylgallic acid, a main metabolite of gallic acid, appears
in blood and urine after oral administration of gallic
acid or black tea rich in gallotannin and gallic acid [16,
17]. 4-O-Methylgallic acid shows antiangiogenic and antiinflammatory effects in vitro [31, 32], implying a potential to
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Figure 6: Jumihaidokuto had no effect on chemokine concentrations in inflamed ears. The pinnae were collected at 2 and 24 h after injection
of P. acnes. Each sample was homogenized in cold PBS supplemented with proteinase inhibitors and centrifuged. CINC-1 (a) and MCP-1 (b)
concentrations in the supernatants were determined by ELISA. Jumihaidokuto (JHT, 0.5 g/kg), prednisolone (PDN, 10 mg/kg), or distilled
water (DW) was administered orally 1 h before and 6 h after bacterial injection. 𝑁 = 10 (2 h), 4-5 (24 h). ## 𝑃 < 0.01 significant versus saline +
DW group (Student’s 𝑡-test), ∗,∗∗ 𝑃 < 0.05 and 0.01, respectively, and significant versus P. acnes + DW group (Dunnett’s test).

treat rosacea. Cimifugin is one of the constituents Saposhnikovia divaricatae. In pharmacokinetic studies, oral administration of a cimifugin-containing crude drug to rats resulted
in a high concentration of cimifugin in the blood [13, 14].
For instance, cimifugin was measured at 881–1510 ng/mL in
the blood of rats given a traditional Chinese medicine (Yu
Ping Feng San) [33]. Cimifugin suppressed nitric oxide production by murine macrophages and exhibited 1,1-diphenyl2-picrylhydrazyl free-radical scavenging activity in a cell-free
bioassay system [34].
Acne vulgaris is an inflammatory disease of the sebaceous
glands and pilosebaceous units in the skin [3]. Environmental stimuli such as ultraviolet light and free fatty acids
produced by P. acnes living in sebaceous glands are typical
triggers of inflammation in early stages of acne vulgaris.
Excessive inflammation including overactivation of migrated
neutrophils leads to rupture of sebaceous follicle walls, resulting in severe inflammation and formation of papules and
pustules by direct interaction between P. acnes and host cells,
especially neutrophils and macrophages. The present study
revealed that rats treated by JHT had accelerated macrophage
accumulation in the inflamed ears induced by P. acnes, but
not by PDN. Given that these events are closely related to a
model of acne vulgaris, the anti-inflammatory mechanisms
of JHT would be important findings for clinical use. Further
studies of JHT may help to understand the pathophysiological
features of regulatory macrophage and develop its therapeutic
application.

5. Conclusions
JHT suppressed dermatitis in a rat model of acne vulgaris
induced by intradermal injection of P. acnes. The results of
HE and IF stains revealed that JHT promoted macrophage
accumulation in the inflamed ears. Two JHT constituents,
liquiritigenin and isoliquiritin, activated human monocytes
by increasing CD86 and CD192 expression and phagocytosis. JHT may have an anti-inflammatory function with an
adjuvant effect of enhancing macrophage functions and may

be beneficial in a therapeutic strategy for skin inflammation
disorders including acne.
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Goreisan is a herbal Kampo medicine used for treating chronic subdural hematoma (CSDH) in Japan. Experimental studies have
suggested that Goreisan exerts a hydrogogue effect, but clinical evidence for the effectiveness of Goreisan in CSDH is currently
lacking. Using a national Japanese inpatient database, we examined the association between Goreisan use and reoperation rates after
burr-hole surgery for CSDH. We identified 36,020 patients, including 3,889 Goreisan users and 32,131 nonusers. Propensity scores of
receiving Goreisan were calculated based on hospital characteristics and patient backgrounds (age, sex, body mass index, activities
of daily living, consciousness level, comorbidities, antithrombotic agent use, mannitol infusion, and corticosteroid infusion). Oneto-one propensity-score matching created 3,879 pairs of Goreisan users and nonusers. Propensity-matched analysis revealed that
Goreisan use was significantly associated with a lower reoperation rate (4.8%) compared with nonuse (6.2%) (risk difference,
−1.4%; 95% confidence interval (CI), −2.4% to −0.38%). The number needed to prevent one reoperation was 72 (95% CI, 41–265).
Instrumental-variable analysis showed similar results to the propensity-matched analysis. These results suggest that Goreisan use
reduced the need for reoperation after burr-hole surgery for CSDH.

1. Introduction
Chronic subdural hematoma (CSDH) is a common type of
intracranial hemorrhage, particularly in the elderly. CSDHs
are well-delineated collections of blood between the dura
matter and arachnoid space. Burr-hole craniotomy is a
well-established, first-choice treatment for CSDH; however,
studies have shown high recurrence rates of 4%–30% after
burr-hole surgery [1–3].
Several treatments have been shown to be useful for
treating CSDH. Mannitol or glycerol may be infused as an
adjunctive therapy to surgery or as conservative therapy
in inoperable patients. Corticosteroid infusion represents
another feasible option for the postoperative treatment of
CSDH [4, 5].
Goreisan is a Japanese herbal Kampo medicine that
has been used to treat asymptomatic CSDH and prevent
postoperative recurrence of CSDH in Japan. Experimental
studies have suggested that Goreisan exerts a hydrogogue

effect [6, 7]. However, previous clinical studies on the use of
Goreisan to treat CSDH were small case-series studies with
no control group, most of which were published in Japanese
journals [8–11]. The clinical effectiveness of Goreisan for the
treatment of CSDH thus remains unclear.
In the present study, we examined the association
between the use of Goreisan and the need for reoperation
after burr-hole surgery for CSDH, using information from a
national Japanese inpatient database.

2. Methods
2.1. Data Source. The present study utilized the Japanese
Diagnosis Procedure Combination (DPC) inpatient database.
The details of the database have been described elsewhere
[12]. In brief, the database includes discharge abstracts and
administrative claims data for approximately 7 million inpatients per year, collected from more than 1,000 hospitals,
representing approximately 50% of all inpatient admissions
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to acute-care hospitals in Japan. We obtained inpatient data
between July 1, 2010, and March 31, 2013. The database contains the following information: type of hospital (academic
or nonacademic); unique identifiers of hospitals; patient age
and sex; primary diagnoses, comorbidities at admission, and
complications after admission coded according to the International Classification of Diseases, Tenth Revision (ICD10) codes; drugs and devices used; surgical and nonsurgical
procedures; Japan Coma Scale at admission; activity of
daily living scores for self-care and mobility (which can be
converted to Barthel Index); body weight and height; length
of stay; and discharge status. The database also includes
information on dates of admission, discharge, surgery, and
drug prescribing.
A Japan Coma Scale of 0 indicates alert consciousness;
single-digit scores (1, 2, 3) indicate being drowsy but awake
without any stimuli; two-digit scores (10, 20, 30) indicate
somnolence but being aroused by some stimuli; and threedigit scores (100, 200, 300) indicate coma. The Japan Coma
Scale and Glasgow Coma Scale are well correlated [13, 14].
The Barthel Index is a reliable disability scale for stroke
patients, which measures the patient’s performance in activities of daily life related to self-care (feeding, grooming,
bathing, dressing, bowel and bladder care, and toilet use)
and mobility (ambulation, transfers, and stair climbing). The
maximal score is 100, indicating that the patient is fully
independent in terms of physical functioning, while the
lowest score is 0, representing a totally dependent, bedridden
state [15].
The database also includes estimated total hospitalization
costs based on reference prices in the Japanese national fee
schedule that determines item-by-item prices for surgical,
pharmaceutical, laboratory, and other inpatient services.
The requirement for informed consent was waived
because of the anonymous nature of the data. Study approval
was obtained from the Institutional Review Board at The
University of Tokyo.
2.2. Patient Selection. We included patients aged ≥40 years
who were hospitalized with CSDH (ICD-10 code, I62.0) as
a main diagnosis at admission and who underwent burrhole surgery within 2 days after admission (i.e., on the day
of admission or the following day). We excluded patients
younger than 40 years old; patients diagnosed with cerebral
infarction, cerebral hemorrhage, or subarachnoid hemorrhage at admission; and patients who used Kampo medicines
other than Goreisan. We divided the eligible patients into
the following groups: (i) those who started Goreisan within
2 days after surgery (Goreisan users) and (ii) those who did
not receive Goreisan (Goreisan nonusers).
2.3. Baseline Characteristics. We examined the following
patient characteristics: age, sex, Japan Coma Scale at admission, Barthel Index at admission, body mass index (kg/m2 ),
comorbidities present at admission, receipt of antithrombotic
therapy (including anticoagulants and antiplatelet drugs),
mannitol or glycerol infusion started within 2 days after
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surgery, and corticosteroid infusion within 2 days after
surgery.
Body mass index was classified into the following four
categories according to the World Health Organization criteria: <18.5 kg/m2 (underweight), 18.5–24.9 kg/m2 (normal
weight), 25.0–29.9 kg/m2 (overweight), and ≥30 kg/m2 (obesity) [16]. We assessed comorbidities present at admission
including malignancy, ischemic heart disease, chronic heart
failure, chronic renal failure, liver cirrhosis, pneumonia,
urinary tract infection, and sepsis. Hospital volume was
defined as the average annual number of patients with CSDH
treated at each hospital and was categorized into tertiles
(low-, medium-, and high-volume hospitals).
2.4. Outcome. The primary outcome was reoperation after
burr-hole surgery performed during the same hospitalization
or at readmission during the study period. The secondary
outcome was total hospitalization costs for both the initial
admission and readmissions.
2.5. Statistical Analyses. We compared the baseline characteristics between Goreisan users and nonusers using the
standardized difference. An absolute standardized difference
>10 indicated a significant imbalance in a covariate [17].
One-to-one propensity-score matching was performed
between Goreisan users and nonusers. Propensity-score
matching addresses the confounding bias inherent in retrospective observational studies, where outcomes may reflect a
lack of comparability between treatment groups rather than
the effects of the study treatment [18–20]. This approach tries
to construct a randomized experiment-like situation where
the treatment groups being contrasted are comparable for
the observed prognostic factors. Propensity-score matching
involves (i) estimation of the propensity score, (ii) matching
of patients according to their estimated propensity score,
and (iii) comparison of outcomes in matched patients. We
estimated the propensity score using a logistic regression
model with Goreisan use as the dependent variable and
all the baseline characteristics as dependent variables. We
calculated the C-statistic for evaluating the goodness-of-fit.
We then performed one-to-one matching of patients between
Goreisan users and nonusers with the closest propensity
score within a caliper (≤0.2 of the pooled standard deviation)
using the nearest neighbor method. Reoperation rates were
compared using Fisher’s exact tests and total hospitalization
costs were compared using t-tests between the groups. We
also estimated relative risk, risk difference, and the 95% confidence intervals (CI) for reoperation. The number needed
to treat (NNT) was calculated as the reciprocal of the risk
difference.
The above results were confirmed using instrumentalvariable analysis. Propensity-score analysis and conventional
multivariate regression analysis are unable to remove hidden
biases caused by unmeasured confounders. Instrumentalvariable analysis is another pseudorandomization process
that can technically address unmeasured confounders. The
key assumptions of the instrumental variable are that (i)
it is highly correlated to the treatment assignment, (ii) it
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is not correlated to any measured or unmeasured patient
backgrounds, and (iii) it does not affect patient outcomes
except through treatment [21, 22]. In the present study, we
defined the percentage of Goreisan use in each hospital as
the instrumental variable, calculated by dividing the total
number of patients receiving Goreisan by the total number
of patients undergoing burr-hole surgery at each hospital.
When hospitals showed a strong consistency in terms of
Goreisan use, the decision to prescribe it or not was assumed
to be made largely independently of individual patients’
characteristics. In this scenario, individual Goreisan use
depended more on the hospital at which they are treated
than on their specific risk factors. Under these conditions, the
hospital’s preference for Goreisan may act as an instrumental
variable, allowing a “natural experiment” for an unbiased
estimate of the risk of reoperation, even in the presence of
unmeasured confounders. In our instrumental analysis, we
only included patients who were admitted to hospitals with
at least 10 patients during the study period. We calculated
the 90th percentile value for the percentage of Goreisan
use, and the instrumental variable was then dichotomized
according to the percentage of Goreisan use ≥90th percentile value (Goreisan preference group) or <90th percentile
(Goreisan nonpreference group). We used the F-test as a
weak identification test. An F-statistic >20 indicated a strong
instrumental variable. We used this instrumental variable to
compute the risk difference and its 95% CI for reoperation
between Goreisan users and nonusers using a two-stage, least
square method that also adjusted for the measured baseline
characteristics, for robustness. NNT was calculated as the
reciprocal of the risk difference in the instrumental variable.
All statistical analyses were performed using Stata version
13 (StataCorp, College Station, TX), including the “teffects
psmatch” procedure for propensity-score matching and the
“ivreg2” procedure for instrumental-variable analysis. A twotailed significance level of 0.05 was used in all statistical
analyses.

3. Results
We identified 36,020 eligible patients from 797 hospitals,
including 3,889 (10.8%) Goreisan users and 32,131 (89.2%)
nonusers. One-to-one propensity-score matching created
3,879 pairs (𝑛 = 7,758). The C-statistic for the goodness-offit was 0.634. For instrumental-variable analysis, we selected
33,836 patients in 594 hospitals with an average hospital
volume of at least 10 patients per year. The F-statistic was 27.5,
indicating that the percentage of Goreisan use at each hospital
was a strong instrumental variable.
Table 1 shows the baseline characteristics of patients with
and without Goreisan use in the unmatched and propensitymatched groups. In the unmatched groups, Goreisan was
more likely to be used at academic hospitals and in the
fiscal year 2012. Goreisan users were less likely to have coma
or comorbidities. The baseline characteristics were closely
balanced between the two groups after propensity-score
matching.
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Table 2 shows the reoperation rates and total hospitalization costs in the propensity-matched group. The reoperation rate was significantly lower in Goreisan users than in
nonusers (4.8% versus 6.2%; 𝑝 = 0.001). Total hospitalization
costs were also significantly lower in Goreisan users than in
nonusers (6,428 versus 6,707 US dollars; 𝑝 = 0.030).
Table 3 shows the relative risk, risk differences, and NNT
for reoperation rates in Goreisan users with reference to
nonusers. In propensity-matched analysis, Goreisan use was
significantly associated with a decreased risk difference for
reoperation (−1.4%; 95% CI, −2.4% to −0.38%). The estimated
NNT was 72. In instrumental-variable analysis, the estimated
risk difference was −2.2% (−3.8% to −0.67%) and the NNT
was 45.

4. Discussion
The present retrospective observational study using a
national inpatient database showed a significant reduction in
the need for reoperation after burr-hole surgery for CSDH in
patients who used Goreisan, compared with those who did
not. Total hospitalization costs were also significantly lower
in Goreisan users.
Burr-hole surgery is a well-established treatment for
CSDH, but blood collection sometimes reoccurs, requiring
reoperation [1–3]. Hyperosmolar therapy using mannitol
or glycerol is a feasible option for treating brain edema.
Several studies have also suggested that corticosteroids may
be effective for treating postoperative brain edema [4, 5].
Goreisan, a Japanese herbal Kampo medicine, is a
mixture of five herbs including Alismatis Rhizoma, Poria,
Polyplus, Atractylodis Lanceae Rhizoma, and Cinnamomi
Cortex. Experimental studies have suggested a potential
mechanism of hydrostatic modulation caused by Goreisan
[6, 7]. Aquaporin-4 is the major water channel for fluid
transport in the central nervous system and increases the
water permeability of cell membranes. Aquaporin-4 plays an
integral role in pathogenesis of brain edema [23]. A previous
study showed aquaporin-4 was expressed on CSDH outer
membrane [7]. Aquaporin-4 on the CSDH outer membrane
may cause excessive fluids into subdural space and contribute to hematoma development. Studies have suggested an
inhibitory effect of several herbs on aquaporin-4, including
Poria, Polyplus, Atractylodis, and Lanceae Rhizoma, which
are ingredients of Goreisan [7, 24]. Goreisan’s inhibition of
aquaporin-4 on CSDH membrane possibly contributes to
reducing volume of CSDH.
Japanese clinicians have reported case series of Goreisan
use for CSDH, mostly in Japanese journals [8–11]. However,
these studies were limited to small numbers of patients,
with no controls or adjustment for patient backgrounds. The
present study was therefore the first to demonstrate the effectiveness of Goreisan for reducing the need for reoperation
after CSDH surgery in a nationwide clinical setting. This
retrospective cohort study used information from a national
inpatient database in Japan to examine the impact of Goreisan
use on reoperation rates after burr-hole surgery for CSDH,
based on a large study population and “pseudorandomized”
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Table 1: Baseline characteristic of patients with and without Goreisan in unmatched and propensity-matched groups.
Unmatched groups (𝑛 = 36,020)
Propensity-matched groups (𝑛 = 7,758)
Goreisan users Goreisan nonusers Standardized Goreisan users Goreisan nonusers Standardized
(𝑛 = 3,889)
(𝑛 = 32,131)
difference
(𝑛 = 3,879)
(𝑛 = 3,879)
difference
Type of hospital, 𝑛 (%)
Nonacademic
Academic
Hospital volume (per year), 𝑛 (%)
≤22
23–36
≥37
Fiscal year, 𝑛 (%)
2010
2011
2012
Age (years), mean (SD)
Sex, 𝑛 (%)
Male
Female
Body mass index (kg/m2 ), 𝑛 (%)
<18.5
18.5–22.9
23.0–24.9
25.0–29.9
≥30.0
Missing
Barthel Index at admission, 𝑛 (%)
0
5–45
50–95
100
Missing
Japan Coma Scale at admission, 𝑛 (%)
0 (alert)
1 digit (drowsy)
2 digits (somnolence)
3 digits (coma)
Comorbidities, 𝑛 (%)
Malignancy
Ischemic heart disease
Chronic heart failure
Chronic renal failure
Liver cirrhosis
Pneumonia
Urinary tract infection
Sepsis
Antithrombotic agent use, 𝑛 (%)
Mannitol infusion, 𝑛 (%)
Steroid infusion, 𝑛 (%)

2,997 (77.1)
892 (22.9)

27,644 (86.0)
4,487 (14.0)

19.6
−19.6

2,997 (77.3)
882 (22.7)

3,016 (77.8)
863 (22.2)

1.0
−1.0

1,133 (29.1)
1,283 (33.0)
1,473 (37.9)

9,836 (30.6)
10,848 (33.8)
11,447 (35.6)

2.6
1.3
−3.8

1,131 (29.2)
1,275 (32.9)
1,473 (38.0)

1,098 (28.3)
1,340 (34.5)
1,441 (37.1)

−1.5
2.9
−1.4

568 (14.6)
1,278 (32.9)
2,043 (52.5)
76.5 (10.7)

7,748 (24.1)
12,066 (37.6)
12,317 (38.3)
76.4 (11.1)

19.2
8.0
−23.6
−1.4

568 (14.6)
1,278 (32.9)
2,033 (52.4)
76.2 (10.7)

564 (14.5)
1,305 (33.6)
2,010 (51.8)
76.2 (10.7)

−0.2
1.2
−1.0
0.0

2,644 (68.0)
1,245 (32.0)

21,577 (67.2)
10,554 (32.8)

−1.5
1.5

2,636 (68.0)
1,243 (32.0)

2,618 (67.5)
1,261 (32.5)

−0.8
0.8

487 (12.5)
1,712 (44.0)
681 (17.5)
556 (14.3)
57 (1.5)
396 (10.2)

4,164 (13.0)
14,065 (43.8)
5,356 (16.7)
4,079 (12.7)
459 (1.4)
4,090 (12.7)

1.1
−0.4
−1.8
−3.9
−0.3
6.4

486 (12.5)
1,709 (44.1)
681 (17.6)
550 (14.2)
57 (1.5)
396 (10.2)

452 (11.7)
1,746 (45.0)
723 (18.6)
536 (13.8)
46 (1.2)
376 (9.7)

−2.2
1.6
2.3
−0.9
−2.1
−1.4

794 (20.4)
671 (17.3)
808 (20.8)
894 (23.0)
722 (18.6)

7,676 (23.9)
5,679 (17.7)
6,016 (18.7)
6,740 (21.0)
6,020 (18.7)

6.8
0.9
−4.2
−4.0
0.4

794 (20.5)
670 (17.3)
804 (20.7)
889 (22.9)
722 (18.6)

809 (20.9)
609 (15.7)
746 (19.2)
991 (25.5)
724 (18.7)

0.8
−3.5
−3.1
5.0
0.1

1,809 (46.5)
1,844 (47.4)
190 (4.9)
46 (1.2)

14,112 (43.9)
15,124 (47.1)
1,965 (6.1)
930 (2.9)

−4.3
−0.6
4.3
9.3

1,799 (46.4)
1,844 (47.5)
190 (4.9)
46 (1.2)

1,898 (48.9)
1,747 (45.0)
185 (4.8)
49 (1.3)

4.2
−4.1
−0.5
0.6

137 (3.5)
184 (4.7)
113 (2.9)
53 (1.4)
22 (0.6)
27 (0.7)
9 (0.2)
2 (0.1)
317 (8.2)
104 (2.7)
15 (0.4)

1,359 (4.2)
1,562 (4.9)
1,057 (3.3)
836 (2.6)
163 (0.5)
289 (0.9)
104 (0.3)
35 (0.1)
2,639 (8.2)
1,033 (3.2)
243 (0.8)

2.9
0.5
1.8
6.9
−0.7
1.8
1.4
1.6
0.2
2.6
3.8

137 (3.5)
184 (4.7)
113 (2.9)
53 (1.4)
22 (0.6)
27 (0.7)
9 (0.2)
2 (0.1)
314 (8.1)
104 (2.7)
15 (0.4)

125 (3.2)
163 (4.2)
96 (2.5)
47 (1.2)
24 (0.6)
20 (0.5)
12 (0.3)
3 (0.1)
278 (7.2)
84 (2.2)
15 (0.4)

−1.4
−2.2
−2.2
−1.1
0.5
−1.9
1.2
0.8
−2.9
−2.8
0.0
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Table 2: Reoperation rates and total hospitalization costs in Goreisan users versus nonusers in propensity-matched groups.

Reoperation, 𝑛 (%)
Total hospitalization costs ($), mean (SD)

Goreisan users
(𝑛 = 3,879)
187 (4.8)
6,428 (4,646)

Goreisan nonusers
(𝑛 = 3,879)
241 (6.2)
6,707 (6,567)

𝑝
0.001
0.030

SD, standard deviation.

Table 3: Relative risks, risk differences, and number needed to treat in reoperation rates comparing Goreisan users with nonusers.

Propensity-score matching (𝑛 = 7,758)
Instrumental-variable analysis (𝑛 = 33,836)

Relative risk
(95% CI)
0.78 (0.64; 0.93)
—

Risk difference
(95% CI)
−1.4% (−2.4%; −0.38%)
−2.2% (−3.8%; −0.67%)

Number needed to treat
(95% CI)
72 (41; 265)
45 (26; 148)

CI, confidence interval.

statistical methods, including propensity-score matching and
instrumental-variable analysis. The large dataset enabled us
to perform a robust statistical estimation of the effectiveness
of Goreisan, with adjustments for measured and unmeasured
confounders. Propensity-score matched analysis showed that
Goreisan use was associated with a reduction in reoperation
rates from 6.2% to 4.8%. Instrumental-variable analysis was
performed to confirm these results and showed a similar
trend, suggesting that the results were robust.
Several limitations should be acknowledged. First, the
database did not include detailed clinical information on
laboratory data or computed tomography findings (e.g., size
of hematoma). Second, this study was not based on a randomized controlled trial, and its retrospective nature might have
been associated with residual confounders, despite the use of
robust statistical methods.

5. Conclusion
Goreisan use effectively reduced reoperation rates after burrhole surgery for CSDH, based on a large national database.
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The five viscera score (FVS) is a diagnostic scale for traditional Chinese medicine (TCM). The purposes of current study are
to elucidate the characteristics of FVS obtained from middle-aged to elderly individuals and to investigate the validity of FVS
using biological medical data of middle-aged and elderly individuals. Structural equation modeling (SEM) was used to conduct
assessments between FVS and medical data. Eighty men and 99 women participated in this study, whose mean ages (SD) were 58
± 7 years in both genders showing no significant difference. FVS of women was significantly higher than that of men in the spleen
of the 50s (𝑃 = 0.019) and liver of the 60s age group (𝑃 = 0.030). By SEM, the following biomedical factors were found to influence
viscera: gender, diastolic blood pressure, and HDL-C for the liver; GLU, GOT, and 𝛾-GTP for the spleen; age, BMI, and HCRP for
the lungs; and HbA1c and creatinine clearance for the kidneys. These results provide objective evidence that FVS can be used for
TCM diagnosis in middle-aged and elderly individuals.

1. Introduction
Acupuncture therapy is currently recognized as a complementary and alternative medicine (CAM) that is performed
around the world, especially in East Asia [1]. In order
to investigate its efficacy, there have been several intervention studies involving specific diseases [2–4]. However,
because the classification of symptoms in traditional Chinese
medicine (TCM) depends on the clinical experience of the
TCM practitioner, the diagnosis and acupuncture points
often differ even for the same patient or for patients with
the same disease [1, 5, 6]. Therefore, the treatment effect
is the primary focus of these investigations and treatment
strategies are rarely investigated [2–4]. Furthermore, these
treatment effects may be affected by inconsistent treatment
strategies. One of the reasons for this is that there are very

few diagnostic methods that are based on evidence in TCM
[7]. Establishing an effective diagnostic method is essential
in order to resolve this issue. Although the benefits of TCM
may be eliminated through the creation of a standardized
diagnostic method that elucidates the effects of acupuncture
therapy as effective acupuncture points vary according to
each individual’s physical constitution, the development of
acupuncture therapy research and its application can be
anticipated by developing a common diagnostic scale.
That is why we developed a “five viscera score (FVS)”
as a diagnostic scale for TCM. Items for this scale were
statistically selected from the symptoms of the five viscera
(liver, heart, spleen, lungs, and kidneys) that were extracted
from key TCM literature from the past 2000 years [8–10].
These “five viscera” refer to the viscera in oriental medicine
and are known to be the center of vital activities, possessing
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both morphological and functional concepts [11]. In general,
using both classical test theory (CTT), such as Cronbach’s
alpha, and item response theory (IRT), which can remove
the effects from the original population that developed the
scale, increases the validity of the developed scale [12, 13].
We therefore tested FVS with both CTT and IRT and have
demonstrated its effectiveness [9, 10, 14]. However, common
limitations among these studies were that they included
very few women in the study population and did not assess
middle-aged and elderly individuals. The purpose of this
study is twofold: first to elucidate the characteristics of FVS
obtained from middle-aged to elderly individuals and second
to investigate the validity of FVS using biological medical
data such as blood samples from middle-aged and elderly
individuals as external criteria.
Structural equation modeling (SEM) was used to conduct
assessments between FVS and medical data. SEM is a method
that uses a path diagram to analyze the relationship between
various factors that exist behind the observed data [15]. As
mentioned previously, treatment strategies have not been
sufficiently investigated in the previous intervention studies
of acupuncture since there were no appropriate approaches
that could evaluate concepts of TCM, such as the five viscera
(termed “latent variable” in SEM). SEM, which can simultaneously evaluate relationships between latent variables (five
viscera) and observed variables (FVS items and medical data),
is one optimal technique for investigating diagnostic methods
in TCM. However, there are very few studies that have
investigated diagnostic scales of TCM using SEM [16, 17], and
there are no studies for the five viscera except ours [10].

2. Materials and Methods
2.1. Study Subjects and Implementation Method. Subjects
included 212 individuals aged 40–65, who were residents of
Wakayama Prefecture in Japan, underwent specific health
checkups for metabolic syndrome, wished to participate in
this study, and were able to attend the study site without
assistance. Specific health checkups refer to a medical examination of individuals aged 40–74 who have public health
insurance coverage. This study was conducted in August
2012 for 6 days. Consent was ultimately obtained from 189
individuals (89.2%), and the investigation was conducted in
179 individuals (84.4%). Ten individuals were excluded due
to incomplete test values.
2.2. Ethical Considerations. This study was approved by the
Genetic Analysis Research Ethics Committee at Wakayama
Medical University (number 92) and by the Ethics Committee
of Kansai Vocational College of Medicine (number H25- 01).
The purpose of this study was explained to the subjects and
only those who signed the consent form were allowed to
participate. All individuals were assigned an ID and made
anonymous. Test results were consolidated by a third party.
2.3. The Five Viscera Score. FVS is composed of viscera
symptoms as defined in TCM [8] and uses a self-report
questionnaire format that asks questions concerning physical
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condition from the previous month [18]. These symptoms
were selected through an explanatory factor analysis and
considered to be affected by the viscera as latent factors.
Naming of each factor was determined based on many TCM
practitioners’ opinion [10, 14, 18]. In a previous study, we
utilized FVS that contained items that were difficult to answer
(high item difficulty) [14]. We modified this to be more
suitable for clinical studies and the general public to reduce
the burden on the respondent. The validity of this FVS has
been confirmed by reducing the number of items [18]. The
following items from the previous version were removed: “I
have migraine headaches (headaches)” in the liver category,
“I sigh often” in the heart, “I do not have much energy in the
morning” in the spleen, “I get the hiccups” in the lungs, and
“I feel lethargic to the point where I have to lie down” in the
kidneys. A total of 15 items composed the new FVS version,
which was used in the present study (Table 1). Cronbach’s
alpha coefficient showed almost the same value compared to
the previous version of FVS (liver (𝑟 = 0.77), heart (𝑟 = 0.82),
spleen (𝑟 = 0.82), lungs (𝑟 = 0.64), kidneys (𝑟 = 0.79), and
overall (𝑟 = 0.91)).
The items that were ultimately removed were selected by
referring to previous studies that used both CTT and IRT, as
described below. Items with the lowest factor loading within
each subscale according to factor analysis [9] and items that
have low power to discriminate the presence or absence of
symptoms and have exceedingly high difficulty within each
subscale according to IRT [14] were deleted when creating the
FVS. The new FVS also consisted of a 5-point item Likert scale
for choices: “none of the time (0 points),” “a little of the time
(1 point),” “some of the time (2 points),” “most of the time (3
points),” and “all of the time (4 points).” The subscale score
was a total of the item scores (0 to 12 points), and the viscera
with the highest score balance were determined as the TCM
diagnosis “Zheng,” which refers to the TCM syndrome. By
removing items that contribute very little to the subscale, the
characteristics of each viscus became clearer in the modified
FVS, and its validity for health evaluation also increased
[18].
2.4. Medical Data. To investigate the relationship between
health and FVS, which is a diagnostic scale of TCM,
we used medical data including body mass index (BMI),
blood pressure, and blood and urine test values. Subjects
provided fasting venous blood and urine samples in the
morning on the health checkup day. Test variables in the
subjects’ blood and urine include triglyceride (TG) (mg/dL),
low-density lipoprotein cholesterol (LDL-C) (mg/dL), highdensity lipoprotein cholesterol (HDL-C) (mg/dL), glucose
(GLU) (mg/dL), hemoglobin A1c (HbA1c) (%), uric acid
(UA) (mg/dL), glutamic oxaloacetic transaminase (GOT,
AST) (IU/L), glutamic pyruvic transaminase (GPT, ALT)
(IU/L), 𝛾-glutamyl transpeptidase (𝛾-GTP) (IU/L), red blood
cell (RBC) (×104 /uL), hematocrit (HCT) (%), systolic blood
pressure (mmHg), diastolic blood pressure (mmHg), highsensitivity C-reactive protein (HCRP) (mg/dL), urinary protein (mg/dL), albumin/creatinine ratio (ACR) (mg/gCr), and
creatinine clearance (Ccr) (mL/min). The analyses were
conducted at Osaka Kessei Research Laboratories, Inc.
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Table 1: Validity of the revised version of FVS (𝑛 = 594).
Subscale

Item number

Item

Factor loading

𝑎 (SE)

Mean 𝑏

2.11 (0.11)

0.11

Liver

Cronbach’s 𝛼
0.79

Q1

I have a stiff neck

0.82

Q2

I have a pulled muscle in my neck

0.81

2.57 (0.14)

0.55

Q3

I have a backache

0.49

0.77 (0.06)

1.40

Heart

0.83
Q4

I worry about many things

0.83

2.40 (0.12)

0.40

Q5

I worry frequently

0.76

1.84 (0.10)

0.50

Q6

I have a lot on my mind and am not
able to enjoy anything

0.57

1.09 (0.07)

1.19

Q7

0.69

1.76 (0.09)

0.25

Q8

I am fatigued and this is not
alleviated by anything
I have to lie down due to fatigue

0.60

0.93 (0.06)

0.61

Q9

My body feels heavy

0.55

1.62 (0.08)

0.33

Spleen

0.79

Lung

0.63
Q10

My stomach rumbles

0.74

1.45 (0.08)

0.70

Q11

I feel hungry constantly

0.58

1.01 (0.07)

1.29

Q12

I have a runny nose

0.41

0.61 (0.05)

1.30

Kidney

0.78
I am absent minded

0.58

1.70 (0.09)

0.80

Q14

Q13

I am not energetic

0.53

1.45 (0.08)

0.98

Q15

My memory has deteriorated

0.49

1.01 (0.07)

1.03

FVS: five viscera score, “𝑎”: item discrimination, and SE: standard error. Mean “𝑏” is the average of item difficulty values.
Item discrimination represents the ability of an item to differentiate the subjects; Overall Cronbach’s 𝛼 = 0.89.
Values of factor loading, item discriminability, and the mean item difficulty were used for developing original FVS.
Cronbach’s alpha coefficient was recalculated for revised version.

e
Sex
Age

Liver

Medical data

I have a stiff neck

e

I have a pulled muscle in my neck

e

I have a backache

e

Figure 1: MIMIC model of the liver by the structure equation modeling. The square of the figure is an observation variable, and the central
circle is a latent variable. “e” means an error. For an example, we cast sex (male 0, female 1) and age as well as medical data into the left side
adopted by exploratory model specialization across the liver which is a latent capacity variable. Subscale items of the FVS are set in the right
side.

2.5. Statistical Analysis
2.5.1. Structural Equation Modeling (SEM). Amos 19, a program for SEM by IBM, was used. All linkage strengths
estimated in the path diagram (path coefficient) were approximation of the standardised partial regression coefficient with
a mean of 0 and variance of 1; thus the results were not
affected by units. The path diagram was constructed using
the multiple indicator multiple cause model (MIMIC model)
with the latent variable of five viscera positioned between

observed medical data and FVS items (Figure 1). This MIMIC
model is commonly used in SEM, and we used this model
where the latent variable “viscera” are defined by multiple
medical data, and these viscera influence a number of other
observed “FVS items.” Furthermore, in order to determine
data that significantly affect viscera from the numerous pieces
of medical data, we conducted a “model specification search”
that determines the most suitable combination by repeating
exploratory confirmative factor analysis [15]. As an example
(see Figure 1), the latent variable liver is interposed between
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Table 2: Biomedical characteristics of respondents.

Item
Age (y)
40–49
50–59
60–65
Whole subjects mean (SD)

Medical data
BMI (kg/m2 )
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
GLU (mg/dL)
HbA1c (%)
UA (mg/dL)
GOT (IU/L)
GPT (IU/L)
𝛾-GTP (IU/L)
Urinary protein (mg/dL)
RBC (×104 /uL)
HCT (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Creatinine clearance (Ccr) (mL/min)
Albumin/creatinine ratio (mg/gCr)
HCRP (mg/dL)

Male (𝑁 = 80)
𝑛 (%)

Female (𝑁 = 99)
𝑛 (%)

12 (15.0)
20 (25.0)
48 (60.0)
58.1 (7.2)
Male (𝑁 = 80)
Mean (SD)

12 (12.1)
27 (27.3)
60 (60.6)
58.1 (6.5)
Female (𝑁 = 99)
Mean (SD)

23.7 (2.8)
150.8 (105.4)
59.1 (14.5)
119.5 (31.8)
102.1 (18.5)
5.2 (0.6)
6.1 (1.5)
25.7 (13.4)
27.1 (13.6)
60.5 (130.0)
12.3 (11.4)
487.3 (40.1)
46.2 (3.4)
129.7 (17.1)
76.3 (11.3)
83.0 (16.7)
19.3 (56.2)
0.042 (0.057)

22.0 (4.2)
110.0 (56.3)
68.7 (12.6)
126.6 (30.2)
93.1 (14.7)
5.1 (0.5)
4.3 (1.0)
22.3 (5.7)
19.2 (6.5)
29.5 (81.0)
10.4 (1.8)
440.7 (28.4)
41.2 (3.0)
119.1 (15.7)
69.2 (9.3)
85.8 (15.4)
13.7 (15.5)
0.042 (0.094)

𝑃 value

𝑃 value
<0.001
0.003
<0.001
0.087
<0.001
0.545
<0.001
0.014
<0.001
<0.001
0.774
<0.001
<0.001
<0.001
<0.001
0.325
0.002
0.230

Body mass index (BMI), triglyceride (TG) (mg/dL), low-density lipoprotein cholesterol (LDL-C) (mg/dL), high-density lipoprotein cholesterol (HDL-C)
(mg/dL), glucose (GLU) (mg/dL), hemoglobin A1c (HbA1c) (%), uric acid (UA) (mg/dL), glutamic oxaloacetic transaminase (GOT, AST) (IU/L), glutamic
pyruvic transaminase (GPT, ALT) (IU/L), 𝛾-glutamyl transpeptidase (𝛾-GTP) (IU/L), red blood cell (RBC) (×104 /uL), hematocrit (HCT) (%), systolic blood
pressure (mmHg), diastolic blood pressure (mmHg), high-sensitivity C-reactive protein (HCRP) (mg/dL), urinary protein (mg/dL), albumin/creatinine ratio
(ACR) (mg/gCr), and creatinine clearance (Ccr) (mL/min). As for medical data, significant differences were observed for all except LDL-C, HbA1c, urinary
protein, creatinine clearance, and HCRP by Mann-Whitney 𝑈 test.

medical data, gender for adjustment (men 0, women 1), and
age that are input from the left side and FVS subscale items
on the right side.
In addition, coefficient of determination (𝑅2 ), goodness
of fit index (GFI), adjusted GFI (AGFI), comparative fit
index (CFI), and root mean square error of approximation
(RMSEA) were used as indices to determine the suitability
of the overall model. GFI, AGFI, and CFI that are ≥0.90 and
RMSEA that is ≤0.10 were deemed satisfactory.
2.5.2. Other Statistical Analyses. Since there is a gender
difference in FVS [14], the Mann-Whitney 𝑈 test was used
to compare between men and women, and Spearman’s rank
correlation coefficient was used (SPSS 21; IBM). Differences
of age distributions between the genders were evaluated by
chi-square test. Although these statistical tests are nonparametric, mean values as well as their standard deviations
(SD) were presented in tables to examine the floor and
ceiling effects. For all statistical calculations, significant level

was set at <0.05. However, 𝑃 values less than 0.10 were
regarded as statistically marginally or slightly significant since
current purpose is to detect a broad range of biomedical
factors (including even nonsignificant factors) that make any
influence on the viscera.

3. Results
3.1. Characteristic of Subjects. There were 80 men and 99
women participating in this study. Subject characteristics as
well as medical data input into SEM are shown in Table 2.
Mean ages (± SD) of men and women were both 58 ± 7 years,
showing no significant difference. Age distributions between
the genders were not also significantly different (𝑃 = 0.83).
3.2. FVS according to the Generation. Table 3 shows the FVS
(overall and by age group) that was compared between men
and women. Symptoms of the heart and spleen of men in their
40s and those of liver of men in their 60s had a large variation,
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Table 3: FVS according to sex and age class.
Generation

Whole subjects

40–49

50–59

60–65

Subscale

𝑛

Liver
Heart
Spleen
Lung
Kidney
Liver
Heart
Spleen
Lung
Kidney
Liver
Heart
Spleen
Lung
Kidney
Liver
Heart
Spleen
Lung
Kidney

80
80
80
80
80
12
12
12
12
12
20
20
20
20
20
48
48
48
48
48

Male
Mean (SD)
3.2 (2.8)
2.9 (2.8)
3.3 (2.7)
2.3 (1.8)
2.7 (2.4)
3.4 (2.2)
4.2 (4.4)
4.2 (4.4)
3.2 (1.9)
3.5 (3.3)
4.3 (2.7)
3.2 (2.1)
3.7 (1.9)
2.6 (1.5)
3.4 (2.1)
2.7 (2.9)
2.5 (2.5)
3.0 (2.5)
2.0 (1.9)
2.3 (2.1)

𝑛
99
99
99
99
99
12
12
12
12
12
27
27
27
27
27
60
60
60
60
60

Female
Mean (SD)
4.5 (3.4)
3.2 (2.3)
4.0 (2.2)
2.1 (1.5)
2.8 (1.8)
3.3 (2.5)
3.1 (2.2)
3.7 (2.1)
2.3 (1.5)
1.8 (1.3)
5.9 (3.5)
3.5 (1.9)
5.1 (1.8)
2.4 (1.6)
3.1 (1.2)
4.1 (3.4)
3.2 (2.5)
3.6 (2.3)
1.9 (1.5)
2.9 (2.0)

𝑃 value
0.019
0.125
0.032
0.466
0.406
0.887
0.932
0.713
0.291
0.266
0.186
0.499
0.019
0.584
0.583
0.030
0.129
0.174
0.940
0.075

Mann-Whitney 𝑈 test.

showing that their standard deviations were larger than the
mean values (floor effect). SD of kidney in 40s males was also
wide though not reaching floor effect. In addition, FVS was
greater in women compared to men in the 50s and 60s age
groups (excluding 40s). Statistical significance was observed
in the spleen of the 50s (𝑃 = 0.019) and liver of the 60s age
group (𝑃 = 0.030), and similar tendency was also observed
in the kidneys of 60s age group (𝑃 = 0.075) though not
reaching statistically significant level. In the entire sample,
women also showed greater FVS excluding the lungs, and
significant differences were observed in the liver (𝑃 = 0.019)
and spleen (𝑃 = 0.032).
3.3. Exploratory Model Specification by the Structure Equation
Modeling (SEM). Using SEM, a model specification search
was carried out for each viscus in order to identify observed
variables (medical data) on the left side that significantly
influence the latent variable (viscera). Medical data that were
input for each subscale of FVS created 262,144 combinations
for analysis, and the most suitable model was used.
3.3.1. Effects on Viscera from Biomedical Factors. Table 4 is a
summary of the path coefficients as well as suitability indices
of each model, showing path coefficients from specified
medical data to the viscera with gender and age controlled.
The coefficients of determination of the model were 0.182
for the liver, 0.026 for the heart, 0.348 for the spleen, 0.155 for
the lungs, and 0.092 for the kidneys, indicating that the spleen
had the highest value. Medical data that had significant (or

slightly significant) influence on viscera were gender, HbA1c,
diastolic blood pressure, HCRP, and HDL-C in the liver; age
in the heart; gender, age, GLU, GOT, 𝛾-GTP, BMI, diastolic
blood pressure, and HCRP in the spleen; age, BMI, and HCRP
in the lungs; and HbA1c, creatinine clearance, and HCRP in
the kidneys.
Furthermore, in order to elucidate items that especially
affect the viscera, we selected items from the above list with
high path coefficients that did not overlap other viscera (if
there was an overlap, the item with a greater path coefficient
was selected) and determined them to be distinctive items.
This procedure was conducted to extract factors that make
influences on the viscera most strongly. In other words, such
items are considered to be well representative of the viscera’s
characteristics. Since the path coefficients were standardized
as mentioned above, they were comparable to each other.
Distinctive items that influenced the viscera as well as their
path coefficients were gender (0.273), diastolic blood pressure
(0.178), and HDL-C (−0.131) for the liver; GLU (−0.223), GOT
(0.312), and 𝛾-GTP (−0.290) for the spleen; age (−0.252), BMI
(0.188), and HCRP (0.181) for the lungs; and HbA1c (−0.193)
and creatinine clearance (0.153) for the kidneys. No items
were selected for heart.
3.3.2. Effects on FVS from Viscera. The path coefficients from
the latent variables (viscera) to the FVS items on the right
side were as follows: for the liver, “I have a stiff neck” (0.857),
“I have a pulled muscle in my neck” (0.892), and “I have a
backache” (0.612); for the heart, “I worry about many things”
(0.883), “I worry frequently” (0.942), and “I have a lot on
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Table 4: The effects on viscera from biomedical factors.

Subscale

Liver

Heart

Spleen

Lung

Kidney

Item
Sex∗
Age
HbA1c
Diastolic blood pressure∗
HCRP
HDL-C∗
Sex
Age
Sex
Age
GLU∗
GOT∗
𝛾-GTP∗
BMI
Diastolic blood pressure
HCRP
Sex
Age∗
LDL-C
BMI∗
HCRP∗
Sex
Age
HbA1c∗
Ccr∗
HCRP

Path coefficient
0.273
−0.041
−0.179
0.178
0.157
−0.131
0.085
−0.136
0.172
−0.129
−0.223
0.312
−0.290
0.172
0.156
0.131
−0.024
−0.252
0.150
0.188
0.181
−0.004
0.016
−0.193
0.153
0.176

𝑃 value
<0.001
0.577
0.015
0.016
0.033
0.075
0.269
0.079
0.012
0.059
0.001
<0.001
<0.001
0.012
0.023
0.054
0.789
0.008
0.101
0.042
0.050
0.955
0.841
0.016
0.057
0.028

𝑅2

GFI

AGFI

RMSEA

0.182

0.898

0.830

0.117

0.026

0.975

0.924

0.086

0.348

0.811

0.716

0.174

0.155

0.967

0.940

0.042

0.092

0.900

0.821

0.142

Gender and age were forcibly included.
∗
The item by which the biomedical factors’ effects on viscera are characterized.
The value of path coefficient was used for standardized estimates.

my mind and am not able to enjoy anything” (0.716); for the
spleen, “I am fatigued and this is not alleviated by anything”
(0.802), “I have to lie down due to fatigue” (0.719), and
“My body feels heavy” (0.870); for the lungs, “My stomach
rumbles” (0.690), “I feel hungry constantly” (0.640), and
“I have a runny nose” (0.271); and for the kidneys, “I am
absent minded” (0.858), “I am not energetic” (0.752), and
“My memory has deteriorated” (0.513). With the exception
of “I have a runny nose” in the lungs, the path coefficients
were greater than 0.5, indicating that FVS items are strongly
influenced by latent viscera.

4. Discussion
To test the validity of FVS in middle-aged and elderly
individuals, we investigated the characteristics of FVS as well
as the relationship between medical data (external criteria)
and FVS using SEM with the MIMIC model. The results
indicated that the characteristics showed gender differences,
consistent with previous findings, and SEM showed a lot of
the medical data influencing the viscera.
FVS by age group showed that women in their 50s and
60s had higher scores, and this was consistent with a previous

study that reported the relationship between different genders
in 594 young to middle-aged individuals [14]. For FVS in the
40s age group, men had a greater score. However, the gender
difference was not significant, as the sample size was small
and there was large variation.
Concerning subjective health status, the Medical Outcome Study Short-Form 36-Item Health Survey version 2 (SF36), an evaluation scale that is used globally, and Japanese
national standard values of this SF-36 have been reported [19].
Here, all subscales of health status in women show lower value
than the national standards and are also lower compared
to men. Moreover, comparisons by age group in individuals
aged 40–69 also demonstrated that women have lower scores
in many of the subscales related to health compared to men.
Based on the fact that subjective health status in women was
poorer than men in this study and through our previous
report involving young to middle-aged individuals in which
the positive association between FVS and SF-36 was observed
[14], it was considered that FVS is an appropriate and valid
scale to demonstrate subjective health status.
SEM showed that many of the biomedical factors influenced viscera with the most distinctive items being gender,
diastolic blood pressure, and HDL-C for the liver; GLU, GOT,
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and 𝛾-GTP for the spleen; age, BMI, and HCRP for the
lungs; and HbA1c and creatinine clearance for the kidneys.
Gender and diastolic blood pressure positively influenced the
liver; however, perhaps due to the narrow age range (middleaged to elderly) of the subjects, diastolic blood pressure and
age were not correlated with each other (men: 𝑟 = −0.153,
women: 𝑟 = −0.002; data not shown). In addition, HDL-C,
which is related to atherosclerosis, had a negative influence
on the liver. Since the heart represents mental activity in
TCM [11], lack of the direct influence of biomedical factors
examined in the routine health checkup on mental status
was quite natural. Fasting blood glucose levels (GLU) had
a negative influence on the spleen, indicating that blood
sugar may be related to the spleen. Moreover, GOT and 𝛾GTP, which are both related to the liver (digestive organ),
had positive and negative influence, respectively, on the
spleen symptoms. Age had a negative influence on the lungs,
indicating stronger symptoms in the younger age group,
and HCRP has a positive influence. These facts suggest that
this was an inflammatory response to conditions such as
infections. In addition, the elevation in BMI indicated obesity,
which is a risk factor of many kinds of lifestyle-related
diseases, and this was also thought to promote inflammation.
HbA1c had a negative influence on the kidneys, suggesting
that blood sugar and red blood cells were involved in the
mechanism. In addition, creatinine clearance had a positive
influence. These items had path coefficients that were not very
high, while they included marginally significant influences.
Because the viscera in TCM are comprehensive concepts
that not only possess morphological aspects, but also entail
functional aspects, the influence from medical data to the
viscera is restrictive. Furthermore, gender and age were
both input compulsorily, thereby lowering the coefficient of
determination and the goodness of fit of the model.
Most of the items in FVS are unidentified complaints. In
both Western medicine and TCM, unidentified complaints
are crucial to disease prevention; thus it was clinically
important that there was an association between the medical
data based on Western medicine with TCM. Moreover, it
is noteworthy that the specific related medical data fit the
descriptions of viscera characteristics in TCM textbooks as
shown below [11]. The liver controls mental activity and
stores blood. Abnormalities in the liver lead to the reversal
of blood and impairment of distribution. Therefore, the liver
is considered to be associated with the factors related to
pliability of blood vessels, such as diastolic blood pressure
and HDL-C. The spleen controls digestion and absorption of
foods and drinks. Therefore, the spleen is considered to be
associated with digestive functions in liver or pancreas such
as GLU, GOT, and 𝛾-GTP.
The lung systemically circulates Qi and bodily fluids (such
as saliva and tears). Stagnation leads to the development
of edema. In addition, invasions by the common cold (i.e.,
external pathogens (wind)) are likely to occur. Hence, the
lung is considered to be associated with factors related to
obesity and inflammation, such as BMI or HCRP, which
might reflect the spleen disorder rather than lung disorder by
the TCM criteria. However, since FVS is a newly created scale
as mentioned earlier, some of which might be inconsistent
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with the TCM literature. The kidney is supplemented by
the energy created from foods and drinks. In addition, it
eliminates liquids that are no longer necessary as urine.
Therefore, the kidney is considered to be associated with
factors related to blood sugar or renal function such as
HbA1c or creatinine clearance. Because kidney and spleen
dysfunction is attributed to diabetes, it is unclear why
GLU and HbA1c were negatively associated with spleen and
kidney as well as the discrepancy between GOT and 𝛾GTP observed in the spleen. These may be partially due
to the cross-sectional characteristics of the current study.
Prospective clinical cohort study will be necessary to resolve
this inconsistency. However, as mentioned earlier, it should
be noted that the FVS is created based on the TCM theory and
does not reflect the clinical characteristics of corresponding
anatomical internal organs.
In a TCM study of hypertension, Wu et al. discovered
two biomarkers from diagnostic standards of multiple TCM
syndromes and reported that these are useful for classifying and discriminating TCM syndrome [20]. Here, we did
not restrict the study to a specific disease but investigated
multiple biomarkers related to one TCM diagnostic scale
from various angles. Therefore, this study is significant in that
we have discovered distinctive relationships. This study also
revealed that all FVS items on the right side of viscera as latent
variable, except for “I have a runny nose” in the lungs, were
strongly influenced by viscera. These results signify that FVS
can be used for TCM diagnosis in middle-aged and elderly
individuals.
In a study of TCM diagnosis presented in 2012, Wang
et al. reported that SEM is an effective method [16]. SEM
is considered to be useful for TCM study since it allows
concepts of TCM such as viscera to be evaluated as latent
variables. In this study, we showed that specific biomedical
factors significantly influenced each of the viscera in TCM,
which was also consistent with former TCM interpretations.
Therefore, current findings added scientific significance to
the diagnosis of TCM, which had been regarded as diagnostic
measure through clinical experiences. SEM should be further
utilized in studies of diagnostic scales that determine treatment strategies for TCM.
In TCM, patients are typically diagnosed in a comprehensive manner using four methods: “observation,” “auscultation
and smell,” “inquiry,” and “palpation” [21]. Therefore, it is
not definitive whether or not diagnosis can be made with
FVS inquiries alone. Nonetheless, if the reproducibility of
the study is increased through additional studies using FVS,
then FVS may become the standard for inquiry. FVS is
a scale that adds objectivity to the diagnoses that have
previously been affected by the TCM provider’s subjective
evaluation. FVS can be used in all TCM and CAM practices
that perform diagnoses based on the state of the viscera in
TCM. Furthermore, FVS may profit from combining its usage
with previously investigated methods for TCM diagnosis [16,
22, 23]. One of the limitations of this study is that because
the study was a cross-sectional design, we were not able
to investigate over time whether those who had biomedical
factors related to FVS would develop an illness linked with the
FVS. Currently, we are continuing the study in residents in the
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same area. Findings from this cohort study will be reported
in the future.
[9]

5. Conclusion
We found gender differences of FVS and identified several
biomedical factors that significantly influenced viscera by
application of structural equation modeling. The current
findings suggest that FVS can be useful for TCM diagnosis
incorporated with Western medicine in middle-aged and
elderly individuals.
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There are patients who suffer from persistent dentoalveolar pain disorder (PDAP) which is a pain of the teeth, either dentoalveolar
pain or nonodontogenic toothache, and its cause has not yet been identified. An effective intervention for PDAP has not yet been
established. Interventions for patients with PDAP are generally pharmacological treatments such as antidepressants, anticonvulsants, and pregabalin. However, these medicines are not always effective for patients. The pain disorder in the orofacial region
including temporomandibular disorder (TMD) and PDAP was effectively treated with our original exercise therapy. However, we
did observe some intractable cases of PDAP even when our original exercise therapy was used. This paper presents our findings in
which Kamishoyosan improved the pain intensity in 14 out of 15 PDAP patients refractory to our original exercise therapy.

1. Introduction
Patients suffering from tooth pain, either dentoalveolar pain
or nonodontogenic toothache, of which the cause has yet to
be identified, continue to seek pain treatment from several
doctors, not only dentists but also several kinds of medical
practitioners.
Recently the name of persistent dentoalveolar pain disorder (PDAP) has been used to describe this kind of pain.
PDAP is described as a pain that persists in the dentoalveolar
region without any evidence of local disease [1–4]. Much
attention has been paid to PDAP among dentists who have
knowledge of orofacial pain, but PDAP is not widely known
because of the lack of diagnostic criteria and pathology.
Previous reports suggested that the pain disorder in the
orofacial region including PDAP could be associated with
psychological problems [5, 6]. Moreover, PDAP is supposed
to be partly somatoform pain and partly neuropathic pain.
Thus, typical interventions for patients with PDAP especially through pharmacological treatment are antidepressants

[6], anticonvulsants [7], and pregabalin [8]. However, these
medicines are not always effective for patients and some
patients experience severe side effects. We have effectively
treated the pain disorder in the orofacial region including
temporomandibular disorder (TMD) and PDAP by using
our original exercise therapy for the improvement of jaw
movement and psychological intervention (PI) to reduce
parafunctional activities (PAs) in our daily clinical practice
[9]. Patients with not only TMD but also PDAP display
oral PAs. PAs indicate oral habitual movements (such as
tongue habit, masticating on one side, lip/cheek biting and
swallowing) and bruxism (clenching, grinding, and tapping
of teeth). However, we experience intractable cases in a
third of patients with PDAP even when our original exercise
therapy is used.
Kampo, traditional Japanese herbal medicine based on
traditional Chinese herbal medicine, has been used to treat
chronic pain in Japan [10]. Kamishoyosan is a Kampo
formula used to effectively treat psychological symptoms
such as anxiety, irritability, and depression [10–12]. Therefore,
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Table 1: Characteristics in 15 patients. Parafunctional activities comprise oral habitual movements (such as tongue habit, masticating on one
side, lip/cheek biting, and swallowing) and bruxism (clenching, grinding, and tapping of teeth).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Age (years)
35
37
40
46
48
52
55
56
56
64
64
65
68
70
76

Sex
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

Duration (month)
2
6
1
60
2
180
6
1
1
48
12
48
180
12
192

Pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tooth pain
Tongue and alveolar bone
Tooth pain
Tooth pain
Tooth pain
Tongue and alveolar bone

we considered that Kamishoyosan might relieve their psychological problems and thereby be effective for the PDAP
patients with intractable pain after our original exercise
therapy. We report here that Kamishoyosan improved the
pain intensity in 14 out of 15 PDAP patients refractory to our
original exercise therapy.

2. Case Series
After obtaining approval from the Ethics Committee of Aichi
Medical University for the review of the use and effect of
Kampo medicine (reference number: 13-097), retrospective
analysis from January 2012 to April 2013 was performed on
15 patients who visited the Multidisciplinary Pain Center
(Pain Center) of Aichi Medical University. All patients were
referred from other hospitals to the Pain Center because of
PDAP. Treatment protocols used in the present report were
based on institutional policy and clinical guidelines approved
by the Ethics Committee of Aichi Medical University. The
characteristics of the patients are described in Table 1. Fifteen
patients were female, and their ages ranged from 35 to 76
years.
After obtaining approval from the Ethics Committee of
Aichi Medical University, we routinely explain to all patients
that we record and store demographics, symptoms, course of
pain, and medical record in all patients for possible future
use in our research and then we obtain written informed
consent at their initial visit to the Pain Center. We diagnosed
each patient’s condition as PDAP based on their medical
histories and radiographic examinations. The intensity of
pain was rated by the patients using a numerical rating scale
(NRS) where 0 indicated “no pain” and 10 “the greatest pain
possible.” The jaw movement test was evaluated using a cotton
roll [9]. We administered our unique exercise therapy to the
patients under the supervision of a dentist (MAKINO) at our
clinic for approximately 20 minutes during each visit. Patients

Pharmacological treatment
NSAIDs
NSAIDs and muscle relaxants
NSAIDs
NSAIDs
NSAIDs
NSAIDs and antidepressants
NSAIDs
NSAIDs
NSAIDs
—
Muscle relaxants and antidepressants
—
Muscle relaxants and antidepressants
Antidepressants
Muscle relaxants and antidepressants

Parafunctional activities
−
+
−
+
+
+
+
+
+
+
+
+
−
+
+

were ordered to continue the exercises at home. All patients
visited our Pain Center on a monthly basis.

3. Treatment
(1) Explanation. Firstly, we confirmed that there was no
clinical and radiographic evidence of relevant pathology in
their pain and explained this to the patients [9].
(2) Exercise Therapy. Patients were instructed to perform
the jaw movement exercise at home. The exercise consists
of ten sets of protrusion-retrusion (anterior-posterior) jaw
movements, a lateral jaw movement with the right side and
then a lateral jaw movement on the left side (Figure 1) [9].
The exercises were performed once a day. It was important for
the patients to concentrate on the jaw exercise while watching
their jaws move in a mirror and to move the jaw slowly.
(3) Psychological Intervention. We let patients understand that
it was important to recognize both PAs and frequency of
PAs during the daytime. Our only instructions were that
when they felt pain, they had to recognize what kind of PAs
they were doing and how frequently they were doing them.
In addition, the patients were trained to relax their tongue,
their masticatory muscles, and their jaw (Figure 2) [9]. They
were instructed to perform this form of relaxation when they
noticed their pain. Moreover, they were instructed to try and
feel pain relief when they avoided their PAs and relaxed. In
addition, they were told to take notice of what kind of PAs
they were doing if they felt pain.
The fifteen patients had not experienced any improvement in the intensity of their pain two months after
commencing our original exercise therapy and PI (Table 1).
Thus, we proposed administering them a course of Kampo
medicine, a traditional Japanese herbal medicine. We
explained to the patients that we recorded and stored
their demographics, symptoms, course of pain, and medical
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(a)

(b)

(c)

Figure 1: (a) Protrusion-retrusion jaw movements while biting on a cotton roll with the front teeth. (b) Right jaw movement while biting on
a cotton roll with the right canine. (c) Left jaw movement while biting on a cotton roll with the left canine.

(a)

(b)

(c)

(d)

Figure 2: Relaxation training. (a) Take a deep breath with the mouth wide open. (b) Roll the lips back inside the mouth. (c) Close the mouth
until the lips touch. (d) Relax the masticatory muscles, tongue, and jaw without letting the teeth touch.
Table 2: Results of patients’ individual pain scores assessed by numerical rating scales (NRS), jaw movement tests, and recurrence of pain.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

NRS pre
6
8
7
5
10
7
10
8
5
5
9
8
6
5
3

NRS day 14
0
0
1
0
0
5
3
1
0
0
5
0
6
0
0

Jaw movement test pre
Abnormal
Normal
Abnormal
Normal
Abnormal
Abnormal
Abnormal
Normal
Abnormal
Abnormal
Abnormal
Normal
Abnormal
Abnormal
Abnormal

Jaw movement test day 14
Normal
Normal
Normal
Normal
Normal
Abnormal
Normal
Normal
Normal
Normal
Normal
Normal
Abnormal
Normal
Abnormal

Recurrence
+
+
+
+
+
+
+
−
−
−
+
−
−
+
+
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record for future use in our review again and then we
obtained written informed consent. Patients agreed to take
Kamishoyosan. They took 2.5 g of Kamishoyosan (TJ-24,
Tsumura & Co., Tokyo, Japan) three times a day for two
weeks, while continuing the exercise therapy and psychological intervention to reduce parafunctional activities. The
individual changes of NRS are described in Table 2. NRSs of
the baseline ranged from 3 to 10 (Median, 7). Eleven patients
displayed jaw movement abnormalities while four patients
had normal functions using our original jaw moving test.
Twelve patients displayed PA habits. The NRS significantly
decreased two weeks later (Median, 0; range 0–6; Wilcoxon
matched pairs test, P = 0.001). Intensity of pain improved in
14 out of the 15 patients. Although several patients reported
that the pain did not completely disappear, if they felt any
pain it was not at a level which caused them concern.
Eight patients improved but three patients did not improve
in jaw movement. No patient experienced any adverse effects
during the medication. Although ten patients experienced
recurrences of pain in about a year, Kamishoyosan provided
an improvement of PDAP at each recurrence.

4. A Particular Case
A 48-year-old female had been suffering from severe spontaneous pain (NRS, 10) and sensitivity to cold in the upper right
maxillary first molar for 2 months. Firstly, we confirmed that
there was no clinical and radiographic evidence of relevant
pathology in her pain and explained this to her. She displayed
jaw movement abnormality. She had not experienced any
improvement in the intensity of her pain (NRS, 10) two
months after commencing our original exercise therapy
and PI. She took 2.5 g of Kamishoyosan three times a day,
while continuing the exercise therapy and PI to reduce
parafunctional activities. The NRS dramatically decreased to
4 four days later and was 0 at day 11. Also, she improved in
jaw movement. Although she experienced two recurrences of
pain in a year, Kamishoyosan provided a quick improvement
of PDAP at each recurrence.

5. Discussion
Many studies have reported the association between PDAP
and TMD [6, 13]. Patients with the pain disorder in the
orofacial region including TMD and PDAP have PAs [9]. PAs
indicate oral habitual movements (such as tongue habit, masticating on one side, lip/cheek biting, and swallowing) and
bruxism (clenching, grinding, and tapping of teeth). Thus,
we focused our attention on jaw movement and PAs which
are relevant factors in chronic pain of the craniocervical
region. We found that many patients showed abnormalities in
our jaw moving test and recognized PAs while experiencing
pain. Previous reports suggested that PAs are associated with
emotional stress induced by social factors [14] and that PAs
are recognized as a valid systemic prophylactic reaction in
all stress-related diseases [13, 15]. Moreover, many studies
reported that chronic pain disorders including PDAP have
been linked to psychological factors [5, 13].
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Although therapeutic algorithms for PDAP [2] include
pharmacological treatments which are tricyclic antidepressants [6], serotonin, and norepinephrine reuptake inhibitors
[16], anticonvulsants [7] or pregabalin [8], sometimes these
treatments cause serious side effects and are not highly
effective with treating PDAP. In fact, since a lot of patients
do not experience sound pain relief by pharmacological
treatment in our clinical practice, firstly we have been trying
to treat them by using our original exercise therapy and
PI. In two thirds of them, the pain intensity decreases by
more than two of NRS in two weeks and further decreases
in a few months, and they report that the pain does not
completely disappear (NRS, 0–3), but if they feel any pain it
is not at a level which causes them concern. However, in the
present report, the fifteen patients had not experienced any
improvement in the intensity of their pain two months after
commencing our original exercise therapy and PI.
Kampo, or traditional Japanese herbal medicine, has been
used for the treatment of not only chronic pain but also many
other diseases in Japan. Kamishoyosan is a Kampo formulation used to effectively treat psychological symptoms such
as anxiety, irritability, and depression [10–12]. In the present
report, although the fifteen patients had not experienced
any improvement in the intensity of their pain two months
after commencing our original exercise therapy and PI, the
simultaneous use of a Kampo formulation with education
and psychological intervention provided an improvement in
patients with PDAP. We thus postulate that the addition of the
Kampo formulation, Kamishoyosan, to our exercise therapy
could effectively improve PDAP.
There are several limitations in the present report. The
present report is a small case series and not a nonrandomized
control analysis of Kampo treatment. Another limitation is
that the male-female ratio of PMDA is 1 : 9 in our clinical
practice, so all 15 patients were female in the present report.
Although Kampo medicines must basically be prescribed
for patients based on patient-centered Kampo diagnosis, we
did not see if the 15 patients matched with Kamishoyosan
pattern. Thus, we need a prospective and comparative study
that might be more appropriate to support a predictive,
preventive, and personalized value of Kampo treatment.

6. Conclusion
We treated 15 PDAP patients who were refractory to our
unique exercise therapy to improve jaw movement and
PI to reduce PAs through administration of the Kampo
formulation, Kamishoyosan. Fourteen patients experienced
a decrease in pain intensity after intervention. This finding
suggests that the combination of Kampo and our exercise
therapy was effective in treating PDAP.
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Background. Treating functional gastrointestinal disorders is extremely difficult. We herein report the effect of the oral
administration of Ninjinto (NJT, ginseng decoction), a traditional Japanese Kampo medicine, on chronic intestinal failure. Patients
and Methods. Seven patients with chronic intestinal failure treated with NJT were evaluated in this study. The primary diseases
included chronic intestinal pseudoobstruction (CIPO: 𝑛 = 4), short bowel syndrome (SBS: 𝑛 = 2), and intestinal atresia (𝑛 = 1). All
patients orally received NJT extract granules at a dose of 0.3 g/kg BW per day. The treatment outcomes were then assessed according
to the patients’ symptoms and consecutive abdominal X-ray findings. Results. The targeted symptoms were abdominal distension
in four patients, diarrhea in three patients, and frequent hospitalization due to infections in two patients. An improvement in the
symptoms was observed in six of the seven patients, whereas one patient with SBS did not show any improvement. An improvement
in an abdominal roentgenogram was observed in the four patients with remarkably dilated bowel loops due to CIPO. Conclusions.
NJT may be effective in controlling functional gastrointestinal disorders associated with chronic intestinal failure. The use of Kampo
medicine in the field of pediatric surgery may help to improve the quality of life in children suffering from such conditions.

1. Introduction
Pediatric intestinal failure is a complex clinical problem associated with high patient morbidity and mortality. Intestinal
failure due to short bowel syndrome (SBS) and/or intestinal
dysmotility caused by chronic intestinal pseudoobstruction
(CIPO) or a postoperative state of intestinal atresia result in
inadequate nutritional absorption to support normal growth
and development. Short bowel syndrome (SBS) reflects a
state of malabsorption resulting from the loss of a significant
portion of the small bowel [1]. In addition, CIPO is a
syndrome characterized by episodes mimicking the features
of mechanical obstruction in the absence of mechanical,
systemic, or metabolic disorders [2]. Managing functional
gastrointestinal disorders, especially those associated with
intestinal failure, is extremely difficult and hindered by both

the poor efficacy and adverse effects of standard pharmacological therapy.
Ninjinto (NJT), a traditional Japanese Kampo medicine,
is prepared from four different Chinese crude drugs. This
medicine is a major prescription in Japan and most frequently used for the treatment of gastroenteritis, esogastritis,
gastric atony, gastrectasis, vomiting, and anorexia [3]. A
previous study demonstrated that treatment with Ninjinto
not only significantly improves gastrointestinal motility, but
also exhibits stronger effects than that observed for various
prokinetic drugs, such as cisapride and metoclopramide, in a
rat model of postoperative ileus [4]. Therefore, we speculated
that NJT may be a candidate as an effective Japanese herbal
medicine for ameliorating the symptoms of intestinal failure.
We herein describe our experiences with seven patients
with intestinal failure who received therapy with the oral
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administration of NJT. The aim of this report was to evaluate
the effects of NJT in improving intestinal failure and increasing the quality of life (QoL) in these patients by comparing the
clinical findings obtained before and after the administration
of NJT.

2. Patients and Methods
2.1. Patients. Seven pediatric patients with intestinal failure
due to CIPO, SBS, or intestinal atresia who visited our
hospital between April 1, 2012, and April 30, 2014, were
selected for this study. All subjects were under 18 years of age
or transitioning from pediatric to adult care and continuously
used NJT for at least three months. In all cases, no formula
changes including modern medical treatment were attempted
after the start of the oral administration of NJT.
2.2. Evaluation of Efficacy and Safety. We assessed the treatment outcomes and safety based on periodic feedback from
the patients and their parents in terms of symptoms, such
as abdominal distension, pain, and diarrhea, as well as consecutive abdominal X-ray findings. The primary variables for
evaluating the effectiveness of NJT administration included
change in the intensity of abdominal complaints from baseline to approximately 3 months following NJT administration and patient satisfaction regarding the improvement of
abdominal symptoms, such as abdominal distention and pain
and diarrhea. Briefly, the patients were asked to classify the
intensity of all abdominal complaints by marking a 100 mm
visual analogue scale (VAS) with a straight line before and
three months after NJT administration. The VAS assessment
was statistically analyzed using a paired 𝑡-test.
In addition, in order to examine natural killer (NK)
cytotoxicity in peripheral blood mononuclear cells (PBMCs)
in two patients, measurements of the cytotoxic activity of NK
cells were obtained. Briefly, the NK-sensitive cell line K-562,
as target cells, was cocultured with PBMCs collected from the
peripheral blood of the patients before and three months after
the administration of NJT. The percentage of target cells killed
by effector NK cells was determined using a 51 Cr release assay
[5].
2.3. Dose and Regimen. All seven patients were administered the NJT extract fine granules manufactured by Kracie
(Kracie Holdings, Ltd., Tokyo, Japan) (Table 1) at a dose of
0.3 g/kg BW per day, with a maximum total dose of 7.5 g per
day. A 3D HPLC profile of NJT along with a chemical analysis
(PDA condition) is shown in Figure 1. As the chemical
marker, glycyrrhizic acid was used for quality control.

3. Results
A review of the patients is shown in Table 2. The mean age
was 13.8 years (1–27), and the diagnoses were as follows:
CIPO (𝑛 = 4), SBS (𝑛 = 2), and postoperative ileal atresia
(𝑛 = 1). The targeted symptoms of seven patients included
abdominal distension and pain in four patients, diarrhea in
three patients, and frequent hospitalization due to infections
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Table 1: Composition of the NJT extract granules manufactured by
Kracie (Kracie Holdings, Ltd., Tokyo, Japan).
Ingredient
JP processed ginger
JP Glycyrrhiza
JP Atractylodes japonica rhizome
JP ginseng

Volume (g)∗
3.0
3.0
3.0
3.0

∗
6.0 g of Kracie NJT extract fine granules contains 3.0 g of a dried extract of
the above mixed crude drugs. JP: Japanese Pharmacopoeia.

Table 2: Review of pediatric patients with intestinal failure treated
with NJT.
Case
Gender Age
number

Diagnosis

1

F

12

CIPO

2

M

13

SBS

3

F

27

CIPO

4

M

10

CIPO

5

M

28

CIPO

6

M

1

7

M

6

Ileal atresia
post-OP
SBS

Targeted symptoms
Abdominal distention &
pain
Diarrhea & compromised
state
Abdominal distention &
pain
Abdominal distention &
pain
Abdominal distention &
pain
Diarrhea & compromised
state
Diarrhea

CIPO, chronic intestinal pseudoobstruction; SBS, short bowel syndrome; OP,
operation.

(representing a compromised state) in two patients. No
patients withdrew from the oral administration of NJT for
at least three months during the treatment period, as the
sweet taste of NJT increased patient compliance. No notable
adverse effects, such as itching, gastrointestinal symptoms,
and other subjective symptoms or abnormalities in the blood
count or blood biochemistry data, were observed during or
after NJT administration.
The abdominal distension and pain improved in all four
patients, and the intensity of abdominal distension and pain
significantly improved on the VAS after 3 months of the oral
administration of NJT (Figure 2(a)). Although the VAS after
3 months of the oral administration of NJT did not show a
statistically significant decrease of the intensity of diarrhea
(Figure 2(b)), diarrhea improved in two of three patients. The
frequency of hospitalization due to infections decreased in
the two patients (one patient’s frequency reduced from six
times to twice a year and the other from eight times to twice
a year). An improvement in the abdominal roentgenogram
findings was observed in the four patients with remarkably
dilated bowel loops due to CIPO as shown in Figure 3.
An improvement in the symptoms was observed in six
of the seven patients. The patient who did not notice an
improvement in his symptoms after the oral administration
of NJT did not have remarkable inner cold or qi deficiency,
while the other six patients had both of these problems.

3
activity in the PBMCs was upregulated compared to that
noted prior to the administration of NJT (Figure 4, right).
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Figure 1: 3D HPLC chart of the Kracie NJT extract fine granules
manufactured by Kracie (Kracie Holdings, Ltd., Tokyo, Japan). The
chemical marker, such as glycyrrhizic acid in the HPLC profile, was
identified by comparison with the retention times and UV spectra
(210–400 nm) of the reference standards.

The details of two representative cases are described
below.
Case 1. A 12-year-old female suffered from repeated abdominal pain, distension, and diarrhea as a result of megacystismicrocolon-intestinal hypoperistalsis syndrome, a condition
of CIPO and a representative cause of intestinal failure. Since
birth, the patient had been hospitalized on 12 occasions due
to periodic abdominal distension three to four times per
month and easily developed infections, such as catheterrelated bloodstream infections and enteritis. As shown in
Figure 3 (upper left), an abdominal roentgenogram showed
severe intestinal dilatation and niveau formation, suggesting
intestinal obstruction. Neither surgery nor medical treatment
was able to successfully control her symptoms. However,
after starting treatment with the oral administration of
NJT extract, the periodic abdominal distension was well
controlled, with evidence of amelioration on an abdominal roentgenogram (Figure 3, upper right) and significant
improvements in her general condition and QoL. Interestingly, an increase in the NK activity in the PBMCs was
observed three months after the initiation of NJT administration, compared to that seen before the start of NJT treatment
(Figure 4, left). The patient has not been hospitalized since
receiving oral NJT for two years. Similarly, consecutive
improvements in symptoms and abdominal roentgenogram
findings following NJT administration were also clearly
observed in Case 3 (Figure 3, below).
Case 2. A 13-year-old male suffered from SBS due to intestinal necrosis associated with gastroschisis at birth. He experienced constant watery diarrhea as well as frequent hospitalization (5-6 times a year) due to bronchitis and pneumonia,
probably due to the weakness of his immune system. Based
on our experience in Case 1, we speculated that treatment
with NJT may increase the NK activity in PBMCs and
subsequently decrease the likelihood of infection. One year
after starting treatment with the oral intake of NJT extract, the
frequency of hospitalization had decreased (to once a year),
and the patient’s bowel movement disturbance improved.
In addition, a blood examination performed three months
after the initiation of NJT therapy demonstrated that the NK

Intestinal failure is a complex clinical problem that is associated with high patient morbidity and mortality. Although
surgical treatment is often successful, dietary manipulation
and pharmacological management of abdominal distension,
diarrhea, and a compromised state both have the potential
to substantially improve the overall health and quality of
life (QoL) of SBS patients [6]. The symptoms of SBS may
be caused by multiple etiologies, for example, accelerated
intestinal transit, gastric acid hypersecretion, intestinal bacterial overgrowth, and malabsorption of fats and bile salts [6].
Similar to that observed with SBS, most patients with CIPO
present with a variety of abdominal symptoms, including
abdominal distension, vomiting, chronic constipation, and
abdominal pain [7]. It remains still difficult to control
these symptoms with medication or surgery in patients with
conditions associated with intestinal failure. In six of the
seven current patients with intestinal failure, treatment with
NJT successfully rescued severe symptoms that could not be
managed with existing treatments. Against this background,
traditional Japanese herbal medicine (Kampo medicine) may
be an attractive alternative option. In fact, Dai-kenchu-to
(DKT) was recently reported to be clinically effective in
improving gastrointestinal motility in a case of MMIHS [8].
A previous study also demonstrated that NJT not only significantly improves gastrointestinal motility, but also shows
stronger effects than those of various prokinetic drugs, such
as cisapride and metoclopramide, in a rat model of postoperative ileus [4], and NJT has been confirmed to increase
the level of motilin, a powerful inducer of gastrointestinal
motor activity, and somatostatin, which participates in the
regulation of gut motility by exerting both inhibitory and
stimulatory actions in human plasma. Sato et al. reported
that NJT significantly increases the release of plasma CGRP,
substance P, motilin, and somatostatin, thereby contributing
to the gastrointestinal protection, motility, and secretion [3].
For these reasons, NJT is thought to be effective in treating
gastrointestinal symptoms and obtaining an improvement
in the abdominal roentgenogram findings in patients with
intestinal failure.
Surprisingly, in the present study, the administration of
NJT increased the NK activity in PBMCs in two patients, who
consequently became relatively insusceptible to treatment.
There are several hypotheses explaining this phenomenon.
First, in an animal study, Kaga et al. confirmed that NJT
augments the NK activity in vivo, and the authors suggested
that certain components of NJT, which contains four different
components, directly stimulate immune system in vivo [9].
Another explanation is that the increase in QoL resulting
from the improvements in abdominal symptoms indirectly
contributes to increasing the NK activity.
Panax ginseng is one of the most important crude
drugs in NJT. Ginseng contains ginsenoside Rb1 as its main
constituent and is traditionally used in Kampo formulas
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Figure 2: Analyses of the effectiveness of the oral administration of NJT for abdominal symptoms using the visual analogue scale. (a)
Abdominal distention and pain (𝑛 = 4). (b) Diarrhea (𝑛 = 3) before and 3 months after the oral administration of NJT.

for cancer, inflammation, stress, and ageing. Ginsenoside
Rb1 present in orally administered ginseng is metabolized
to bioactive compounds, including compound K, by gut
microbiota prior to absorptions in the blood. Colonic bacteria cleave the oligosaccharide connected to the aglycone
compound stepwise from the terminal sugar to yield the
major metabolites [10]. The intestinal bacterial metabolism
of ginseng, particularly ginsenoside Rb1, may be dependent
on the composition of gut microbiota, such as Ruminococcus spp., Bacteroides spp., and Bifidobacterium spp. [11],
and the continued administration of NJT may induce the
development of a suitable composition of gut microbiota for
the metabolism of ginsenoside. The other important crude
drug in NJT is Atractylodes japonica. It has been reported
that SKI3246 of the rhizome of Atractylodes japonica is
potentially effective in treating visceral hypersensitivity in
experimental rat model of irritable bowel syndrome [12].
According to the Kampo diagnosis, NJT improves interior
cold, a pathological state characterized by the preponderance
of yin cold or a decline in yang qi in the interior, thus
tonifying the digestive system. The intestinal failure can be
considered to be a deficiency of spleen qi, a pattern marked by

digestive dysfunction such as the loss of appetite, abdominal
distention, or loose bowels. For this reason, NJT is one of the
best formulas for patients with intestinal failure associated
with interior cold.
In this study, NJT was administrated to pediatric patients
with intestinal failure without the Kampo diagnosis because
most of the pediatric patients with intestinal failure could be
considered to have the disease pattern of NJT. As a result,
one of the patients with SBS without the disease pattern
of NJT, such as inner cold or qi deficiency, did not have
a symptomatic improvement following NJT treatment. It is
important to determine the cause, nature, and location of
the pathological change at specific stages of the disease by
the Kampo diagnosis for case selection in order to obtain
sufficient effects. In future investigation, the selection criteria
according to the Kampo diagnosis should be included in the
selection of the patients. It may be possible to find inner cold
in the diagnostic process with an interview, for example, and
whether the patient’s symptoms exacerbate with cold stress.
Similar to that observed in our cases, various Kampo
formulas have been prescribed for pre- and postoperative pediatric patients with gastrointestinal anomalies and
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Before

Case 1
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Figure 3: Comparison of abdominal roentgenograms in Cases 1 and 3 obtained before and three months after the oral administration of NJT.
Improvements in intestinal dilatation and niveau formation were observed at three months after the oral administration of NJT.
Case 1

30
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Figure 4: Natural killer activity in the peripheral blood in Cases 1 and 2 before and three months after the oral administration of NJT. All
increase in the natural killer cell activity was clearly observed three months after the oral administration of NJT in both Cases 1 and 2. The
natural killer cell activity was measured using a 51 Cr release assay.

diseases. Representative Kampo formulas used for daily
treatment in the pediatric surgical field include rikkunshito
after upper gastrointestinal surgery [13], daikenchuto after
colorectal surgery [14], inchinkoto for postoperative biliary

atresia, and hainosankyuto for perirectal abscesses [15]. These
formulas have been reported to achieve satisfactory results.
Therefore, we believe that Kampo formulas have the potential
to greatly contribute to controlling perioperative symptoms
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and preventing permanent damage in the field of pediatric
surgery.
Kampo medicine is in general very safe. There are few
adverse effects reported in connection with some Kampo
formulas, such as pneumonitis, pseudoaldosteronism, and
liver dysfunction. Nevertheless the patient’s condition should
be continuously monitored during treatment using careful
history-taking, laboratory assessments, and physical examination. Since in Japan Kampo medicines are prescribed
by medical doctors and are monitored by the national
pharmacovigilance system, safe use can be insured.

5. Conclusion
NJT may be effective in controlling the symptoms of intestinal
failure, CIPO, and SBS, and further randomized controlled
trials are warranted to evaluate the clinical efficacy of NJT for
patients with these disorders. The use of Kampo medicine in
the field of pediatric surgery may contribute to improving the
quality of life in children suffering from such conditions.
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