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In 2016, the total medical fee for Korea Medicine (KM) in
South Korea was over 4 billion dollars and the National
Health Insurance of South Korea paid about 2.09 billion
dollars formedical services provided by 19,737 KMdoctors in
302 KM hospitals and 14,150 KM local clinics. Actually, 12.9
million Korean patients received 105 million outpatient ser-
vices provided by KM doctors in 2016. The older the Korean
society is, the more important the role of KM becomes,
because Korea is anticipated to be a hyperaged society in
2028. As well as the Donguibogam, which was enlisted on
the Memory of the Word by UNESCO in 2009, Sasang
typology, Sasang Constitutional Medicine, Sa-am acupunc-
ture, Chuna therapy, Pharmacopuncture, Korean physical
therapy, Korean psychotherapy, and so on characterize KM.
But more integrative researches and scientific evidences for
KM might strengthen both clinical efficacy and applicability
of KM. In this respect, it seems to be unavoidable that
KM utilizes cutting-edge techniques of modern science. The
more accurate and efficient practice of KM innovated with
the modern bioscientific technology would help people live
healthy lives.

Our special issue, which had opened for 6 months in the
first half of 2017, focused on scientific evidence for KM and
its integrative medical research.

An article by W.-W. Choi et al. described that the
traumatic brain injury (TBI) mouse model was induced
using the controlled cortical impact method; Chunghyul-
Dan (CHD) was orally administered twice a day for 5 d after
TBI induction; mice were assessed for brain damage, brain

edema, blood-brain barrier (BBB) damage, motor deficits,
and cognitive impairment; treatment with CHD reduced
brain damage seen on histological examination and improved
motor and cognitive functions; however, CHDdid not reduce
brain edema and BBB damage; CHD could be a candidate
agent in the treatment of patients with TBI.

S. M. Hong et al. described that the aim of this study
was to determine the differential effect of sleep depriva-
tion in individuals with different body compositions (fluid)
according to Soyang type (SY) and Taeeum type (TE); total
bodywater and extracellularwaterwere significantly different
between the groups in the intervention phase; physiological
parameters also varied from the beginning of the resting
phase to the end of the experiment; potassium levels changed
more in SY than TE individuals; participants responded dif-
ferently to the same amount of sleep deprivation depending
on their Sasang constitution types; this study indicated that
SY individuals were more sensitive to sleep deprivation and
were slower to recover from the effects of sleep deprivation
than TE individuals.

J. Kim et al. described that they assessed the quality of
reporting based on CAse REport (CARE) and STandards for
Reporting Interventions in Clinical Trials of Acupuncture
(STRICTA) guideline checklists; a total of 93 eligible case
reports of acupuncture treatment were identified among the
107 articles screened; overall quality of reporting in the case
reports was generally acceptable (75.4% on CARE, 67.7% on
STRICTA), but several crucial items remained substantially
underreported; in conclusion, endorsement of the CARE and
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STRICTA guidelines is needed to improve the completeness
of reporting.

S.-R. Kim et al. described that they screened 189 par-
ticipants aged 20 to 49 years, complaining of headache; to
classify patients in terms of Yin deficiency, they used two
self-reporting Yin-deficiency questionnaires and diagnosis
by a doctor; based on the tests, a total of 33 subjects were
assigned to a Yin-deficient group and 33 subjects were
assigned to a nondeficient control group; tongue images were
acquired using a computerized tongue diagnostic system,
for evaluating tongue indices; in conclusion, Yin-deficient
patients had less tongue coating and tended to have a more
reddish tongue than nondeficient patients.

An interesting study by S. Jang et al. described that this
survey aimed to investigate the characteristics of users and
nonusers of herbal medicine and the adverse events expe-
rienced due to herbal medicines in South Korea; the ques-
tionnaire consisted of safety, using experience, using type,
usage and nonusage reason, purchase location, and adverse
events of herbal medicine; of the total 1,134 respondents, 726
(64.0%) considered herbal medicine safe, and 693 (61.1%)
answered that they have taken herbal medicines within the
past year; among those who took herbal medicines, 46
experienced adverse events, and themost frequently reported
symptoms were digestive disorders (52.2%); regulation of
herbal medicines is needed in order to resolve problems
related to the safety of herbal medicines.

S. J. Jung et al. described that the distribution of mast cells
(MCs) in the ventral skin of mice was studied so that it could
be used to infer the locations, depths from the epidermis,
and sizes of three putative acupuncture points (Aps); the
harvested skins from 8-week-old mice were stained with
toluidine blue, and the MCs were recognized by their red-
purple stains and their metachromatic granules; the three
putative APs, CV 8 and the left and the right KI 16 APs, were
identified based on their high densities ofMCs; these findings
also imply that acupuncture may stimulate, through MCs, an
immune response to allergic inflammation.

Y.-C. Yun et al. described that the Morris water maze
(MWM) test demonstrated a significant improvement in
hippocampal-dependent memory in the middle cerebral
artery occlusion (MCAO) rats after laser acupuncture (LA)
treatment; LA treatment significantly reversed the postis-
chemic decrease in choline acetyltransferase immunoreac-
tivity in the hippocampal CA1 region; LA treatment could
improve cognitive impairment in MCAO rats to enhance the
cholinergic system in the hippocampal CA1 region and to
exert a neuroprotective effect by regulating Creb, Bdnf, Bcl-2,
and Bax gene expressions.

J. Kim et al. described that their study aims to investigate
the efficacy of Yukgunja-tang (YGJT) on functional dyspepsia
(FD) patients classified by 3-dimensional facial measurement
using a 3-dimensional facial shape diagnostic system (3-
FSDS); a placebo-controlled, double-blind, randomized, two-
center trial will be performed to evaluate the efficacy of
YGJT on FD patients; the results of this trial will help
the FD patients improve the symptoms and quality of life
effectively and provide objective evidence for prescribing the

YGJT to FD patients in clinical practice; this trial is regis-
tered with Clinical Research Information Service Identifier:
KCT0001920.

S. Mun et al. described that data on cold (CP), heat (HP),
spleen-qi deficiency (SQDP), and kidney deficiency (KDP)
patterns were extracted by a factor analysis of symptoms
experienced by 954 participants; the CP and SQDP scores
were higher and the HP score was lower in women; the
HP and SQDP scores decreased with age, while KDP scores
increased with age; the underlying pathology of CP and
SQDP might be associated with the body’s metabolic rate.

In conclusion, we expect that this special issue updates
scientific evidences in KM integrative research and makes a
useful progress for improving KM practice.
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We evaluated neuropharmacological properties of Yuk-Mi-Jihwang-Tang (YJT) against scopolamine injection-induced memory
impairmentmicemodel.Micewere orally administeredwithYJT (50, 100, or 200mg/kg) or tacrine (TAC, 12.5mg/kg) for 10 days. At
the first day of Morris water maze task, scopolamine (2mg/kg) was intraperitoneally injected before 30min of it. The hippocampal
memory function was determined by theMorris water maze task for 5 days consecutively. Scopolamine drastically increased escape
latency and decreased time spent in target quadrant. Pretreatment YJT properly improved them. Regarding the redox status, YJT
significantly reduced the oxidative stress and it also exertedmuch effort to improve both superoxide dismutase and catalase activities
in hippocampal gene expression and protein levels. These effects were well coincided with immunohistochemical analysis of 4-
hydroxyneal-positive signals in hippocampal areas. Additionally, acetylcholine esterase activities and brain-derived neurotrophic
factor abnormalities in the hippocampal protein levels were significantly normalized by YJT, and their related molecules were
also improved. The neuronal proliferation in hippocampal regions was markedly inhibited by scopolamine, whereas YJT notably
recovered them. Collectively, YJT exerts much effort to enhance memorial functions through improving redox status homeostasis
and partially regulates acetylcholine esterase activities as well as neuronal cell proliferation.

1. Introduction

Based on Traditional Korean Medicine (TKM) clinical prac-
tices over a thousand years, there are strong evidences of
effects that various herbal medicines have on intractable
diseases, especially neurodegenerative diseases [1–3]. Regard-
ing the neurodegenerative diseases, Alzheimer’s disease and
Parkinson’s disease have become a critical medical issue
in the world recently, particularly aging population [4–6].

According to the previous study, approximately around 34
million people have suffered from Alzheimer’s disease, and
among them 5 ≥ million people from the United States have
been diagnosed as Alzheimer’s disease patients [7].

Additionally, the pathophysiological features of neurode-
generative diseases are clinically progressed and developed by
loss of cognitive abilities, which affects learning and memory
dysfunction [8, 9]. Deposition of amyloid plaques, tau protein
aggregation, cerebral oxidative stress, neuroinflammation,
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Table 1: Components of Yuk-Mi-Jihwang-Tang and its ratio.

Herbal name Specific name Used amount (g)
Rehmanniae Radix Preparata Rehmannia glutinosa Liboschitz var. purpureaMakino 200
Dioscoreae Rhizoma Dioscorea japonicaThunb. 100
Corni Fructus Cornus officinalis Sieb. et Zucc. 100
Moutan Cortex Radicis Paeonia moutan Sims. 75
Alpiniae oxyphyllae Fructus Alpinia oxyphyllaMiq. 75
Schizandrae Fructus Schisandra chinensis Baill. 50
Total amount - 600

and cholinergic dysfunction were mainly accompanied with
neurodegenerative diseases, and they can lead to psycholog-
ical and pathophysiological complications such as anxiety,
depression, concentration problems, and motor disturbances
[10, 11]. Among the various symptoms of them, the memory
impairment is mainly provoked by cholinergic system abnor-
mality that involves cholinergic neurons, neurotransmitters,
and their receptors [12]. The etiology and pathogenesis of
neurodegenerative disorder, however, remain unclear till
recent days. Among the various regions of brain tissue, only
some parts revealed that the cholinergic dysfunctions are
attributed to the loss of cholinergic neurons in the basal fore
brain and hippocampus impairs cognitive ability [13, 14].

In the normal status, the cholinergic activity in the central
nervous system (CNS) leads to contribution of hippocam-
pal neuronal genesis and memory improvement through
the cAMP response element-binding protein/brain-derived
neurotrophic factor (CREB/BDNF) signaling pathways [15].
According to above reasons, the primary accessible treatment
in clinic used themodulations of acetylcholinesterase (AChE)
inhibitors such as tacrine or donepezil, which increase the
availability of acetylcholine at cholinergic synapses [16].
This drug, which is thought to be a potent treatment on
the neurodegeneration related therapeutics, however, is still
needed to prove its efficacy clinically.

Contrary to western medicine, the TKM has recognized
that neurodegenerative diseases were frequently aroused due
to an imbalance of qi and blood flows, which are main factors
of the human body. Among the various herbal medicines,
Yuk-Mi-Jihwang-Tang (YJT), which is well known to a rep-
resentative Korean Traditional herbal medicine, has been
popularly used for patients with various disorders including
aging-related disorders, obesity, ischemia, and immune sup-
pression for hundreds of years in South Korea [17–19]. Partic-
ularly, the YJT showed its pharmacological properties on the
aging-related diseases, especially enhancement of memorial
function evidenced by scientific experiments until recent
days [20]. However, there is no study about its therapeutic
efficacies against AChE inhibitors of memory deficits model.

Thus, in the present studywe investigated the antiamnesic
effects of YJT on memory deficits in a mouse model of
cognitive impairment by Ach system abnormality which is
induced by single injection of scopolamine usingmicemodel.

2. Materials and Methods

2.1. Preparation of YJT. YJT comprises 6 kinds of herbs
including Prepared Rehmannia glutinosa Liboschitz var. pur-
purea Makino, Dioscorea japonica Thunb., Cornus officinalis
Sieb. et Zucc., Paeonia moutan Sims, Alpinia oxyphyllaMiq.,
and Schisandra chinensis Baill.; all these herbs were mixed
with differential ratio of 4 : 2 : 2 : 1.5 : 1.5 : 1 (Table 1). All the
herbal plants were obtained from the Dunsan Oriental
Hospital of Daejeon University with inspection of Herbology
professor (Daejeon, Republic of Korea). The herbal mixtures
(total weights were 600 g) were boiled with distilled water
(DW) at 100∘C for 4 h and then filtered using a 300mesh filter
(50 𝜇m). After condensing the extract for 1 h, it was placed
under −70∘C for at least 3 h.The frozen extract was processed
to the frozen lyophilization for 72 h and collected them and
weighed. The final yield was 15.51% (w/w).

2.2. Fingerprinting Analysis of YJT. To verify the identifica-
tion of used herbs and reproducibility of YJT preparation,
the fingerprinting was performed using high-performance
liquid chromatography-diode array detector-mass spectrom-
etry (HPLC-DAD-MS) for YJT and its four reference com-
pounds as follows: Rehmannia glutinosa Liboschitz var. pur-
purae Makino versus 5-hydroxymethyl-2-furfural (5-HMF),
Cornus officinalis Sieb. et Zucc versus loganin and mor-
roniside, and Paeonia moutan Sims versus paeonol, which
were followed by the our previous conditions [21]. Briefly,
after the dissolution (20mg of YJT and 2mg of each of the
six herbal extracts in 1mL of water; 0.01mg of 8 standards
in 1mL of water or 50% methanol) and filtration, these
formulations were subjected toHPLC analysis of Agilent 1100
series (Agilent Technologies, Santa Clara, CA). The HPLC
system consisted of a SCL-10A system controller, LC-10AD
pump, SPD-10MVP diode array detector, and CTO-10AS
column temperature controller (Shimadzu, Kyoto, Japan). A
Phenomenex Prodigy C18 (4.6 × 250mm; particle size 5 𝜇m;
Phenomenex, Torrance, CA) columnwas elutedwith solvents
A (10% acetonitrile in water containing 0.1% formic acid) and
B (DW) at a flow rate of 0.4mL/min. Solutions of 15% A and
85% B were changed to 60% B for 30min, 40% B for 40min,
and 0% B for 60min (Figures 1(a)–1(c)).

2.3. Animals and Experiment Plan. A total seventy of specific
pathogen-free C57BL/6J male mice (12 weeks old, 24–26 g)
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Figure 1: Fingerprinting analysis of YJT and its reference compounds. For fingerprinting analysis for YJT, YJT and its major reference
compounds were subjected to the high-performance liquid chromatography (HPLC). Two-dimension histogram of YJT (a) and its four
major compounds (b). Quantitative analysis of five reference components in YJT (c).

were procured from Orient Bio (Gyeonggi-do, South Korea).
The mice had free access to food pellets (Orient Bio,
Gyeonggi-do, Korea) and water ad libitum and were kept
in an animal room (temperature at 23 ± 2∘C and humidity
for 60 ± 5%, with a 12 h:12 h light and dark cycle). After
7 days of acclimatization, the mice were randomly divided
into six groups (𝑛 = 10 for normal and 𝑛 = 12 for
other of each treatment groups): normal (no restraint stress
with DW), Sco. Only group (scopolamine injection with
DW), YJT groups (scopolamine injection with 50, 100, or
200mg/kg), and Tac. group (scopolamine injection with
tacrine 12.5mg/kg). The YJT and tacrine were dissolved
in DW and orally administered using dosing gavage for 7
consecutive days. On the 7th day of the experiment, all the
mice were intraperitoneally injected to neutral saline (0.9%)
or scopolamine (2mg/kg), 1 h prior to Morris waster maze

task at the first day.TheMorriswastermaze taskwas complete
after further 4 consecutive days.

All the animal experiment procedures were approved
by the Korea Food Research Institute (Gyeonggi-do, South
Korea).The animal experiment was conducted in accordance
with the Guide for the Care and Use of Laboratory Animals
published by the United States National Institutes of Health
(NIH).

2.4. Morris Water Maze Task. The Morris water maze task
was performed according to the previous method [22].
Briefly, a circular pool (100 cm diameter 3 × 50 cm height)
with a circular acrylic platform (10 cm diameter 3 × 35 cm
height) was used and location of platform can be discrim-
inated by visual cue. The pool was filled with milk water
(22 ± 1∘C) and divided into equal quadrants [23]. Data were
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recorded using a video camera connected to the correspond-
ing software (Smart Junior, Panlab SL; Barcelona, Spain).
Mice were placed on the platform for 10 s and removed from
the pool. Mice were given acquisition trial for 4 days. The
escape latency and cumulative path-length were recorded
during each acquisition trial. On day 5th, all mice were
subjected to probe trial without platform and were recorded
for 120 s.The time spent in the target quadrant was measured
for spatial learning and memory.

2.5. Preparation of Brain Tissue and Serum Samples. All
mice were sacrificed under ether anesthesia condition after
1 h following the Morris water maze. Whole blood samples
were isolated via abdominal vein and serum was collected
by centrifugation at 3000 rpm for 15min at 4∘C. The hip-
pocampal region was isolated from the whole brain tissue
immediately, and then samples were stored at −80∘C or
in RNAlater (Ambion, TX). In each group, two mouse
brains tissues were fixed in 4% paraformaldehyde (PFA) for
immunohistochemistry (IHC) analysis after cardiac perfu-
sion. Hippocampal areas in each hemisphere of remaining
eight to ten mice were used for other experiment including
biochemical analysis, western blot, and real-time PCR analy-
sis. The part of hippocampus was homogenized on ice using
radio-immunoprecipitation assay (RIPA) buffer and other
parts of hippocampus were used for isolation of RNA.

2.6. Assessments of Laboratory Assays. For the determination
of oxidative stress parameters and antioxidant component
assays in the hippocampal area, the part of stored hippocam-
pal tissue homogenates was used (𝑛 = 8 to 10 in each group).
All assays were measured by commercial kit.

The lipid peroxidation was determined by the com-
mercial product of Lipid Peroxidation (MDA) Colorimet-
ric/Fluorometric Assay Kit (Catalog#, K739, Bio Vision,
Milpitas, CA). The final products of MDA were measured
at 530 nm using a spectrophotometer (Soft Max, Ver. 5.4,
Molecular Devices, Sunnyvale, CA). Total glutathione (GSH)
content was determined using a commercial kit (OxiSe-
lect�, Catalog# STA-312, Cell Bio Labs, INC. San Diego,
CA) with the absorbance measured at 405 nm using a
spectrophotometer (Soft Max, Ver. 5.4, Molecular Devices).
SOD activities were determined using an SOD assay kit
(Dojindo Laboratories, Kumamoto, Japan), and dilutions
of bovine erythrocyte SOD (St. Louis, MO) ranging in
concentration from 0.01 to 50U/ml were used as standards.
Catalase activities were determined using a commercial kit
(OxiSelect�, Catalog# STA-314, Cell Bio Labs, INC.). All
procedures were carried out, according to the manufacturer’s
protocol. The absorbance was measured at 450 nm using a
spectrophotometer (Soft Max, Ver. 5.4, Molecular Devices).

2.7. Western Blot Analysis. Each hippocampal area from
whole brain tissues was homogenized in RIPA buffer with
proteinase inhibitor solution for performance of western
bloat analysis (𝑛 = 8 to 10 in each group). Protein
samples (concentration was about 30 𝜇g to each sample) were

subjected to sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred to polyvinylidene
fluoride (PVDF) membranes (Millipore, Billerica, MA). The
membraneswere then incubated in PBS containing 5%nonfat
powdered milk and 0.1% Tween 20 for 1 h to block using
nonspecific binding before being incubated with primary
antibodies for 4-HNE (#ab46545, Abcam, Cambridge, MA),
iNOS (sc-7271, Santa Cruz Biotechnology Dallas, TX), and
𝛽-actin (sc-1616, Santa Cruz Biotechnology, Dallas, TX)
overnight at 4∘C in blocking solution (5% skimmed milk in
0.1% Tween 20 in 10mM PBS, pH 7.3).The blots were washed
and incubated with HRP-conjugated secondary antibody
for 1 h at room temperature, and the peroxidase activity
was detected using the Immobilon Western HRP detection
reagent (Millipore) using an Image Reader (Thermo Fisher
Scientific, Rockford, IL). The 𝛽-actin was used as a reference
protein for all the results. The ratio of the protein of interest
was subjected to 𝛽-actin.

2.8. Gene Expression Analysis. For analysis of the expressions
of eight genes, the total RNA was isolated from hippocampal
area (𝑛 = 4 to 5 in each group) using an RNeasy Mini
Kit (QIAGEN, Valencia, CA). The cDNA was synthesized
by using a cDNA synthesis kit (Invitrogen, Waltham, MA).
The real-time PCR was performed using SYBR Green PCR
Master Mix (Roche), and the PCR amplification was per-
formed using a standard protocol with the IQ5 PCRThermal
Cycler (Bio-Rad, Hercules, CA). The detected genes for
the gene expression analysis include the following: brain-
derived GSH syntheses (GSS), GSH-reductase (Grd), GSH-
peroxidase (Gpx), SOD-1, SOD-2, and SOD-3, muscarinic
Ach receptor 1 (mAchR1), cAMP response element-binding
protein (CREB), CREB-binding protein (CBP), and brain-
derived neurotrophic factor (BDNF) were measured by
real-time PCR. The primer sequences, product sizes, and
annealing temperatures are summarized in Table 2. For
analyzing the mRNA expression results using calculated the
fold changes, the GAPDH was used as a reference gene.

2.9. Determination of AChE Activities and Brain-Derived
Neurotrophic Factor (BDNF) Contents in Hippocampal Area.
Acetylcholinesterase (AChE) activities and BDNF contents
were measured in hippocampus using commercial colori-
metric AChE activity assay kit (#ab138871, Abcam, CA, and
#ab212166, Abcam) according to themanufacturer’s protocol.

2.10. Determinations of IHC Analysis in the Brain Tissue.
In other measurements of neuronal cell proliferation in the
hippocampal area, the Ki67 staining was performed, and for
determining lipid peroxidation, a final product of oxidative
stress, the 4-HNE staining was also performed. At the final
day of experiment, two mice in each group were progressed
by cardiac perfusion using 4% PFA solution until blood was
appeared clearly (200 to 300mL of solution). After perfusion
process, brain tissues were isolated and cryoprotected in the
state of gradient sucrose solutions (10, 20, and 30%) for 24 h,
embedded in tissue-freezing medium with liquid nitrogen,
and cut into coronal frozen sections (40 𝜇m) using a cryostat.
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Table 2: Sequence of the primers used in real-time PCR analysis.

Gene list
(NCBI number)

Primer sequencing
(forward and reverse)

Product size
(base pair) Annealing temperature (∘C)

GSS
(NM-001291111)

5-ACC GAA GGC TGT TTA TGG ATG A-3 100 59
5-AGG CGT GCT TCC CAG TTC T-3

Grd
(NM-010344.4)

5- GAT GTG TGG AGC GGT AAA CTT TT -3 120 60
5- AGC CGC CRG AAC ACC ATC TA -3

Gpx
(NM-001329527.1)

5-CTC ACC ATT CAC TTC GCA CTT C-3 122 59
5-ACA CCA GGA GAA TGG CAA GAA-3

SOD-1
(NM 011434)

5-TGT CAGGACAAA TTA CAGGAT TAA CTG-3 100 60
5-AAA TGA GGT CCT GCA CTG GTA CA-3

SOD-2
(NM 013671)

5-CCCAGACCTGCCTTACGACTAT-3 112 58
5-GGTGGCGTTGAGATTGTTCA-3

SOD-3
(NM 011435)

5-GGT GGA TGC TGC CGA GAT-3 101 59
5-GCT GCC GGA AGA GAA CCA A-3

SOD-3
(NM-011435)

5-GGT GGA TGC TGC CGA GAT-3 101 59
5-GCT GCC GGA AGA GAA CCA A-3

mAChR 1
(NM-001112697)

5-AGT GGC ATT CAT CGG GAT CA-3 100 60
5-CTT GAG CTC TGT GTT GAC CTT GA-3

CBP
(NM-001025432)

5-CTG GCA GAC CTC GGA AAG AA-3 100 59
5-CTG GCG CCG CAA AAA CT-3

CREB 1
(NM-013497)

5-ACA GTG CCA ACC CCC ATT TA-3 100 59
5-GTA CCC CAT CCG TAC CAT TGT T-3

BDNF
(NM-001048139)

5-CAC TTT TGA GCA CGT CAT CGA A-3 104 60
5-CAC CCG GGA AGT GTA CAA GTC-3

GAPDH
NM 001289726

5-TCA CTC AAG ATT GTC AGC AAT GC-3 100 58
5-GGC CCC GGC CTT CTC-3

BDNF: brain-derived neurotrophic factor, CREBP: cAMP response element-binding protein, CBP: CREBP binding protein, GSS: glutathione synthase, Grd:
glutathione-reductase, Gpx: glutathione-peroxidase, mAchR1: muscarinic acetylcholine receptor 1, SOD: superoxide dismutase.

Cryosections of each brain tissue were moved in to
microscopy slide and were subjected to endogenous perox-
idase quenched with 3% H

2
O
2
in PBS (pH 7.3). And then

tissues were treated by blocking buffer (5% normal chicken
and goat serum in PBS for overnight at room temperature,
RT), incubated with primary antibodies using 4-HNE (1 : 125,
#ab48506, Abcam), and then washed using PBS (pH 7.3).
After discarding the primary antibody, tissues were further
incubatedwith a biotinylated goat anti-rabbit secondary anti-
body (1 : 250, #ab64256, Abcam). The tissues were exposed
to an avidin-biotin peroxidase complex (Vectastain ABC
kit, Vector) for 2 h. The peroxidase activity was visualized
using a stable diaminobenzidine solution. Immunoreactions
were observed using a microscope circumstance under the
magnification of ×200 (Olympus, Germany) and quantified
using the Image J 1.46 software (NIH, Bethesda, MD).

2.11. Statistical Analysis. All obtained data were expressed
as mean ± standard deviation (SD). Statistically significant
differences between the groups were analyzed by one-way
analysis of variance (ANOVA) followed by post hoc multiple
comparisons with Bonferroni 𝑡-test using the IBM SPSS
statistics 20.0 (SPSS Inc., Chicago, IL). Differences at𝑝 < 0.05
were considered statistically significant.

3. Results

3.1. Fingerprinting Analysis of YJT. To obtain the chemi-
cal composition of the YJT, we subjected it to the HPLC
equipment following the same conditions of our previous
study [21]. We finally detected a total 4 of the reference
compounds from YJT. Firstly, we identified 5-HMF which
is a reference compound of Rehmannia glutinosa Liboschitz
var. purpurae Makino at 9.46min of retention time and its
concentration was 0.49±0.03 𝜇g/mg. Two of the compounds,
such as loganin and morroniside, were detected from Cornus
officinalis Sieb. et Zucc. at the retention time of 13.37 and
16.00min, and the concentration was 6.16 ± 0.05 𝜇g/mg and
1.70 ± 0.02 𝜇g/mg, respectively. The paeonol was detected
from Paeonia moutan Sims. in 36.78min, and its concentra-
tion was 0.08 ± 0.01 𝜇g/mg (Figures 1(a)–1(c)).

3.2. Effects of YJT on theMemorial Dysfunction Analysis Using
Morris Water Maze Task. To estimate the pharmacological
effects of YJTon thememorial dysfunction,we performed the
Morris water maze test for 4 consecutive days for adaptable
trials. At that day of 5th, scopolamine injection significantly
caused to increase the escape latency, and the time spent
in the target quadrant was significantly reduced by single
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Figure 2: Effects of YJT on the spatial learning and memory functional analysis using the Morris water maze.The escape latency (a) and time
spent in the target quadrant (b). Data are expressed as themean± SD (𝑛 = 10 to 12).𝑝## < 0.01 versus normal group;𝑝∗ < 0.05 and𝑝∗∗ < 0.01
versus scopolamine only injection group.

injection of scopolamine as compared with normal group
(𝑝 < 0.01 for both parameters, Figures 2(a) and 2(b)). On the
other hand, preadministration with YJT (100 and 200mg/kg)
significantly improved both the escape latency (𝑝 < 0.01)
and time spent in the target quadrant compared with the
scopolamine only group (𝑝 < 0.05 or 𝑝 < 0.01, Figures 2(a)
and 2(b)). Preadministration with tacrine (12.5mg/kg), used
as positive drug in the current study, displayed similar effects
of YJT.

3.3. Effects of YJT on the Hippocampal Protein Levels of
GSH Contents, MDA, and Activities of Catalase and SOD.
Regarding oxidative stress and antioxidant components,
scopolamine aggravates the redox status imbalance in hip-
pocampus especially. Thus, we determined the redox status
by determinations of GSH contents, MDA, and activities of
catalase and SOD, respectively. Hippocampal protein level of
total GSH was decreased as 32%, but MDA was increased
around 88% as compared with normal group. Those abnor-
mal alterations by scopolamine injection were significantly
normalized by preadministration with YJT compared to the
scopolamine only group (𝑝 < 0.05 in 200mg/kg, Figures
3(a) and 3(b)).These effects were well coincided with catalase
activities in hippocampal area. The catalase activities were
considerably decreased as 68% of normal group, whereas
by preadministration with YJT (𝑝 < 0.05 for 200mg/kg,
Figure 3(c)), the SOD activities were not influenced by both
scopolamine injection and YJT (Figure 3(d)).

Tacrine also considerably exerted to reduce the oxidative
stress and ameliorate antioxidant components, but not SOD
activities (Figures 3(a)–3(d)).

3.4. Effects of YJT on the Hippocampal Regions of 4-HNE
and iNOS in Protein Levels and Gene Expression Levels of
Antioxidant Components. To verify the antioxidant effects
of YJT against scopolamine-induced hippocampal injury in
the current model, we further examined IHC against to
the 4-HNE antibodies. As we expected the positive signals
(shown as deep brown color) in hippocampal areas were

notably enhanced by scopolamine injection, and pread-
ministration with YJT (particularly 200mg/kg) significantly
ameliorated those abnormalities (Figure 4(a)). Western blot
analysis also well supported the pharmacological properties
of antioxidant. The iNOS and 4-HNE in the hippocampal
protein levels were markedly increased after being faced
with scopolamine injection approximately 3.0- and 4.0- fold
and theses oxidative injuries compared to normal group.
Preadministration with YJT, however, significantly reduced
those abnormal augmented of oxidative stress injuries as
normal levels (𝑝 < 0.05 for 200mg/kg, Figures 4(b)–4(d)).

Next, we performed the real-time PCR to investigate the
degrees of antioxidant abilities in the gene expression level in
the hippocampal regions. The GSS, Grd, Gpx, SOD-1, SOD-
2, and SOD-3 were significantly lowered than that of normal
group approximately 0.75-, 0.62-, 0.71-, 0.65-, 0.75, and 0.9-
fold, respectively, as compared with normal group. However,
pretreatment with YJT significantly normalized the above
alterations as a normal level (𝑝 < 0.05, Figure 4(e)).

The similarities of YJT were also occurred by preadmin-
istration with tacrine in IHC against to 4-HNE signals and
western blot analysis (𝑝 < 0.05, Figures 4(a)–4(d)), and
tacrine also led to normalization ofGrd,Gpx, and SOD-1 gene
expression levels (𝑝 < 0.05, Figure 4(e)).

3.5. Effects of YJT on AChE Activities and BDNF Contents.
To investigate the possible mechanisms of YJT against the
scopolamine injection-induced amnesia, we measured the
hippocampal protein levels of AChE activity and BDNF. In
the present study, we confirmed that the scopolamine con-
siderably caused approximately 3.5-fold increases of AChE
activities compared to the normal group. Preadministration
with YJT (200mg/kg), however, significantly ameliorated
the abnormal elevations of AChE activities in hippocampal
regions (𝑝 < 0.05, Figure 5(a)).

The BDNF, which is known for improving both the
learning abilities and neurogenesis, in the hippocampal
region contents was markedly lowered as 0.4-fold compared
to that of normal group, whereas preadministration with
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Figure 3: Effects of YJT on the hippocampal protein levels of oxidative stress and antioxidant-related molecules. Hippocampal tissue protein
levels of glutathione (a), malondialdehyde (b), catalase activities (c), and SOD activities (d). Data are expressed as the mean ± SD (𝑛 = 8 to
10). 𝑝# < 0.05 and 𝑝## < 0.01 versus normal group; 𝑝∗ < 0.05 versus scopolamine only injection group. SOD: superoxide dismutase.

YJT significantly recovered as normal levels compared to the
scopolamine only injection group (𝑝 < 0.05, Figure 5(b)).

Tacrine group had similar effects of YJT in the present
study (Figures 5(a) and 5(b)).

3.6. Effects of YJT on Neuronal Cell Proliferation Related
Molecules. To verify the pharmacological mechanism of
YJT properties on the memory function enhancement, we
further examined the gene expression analysis of memorial
function related molecules including mAchR1, CBP, CREB1,
and BDNF and estimated the neuronal cell proliferation for
IHC against Ki67 antibody.

The gene expression levels of mAchR1, CBP, CREB1, and
BDNFwere considerably downregulated in scopolamine only
injection group as 0.61-, 0.71-, 0.5-, and 0.5-fold compared
to normal group, whereas these abnormal alterations were
significantly normalized as normal level by preadministration
with YJT as normal levels (𝑝 < 0.05 or 𝑝 < 0.01 in YJT 100 or
200mg/kg, Figure 5(c)).

Regarding the neuronal cell proliferation, the positive
cells of the positive cells of Ki67 staining were significantly
decreased approximately 0.7-fold due to scopolamine injec-
tion group as compared with the normal group, whereas
preadministration with YJT (200mg/kg) significantly recov-
ered those of Ki67 positive cells in dentate gyrus as compared

with the scopolamine only injection group (𝑝 < 0.01, Figures
5(d) and 5(e)).

The preadministration with tacrine also showed similar
effects on the gene expression levels of mAchR1, CBP, and
BDNF, and Ki67, respectively (𝑝 < 0.05 or 𝑝 < 0.01, Figures
5(c)–5(e)).

4. Discussion

In the current study, we answered our questions and proved
them based on the scientific experiments whether the YJT
efficiently protected a single scopolamine injection-induced
memory deficits using C57/BL 6 mice model. Furthermore,
we proved the pharmacological properties of YJT regarding
on the Ach system modulated signaling pathways mainly.

First of all, we observed the therapeutic effects of YJT
on the memory deficit, which is induced by scopolamine
injection, using Morris water maze test. As our expectation,
YJT significantly ameliorated the memory deficit as evidence
by improvement of both the time spent of quadrant target
and escape latency (Figures 2(a) and 2(b)). As a key organ of
memorial reorganization and its functions, next we further
explored to prove the possible pharmacological mechanisms
of YJT.



8 Evidence-Based Complementary and Alternative Medicine

Normal Sco. only YJT 200 Tac

4-
H

N
E

(a)

iNOS

4-HNE

-Actin

Normal Sco. only YJT 200 Tac

(b)

Normal Sco. only YJT 200 Tac

Intensity (iNOS/actin)

##

∗, ##
∗, ##

0

1

2

3

4

(c)

Normal Sco. only YJT 200 Tac

Intensity (4-HNE/actin)

##

∗, #

∗, ##

0

1

2

3

4

5

(d)

GSS Grd Gpx SOD-1 SOD-2 SOD-3

Normal
Sco. only
YJT 50

YJT 100
YJT 200
Tac

∗
∗ ∗

∗
∗

∗ ∗
∗ ∗

# ## # #

0

0.5

1

1.5

G
en

e e
xp

re
ss

io
n 

(fo
ld

s)

(e)
Figure 4: Immunohistochemistry, western blot analysis, and gene expression analysis of redox status in the hippocampal area. Immunohis-
tochemistry analysis against the 4-HNE (a). Western blot analysis of iNOS and 4-HNE in the hippocampal regions (b) and their protein
intensities (c, d). Gene expression analysis of antioxidant-related molecules including GSS, Grd, Gpx, SOD-1, SOD-2, and SOD-3 (e). Data
are expressed as the mean ± SD (𝑛 = 2 for ICH analysis, 𝑛 = 8 to 10 for western blot analysis, and 𝑛 = 4 to 5 for gene expression analysis).
𝑝# < 0.05 and 𝑝## < 0.01 versus normal group; 𝑝∗ < 0.05 versus scopolamine only injection group. 4-HNE: 4-hydroxyneal, GSS: glutathione-
synthase, Grd: glutathione-reductase, Gpx: glutathione-peroxidase, and SOD: superoxide dismutase.
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Figure 5: Biomolecular analysis of memorial dysfunction and learning enhancement. AChE activities analysis (a), BDNF contents (b), gene
expression analysis of mAchR1, CBP, CREB1, and BDNF (c). Analysis of IHC against Ki67 (d) and its immunoreaction density (e). Data are
expressed as the mean ± SD (𝑛 = 8 to 10 for AChE activities analysis and BDNF concentration; 𝑛 = 4 to 5 for gene expression analysis; 𝑛 = 2
for ICH analysis, resp.). 𝑝# < 0.05, 𝑝## < 0.01, and 𝑝### < 0.001 versus normal group and 𝑝∗ < 0.05 and 𝑝∗∗ < 0.01 versus scopolamine
only injection group. AChE: acetylcholinesterase, mAchR1: muscarinic acetylcholine receptor 1, BDNF: brain-derived neurotrophic factor,
CREBP: cAMP response element-binding protein, and CBP: CREBP binding protein.

The major possible pathophysiological mechanisms of
neurodegeneration diseases are deeply linked to the central
cholinergic system alterations, including cholinergic neu-
rons, neurotransmitters, and their receptors [9, 14]. Thus,
the therapeutics access is mainly focused on the inhibition
of AChE and N-methyl-D-aspartate (NMDA) receptors for
treating Alzheimer’s disease currently [24, 25]. For proving
them, we next measured the AChE activities in the hip-
pocampal area in the brain tissue. As our expectation, the
scopolamine injection considerably elevated AChE activities,
whereas YJT efficiently block it (Figure 5(a)). Besides, the
AChE activity is also closely linked to the cyclic adenosine

monophosphate/protein kinase A- (cAMP/PKA-) CREB sig-
naling pathway via G-coupled protein receptors [26]. Under
the condition of excessive AChE activities by itself, this
also can lead to provoking ACh disruption especially in
hippocampal cholinergic synapses [27]. Moreover, the gene
expression levels of mAChR-138 were considerably depleted
to the patients with Alzheimer’s disease that is well coincided
with memory disruption in a mAChR-1 knockout mouse
model [28, 29]. In the current study, we partially proved
the YJT effects above them in the hippocampal area by
performance on the gene expression analysis (Figure 5(c)). In
our study, YJT also efficiently improved the deterioration of
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BDNF in protein and gene expression levels of hippocampal
tissues (Figures 5(b) and 5(c)).

On the other hand, CREB, which is well known to
the transcription factor of BDNF, is essential molecule for
working of memory and synaptic plasticity in the CNS.
If phosphorylated-CREB in the hippocampal region is dis-
rupted, it can augment neurodegenerative diseases [30]. Fur-
thermore, previous studies well showed that the CREB play
roles as neuroprotective properties on the oxidative stress-
induced neuronal damage model [31].Thus, CREB activation
is most critical issue to ameliorate cognitive impairment on
the therapeutic access of neurodegenerative diseases [32]. In
the current study, we partially proved the YJT effects on the
above them in the hippocampal area by performance on the
gene expression analysis (Figure 5(c)). In our study, YJT also
efficiently improved the deterioration of BDNF in protein
and gene expression levels of hippocampal tissues (Figures
5(b) and 5(c)). Regarding the enhancement of learning ability
and neurogenesis, BDNF directly leads to improve them via
phospho-CREB signaling pathways.The IHC staining against
the Ki67 well supported the above results (Figure 5(d)).

Additionally, brain tissue is well known to susceptibility
to the oxidative damage, and previous reports well evidenced
the relevance between oxidative stress and neurodegenerative
diseases. Thus, we further examined the antioxidant effects
of YJT scopolamine injection-induced neurodegenerative
model in the current study.The total GSH content in the hip-
pocampal area was significantly recovered by YJT treatments,
and it is also notably exerted to decrease MDA levels, which
is a final product of lipid peroxidation (Figures 3(a) and 3(b)).
The GSH is a predominant antioxidant peptide that directly
quenches to oxidize-protein or peptide adducts especially
oxidative stress damage condition. This potent antioxidant
plays a pivotal role for maintaining homeostasis between
oxidative stress and antioxidant. Regarding the enzymatic-
antioxidant we observed that the catalase activities were
significantly increased by YJT treatments (Figure 3(c)), but
not SOD. Interestingly, both the scopolamine and YJT treat-
ments did not affect the SOD levels in the hippocampal areas
(Figure 4(d)). Evidenced by numerous of previous studies,
brain tissue generally consumes high rate of oxygen, has
relatively low amount of antioxidant components [33], and
contains abundant amount of polyunsaturated fatty acids
[34], transition metal irons, and high sensitivity of blood
brain endothelial cells [35]. The above previous studies are
well comprised of the antioxidant properties of YJT.

In the TKM theory, which has been practiced for thou-
sand years, the main reasons of the excess stress are evoked
from the imbalance between “Qi” and “blood” streams, the
two of essential components of the human body. Based on the
above theory, the YJT has been popularly prescribed for treat-
ing patients with neurodegenerative diseases such asmemory
deficit, mild senile dementia, anxiety, or depression over than
hundreds of years in clinical practice [36]. Besides, previous
studies also are well reflected regarding antiamnesic effects
of the YJT. The potent components of herbal plants from the
YJT such as Alpiniae oxyphyllae Fructus (Alpinia oxyphylla
Miq) and Schizandrae Fructus (Schisandra chinensis Baillon)

showed pharmacological effects on the brain damage using
animal based in vivomodels [37–39].

Although we firstly proved the pharmacological prop-
erties of YJT on the scopolamine-induced dementia mice
model, the limitation remained. In the current study, we
used the scopolamine to induce neurodegenerative disease-
evoked memory deficit condition, but this drug can only
partially mimic some extent of memory impairments such
as mild-to-moderate Alzheimer’s disease due to cholinergic
system disruption [40]. It can not entirely represent the
senile plaque and tau accumulations, which are hallmarks of
Alzheimer’s dementia. Therefore, we need to investigate the
neuroprotective effects of YJT using another potent animal
model such as in near future [41]. Next, we still unclearly
know what kind of component in YJT could be positively
worked to the antineurodegenerative effects. Thus, further
study will be needed to figure out which individual herbal
medicine or its derived chemical components will be effective
or not based on the fingerprinting analysis data.

5. Conclusion

In the current study, we investigated the antioxidant prop-
erties of the YJT under conditions of single injection of
scopolamine-induced brain memory deficit of C57/BL6mice
model which can mimic the pathological condition of neu-
rodegenerative diseases.The possible mechanisms of the YJT
were improvement of antioxidant components as well as
enhancement of Ach activity signaling pathways.The further,
however, study will be needed to examine the effects of YJT
in the clinical trial.
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The purpose of this survey was to document the experience of Korean Medicine doctors (KMD) who provided postoperative
care to patients through integrative medicine and to understand their opinions about integrative medicine utilization. Three
researchers (two with a KMD license) of the Korea Institute of Oriental Medicine conducted the survey. The questionnaire was
distributed via e-mail to the 17,041 members of the Association of Korean Medicine in 2015. In total, 487KMD answered the
questionnaires. The majority of respondents worked in a Korean Medicine (KM) clinic, KM hospital, or long-term care hospitals
(94.7%). The respondents mostly treated patients after musculoskeletal (26.7%), spinal (23.7%), or neuropathic surgery (22.2%).
Patients predominantly experienced pain (23.0%), fatigue and tiredness (17.4%), delayed scar recovery (13.7%), and paralysis
(13.0%). We analyzed subgroups in accordance with institution of employment, specialization, and clinical experience. Most KMD
wanted to utilize integrative medicine for postoperative care of patients (92.6%). Moreover, a relatively active collaboration was
noted in long-term care hospitals (mean rate: 60.73% [95% CI: 42.25 to 79.20]). Further studies and clinical trials are needed to
determine whether integrative medicine is essential for providing postoperative care to Korean patients.

1. Introduction

Integrative medicine is a collaborative approach to patient
care that involves “bringing conventional and complemen-
tary approaches together in a coordinated way” and suggests
a patient-centered treatment [1]. Complementary approaches
mainly indicate complementary and alternative medicine,
which encompass “a group of diverse medical and healthcare
interventions that are not generally included under conven-
tional medicine [2].”

In Korea, Korean Medicine (KM) plays a pivotal role
in complementary therapies. KM involves the same clin-
ical techniques as East Asian traditional medicine, such
as traditional Chinese medicine (TCM). However, it also
has distinct characteristics, including Sasang typology, Sa-
am acupuncture, Chuna therapy, and pharmacopuncture. In
recent times, KMhas adapted techniques ofwesternmedicine

for evaluating the efficacy of KM by known biomarkers, in
order to secure the safety of KM and to validate the efficacy
of KM scientifically [3].

Integrative medicine has been adapted to treat chronic
diseases and postoperative adverse effects in Korea. A Stroke
and Neurological Disorders Center in a KM hospital has
conducted integrative stroke care, in which KM and physical
medicine, involving rehabilitation, are used after neuro-
surgery. The number of inpatients with stroke treated using
such integrative medicine has incrementally increased [4].
In addition, the KM hospitals particularly provide care for
patients with musculoskeletal disorders in Korea and several
US hospitals use integrative medicine for the treatment of
patients with spinal disorders [5]. Clinical trials have also
been conducted using different methodologies including
the protocol for a prospective observational study using
integrative medicine in children with cerebral palsy, protocol
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of three-armed randomized controlled trial for symptomatic
lumbar spinal stenosis, and case series of prescribing herbal
medicine and gefitinib for non-small-cell lung cancer patients
[6–8].

Several surveys have been conducted on the use of
treatments employing integrative medicine [5, 9, 10]; how-
ever, there has been no survey on the use of integrative
medicine for postoperative care among patients in Korea.
The present survey aimed to discern the methods for treating
postoperative symptoms on the basis of KM and to examine
the experiences and insights of KMDon the use of integrative
medicine to treat patients with these symptoms.

2. Materials and Methods

2.1. Subjects. All KMD who signed up to the website of the
Association of Korean Medicine (AKOM) were the subjects
of this research.The survey was distributed to these KMD via
e-mail on October 13, 2015, and again on October 20, 2015. A
mobile phone text message, encouraging KMD to complete
the survey, was sent to AKOMmembers simultaneously with
the second survey e-mail. The survey acceptance time was 15
days.

2.2. Contents of Survey. Three researchers of the Korea Insti-
tution of Oriental Medicine (KIOM) developed the survey
protocol and questions. Two of the members were certified
KMD.

The questionnaire comprised 31 items, including specific
questions, and was based on a Likert five-point scale. The
survey topic of integrative medicine was divided into 3 parts.
The first part asked the respondent’s basic information (sex,
age, type, and location of workplace, years of clinical practice
experience, certification as a KMD, educational background,
highest qualification, number of patients per week, and dual-
certification as conventional medicine doctor and KMD).

The second part included general questions about inte-
grative medicine. In this survey, integrative medicine in
Korea was defined based on 3 concepts proposed by the
Ministry of Health and Welfare in Korea (MOHW) and
interorganizational collaboration in Canada [11, 12]. The first
concept, latent collaboration, represents a less formal form of
association between western medicine and KM and involves
the use of routine commonmedications.The second concept
entails developing collaboration between western medicine
and KM, where the respective specialties are retained while
working synergistically to achieve treatment efficacy. The
third is active collaboration and involves optimizing the
strengths of Korean and western medicine while minimizing
the weaknesses.

Consequently, each of these methods could be com-
pounded to become a new treatment approach. To sum-
marize, this part of the survey determined KMD’s cur-
rent integrative medicine intervention status and monitored
their requirements with respect to integrative medicine.
There were seven questions in this part of the survey
(necessity of integrative medicine, current status of inte-
grative medicine usage, the rate of integrative medicine

implementation, diseases frequently treated using integrative
medicine, patients’ visiting style, and the ideal style of
integrative medicine).

Finally, the third part of the survey involved questions
about the postoperative use of integrative medicine. The
surgeries for which postoperative care was most often pro-
vided by KMDwere ranked, and subquestions were included
about integrative medicine (treatment frequency and types
of acupuncture, formulations of herbal medicine and its
coverage of health insurance, and additional therapies, such
as moxibustion and cupping) and were added.

The full survey text can be accessed in Appendix 1 in
Supplementary Material available online at https://doi.org/
10.1155/2017/4650343.

2.3. Statistical Methods. A statistician analyzed the frequen-
cies and used the 𝑡-test to compare data, by implementing
SPSS version 20 (IBM Corp., Armonk, NY). A 𝑃 value of
<0.05 was considered for statistical significance.

2.4. Ethical Approval. This survey was approved by the
institutional review board of KIOM in September 2015 (I-
1509/005-002).

3. Results

3.1. Clinical Demographics. The number of certified KMD in
2014 was 22,074 [13]. A total of 17,041 members, subscribed
in the website of AKOM, were approached to complete the
survey, and 487 responded; that is, the response rate was
2.86%. The respondents’ sex ratio was convergent with that
in the KMDpopulation and the composition of each working
institute where respondents worked was equivalent to that of
the survey demographics [13]. Respondents’ mean age was
41.80 years, and the proportion of male KMD was 4 times
greater than that of female KMD. A KM clinic was the most
common place of employment (Table 1).

3.2. General Integrative Medicine Utilization and Needs.
Approximately 90% of respondents answered that integrative
medicine should be used to expand the usage of KM. How-
ever, only 34%of KMDhad experience in utilizing integrative
medicine. A total of 79.3% of KMDworking in a KM hospital
were treating patients using integrativemedicine. In contrast,
only 19% of KMD working in a KM clinic utilized integrative
medicine. The latent collaboration was the most common
type of integrative medicine used by KMD (70.8%). Only
8.4% of participants used the active collaboration type of
integrative medicine.

In this survey, approximately 33%of respondents’ patients
visited a KM clinic or hospital by themselves after they had
received treatments in conventional medicine institutions.
Moreover, 32% of respondents’ patients visited a KM clinic as
first recourse. The most prevalent integrative medicine type
was latent collaboration, based on patients’ request (38%),
while active collaboration was marginally attempted (1.8%).
In contrast to a real-world setting, more than a half of the
respondents (56%) wanted to treat patients using a devel-
oping collaboration approach, that is, in cooperation with

https://doi.org/10.1155/2017/4650343
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Table 1: Demographics of 487 KMD respondents and all KMD in 2014.

Respondents Total KMD in 2014
Sex (%)

Male 397 (82)
Female 90 (19)
Total 487 (100) 22,074 (100)

Mean age (SD, 95% CI), years 41.8 (8.7, 41.0–42.6)
Working institute (%)

Community health center 8 (1.6) 917 (4.2)
KM clinic 348 (71.5) 14,798 (67)
KM hospital 87 (17.9) 1446 (6.6)
Hospital 3 (0.6) 1774 (8)
General hospital 7 (1.4) 25 (0.1)
Long-term care hospital 26 (5.3) 1217 (5.5)
Institution and research center 4 (0.8)
Others 4 (0.8) 1897 (8.6)
Total 487 (100) 22,074 (100)

Mean clinical experiences (SD), years 14.4 (7.9)
Major (%)

Nonspecialist 331 (68) 19,602 (79.8)
KM internal 50 (10) 919 (3.7)
Gynecology 17 (3.5) 208 (0.9)
Pediatrics 5 (1) 91 (0.4)
Ophthalmology/ENT/dermatology 12 (2.5) 140 (0.6)
Sasang 4 (0.8) 134 (0.5)
Rehabilitation 25 (5) 326 (1.3)
Psychology 5 (1) 148 (0.6)
Acupuncture 37 (7.6) 506 (2)
Others 1 (0.2) 2472 (10)
Total 487 (100)

Final education (%)
Bachelor’s degree 189 (38.8)
Master’s degree 101 (20.7)
Ph.D. 196 (40.3)
Others 1 (0.2)
Total 487 (100)

Dual certification (%)
Yes 4 (0.8) 247 (1.0)
No 483 (99.2) 21,827 (99.0)
Total 487 (100) 22,074 (100)

Mean number of patients seen per week (%)
Less than 50 69 (14.2)
50–99 90 (18.5)
100–199 186 (38.2)
200–299 95 (19.5)
300–399 31 (6.3)
400–499 7 (1.4)
More than 500 6 (1.2)
N/A 3 (0.6)
Total 487 (100)
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Table 2: Status of integrative medicine usage by KMD (multiple
responses).

Diseases applying
integrative
medicine (%)

Number of KMD who had
experience

in using integrative
medicine (%)

Musculoskeletal disorders 108 (17.1)
Cardiovascular disorders 63 (10.0)
Neurological disorders 53 (8.3)
Digestive disorders 46 (7.3)
Respiratory disorders 45 (7.2)
Gynecologic disorders 43 (6.8)
Rheumatic diseases 33 (5.2)
Endocrine disorders 32 (5.0)
Mental disorders 30 (4.7)
Allergic disorders 25 (3.9)
Dermatological disorders 25 (3.9)
Urinary system disorders 24 (3.8)
Hematologic and oncologic
disorders 23 (3.6)

Otorhinolaryngology
disorders 21 (3.3)

Pediatric disorders 15 (2.3)
Infectious diseases 12 (1.9)
Ophthalmological disorders 11 (1.7)
Kidney diseases 10 (1.6)
Oral system disorders 5 (0.7)
Others 5 (0.7)
Total 629 (100)

doctors, after requesting such cooperation. In total, 24.6% of
KMD respondents asserted that a conventional doctor and
KMD should work together from the beginning. Integrative
medicine is most commonly used in musculoskeletal and
cardiovascular disorder management (27.2%). (Table 2).

3.3. Integrative Medicine for Postoperative Care. More than
80% of participants who were experienced in using inte-
grative medicine had utilized integrative medicine for post-
operative care (81.33%). A total of 135 respondents gave
multiple responses to this question, by frequency.The highest
frequency of integrative medicine utilization to care postop-
erative symptoms was for fracture and joint surgery (26.7%),
while spinal surgery was ranked first when 135 participants
graded their experience frequency for postoperative treat-
ment (ranked first: spinal surgery = 31.1%, fracture and joint
surgery = 29.6%, and brain and neuropathy surgery = 28.9%).
Spinal surgery was the second most common intervention
for which KMD adopted an integrative medicine approach
to surgery patients.The thirdmost frequent use of integrative
medicine to relieve adverse effects of surgery interventionwas
for neuropathy and brain disease surgery (22.2%). The most
common postoperative adverse effects treated by integrative
medicine were pain, paralysis with numbness and dizziness

(controlled chiefly by acupuncture), fatigue and tiredness,
and delayed scar recovery (treated with herbal medicine;
Table 3).

3.4. Classification of Respondents by Place of Employment.
The proportion of KMD working in a KM hospital, clinic,
or long-term care hospital was 95%. In this survey, the
proportion of KMD specifically working in a KM clinic
was 71%. Additionally, 80% of members of KM clinics were
nonspecialist KMD, while more than 70% of KMD working
in KM hospitals and long-term care hospitals were certified
as KM specialists.

Respondents from KM hospitals emphasized that inte-
grative medicine is essential for postoperative care (95.4%).
Accordingly, KMD in KM hospitals utilized integrative
medicinemore actively than did those fromother institutions
(KM hospitals: 79.3%, long-term care hospitals: 69.2%, and
KM clinics: 19.0%).

All 3 groups responded that latent collaboration is the
most frequent type of integrativemedicine implemented.The
rate of collaboration by KMD in KM clinics was markedly
lower than that in the other 2 groups (KM clinics: 12.4%, KM
hospitals: 63.2%, and long-term care hospitals: 61.5%).

The mean frequency of integrative medicine was the
highest in long-term care hospitals, that is, 60.73% (95% CI:
42.25 to 79.20). The mean rate of KM hospital was 29.76%
(95% CI: 23.46 to 36.05), and that of the KM clinic was the
lowest (mean rate: 6.57%, 95% CI: 4.64 to 8.51).

All KMD groups typically treated musculoskeletal, car-
diovascular, and digestive diseases. Long-term care hospital
KMD cared for patients who had various symptoms. They
additionally used integrative medicine in digestive disorders
(46.2%, KM hospital: 12.6%, KM clinic: 6.9%), musculoskele-
tal disorders (61.5%, KM hospital: 47.1%, KM clinic: 13.2%),
and neurological disorders (38.5%, KM hospital: 24.1%, KM
clinic: 13.2%) (Table 4).

The pattern of patients’ hospital visits was determined
based on multiple responses. In case of long-term care
hospitals, patients mostly visited the hospital by themselves
after visiting conventional hospitals (94%), but, in KM clinics
and hospitals, patients visited the institution as first recourse
(98.6% and 100%, resp.). All 3 institutional KMD answered
that the ideal type of integrative medicine should be treated
after joint discussion. Respondents in KMhospitals and long-
term care hospitals usually asked for treatment from doctors
in the same institution (KM hospital: 72.5%, 𝑛 = 50, long-
term care hospital: 94.4%, 𝑛 = 17), while KMD in clinics were
generally requested from another conventional clinic (𝑛 = 55,
79.7%).

Current integrative medicine execution was different. In
KM clinics, KMD usually treated patients on the basis of
the patients’ own opinions (14.4%). In contrast, KM hospital
workers treated patients by consultation with conventional
medicine doctors, with no prior discussion (35.6%). In long-
term care hospitals, KMDworked together with conventional
doctors to perform integrative medicine (34.6%).

KM hospital members commonly had more experience
in using integrative medicine for postoperative patients than
did those working at long-term care hospitals and KM clinics
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Table 3: Frequency of highly used interventions treating postoperative symptoms.

Acupuncture Herbal medicine
Fracture and
joint surgery

(%)
Spine surgery Brain and neuropathy

surgery
Fracture and joint

surgery Spine surgery
Brain and
neuropathy
surgery

Pain 59 (53.2) 52 (51.0) 23 (28.8) 8 (6.8) 7 (8.0) 3 (2.9)
Paralysis and
numbness 19 (17.1) 28 (27.5) 34 (42.5) 4 (3.4) 4 (4.5) 8 (7.6)

Delay of scar
recovery 14 (12.6) 10 (9.8) 5 (6.3) 34 (29.1) 23 (26.1) 4 (3.8)

Fatigue and
tiredness 3 (2.7) 3 (2.9) N/A 30 (25.6) 34 (38.6) 35 (33.3)

Dizziness N/A N/A 5 (6.3) N/A 1 (1.1) 23 (21.9)
Total 111 (100) 102 (100) 80 (100) 117 (100) 88 (100) 105 (100)

Table 4: Frequently treated diseases using integrative medicine in KM clinics and hospitals.

KM clinic KM hospital Long-term care hospital
Musculoskeletal disorders 46 (15.0) 41 (18.8) 16 (19.3)
Cardiovascular disorders 27 (8.8) 26 (11.9) 9 (10.8)
Digestive disorders 24 (7.8) 11 (5.0) 12 (14.5)
Gynecologic disorders 21 (6.9) 15 (6.9) 3 (3.6)
Respiratory disorders 20 (6.5) 17 (7.8) 5 (6.0)
Rheumatic diseases 19 (6.2) 7 (3.2) 6 (7.2)
Mental disorders 19 (6.2) 7 (3.2) 4 (4.8)
Dermatological disorders 19 (6.2) 7 (3.2) N/A
Neurological disorders 17 (5.6) 21 (9.6) 10 (12.0)
Allergic disorders 16 (5.2) 7 (3.2) 2 (2.4)
Endocrine disorders 15 (4.9) 13 (6.0) 3 (3.6)
Otorhinolaryngologic disorders 12 (3.9) 7 (3.2) 1 (1.2)
Ophthalmological disorders 9 (2.9) 3 (1.4) N/A
Urinary System disorders 9 (2.9) 7 (3.2) 7 (8.4)
Hematologic and oncologic disorders 7 (2.3) 8 (3.7) 3 (3.6)
Pediatric disorders 7 (2.3) 7 (3.2) 1 (1.2)
Kidney diseases 5 (1.6) 4 (1.8) 1 (1.2)
Infectious diseases 5 (1.6) 8 (3.7) N/A
Oral system disorders 5 (1.6) 1 (0.5) N/A
Others 4 (1.3) 1 (0.5) N/A
Total 306 (100) 218 83 (100)

(KMhospitals: 65.5%, long-term care hospitals: 50%, andKM
clinics: 15.5%). Commonly performed surgeries were those
for bones and fracture, spine, and brain and neuropathies.
Patients who underwent brain surgery had been commonly
treated in long-term care hospitals (92.9%). Highly treated
postoperative patients had similar illnesses, regardless of the
institutions involved. KMD in all 3 institutions treated for
pain, numbness and paralysis, dizziness, and delay in scar
recovery.

The interventions used to treat disease most frequently
were acupuncture and herbal medicine (acupuncture—KM
clinic: 6.3%, KM hospital: 24.1%, long-term care hospital:
42.3%, Herbal medicine—KM clinic: 4.0%, KM hospital:
19.5%, and long-term care hospital: 11.5%). KMD from all

institutions usually used nonbenefit decoctions (the health
insurance does not cover the costs of drugs).

3.5. Comparison of KMD Specialists and Nonspecialists. In
this survey, more than 30% of the respondents were KMD
specialists. Answers of specialists were somewhat different
from those of nonspecialists. The specialists’ mean age was
39.47 years, which was 3.5 years younger than that of nonspe-
cialists (𝑃 value < 0.05). There were 157KMD specialists in
this survey.

KMD specialists tended to answer that integrative
medicine is essential to KMD more than did nonspecial-
ists. The proportion of KMD specialists utilizing integrative
medicine (51.6%) was twice that of nonspecialists (25.8%).
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The KMD specialist group significantly more frequently
implemented integrative medicine (19.1%) than did the non-
specialists (12.3%; 𝑃 value = 0.011).

Specialists provided care for patients with musculoskele-
tal diseases more often than nonspecialists did (specialists:
32.5%, nonspecialists: 17.9%), while nonspecialists treated
digestive diseasesmore often than did specialists (nonspecial-
ists: 11.8%, specialists: 5.7%).

There were various responses on the ideal integrative
medicine. Although both groups answered that joint dis-
cussion after inquiries (developing collaboration) was the
ideal style of consultation (specialists: 63.7%, nonspecialists:
52.4%), the nonspecialist group preferred joint discussion
early on (active collaboration, nonspecialists: 26.1%, special-
ists: 21.7%).

KMD specialists had more experience in treating postop-
erative patients: 43.3% of KMD specialist respondents treated
patients postoperatively, while only 20.3% of nonspecialists
had experience in treating patients postoperatively.

3.6. Grouping Respondents by Clinical Experience. Based on
KMD’ raw response data, KMD could be divided into 3
groups based on clinical experiences (Group 1: Clinical
experience of 0–10 years, Group 2: more than 10 years to 20
years, and Group 3: more than 20 years).

All 3 groups performed integrative medicine using latent,
developing, and active collaboration, in sequence.Most of the
respondents worked together, but without discussion among
each other.

Group 1 KMD additionally treated musculoskeletal dis-
eases (Group 1: 27.1%, Group 2: 18.5%, and Group 3: 19.0%).
KMD who had less clinical experience mainly treated brain
and neurological disorders (73.2%, 63.8%, and 55.6%), and
spinal surgery symptoms (73.2%, 72.3%, and 59.3%). In
contrast, gynecological disorders were treated by a clinically,
highly experienced group (23.2%, 27.7%, and 48.1%).

4. Discussion

The reputation of KMhad improved as a traditionalmedicine
before the domination of Japan, which fostered the use of
western medicine in Korea, and KMD had to contend with
government to revive KM. Consequently, Korea adopted a
dual-medical policy since 1951, after passing of the National
Medicine Services Law [14]. However, doctors practicing
each of these forms of medicine have conflicting views, due
to different conceptions of treatment and environments. As
medical doctors and KMD cared for patients independently,
patients were confused by the dual care by KMD and western
medicine doctors, and patients with chronic diseases were
burdened with additional treatment costs [15]. The Medical
Service Act was revised in 2009, and the cooperation between
hospitals has become constitutional. Correspondingly, inte-
grative medicine has been implemented in the medical field
[16].

Prior surveys in KM hospitals, which explained integra-
tive medicine and collaboration between KMD and conven-
tional western medicine doctors, concluded that integrative
medicine had two different purposes. The first aim was

therapeutic intervention to relieve patients’ discomfort. In
a university-owned KM hospital, spine, rehabilitation, and
rheumatic disorder centers conducted comparatively active
collaboration with conventional western medicine doctors.
Conventional western medicine doctors mainly consulted
with KMD at the behest of the patients and to relieve
their pain. The second purpose was for diagnosis, in which
KMD consulted with western medicine doctors, as KMD
are prohibited from using medical devices, such as X-rays
and ultrasound imaging systems, by the Medical Service Act
Article 27 in Korea. In the 3 above-mentioned centers, more
than half of consultations with conventional medicine doc-
tors were simple diagnostic requests. KMD consulted with
conventional westernmedicine doctors more frequently than
the reverse (59% and 41%, resp.) [17]. Another KM hospital
investigated KMD who treated car accident patients and
collaborated with conventional medicine doctors.The survey
concluded that KMDmainly consulted about treatment with
conventional western medicine doctors, particularly those
in the field of orthopedics and laboratory medicine, in
order to obtain an accurate diagnosis with medical devices
(manuscript in preparation).

This survey investigated the use of integrative medicine
in the postoperative care of patients in Korea. Our research
questionnaire enquired about the experience of clinicians
with integrative medicine, with a particular focus on the spe-
cific intervention period for general disorders, postoperative
care, and adverse effects.

More than 40% of the survey respondents had completed
their Ph.D. and the proportion of KM specialists had doubled
in 2015 [18]. Despite the absence of data on the educational
background of KMD in 2015, their responses implied that
younger KMD who had longer educational backgrounds
in proportion to nonspecialized KMD were more likely to
respond to the survey.

Most respondents in the survey considered that integra-
tivemedicine is required to treat postoperative patients.How-
ever, the practical usage of integrativemedicine to control the
adverse effects of surgery in KM institutions was insufficient
for KMD. Only one-third of KMD had experience to utilize
integrative medicine. Specifically, integrative medicine was
applied to KM clinics only briefly.

Patients mainly visited KM institutions by themselves at
first, or after visiting conventional hospitals without discus-
sion to conventional medical doctors. Collaborations with
doctors were attempted after simple inquiries, rather than by
joint discussion. Most KMD in the survey wanted to utilize
integrative medicine to achieve effective postoperative symp-
tom care. In addition, KMD required active collaboration.
However, the application of integrative medicine in the KM
field was limited in our survey analysis.

KMD who had experience in caring for patients with
integrative medicine also provided postoperative care for
their patients by using integrative medicine. They chiefly
treated patients with musculoskeletal, cardiac, or neuro-
pathic conditions. KMD largely controlled musculoskeletal,
spine, brain, and neuropathy surgeries. Most postoperative
patients experienced pain, numbness, fatigue, and delayed
scar recovery. Respondents commonly utilized acupuncture,
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pharmacopuncture, and herbal medicine decoctions not
covered by medicine insurance system to care for postop-
erative patients. The survey reflected frequently used KM
interventions in Korea. In a survey of the use of KM by
KMD in patients in 2014, by the Korea Health Industry
Development Institute, the pivotal treatment methods were
acupuncture (59.2%), herbalmedicine decoction (27.6%), and
herbal preparation (4.9%) [19].

According to the health insurance statistics from 2014,
low back pain (M54.5) was the most frequent among 10
conditions in inpatients in the field of KM; 55,615 patients
were diagnosed with this condition. The second most com-
mon condition was gonarthrosis (M17), and the third was
dislocation, sprain, and strain of joints and ligaments of the
lumbar spine and pelvis (S33). The first among 10 diseases in
outpatients was also low back pain, which was diagnosed in
4,260,471 patients.The secondmost commondisease was soft
tissue disorder, unspecified (M79.9). The third condition was
M17 and S33. Patients who visited KM hospitals also suffered
from the above diseases. The codes for the disease diagnosis
followed ICD-10 2010 version [20].

Most KMD worked in KM clinics, KM hospitals, and
long-term care hospitals. In this survey, integrative medicine
was predominantly practiced in KM hospitals and long-
term care hospitals, which have departments both of KM
and of conventional medicine. In KM clinics, cooperation
between conventional doctors and KMD was less active than
in the other institutions. Since theMedical Service Act related
to hiring medical professionals in different institutions had
been revised in 2009, cooperation in KM clinics is mainly
conducted by requirement of patients, while collaboration
in KM hospitals and long-term care hospitals is mainly
led by medical professionals [21]. Political intervention is
required to ensure active collaboration between KMD and
conventional medicine doctors in KM clinics.

Cooperation in long-term care hospitals was based on
an understanding of the medical history of collaboration
between conventional western medicine and KM in South
Korea. Long-term care hospitals are medical institutions
established by medical doctors or KMD in order to treat
patients over the long term, where more than 30 patients
can be hospitalized concurrently, which have largely been
established since 2005 [18]. The number of western medicine
doctors increased from 1.3 to 2.1 per 100 beds and KMD
increased from 0.1 to 0.7, during the period 2005 to 2013 [22].
The number of KMDworking in long-term care hospitals was
1244 in 2014.More than 90%ofKMDwhoworked at hospitals
were working in the long-term care hospitals. In 2008, the
medical insurance fee in long-term care hospitals changed to
a fixed medical insurance fee per day [23].

Furthermore, collaboration between KMD and conven-
tional medicine doctors can increase the income of long-
term care hospitals by means of fee-for-service, while per
diem payment is applied for hospitalization in conventional
medicine departments situated in long-term care hospitals.
Since long-term care hospitals mainly care for patients with
chronic diseases and chronically ill patients in Korea have

favored KM, collaboration can frequently be implemented
[24].

In the case of KM hospitals, the institution can hire
medical practitioners to make a diagnosis using methods
such as computed tomography, magnetic resonance imag-
ing, radiography, and ultrasonography, which KMD cannot
use given the Medical Service Act, Article 27, in Korea,
and technical needs in KM hospitals also support frequent
implementation of collaboration. Consequently, integrative
medicine can be implemented suitably in KM hospitals and
in long-term care hospitals.

The survey assessedKMDspecialist certification.Thefirst
KMD specialists were certified in 2002. According to the 2014
KMChronology, around 11% of KMDwere specialists [24]. In
this survey, 20% of respondents were KMD specialists. They
implemented integrative medicine in postoperative patients
more often than nonspecialists, emphasizing the necessity for
integrative medicine.

Respondents with more clinical experience tended to
treat patients with gynecological disease more often than did
the respondents with less clinical experience. KMD work-
ing in KM clinics also treated patients with gynecological
disease. As the relationship between clinical experience and
the frequency of treating gynecological disorders cannot be
unambiguously defined by the present survey, further studies
are needed.

There are several limitations associated with this sur-
vey. First, this was a cross-sectional study and used sub-
jective indicators, such as the rate of implementation of
integrative medicine in the comprehensive treatment pro-
vided by KMD. Second, the answer rate was relatively
low in proportion to the number of members in AKOM,
as compared to other survey results [9]. E-mail answers
partly represented the respondents’ real-time interventions.
Consequently, the survey was not analyzed to determine a
cause-and-effect relationship between other statistics, and
studies such as those using the national health and insurance
data.

A previous study concluded that the collaboration rate
of long-term care hospitals was low in proportion to the
rate of collaboration in KM hospitals, while both institutions
actively introduced collaboration after the hiring of both
KMD and conventional medicine doctors was authorized in
both types of institutions [21].This survey conclusionwas not
identical to that of a prior study, but we could not analyze
the correlation of these two studies and our survey questions
partly reflect the real world of integrative medicine in long-
term care hospitals. Additional studies need to determine
the real status and depth of collaboration in long term care
hospitals and compare the strengths and shortfalls of this and
previous studies in this field.

Further qualitative studies based on large datasets are
required to determine the real impact of KM. Additionally,
the recognition by non-KMD of the utility of integrative
medicine can be improved. We believe that clinical trials
and observational studies can be conducted to reveal the
efficiency of integrative medicine in the postoperative care of
patients.
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Chunghyul-Dan (CHD) is the first choice agent for the prevention and treatment of stroke at the Kyung Hee Medical Hospital. To
date, CHD has been reported to have beneficial effects on brain disease in animals and humans, along with antioxidative and anti-
inflammatory effects. The aim of this study was to evaluate the pharmacological effects of CHD on a traumatic brain injury (TBI)
mouse model to explore the possibility of CHD use in patients with TBI. The TBI mouse model was induced using the controlled
cortical impact method. CHDwas orally administered twice a day for 5 d after TBI induction; mice were assessed for brain damage,
brain edema, blood-brain barrier (BBB) damage, motor deficits, and cognitive impairment. Treatment with CHD reduced brain
damage seen on histological examination and improvedmotor and cognitive functions. However, CHDdid not reduce brain edema
and BBB damage. In conclusion, CHD could be a candidate agent in the treatment of patients with TBI. Further studies are needed
to assess the exact mechanisms of the effects during the acute-subacute phase and pharmacological activity during the chronic-
convalescent phase of TBI.

1. Introduction

Traumatic brain injury (TBI) is a brain pathology induced by
mechanical forces and can be divided into two pathological
states, primary and secondary brain damage. The former
is characterized by contusion and hemorrhage induced by
mechanical forces, such as shearing, tearing, or stretching at
the beginning of brain damage. The latter is characterized by
delayed neuronal loss and neurological dysfunction triggered
by primary brain damage. The pathophysiological mecha-
nisms in secondary brain damage have beenwell documented
[1, 2]. Several studies of various mechanisms in the past
decades have shown no significant improvement in TBI
treatment [3, 4].

Therefore, it is important to continue developing thera-
peutic interventions that could be helpful in attenuating the
deleterious results of TBI and to search for other interven-
tions used in the traditional medical clinics of East Asia that
could be used in the treatment of TBI. In research examining

traditional medicines, various studies have been conducted
to examine the potential of traditional medicines as clinical
interventions for TBI. To date, several herbs and prescriptions
of traditional medicines, including Drynariae Rhizoma [5]
and MLC901 [6], have been shown to ameliorate the effects
of TBI [5–9].

Chunghyul-Dan (CHD) is a encapsulated agent made
of an 80% ethanol extract of a preparation composed of
Scutellariae Radix, Phellodendri Cortex, Gardeniae Fructus,
and Rhei Radix et Rhizoma. It is prescribed most frequently
for the prevention, treatment, or inhibition of secondary
attacks in patients with stroke in Kyung Hee University
Korean Medical Hospital [10, 11].

CHD has been reported to have various pharmacological
effects. It has been shown to have beneficial effects on the
vascular system, including hypocholesterolemic effects in
hyperlipidemic rats and humans [12, 13], inhibitory effects
on vascular cell adhesion molecule-1, and stimulatory effects
on NO production in human endothelial cells [14]. It has
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also shown anti-inflammatory effects, including inhibitory
effects on inducible nitric oxide synthase, prostaglandin
E2 production in lipopolysaccharide-stimulated RAW264.7
macrophage cells [15], and ameliorating effects on swelling by
reducing the mRNA levels of cyclooxygenase-2, interferon-
gamma, and interleukin- (IL-) 4 in oxazolone-inducedmouse
ear dermatitis [16].

Regarding neurological diseases, it was shown to protect
PC12 cells and rat primary hippocampal cells against 𝛽-
amyloid (A𝛽) oligomer 1–42 toxicity by inhibitingNO, tumor
necrosis factor-𝛼, and IL-1𝛽 production in microglial cells
[17], protecting the brain damage and cognitive impair-
ment against A𝛽 oligomer 1–42-induced brain damage by
inhibiting the activation of astrocytes and microglia [17].
It also showed a neuroprotective effect against hypoxia-
reoxygenation-induced neuroblastoma 2a cell damage via an
antiapoptotic mechanism [18]. Clinical studies of CHD have
shown beneficial effects in patients with stroke. Briefly, it was
shown to decrease systolic blood pressure in stroke patients
with stage 1 hypertension [19], improved arterial stiffness in
patients with increased pulse wave velocity [20], and reduced
the odds ratio of stroke recurrence by 77% compared with
antiplatelet agent-managed controls [11].

Taking together the pathological mechanisms of TBI
and the pharmacological reports of CHD, we proposed
Chunghyul-Dan (CHD), an agent of Korean medicine, as a
possible intervention for patients with TBI along with stroke.
Thus, we evaluated the pharmacological effects of CHD in a
TBImousemodel. ATBImousemodel induced by controlled
cortical impact, which is a well-known model, was used to
evaluate the effects of CHD on histological injury, blood-
brain barrier (BBB) damage, brain edema, and functional
deficits.

2. Materials and Methods

2.1. CHD Preparation. CHD was obtained from Kyung Hee
Medical Hospital (Code: HH333, Seoul, Korea), which was
the same preparation used for the treatment of patients in
the hospital. The preparation and standardization of CHD
are well described [11, 15, 17–19]. Briefly, each dried compo-
nent herb including Scutellariae Radix, Coptidis Rhizoma,
Phellodendri Cortex, Gardeniae Fructus, and Rhei Radix et
Rhizoma was extracted by boiling with 80% ethanol for 2
hours and then mixed in 4 : 4 : 4 : 1 after evaporation and
lyophilization, respectively.

2.2. Animals. All surgical procedures were approved by
the Kyung Hee University Institutional Animal Care and
Use Committee (KHUASP(SE)-15-102). ICR mice (DaeHan
BioLink, Korea) were acclimatized for 1 week to controlled
temperature conditions (22 ± 2∘C), with constant humidity,
and a 12 h light/dark cycle. Food and water were available
ad libitum. Mice were deprived of food overnight with free
access to water before surgery.

2.3. TBI Induction. The TBI mouse model was induced by
a modified controlled cortical impact (CCI) protocol [21].

Briefly, mice (25–30 g) were anesthetized with isoflurane and
placed on a stereotaxic frame. A 4mm circular craniotomy
was performed on the right hemisphere by using an electric
drill (−2mm anteroposterior and 2mm mediolateral to the
bregma). Trauma was induced with an electric impact device
(Leica, USA) using a rounded impact tip (2.5mm) at a
velocity of 2m/sec with a depth of 2mm and a duration time
of 3msec. After impact, the surgery site was recovered by
the skull and glue applied for fixation. Body temperature was
monitored using a rectal thermometer andmaintained at 37±
0.5∘C during surgery by using a heating pad. Postoperatively,
mice were allowed to recover in a cage. Sham-operated
animals underwent craniotomy without impact.

2.4. Experimental Grouping and CHD Treatment. Mice were
divided into six groups (sham, vehicle, 30, 100, 300mg/kg
CHD, and 45mg/kg minocycline [22]) for the assessment
of histological damage and seven groups by adding normal
group to the six groups mentioned above for assessment
of behavioral studies, brain edema, and BBB damage (𝑛 =
8). Normal group and sham-operated group were included
for comparison in the behavioral studies. The extract was
suspended in distilled water (DW) and daily administered
orally at 3.3mL/kg for the first 5 d after TBI induction.
Minocycline was dissolved in normal saline and injected
intraperitoneally. Vehicle-treated mice were given the same
volume of DW.

2.5.Motor FunctionAssessment. Motor functionwas assessed
using a beamwalking test and balance beam test on 0 d (day),
3 d, and 7 d after induction.

The beam walking test was performed using a previously
described method with minor modification [23]. A wooden
rectangular bar (1 cm wide, 100 cm long, and 50 cm high)
connected the start platform and goal box with a 10 cm
opening. Mice underwent training sessions prior to TBI to
learn to transverse the beam and enter the goal box. Data
were obtained by measuring the mean transversal time and
foot fault time in five trials.

The balance beam test was performed using a previously
described method with some modification [23]. Briefly, mice
were placed on themiddle of awooden rectangular bar (5mm
wide, 100 cm long, and 50 cm high) and scored as follows:
mice unable to stay on the beam for 30 sec, 0 points; mice able
to stay on the beam for 30 sec, 1 point; mice able to turn to the
left or right side of the beam without walking, 2 points; mice
able to turn left or right andwalk on the beamwithmore than
one step, 3 points; mice able to traverse the beam with more
than 50% of foot slip of the affected hind limb, 4 points; mice
able to transverse the beam with less than 50% of foot slip of
the affected hind limb, 5 points; and mice able to traverse the
beam with not more than one foot slip, 6 points.

2.6. Cognitive Function Assessment: Novel Object Recognition
(NOR) Test. Cognitive functionwasmeasured using anNOR
test at 8 d after TBI induction. The test was performed
according to a previously described method with minor
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modifications [24]. Mice were placed in a black, wooden, no-
top square box (45× 45 cm size, 25 cm high walls) for 30min
daily for 3 d before test. On the trial day, mice were placed
into the box with two old objects for 5min and taken out for

1 hour. They were then placed back in the box with one new
object and one old object. Recognition index was calculated
as follows:

Recognition index =
(time spent exploring the new object − time spent exploring the old object)

(total time spent exploring both objects)
. (1)

2.7. Measurement of Brain Injury. The brains were fixed by
perfusing with 4% paraformaldehyde at 8 d after induction
and cut into 30 𝜇m sections with a Cryocut (Carl Zeiss,
Germany) and stained with hematoxylin and eosin (H&E).
The damaged area (%) was calculated compared with the
intact hemisphere of each mouse using Image J software
(NIH, USA).

2.8. Brain Water Contents Assay. Mice were sacrificed 48
hours after TBI induction and their brains were quickly
removed and divided into damaged and nondamaged hemi-
spheres. The wet weight of each hemisphere was measured
on a chemical balance (Mettler HL52; Ohaus Co., NJ, USA)
within 90 s of isolation. After drying the brain in an oven
at 105∘C for 48 hours, the dry weight was then obtained.
The water content of each hemisphere was calculated as [wet
weight − dry weight]/wet weight × 100.

2.9. Evans Blue (EB) Leakage Assay. EB leakage was analyzed
48 hours after TBI using a previously reported method [25],
with some modifications. EB dye (2%, 5ml/kg body weight;
Sigma-Aldrich) was slowly injected into the tail vein 44 hours
after TBI and allowed to circulate for 4 hours. Mice were
then anesthetized and perfused with 15mL 0.1M phosphate
buffer. After brain isolation, the pons and olfactory bulb
were removed and the brain was immediately separated into
ipsilateral and contralateral hemispheres. The weight of each
hemisphere was measured; 2.5 times-concentrated (versus
weight/volume) formamide (Sigma-Aldrich) was added and
the hemispheres were homogenized. Each homogenized
hemisphere was incubated at 60∘C for 18 h and then cen-
trifuged at 20,000𝑔 for 30min. The absorption of the super-
natant was measured at 610 nm with a spectrophotometer. A
standard curve of EB in blank formamide was used to convert
absorbency into concentration of EB dye. Data are presented
as 𝜇g of EB dye per gram tissue [26].

2.10. Statistical Analysis. All results are presented as mean ±
SEM and were compared between groups using a one-way
ANOVA followed by a post hoc Dunnett test. 𝑃 values < 0.05
were considered statistically significant.

3. Results

3.1. Protective Effects of CHD in TBIMouseModel. TheH&E-
stained brain sections of the vehicle-treated group showed
damage mainly in the parietal cortex that was closely related

to motor function.The external capsule and corpus callosum
were also damaged. Minocycline and CHD-treated groups
showed less damage in those areas (Figure 1(a)). The damage
in the vehicle-treated group involved 7.3% of hemisphere,
while the minocycline-treated group had damage to 3.7% of
the hemisphere (𝑃 < 0.05, Figure 1(b)). The CHD 30 and
100mg/kg treated groups demonstrated damage in 4.3% and
3.6% of the hemisphere, respectively (𝑃 < 0.05, Figure 1(b)).
However, the group treated with 300mg/kg did not show any
significant difference from the vehicle-treated group (5.7% of
hemisphere damaged, Figure 1(b)).

3.2. The Effects of CHD on Brain Water Contents (BWC).
The BWC of the vehicle-treated group 48 hours after TBI
in the damaged hemisphere was 81.6%, while normal and
sham group showed 79.0% and 79.4%, respectively. The
minocycline and CHD-treated groups showed a tendency
of reduced BWC compared with the vehicle-treated group.
Although CHD showed a dose-dependent effect on BWC,
it did not have any significant effect (80.4%, 80.6%, and
80.5% BWC in the 30, 100, and 300mg/kg treated groups,
resp.).Minocycline treatment also did not lead to a significant
reduction in BWC (Figure 2).

3.3. The Effects of CHD on EB Leakage. The vehicle-treated
group had increased EB leakage compared with the sham
group (9.63 versus 0.38 𝜇g/g tissue) and normal group show-
ing no EB leakage. Minocycline treatment led to reduced
EB leakage compared with that of the vehicle-treated group
(5.33 𝜇g/g tissue, 𝑃 < 0.01). CHD showed a dose-dependent
effect on EB leakage; however, it did not reach significance (9,
8.16, and 8 𝜇g/g tissue in the 30, 100, and 300mg/kg treated
groups, resp., Figure 3).

3.4. Effects of CHD Treatment on Beam Walking and Balance
Beam Tests. In the beam walking test, the vehicle-treated
group demonstrated increased latency and number of foot
faults 3 d after TBI induction. These recovered to the normal
range within 7 d. The sham and normal groups did not show
any functional deficits. The minocycline-treated group had a
change in the number of foot faults at 3 d (𝑃 < 0.01) and 7 d
(𝑃 < 0.05) after TBI but not latency. All CHD-treated groups
demonstrated decreased latency (3 d, 𝑃 < 0.05) and number
of foot faults at 3 d (𝑃 < 0.01) and 7 d (𝑃 < 0.05) compared
with the vehicle-treated group (Figure 4(a)).

In the balance beam test, the vehicle-treated group had
lower scores at 3 and 7 d after TBI compared with the
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Figure 1: Protective effect of Chunghyul-Dan (CHD) treatment on brain damage in TBI mice model. Brain photos are the representative
H&E-stained brain slices (a) and the graph shows brain damage (%) of each group (b). Values represent means ± SEM, 𝑛 = 8. Mino is
minocycline 45mg/kg treated group. ∗ represents statistical difference from vehicle-treated group (∗𝑃 < 0.05, ∗∗𝑃 < 0.01).

Normal Sham Vehicle Mino 30 100 300

CHD (mg/kg)

78

79

80

81

82

83

Br
ai

n 
w

at
er

 co
nt

en
ts 

(%
)

∗∗

∗∗

Figure 2: The effect of Chunghyul-Dan (CHD) on brain water
content of damaged hemisphere in TBI mouse model. Values
represent the mean ± SEM (𝑁 = 8). Mino is minocycline 45mg/kg
treated group. ∗∗ represents statistical difference from vehicle-
treated group (∗∗𝑃 < 0.01).

sham and normal groups that demonstrated no change
in test scores before and after TBI (𝑃 < 0.01). While
the minocycline-treated group had higher scores than the
vehicle-treated group at both 3 and 7 d after TBI (𝑃 < 0.01,
Figure 4(b)), the CHD-treated groups also showed significant
improvement compared with the vehicle-treated group (∗𝑃 <
0.05, ∗∗𝑃 < 0.01, Figure 4(b)).

3.5. Effects of CHD in theNORTest. Thevehicle-treated group
showed a reduced recognition index (%) compared with the
sham and normal groups (𝑃 < 0.01). The CHD-treated
groups (30 and 100mg/kg) had higher recognition indices

than the vehicle-treated group (𝑃 < 0.05). However, the
CHD 300mg/kg treated and minocycline-treated groups did
not show any significant differences from the vehicle-treated
group (Figure 5).

4. Discussion

In the current study, CHD showed protective effects against
brain injury and motor and cognitive functional deficits in a
TBI mouse model.

One of the most significant findings of the current study
was that CHD ameliorated the effects of brain injury without
reducing brain edema or BBB damage. The pathophysiology
of TBI is well documented. The brain damage begins with a
short-term primary phase caused by direct mechanical force-
induced tissue distortion anddestruction. Itmay beworsened
by secondary phase brain injury shortly after the initial injury.
The secondary phase is characterized by further ischemic or
hemorrhagic pathological cascades including inflammation,
oxidative stress, and apoptosis [26]. In the current study,
the effects of CHD on brain injury might be supported by
antioxidative [27, 28], antiapoptotic [18], anti-inflammatory
[14, 15, 17, 29], and neuroprotective effects [17, 18, 27], an
inhibitory effect of adhesionmolecules including vascular cell
adhesion molecules [14], and protective effects against stroke
[11, 18]. Furthermore, the component herbs also have well-
documented activities related to the mechanisms of brain
damage [30–37].

However, CHD did not inhibit brain edema or BBB dam-
age. The current results indicated that the protective effect of
CHDagainst brain damagemight not be correlatedwith these
phenomena in the acute phase but partly with the subsequent
cascades including apoptosis or neuroinflammation.

A second finding of the current study is that CHD
improved motor functions as evaluated by the beam walking
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Figure 3:The effect of Chunghyul-Dan (CHD) on Evans Blue leakage (𝜇g/g tissue) in TBI mouse model. Photos are the representative brain
of each group after Evans Blue injection (a). The graph shows the Evans Blue contents of each group (𝜇g/g tissue) after quantification (b).
Values represent means ± SEM, 𝑛 = 8. Mino is minocycline 45mg/kg treated group. ∗∗ represents statistical difference from vehicle-treated
group (∗∗𝑃 < 0.01).

and balance beam tests. These tests are well known and
have been widely used in studies of various models of brain
injury and motor functional deficits to evaluate the sensory
motor function, motor coordination, and balance [38–40].
In the current study, the functional tests were performed at
3 and 7 d after TBI induction. Motor function is known to
be obviously affected from 1 d to 3–5 d after TBI induction
and recovered by 5 d [41–43]. The current results lead to
two potential conclusions. The first is that CHD might have
beneficial effects for motor function after TBI that could
be utilized in the chronic rehabilitation phase or in disease
models associated with motor functional deficits.The second
is that these effectsmight result fromprotective effects against
damage to the cortex, which is the main processing center for

limb movement. It could be used as further evidence for the
effects of CHD against brain damage.

In addition to motor function, CHD also led to improved
cognitive function as evaluated by the NOR test, which is a
simple and representative tool to evaluate cognitive function
in rodent models [44]. It is designed based on the natural
preference of animals for a new object and helps evaluate
cognitive and memory function with two different objects
[44, 45]. The cognitive dysfunction in TBI is known to be
obvious from 7-8 d after injury [46] and influenced by both
hippocampal and cortical lesions, specifically lesions in the
perirhinal cortex and medial temporal lobe [47]. The current
result might be due to the reduction of damage to the parietal
cortex and hippocampus. The current result could be also
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Figure 4: The effects of Chunghyul-Dan (CHD) on motor functional deficits in TBI mouse model using beam walking test and balance
beam test. Graphs show the value at each time point (0 d (before) and 3 d and 7 d after TBI). (a) is latency (sec) and foot faults (times) of
beam walking test and (b) is the score (points) of balance beam test. Values represent means ± SEM, 𝑛 = 8. Mino is minocycline. ∗ represents
statistical difference from vehicle-treated group at each time point (∗𝑃 < 0.05, ∗∗𝑃 < 0.01).

supported by previous studies of CHD and its component
herbs that demonstrated memory enhancing effects [48–52].
We could not identify the cause of the ineffectiveness of
minocycline; it may be due to a statistical issue.

The positive control condition used in the current study,
minocycline, has been reported to have protective effects
against various brain injuries including TBI [47, 53, 54]. The

dose of 45mg/kg was chosen based on a previous report [47].
Thedose ofCHD in the current studywas chosenwith respect
to the doses used clinically, which is typically 15mg/kg a day
(300mg capsule, three times a day in a 60 kg human). The
doses used in the current study, 30, 100, and 300mg/kg (twice
a day), correspond to 4, 13.3, and 40 times the typical human
dosage. In general, the dose in mice could be considered to
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Figure 5: The effects of Chunghyul-Dan (CHD) on cognitive func-
tional deficits in TBI mouse model using novel object recognition
test. Graph shows the recognition index (%) of each group. Values
represent means ± SEM, 𝑛 = 8. Mino is minocycline-treated group.
∗ represents statistical difference from vehicle-treated group (∗𝑃 <
0.05, ∗∗𝑃 < 0.01).

be approximately 12.3 times higher than that in a human
according to the formula for dose translation [55]. Thus,
30–100mg/kg might be the optimal dosage to use in murine
studies.

5. Conclusion

CHD treatment could ameliorate brain injury and injury-
related motor and cognitive functional deficits in a TBI
mouse model at doses of 30 and 100mg/kg. CHD could
be a candidate agent of Korean medicine for patients with
TBI, in addition to its current use in patients with stroke.
Further studies are needed to assess the exact mechanisms of
the effects in the acute-subacute phase and pharmacological
activity during the chronic-convalescent phase of TBI.
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Background. There is a negative relationship between sleep deprivation and health. However, no study has investigated the effect
of sleep deprivation on individuals with different body composition. The aim of this study was to determine the differential
effect of sleep deprivation in individuals with different body compositions (fluid) according to Soyang type (SY) and Taeeum
type (TE). Methods. Sixty-two cognitively normal, middle-aged people with normal sleep patterns were recruited from the local
population.The duration of participants’ sleep was restricted to 4 h/day during the intervention phase. To examine the physiological
changes brought on by sleep deprivation and recovery, 10ml of venous blood was obtained. Results. Total Body Water (TBW) and
Extracellular Water (ECW) were significantly different between the groups in the intervention phase. Physiological parameters
also varied from the beginning of the resting phase to the end of the experiment. Potassium levels changed more in SY than TE
individuals. Conclusion. Participants responded differently to the same amount of sleep deprivation depending on their Sasang
constitution types. This study indicated that SY individuals were more sensitive to sleep deprivation and were slower to recover
from the effects of sleep deprivation than TE individuals.

1. Background

Sufficient sleep is essential for health and wellbeing. Sleep is
closely associated with the regulation of energy balance and
metabolism [1], and several studies have shown a relationship
between sleep and health [2–5]. Sleep disturbances lead to
physical changes; for instance, 48 h sleep deprivation has been
reported to increase plasma levels of thyroid hormones [6]. In
addition, participants who had been sleep-deprived for 72 h
demonstrated increased levels of urea, suggesting increased
protein catabolism and gluconeogenesis [7]. Furthermore,
disturbed sleep can be lead to disease states. The quantity

and quality of sleep has been associated with a greater risk
of developing type 2 diabetes [8]. Short sleep duration has
also been associated with increased blood pressure and an
increased risk of hypertension [9]. Sleeping for less than 6 h
ormore than 7 h a night is associatedwith an increased risk of
death [2]. However, no study has yet examined the variation
in these associations between individuals with different body
types.

Sasang constitutional medicine (SCM), developed by Lee
Je-ma, is a type of Korean personalized traditional medicine.
SCM is widely used for clinical diagnosis and treatment
of disease in Korea. SCM classifies people into four types:
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Figure 1: Study design.

Taeyang type (TY), Soyang type (SY), Taeeum type (TE),
and Soum type (SE) [10]. The Sasang constitution (SC) types
have different pathophysiological susceptibilities and have
different risks for various diseases [11]. Previous studies have
revealed that SC types could be considered risk factors for
certain chronic diseases, including diabetes mellitus (DM),
hypertension, abdominal obesity, metabolic syndrome, func-
tional dyspepsia, obstructive sleep apnea, and subclinical
hypothyroidism [12–15].

SC types are considered to be crucial in predisease and
disease stages from a preventive medicine point of view [16].
Therefore, it is also relevant to determine whether SC type
is a clinically important risk factor in the predisease stage.
However, only one study has found an association between
predisease state (pre-HTN) and SC type [11]. Thus, the
current study aimed to determine differences in body compo-
sition (fluid) in individuals with different SC types after sleep
deprivation.

2. Methods

2.1. Study Design and Intervention. This was a prospective
interventional study. The protocol of this study and the con-
sent forms given to participants were approved by theUniver-
sity of KyungHee Institutional Review Board (KHNMCOH
2015-08-002-002). All participants gave written informed
consent

As shown in Figure 1, 2 weeks to 1 month after the
screening examination, participants registered at the Clinical
Research Unit (Sasang Constitution in Kyung Hee University
Korean Medicine Hospital in Gangdong (KHUKMHG)) and
began the 3-day, 2-night intervention phase of the study (days
1, 2, and 3). During the intervention phase, participants were
restricted to 4 h of sleep time and fed a controlled diet based
on their weight-maintenance energy by trained research
nurses. Participants were asked to avoid caffeine and alcohol
for 24 h before the intervention phase. After undergoing
sleep restriction (01:00 to 05:00), physiological parameters,
including blood test and Inbody test, were assessed. After the
intervention phase, participants were allowed to rest for 4
days and 3 nights (days 4, 5, 6, and 7). During the resting

phase, participants were allowed to sleep at will. After the
resting phase, participants once again visited the Clinical
Research Unit and underwent follow-up tests in the follow-
up phase (day 8).

2.2. Subjects. In total, 80 participants (aged 35–45 years) were
screened first by interview and then during visits to our clinic.
Finally, 62 subjects were included in this study. All subjects
met the following criteria: those who had slept 7-8 h per night
over the previous week and who did not have sleep disorders,
as reflected by a Pittsburgh sleep quality index (PSQI) score
under 5 within the last month. Participants who did Chalder
Fatigue Scale (CFS) score over 19 within the last month or
body pain score as assessed by the Visual Analog Scale (VAS)
score 40mm at any time within the previous month were
excluded. Pregnant women or those who has a history of
psychiatric or neurological disorders 6 months prior to the
study were also excluded (Figure 2).

2.3. Data Collection. For the blood test, 10ml of venous blood
was obtained from each subject on four occasions: days 1 and
3 (intervention phase) and day 8 (follow-up phase). During
the study, blood was sampled every 30min starting at 06:00.
Blood samples were obtained by peripheral venous puncture,
immediately centrifuged at 3000𝑔 for 10min and stored at
−80∘C until required for analysis. Standard methods were
used to measure serum electrolyte levels, such as sodium,
potassium, calcium, phosphate, creatinine, urea, and uric
acid, with an ADVIA 2120i (Siemens, USA).

Participants’ body composition was determined with
segmental bioelectric impedance using electrodes, according
to the manufacturer’s instructions (Inbody 770, Biospace
Co. Ltd, Seoul, Korea). Daily at 10:00, a pair of electrodes
was placed on the surfaces of the thumb, palm, and fingers
of the hand, and on the ball of the foot. Microprocessor-
controlled switches and an impedance analyzer were used
to measure segmental resistance at four frequencies (5, 50,
250, and 500 kHz)Thus, a set of 20 segmental resistances was
obtained from each individual. With these data, Total Body
Water (TBW), Extracellular Water (ECW), and Intracellular
Water (ICW) were calculated from the sum of each segment,
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16 Excluded 
(i) 9 did not meet inclusion criteria
(ii) 7 Meet exclusion criteria

80 individuals assessed 
for eligibility

64 participants were enrolled 

29 Teaeum type 33 Soyang type 

29 Analyzed 
(Male = 18, female = 11)

33 Analyzed 
(Male = 13, female = 20)

62 participants completed 

2 dropped out

Figure 2: CONSORT flow diagram.

using the equations provided in the BIA software [17–19].
The subjects’ height and weight were measured and rounded
to the nearest hundredth, and body mass index (BMI) was
indirectly calculated from the height and weight of each
individual.

2.4. Diagnosis of SC Type. Diagnosis of the participants’ SC
types was based on a medical chart review conducted by
licensed medical specialists in Korean Sasang typology who
had been in clinical practice for 10 years or more. They
classified the subjects’ SC types based on temperament, body
shape, appearance, voice, and pathophysiological character-
istics of each individual.

2.5. Statistical Analysis. Data obtained before and after the
intervention were analyzed using descriptive statistics (Chi-
square tests, Mann–Whitney 𝑈 tests, and 𝑡-tests) based on
SPSS software version 17. The level of statistical significance
was set at 𝑝 < 0.05. A Kolmogorov-Smirnov test was used to
determine whether the data were normally distributed (𝑝 =
0.9), and the homogeneity of variances was determined (𝑝 =
0.21).

3. Results

3.1. Subjects Characteristics. Table 1 shows the general and
anthropometric characteristics of the subjects by SC type.The
numbers of participants with TE and SY constitutional types
were 18men and 11 women (𝑛= 29) and 13men and 20women

(𝑛 = 33), respectively. The mean ages of the participants in
the TE group and the SY group were 39.86 years and 39.56
years, respectively. Independent t-tests revealed that there
were no significant differences between the groups in terms
of age and height. A chi-square test showed no significant
difference between the groups in terms of sex distribution.
Overall, both groups had similar background characteristics.
Statistical tests also showed no differences between the two
groups except for weight and BMI.

3.2. Body Composition Changes. Table 2 presents a summary
of the body composition of participants measured by Inbody.
There was no significant difference between the two groups in
terms of TBW, ECW, or ICW during the intervention phase
(days 1, 2, and 3) or in the follow-up phase (day 8). However,
TBW and ECW varied significantly during the intervention
phase (difference between day 1 and day 3, 𝑝 < 0.05), and
also during the follow-up phase (difference between day 3
and day 8, 𝑝 < 0.05). No significant difference was found
between the two groups in terms of TBW and ECW in a
cross-sectional comparison. However, there was a significant
difference between TBW and ECW between groups (𝑝 <
0.05). Variation in TBW during the intervention phase (day
1 to day 3) was 0.14 ± 0.77 in the TE group and 0.51 ± 0.86
in the SY group. Variation in TBW during the resting phase
(day 3–8) was 0.34 ± 0.93 and 1.15 ± 0.64 in the two groups,
respectively. Variation in ECWduring the intervention phase
was 0.02 ± 0.28 and 0.18 ± 0.33 in the TE and SY groups,
respectively, while variation in ECWduring the resting phase
was 0.09± 0.41 and 0.42± 0.31 in the two groups, respectively.
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Table 1: Overview of baseline characteristics.

Variable Taeeum type (𝑁 = 29) Soyang type (𝑁 = 33)
𝑝 value∗

Mean (SD) Mean (SD)

Gender,𝑁 Male-18 Male-13 0.52
Female-11 Female-20

Age (y) 39.86 ± 2.48 39.56 ± 2.83 0.91
Height (cm) 169.84 ± 9.06 166.64 ± 7.43 0.13
Weight (kg) 67.00 ± 10.12 60.02 ± 8.97 0.05†

BMI (kg/m2) 23.04 ± 1.82 21.49 ± 2.15 0.03†

PSQI 3.95 ± 1.02 4.01 ± 1.32 0.45
SD: standard deviation,�푁: number, y: year, BMI: body mass index, and PSQI: Pittsburg Sleep Quality Index.
∗�푝 values are addressed by Student’s �푡-test, �휒2-test between Taeeum type and Soyang type (�훼 = 0.05).
†�푝 < 0.05 from Student’s �푡-test.

Table 2: The difference of body water between Taeeum type and Soyang type.

Variable Taeeum type (𝑁 = 29) Soyang type (𝑁 = 33)
𝑝 value∗

Mean ± SD Mean ± SD
ICW (L)

D3-D1 0.13 ± 0.49 0.37 ± 0.56 0.08
D3-D8 0.23 ± 0.54 0.59 ± 0.88 0.06

ECW (L)
D3-D1 0.02 ± 0.28 0.18 ± 0.33 0.05†

D3-D8 0.09 ± 0.41 0.42 ± 0.31 0.00†

TBW (L)
D3-D1 0.14 ± 0.77 0.51 ± 0.86 0.05†

D3-D8 0.34 ± 0.93 1.15 ± 0.64 0.00†

�푁: number, SD: standard deviation, ICW: intracellular water, ECW: extracellular water, TBW: total bodywater, D1: day 1, D3: day 3, D8: day 8, D3-D1: differences
in the intervention phase, and D3-D8: differences in the resting phase.
∗�푝 values are addressed by Student’s �푡-test (�훼 = 0.05).
†�푝 < 0.05 from Student’s �푡-test.

3.3. Blood Analysis Changes. Table 3 summarizes the changes
in the results of blood analyses. There were no differences
in serum electrolyte and albumin levels, or in liver and
renal function test results. Electrolyte levels did not change
significantly between the intervention phase and the follow-
up phase (days 1, 3, and 8).However, potassium level variation
showed a constant trend: the variation in potassium levels in
the intervention phase (day 3 versus day 1) was 0.09± 1.02 and
0.23 ± 0.41 in the TE and SY groups, respectively (Table 3).
There was no significant difference between the two groups
in terms of liver function and renal function test results in
the intervention and follow-up phases (days 1, 3, and 8). Both
groups exhibited levels of AST, ALT, BUN, and creatinine that
were within normal ranges.

4. Discussion

This study focused on SC types as risk factors for the effects
of sleep deprivation. There were no significant differences
in terms of TBW, ECW, and ICW in the SY and TE groups
before the intervention phase. Variation in TBW and ECW
was higher in SY individuals than in TE individuals after
3 days of sleep deprivation, whereas variation was lower

in TE individuals after 4 days of the resting phase. This
indicated that SY-type individuals are more sensitive to sleep
deprivation and are slower to recover from physiological
changes brought about by sleep deprivation.

TBW was distributed between two compartments, the
ECW and the ICW. The composition of ECW is regulated
by various mechanisms, but especially by the kidneys [20].
Liver and renal function tests were not significantly different
between the two groups. However, potassium levels were
different between the two groups. This trend supports the
hypothesis that sleep deprivation may influence sodium-
potassium pumps. Previous studies have suggested that
sleep deprivation increases sodium-potassium pump activity
and that this increase may be mediated by the action of
norepinephrine on either alpha-1/-2 receptors or increased
turnover of sodium-potassium pump molecules [21, 22].
Furthermore, this increased activity of the sodium-potassium
pump induced oxidative stress [23, 24]. Therefore, reactive
oxygen species (ROS) may be produced during the sleep
deprivation process, as suggested by other studies [25, 26].

Metabolic syndrome, a collection of cardiometabolic risk
factors that includes obesity, insulin resistance, hypertension,
and dyslipidemia [27], is often characterized by oxidative
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Table 3: The difference of electrolyte, liver, and renal functions between Taeeum type and Soyang type.

Variable Taeeum type (𝑁 = 29) Soyang type (𝑁 = 33)
𝑝 value∗

Mean ± SD Mean ± SD
K (mmol/L)

D3-D1 0.09 ± 1.02 0.23 ± 0.41 0.05†

D3-D8 1.02 ± 7.04 −0.39 ± 0.54 0.25
Na (mmol/L)

D3-D1 0.13 ± 1.42 0.00 ± 1.56 0.72
D3-D8 0.27 ± 1.38 0.42 ± 1.63 0.70

Ca (mg/dL)
D3-D1 −2.31 ± 0.17 −0.15 ± 0.33 0.30
D3-D8 −0.035 ± 0.30 −0.30 ± 0.32 0.51

Alb (g/dL)
D3-D1 −0.20 ± 0.15 −0.18 ± 0.20 0.65
D3-D8 −0.34 ± 0.22 −0.37 ± 0.19 0.31

BUN (mg/dL)
D3-D1 −1.33 ± 2.62 −2.19 ± 2.37 0.18
D3-D8 −1.43 ± 3.63 −2.05 ± 2.72 0.45

Cr (mg/dL)
D3-D1 0.01 ± 0.68 0.00 ± 0.04 0.20
D3-D8 0.00 ± 0.06 −0.01 ± 0.05 0.21

AST (U/L)
D3-D1 −0.62 ± 3.83 −0.52 ± 5.67 0.93
D3-D8 0.03 ± 4.06 −1.06 ± 6.87 0.46

ALT (U/L)
D3-D1 −2.34 ± 4.84 −0.18 ± 8.51 0.23
D3-D8 −1.31 ± 4.89 −1.42 ± 8.73 0.95
�푁: number, SD: standard deviation, K: potassium, Na: natrium, Ca: calcium, Alb: albumin, BUN: blood urea nitrogen, Cr: creatinine, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, D1: day 1, D3: day 3, D8: day 8, D3-D1: differences in the intervention phase, and D3-D8: differences in the
resting phase.
∗�푝 values are addressed by Student’s �푡-test (�훼 = 0.05).
†�푝 < 0.05 from Student’s �푡-test.

stress, a condition involving an imbalance between the
production and inactivation of ROS.Therefore in the present
study, although the intervention phase involved only a 3-
day, 2-night period, SY individuals may be more susceptible
to metabolic syndrome. In addition, the effect of hormones
(aldosterone, cortisol, etc.) and the interaction between
cardiac output and peripheral arterial resistance may be
involved in this difference in individual responses [28–30]. In
future, the association between metabolic syndrome, various
hormonal changes and cardiovascular diseases, and sleep
deprivation and cell volume regulation should be investi-
gated.

According to Sasang constitutionalmedicine, sleep depri-
vation is one of a list of symptoms [31] that are used to identify
an individual’s constitution and a number of constitutional
diseases [32]. In fact, a previous study of 1229 patients who
attended department of Sasang constitutional medicine for
their first medical examination showed that SY individuals
typically experienced poor sleep quality and quantity [33].

The main strength of this study is the restriction of sleep
deprivation to clinical research conditions. However, there
are some limitations to this study. First, the intervention
phase was only 3 days, which is too short a period to elicit
changes in the body. Second, constitution types were not
evenly distributed across study participants but were biased
toward the TE and SY. Therefore, the present findings can
not be generalized to So Eum type (SE). Future studies
should include a large number of participants and should
be performed across institutes using a prospective clinical
research design, in order to derive a plausible model for
predicting disease caused by lack of sleep.

5. Conclusion

This study showed that TBW, ECW, and ICW are not
significantly different between the SY and TE in a cross-
sectional comparison.However, variations in TBWand ECW
were greater in SY individuals and were higher than in
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TE-type individuals after 3 days of sleep deprivation, and
SY-type individuals recovered more slowly than TE-type
individuals did during the 4-day resting period after sleep
deprivation. Liver and renal function parameters and blood
sodium, potassium, and albumin concentrations were not
significantly different between the two groups, although
potassium levels were altered differentially across the two
groups. Thus, individuals respond differently to the same
amount of sleep deprivation according to SC types.
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Objectives. The present study aimed to evaluate the overall quality of case reports concerning acupuncture treatment in Korea.
Methods. We selected a representative Korean journal and retrieved eligible case reports on acupuncture treatment published from
2009 to 2015. We assessed the quality of reporting based on CAse REport (CARE) and STandards for Reporting Interventions in
Clinical Trials of Acupuncture (STRICTA) guideline checklists. Results. A total of 93 eligible case reports of acupuncture treatment
were identified among the 107 articles screened. Overall quality of reporting in the case reports was generally acceptable (75.4%
on CARE, 67.7% on STRICTA), but several crucial items remained substantially underreported. Conclusions. Endorsement of the
CARE and STRICTA guidelines is needed to improve the completeness of reporting. Our findings will be helpful in developing a
more appropriate reporting guideline for case reports in acupuncture treatment.

1. Introduction

Case reports are detailed narratives that describe a medical
problem experienced by one ormore patients for the purpose
of medicine, science, or education [1]. They are considered
useful for recognizing new diseases and identifying adverse
events and beneficial effects associated with new treatments
[2]. Since case reports are not sufficiently rigorous to show
evidence of effectiveness in the era of clinical trials, they
can be easily overlooked as “mere anecdotes” [3]. However,
case reports not only guide personalized treatment in clinical
practice, but they also generate hypotheses for future clinical
trials [4]. In recent years, integrating systematically collected
data from the real world by using sophisticated clinical
research methods has been expected to uncover hidden
evidence [4]. Thus, patient case reports can be valuable
sources of new information that may lead to vital research
and advances in clinical practice, in turn improving patient
outcomes [5]. Given that acupuncture involves complex and
varied forms of treatment, it is necessary to carefully record
what happens in clinical practice [3].

The “CAse REport (CARE) guidelines” were proposed to
facilitate systematic reporting of information in case reports
[1]. It is widely expected that implementation of the CARE
guidelines will improve the completeness and transparency of
case reporting [1]. Guidelines for reporting adverse events of
acupuncture were proposed in 2004, but there was no specific
guideline for case reports about acupuncture treatment [6].
Recently, theKorean version of theCAREguidelines checklist
was implemented in case reporting of acupuncture treatment
[7]. The STandards for Reporting Interventions in Clinical
Trials of Acupuncture (STRICTA), originally developed to
improve the completeness and transparency of the report-
ing of interventions in controlled trials of acupuncture,
are now expected to expand to encompass a broad range
of clinical evaluation designs, including case reports [8,
9]. Since STRICTA recommendations comprise a checklist
that expanded the generic content of Item 4 (reporting of
intervention) of the CONSORT statement for controlled
trials, it would also be necessary to follow the STRICTA
guidelines for reporting acupuncture interventions in case
reports. Author guidelines in journals suggest that full details
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of the acupuncture treatment in case reports should follow
the STRICTA criteria [3]. To the best of our knowledge, no
study has investigated the reporting quality of case reports
in acupuncture research in Korea based on the CARE and
STRICTA guidelines.

Hence, we aimed to assess the current status of the
reporting quality of case reports concerning acupuncture
treatment in Korea based on the CARE and STRICTA
guideline checklists.

2. Methods

2.1. Searching for and Selecting Case Reports. To assess the
quality of reporting in acupuncture treatment case reports
in Korea, all such reports were searched for in the Korean
academic journal, The Acupuncture (The Journal of Korean
Acupuncture andMoxibustionMedicine Society).This journal
is considered a core journal, which is highly cited in Korea
[10]. Since this journal publishes acupuncture treatment case
reports with separate subheadings, all case reports were
retrieved based on the subheadings from January 2009 to
September 2015. All case reports with acupuncture treatment
as the intervention, regardless of the patient’s diagnosis, were
included in the analysis.

2.2. Data Extraction. Data were extracted independently
by two assessors (Jeongjoo Kim and Yoon-Ji Eom) in
accordance with prepared data extraction forms. As the
STRICTA guidelines were originally developed to report
the components of needling acupuncture, acupuncture was
defined in this study as needle penetration of body points
using manual and electrical stimulation [11]. To assess the
quality of reporting of treatment components of acupunc-
ture interventions in case reports, we used the revised
version of the STRICTA guidelines published in 2010 [8].
Only the acupuncture-related information was extracted for
analysis of the STRICTA items. The CARE guideline and
STRICTA guidelines were converted into 31 and 15 checklist
items, respectively, for data assessment. Before the evalua-
tion, two assessors underwent training on each CARE and
STRICTA item to ensure consistency in interpretation and
scoring.

2.3. Evaluation of the CARE and SRTICTA Guideline Check-
lists. Items were worded closely to correspond to the original
recommendations and rephrased as a series of questions.
Each item from CARE and STRICTA was assessed as “yes”
if it was included in the article or “no” if it was not.
When at least one subitem was completely reported, the
reporting item was counted as “yes.” The interrater relia-
bility was calculated using Cohen’s kappa statistic for all
items combined (kappa = 0.834 for CARE items; kappa =
0.729 for STRICTA items), and disagreements were resolved
by joint discussion with a third assessor (Younbyoung
Chae).

The CARE and STRICTA index was calculated to sum-
marize the overall completeness of reporting by summing the
scores for the 31 items of the CARE checklist and 15 items of
the STRICTA guidelines [11, 12].

3. Results

3.1. Included Case Reports. In total, 93 of 107 screened
case reports of acupuncture treatment were included for
the assessment of reporting quality. Studies that combined
acupuncture with other interventions were included, but
those assessing only other interventions were excluded (𝑛 =
14) (Figure 1).

3.2. Quality of Reporting with CARE Guideline Items. The
overall quality of reportingwas relatively high (mean= 75.4%,
95%CI: 74.4 to 76.4) (Table 1).TheCARE indexwas 23.4 (95%
CI: 23.1 to 23.7). Items with markedly incomplete reporting
(less than 50%)were diagnostic challenges (number 16, 2.2%),
diagnostic reasoning including consideration of other diag-
noses (number 17, 12.9%), prognostic characteristics (number
18, 25.8%), changes in intervention with rationale provided
(number 21, 25.8%), intervention adherence and tolerability
(number 24, 0%), adverse and unanticipated events (number
25, 16.1%), patient perspective (number 30, 29.0%), and
informed consent (number 31, 12.9%).

3.3. Quality of Reporting with STRICTA Guideline Items. The
quality of reporting of acupuncture interventions in case
reports was evaluated according to the STRICTA guidelines.
The overall quality of reporting was acceptable (mean =
67.7%, 95% CI: 64.8 to 70.6) (Table 2). The STRICTA index
was 10.2 (95% CI: 9.7 to 10.6). Items with markedly incom-
plete reporting (less than 50%) were acupuncture regimen
variation (number 3, 33.3%), depth of insertion (number 6,
46.2%), response sought (number 7, 23.7%), setting and con-
text (number 14, 18.3%), and description of acupuncturists
(number 15, 23.7%).

4. Discussion

A total of 93 case reports of acupuncture treatment in Korea
were appraised in detail based on CARE and STRICTA
guidelines. This study systematically illustrates the current
reporting quality of case reports of acupuncture treatment.
Quality of reporting was generally acceptable, but some
items require further improvement. Our findings reveal the
current status of the quality of reporting in case reports of
acupuncture treatment in Korea and provide information
that may facilitate the transparency and completeness of
the reporting of case reports. Information obtained from
transparent and detailed case reports would help provide a
stronger basis for elucidation of the scope and effectiveness
of acupuncture treatment, which in turn would be helpful
in expanding the field of acupuncture research, as well as in
developing further guidelines regarding clinical acupuncture
practice.

With the prominent increase of case reports in medi-
cal journals, CARE guidelines provide a framework for a
systematic reporting standard [4]. In the current study, the
overall completeness of reporting of case reports in Korea
was relatively high (75.4%), but several items were still
lacking in the majority of the acupuncture treatment case
reports. The reporting of diagnostic assessment items, such
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Potentially relevant articles identi�ed

Finally case reports assessed 
using reporting guideline

Full text articles for evaluation 
in selected journal

No case reports (n = 479)

(n = 586)

(n = 93)

(n = 107)

(vi) Only moxibustion (n = 1)
(v) Only needle-embedding therapy (n = 1)

(iv) Only microneedle therapy (n = 1)
(iii) Only subcision acupuncture (n = 1)
(ii) Only acupotomy therapy (n = 5)
(i) Only pharmacopuncture (n = 5)

Publication excluded (n = 14):

Figure 1: Flow chart of the articles identified, included, and excluded.

as diagnostic challenges (number 16), diagnostic reasoning
including consideration of other diagnoses (number 17),
and prognostic characteristics (number 8), was remarkably
incomplete. Low quality reporting, particularly in the diag-
nostic assessment items, might be due to the dual medical
system in Korea, in which Korean medical doctors are very
limited in terms of their ability to use medical examination
equipment. Concerning therapeutic intervention, changes
in intervention (number 21) were reported in about 25.8%
of the included case reports. Among the follow-up and
outcome criteria, none of the acupuncture treatment case
reports reported intervention adherence, and tolerability and
adverse and unanticipated events were reported in only
16.1% of the included case reports. Items related to patient
perspective (number 30) and informed consent (number
31) were markedly underreported. Collectively, these items
should be more carefully presented in case reports.

In the present study, the quality of the reporting of
intervention details based on STRICTA items was generally
acceptable (67.7%) but still less complete than that based on
CARE items. Among the poorly reported items (under 50%),
acupuncture regimen variation (number 3) was reported by
about one-third of the case reports. Insertion depth (number
6) and de qi response (number 7) were reported relatively
infrequently, in 46.2% and 23.7% of case reports, respectively.
Insertion depth and de qi response are important as the
main specific components of acupuncture treatment [13–
15]. To explore the causal relationship between acupuncture
and outcome, these components should be much improved
in acupuncture treatment case reports. Setting and context
(number 14) and description of the acupuncturists (number
15) were considerably underreported, at 18.3% and 23.7%,
respectively. These two variables are known to be non-
specific components of acupuncture treatment, and these
items are considered less important in clinical trials [16–
18]. One potential way to minimize the possible involvement

of nonspecific effects in acupuncture treatment is through
complete reporting of these items. Based on the STRICTA
index in Korea, the reporting quality of case reports in the
current study was similar to that of clinical trials in other
studies [10, 11]. However, only 4 out of 93 case reports adopted
STRICTA guidelines and reported all items. We strongly
suggest that intervention details of acupuncture treatment in
case reports be described according to STRICTA criteria.

Reporting guidelines play an important role in improving
the quality of papers in clinical trials [11, 19–21]. The CARE
guidelines were developed and translated into Korean to
improve the completeness and transparency of case reports;
however, they are not limited specifically to case reports
of acupuncture treatment [1]. Recently, case reports involv-
ing traditional Chinese medicine (CARC) were developed
based on a review of the general reporting quality of those
reports, and through internal discussion by experts [22].
The CARC recommendations covered all traditional Chinese
medicine interventions including Chinese herbal interven-
tions, acupuncture, and moxibustion. Moreover, these rec-
ommendations suggest that items should include diagnosis
by traditional Chinese medicine-based methods, according
to symptoms, signs, and the characteristics of the tongue
and pulse. According to the survey, 67.4% of case reports
included the traditional Chinese medicine terms for diseases,
and 88.9% reported syndrome differentiation [23]. These
efforts in the CARC recommendations might reflect the
perspective that acupuncture treatment is determined not
just by diagnosis based on Western medicine, but also by
pattern identification based on traditional Chinese medicine.

The reporting quality of case reports based on CARE
was relatively good in the Korean literature, but the pattern
identification process for determining the acupuncture treat-
ment procedure was still poorly reported.The lack of reports,
however, does not reflect the current process of acupuncture
treatment, in which pattern identification is not in any way
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Table 1: Percentage of case reports with complete reporting of CARE items.

Item 𝑛/𝑁 (%)
Number 1 Title The words “case report” 93/93 100.0
Number 2 Keywords Key elements 93/93 100.0
Number 3 Abstract Introduction: what does this add? 93/93 100.0
Number 4 Case presentation: main symptoms 47/93 50.5
Number 5 Case presentation: main clinical findings 91/93 97.8
Number 6 Case presentation: main diagnoses and interventions 93/93 100.0
Number 7 Case presentation: main outcomes 93/93 100.0
Number 8 Conclusion: main “take-away” lessons 93/93 100.0
Number 9 Introduction Brief background summary of this case 93/93 100.0
Number 10 Patient information Demographic information 93/93 100.0
Number 11 Main symptoms of the patient 93/93 100.0
Number 12 Medical, family, and psychosocial history 92/93 98.9
Number 13 Clinical findings Physical examination findings 93/93 100.0
Number 14 Timeline Depicts important dates and times 77/93 82.8
Number 15 Diagnostic assessment Diagnostic methods 83/93 89.2
Number 16 Diagnostic challenges 2/93 2.2∗

Number 17 Diagnostic reasoning including other diagnoses considered 12/93 12.9∗

Number 18 Prognostic characteristics 24/93 25.8∗

Number 19 Therapeutic intervention Type of intervention (e.g., pharmacologic, surgical, preventive) 93/93 100.0
Number 20 Administration of intervention (e.g., dosage, strength, duration) 93/93 100.0
Number 21 Changes in intervention (with rationale) 24/93 25.8∗

Number 22 Follow-up and outcomes Clinician and patient-assessed outcomes 93/93 100.0
Number 23 Important follow-up test results 93/93 100.0
Number 24 Intervention adherence and tolerability 0/93 0∗

Number 25 Adverse and unanticipated events 15/93 16.1∗

Number 26 Discussion Strengths and limitations of the management of this case 93/93 100.0
Number 27 The relevant medical literature 93/93 100.0
Number 28 The rationale for conclusions (assessments of cause and effect) 93/93 100.0
Number 29 The main “take-away” message 93/93 100.0
Number 30 Patient perspective Patient perspective or experience 27/93 29.0∗

Number 31 Informed consent Informed consent 12/93 12.9∗

Average 70.3/93 75.4
CARE index: mean (95% CI) 75.4 (74.4 to 76.4)

Values are the number of case reports that included the item divided by the total number of eligible case reports; ∗less than 50%.

undervalued. Pattern identification is accepted as one of
the key components for deciding the acupuncture treatment
approach. For instance, in Saam acupuncture in Korea,
pattern identification enables the selection of acupoints that
are not only proximal, but also distal, to the symptom-
related organs or body parts [24, 25]. Considering that the
process of determining themethod of acupuncture treatment
is based on pattern identification in clinical practice, it is
necessary to include additional, crucial information about
the characteristics of the tongue and pulse, as well as pattern
identification based on symptoms and signs. New guidelines
specifically tailored toward case reports of acupuncture treat-
ment and reflecting the whole process of clinical practice will
be required in the future.

This study had several limitations. First, the results might
not fully represent all Korean journals, as the case reports
that were included were extracted from a single journal.

Because this journal alone has adopted reporting guidelines,
the quality of reports of randomized controlled trials in
traditional medicine journals in Korea was assessed in a
separate, previous study [10]. Considering the representa-
tiveness of this journal, of the field of acupuncture research
in Korea, it is reasonable to assess the quality of reporting
of case reports according to the papers published therein.
Second, we did not compare the compliance rate for the
quality of reporting following the publication of the CARE
and STRICTA recommendations in Korea over time, because
all case reports in this study were published after 2009.
However, our findings could provide valuable information
about the current, overall reporting quality for acupuncture
case reports in Korea. Furthermore, a future study will
be needed to compare changes in the reporting quality of
case reports after endorsement of the CARE and STRICTA
guidelines.
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Table 2: Percentage of case reports with complete reporting of STRICTA items.

Item 𝑛/𝑁 (%)
Number 1 Style of acupuncture 93/93 100.0
Number 2 Reasoning for treatments 69/93 74.2
Number 3 Acupuncture regimen variation 31/93 33.3∗

Number 4 Number of needles 76/93 81.7
Number 5 Name of points 90/93 96.8
Number 6 Depth of insertion 43/93 46.2∗

Number 7 Response sought (e.g., de qi) 22/93 23.7∗

Number 8 Needle stimulation (e.g., manual, electrical) 65/93 69.9
Number 9 Needle retention time 79/93 84.9
Number 10 Needle type (diameter, length, etc.) 88/93 94.6
Number 11 Number of treatment sessions 80/93 86.0
Number 12 Frequency and duration of treatment sessions 84/93 90.3
Number 13 Details of other interventions 85/93 91.4
Number 14 Setting and context 17/93 18.3∗

Number 15 Description of acupuncturists 22/93 23.7∗

Average 62.9/93 67.7
STRICTA index: mean (95% CI) 10.2 (9.7 to 10.6)

Values are the number of case reports that included the item divided by the total number of eligible case reports; ∗less than 50%.

Classical medical texts, such as Shanghanlun and
Linzhengzhinanyian, are enclosed with several case reports
in East Asian medicine [22]. They include a delicate report-
ing form to record the diagnosis, principles of treatment,
therapeutic outcome, and prognosis of practical cases.
Owing to low reporting quality, however, the ability to
study and analyze the underlying principles of East Asian
medicine based on these case reports remains limited. Case
reports are inherently unable to exclude the possibility that
outcomes are due to natural factors or the effects of another
intervention [3]. Without a relevant control group, it is
difficult to ascertain the extent to which a given outcome was
due specifically to the effects of acupuncture treatment and
how much was attributable to nonspecific effects. However,
most patients have symptoms that do not accord exactly
with the diagnostic criteria strictly defined by researchers
[26]. From the perspective of patient-centered medicine, it
is emphasized that the patient is more than the sum of his
or her diseases. As Hippocrates stated “I would rather know
the person who has the disease than the disease the person
has” [27]. Case reports are most valuable in the context of
patient-centered medicine, since they describe the personal
experiences of a specific practitioner and disseminate
valuable clinical information about patients in a more vivid
manner.

In sum, the overall reporting quality of case reports was
generally acceptable, but several crucial items remained sub-
stantially underreported in Korean acupuncture treatment
case reports. Endorsement of the CARE and STRICTA guide-
lines is needed to improve the completeness of reporting of
acupuncture treatment-based case reports. Case reports with
more transparency in their content, as well as sufficiently
detailed information, would be more useful not only for the
care of individual patients, but also for healthcare providers
and the broader medical community. Our findings will be

helpful in developing more appropriate reporting guidelines
for case reports of acupuncture treatment.
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We investigated the hypothesis that Yin-deficient patients have a reddened tongue with less coating. We screened 189 participants
aged 20 to 49 years, complaining of headache. To classify patients in terms of Yin deficiency, we used two self-reporting Yin-
deficiency questionnaires (Yin-Deficiency Questionnaire and Yin-Deficiency Scale) and diagnosis by a doctor. Based on the tests,
a total of 33 subjects were assigned to a Yin-deficient group and 33 subjects were assigned to a nondeficient control group. Tongue
images were acquired using a computerized tongue diagnostic system, for evaluating tongue indices.The tongue coating percentage
and tongue redness were calculated as the mean 𝑎∗ value of both the whole tongue area (WT 𝑎∗) and the tongue body area (TB
𝑎∗). The tongue coating percentage of the Yin-deficient group (34.79 ± 10.76) was lower than that of the nondeficient group (44.13
± 14.08). The WT 𝑎∗ value of the Yin-deficient group (19.39 ± 1.52) was significantly higher than that of the nondeficient group
(18.21 ± 2.06). However, the difference in the TB 𝑎∗ value between the two groups was not significant. In conclusion, we verified
that Yin-deficient patients had less tongue coating and tended to have a more reddish tongue than nondeficient patients.

1. Introduction

In traditional Korean medicine (TKM) and traditional Chi-
nese medicine (TCM), pattern identification is used to deter-
mine the pathological state of a patient. The patterns, called
Zheng, imply the cause, nature, location, and the severity of
the disease. Thus, a traditional medicine practitioner gathers
and analyzes the symptoms and signs present in a patient
to determine the course of action for treating an underlying
disease. To identify such patterns, practitioners typically
perform inspections that involve listening, smelling, inquiry,
and palpation [1].

Inspection of the tongue is an important diagnostic
approach in pattern identification inTKMbecause the tongue
is considered to reflect the status of the human body, such
as that of the qi-blood and the fluid of the internal organs,
rapidly [2]. The practitioner examines the color, shape,

moisture, and movement of the tongue body (which is a
composite of muscles and vessels) and the color, thickness,
and distribution of the tongue coating (a fur-like attachment
to the dorsum of the tongue).

A Yin-deficiency (YD) pattern is a pathological state.
The clinical symptoms of YD are typically associated with
emaciation, tidal fever, night sweats, malar flush, palpitations,
insomnia, dizziness, tinnitus, dry mouth and throat, consti-
pation, a reddened tongue with little coating, and a fine rapid
pulse [3]. In particular, a reddened tongue with little coating
is regarded as a distinctive sign of YD. A “reddened tongue”
sign indicates that the color of the tongue is reddish rather
than the normal pale red color of the tongue, and a tongue
with “little coating” indicates that either no or only a small
amount of tongue coating is visible on the tongue body.

However, whether the sign of a reddened tongue with
little coating is associated with YD in patients remains
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unverified. Moreover, the definition of a “reddened tongue”
has not been definitively established. A “reddened tongue”
can be interpreted as the result of less coating on the tongue
body, which reveals a pinker or redder color, or may reflect
increased blood flow.

Several TKM and TCM studies [4–7] have investigated
the tongue status of Yin-deficient patients. In those studies,
the Yin-deficient patients were mainly grouped at the discre-
tion of the practitioners; this methodology lacked objectivity.
Thus, the results of these studies are not highly reliable. For
objective assessment of a Yin-deficient status, several tools
have been developed, such as the Yin-Deficiency Question-
naire (YDQ), the Yin-Deficiency Scale (YDS), Shi-pattern
analysis, theYin/Yang-deficiencyQuestionnaire, and theYin-
Xu Body Constitution Questionnaire [8]. Nevertheless, most
of these tools do not include a tongue inspection or rely only
on the subjective tongue inspection of the practitioner [9–
11]. Some studies [12–15] have reported that inspection of the
tongue has a low reliability, and thus an objective approach to
inspection is needed. Therefore, several types of quantitative
tongue assessment systems, such as a computerized tongue
diagnostic system (CTDS), have been developed to solve this
problem. Han et al. [16] investigated the relationship between
tongue status and YD with the YDQ, using a CTDS; the
results of this study were not consistent with the traditional
medicine theory of tongue diagnosis. However, a single
investigation is not sufficient to gain an understanding of the
relationship between tongue status and YD.

Therefore, the present study quantitatively investigated
the hypothesis that YD in patients is associated with a
reddened tongue with little coating.We compared evaluation
indices of the tongue between a Yin-deficient group of
patients and a nondeficient control group. To identify patients
with a YD and nondeficient patients, we used two self-
reporting questionnaires, the YDS and YDQ [1, 17], both
of which have been previously validated. To investigate
differences in the tongue status between the two patient
groups, we evaluated indices of the amount of tongue coating
and the tongue color using a CTDS.

2. Materials and Methods

2.1. Ethics Approval and Consent to Participate. This study
was conducted according to the standards of the International
Committee on Harmonization of Good Clinical Practice
and the revised version of the Declaration of Helsinki.
Written informed consent was obtained from all of the
study participants before the experiment. The Institutional
Review Board of the Traditional KoreanMedicineHospital of
Sangji University in Wonju, Republic of Korea, approved the
experimental protocol (IRB number SJ IRB-Human-15-010).

2.2. Study Design. Between December 2015 and August 2016,
a total of 189 people were screened from among the out-
patients complaining of headache at the Traditional Korean
Medicine Hospital of Sangji University in Wonju, Republic
of Korea. All patients were aged between 20 and 49 years.
The exclusion criteria were pregnancy, severe systemic organ
diseases, use of drugs within the 7 days prior to screening,

smoking, vitamin B use, or an abnormal condition of the
tongue, that is, the inability to open the jaw and protrude the
tongue stably, the presence of a geographic tongue, bleeding,
malformation of the tongue, or the presence of dental braces.
Thirty-one patients were excluded in the process of screening
according to these criteria.

Demographic characteristics were recorded for each
patient. In addition, the duration of the headache was
recorded and severity of the headache was also assessed using
a visual analog scale. After an experimenter explained the
YDS and YDQ, each patient completed the questionnaires.
To prevent any bias due to a misunderstanding of the
questionnaires, a TKM doctor with more than 10 years of
clinical experience diagnosed each patient as Yin-deficient
or nondeficient, while blinded to the results of the ques-
tionnaires and without inspection of the patient’s tongue.
The diagnosis of a YD or a nondeficient status in patients
was thus based on the scores of the YDS and the YDQ
as well as the independent opinion of the doctor. Fifty-
nine patients were excluded because of discordance between
the two questionnaires. One YD subject was also excluded
from our study based on the decision of the doctor that he
was nondeficient. Then, the nondeficient patient group was
matched to the group of patients who had YD, in terms
of age and gender. Thirty-two nondeficient individuals were
also excluded for matching. Finally, 66 participants were
registered for this study. The overall design of the study is
presented in Figure 1.

2.3. Tongue Examination. All subjects had their tongues ex-
amined using a CTDS. The subjects were required to avoid
food and liquid intake for at least 4 h before the tongue exam-
ination and to refrain from brushing their teeth and tongue.
In consideration of the influence of circadian rhythms, the
tongue examination was conducted in the morning within
24 h of the screening. To image the tongue, the patients
were instructed on how to touch their faces and protrude
their tongues to the CTDS. After the patient exercised the
procedure several times, opening theirmouths and extruding
the tongue to reveal their entire tongue, the CTDS was used
to acquire an image of the tongue. To assess the reliability
of the CTDS, an image of the tongue was acquired again
in the same manner after 30min. After image acquisition,
we assessed whether the patients experienced any adverse
event. The initial 66 images that were acquired during this
examinationwere analyzed in a comparison of the YDpatient
group and the nondeficient patient group. The second group
of images was only used to calculate the reliability of the
CTDS.

2.4. The Yin-Deficiency Questionnaire and the Yin-Deficiency
Scale. In 2007, the YDQ was developed for objective mea-
surement of the severity of a YD [1]. The reliability and
validity of the YDQ have been previously established [18],
and the YDQ has been used to investigate the relationship
between a YD and other symptoms, such as dry mouth, hot
flush, and skin disorders [19–21]. The YDQ is comprised of
10 questions to which the patients responded by marking the
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Screening (N = 189)

(i) The inquiry of the demographic characteristics and the history of the headache
(ii) Group assignment: YDQ, YDS, doctor’s diagnosis (YD/not YD) 

1st examination by the CTDS (N = 66)

(i) Morning (9 AM–1 PM) within 24 h of the screening
(ii) To avoid food/liquid intake and tongue brushing for at least 4 h before the exam

2nd examination by the CTDS (N = 66)

(i) After 30 min from the first examination
(ii) To assess the reliability of the CTDS

Participants recruitment

(i) Written informed consent
(ii) Inclusion/exclusion criteria

Visit 1

Visit 2

Calculation of the tongue indices (132 images)

Statistical analysis

Participants registration (N = 66) 

YD group (N = 33) 

YDQ ≥ 304, YDS ≥ 10, doctor (YD)

Control group (N = 33) 

YDQ < 304, YDS < 10, doctor (not YD) 

Excluded (N = 123)

(i) Exclusion criteria (N = 31)
Medication (N = 1)
Smoking (N = 13)
Vitamin B (N = 6)
Dental braces (N = 11)

(ii) YDQ ≠ YDS (N = 59)
(iii) YDQ = YDS ≠ doctor’s decision (N = 1)
(iv) Age and gender mismatching (N = 32) 

Figure 1: Flow chart of the experimental design of the present study. YDS: Yin-Deficiency Scale; YDQ: Yin-Deficiency Questionnaire; YD:
Yin deficiency; CTDS: computerized tongue diagnostic system.

severity of their symptoms on a 100mmbar.The cut-off score
for a YD diagnosis is 304 [22].

Park et al. [17] developed the YDS, which suggests the
optimum cut-off score for a diagnosis of YD as 10. The
YDS includes a total of 27 questions to which the patients
responded on a scale of 1 to 7, to indicate the severity of a YD.
To discriminate patients with YD, the score of the YDS was
calculated on a dichotomous scale; the scores of 1, 2, 3, and 4
were converted to 0 points and the scores of 5, 6, and 7 were
converted to 1 point.

2.5. Image Acquisition System. ACTDS (CTS-1000, Daiseung
Medics, Seoul, South Korea) was used to acquire tongue
images. The CTDS comprised a camera, illuminators, an
external light shielding system, and analysis software. The
camera was set up using a color board (Color Checker Pass-
port, X-Rite, Grand Rapids, MI, USA) before the capture of
tongue images.The operator captured an image of the tongue
together with two 18% gray chips (R27, Kodak, Rochester,
NY, USA) on the bilateral sides of the tongue, to evaluate the

gray balance and perform fast color adjustments. Additional
details of the procedure for image acquisition using theCTDS
are described in a previous study [23].

2.6. Calculation of the Tongue Indices. The region of the
tongue was extracted from the captured image. The tongue
coating area was distinguished from the tongue body area
based on the difference between the 𝑎∗ value for the tongue
body and tongue coating. The RGB color values of each
pixel in the areas were converted to CIE-𝐿∗𝑎∗𝑏∗ color values.
Then, the mean values of 𝐿∗𝑎∗𝑏∗ for the whole tongue (WT)
area and tongue body (TB) area were calculated. The tongue
coating percentage was calculated as the percentage of the
pixel number of the tongue coating area to the pixel number
of the whole tongue area. The process for calculating these
tongue indices is shown in Figure 2. The tongue coating
percentage was used as the index to estimate the amount of
tongue coating. The redness of the tongue was estimated as
the mean 𝑎∗ value for the whole tongue area (WT 𝑎∗) and
the mean 𝑎∗ value for the tongue body area (TB 𝑎∗).
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Tongue area extraction

Tongue image acquisition

Tongue body area Tongue coating area

Tongue coating percentage

=
number of tongue coating area pixels

number of whole tongue area pixels
× 100

of whole tongue area
Mean L∗

, a∗, b∗

of tongue body area
Mean L∗

, a∗, b∗

Conversion from RGB to CIE L∗a∗b∗

Figure 2: Calculation of tongue indices. The tongue area was extracted from an acquired tongue image. The tongue coating area was
distinguished from the tongue body area based on the difference in color. The RGB color values in the areas of interest were converted
into CIE-𝐿∗𝑎∗𝑏∗ color values.Then, the mean 𝐿∗𝑎∗𝑏∗ values of whole tongue area and tongue body area were calculated.The tongue coating
percentage was calculated as the percentage of the pixel number of the tongue coating area to the pixel numbers of the whole tongue area.

2.7. Statistical Analysis. The baseline characteristics of the
participants are presented using descriptive statistics. Differ-
ences in the demographic characteristics and the severity of
the headache between the YD group and nondeficient control
group were compared using a chi-squared test for categorical
data and an independent samples t-test for continuous
data. If the assumption of normality was not confirmed,
Mann–Whitney𝑈 testwas used. To evaluate the homogeneity
of the headache duration, we used the proportional odds
model [24]. Levene’s test was performed to assess the equality
of variances for the demographic characteristics and the
tongue indices between the two groups. Intraclass correlation
coefficients (ICCs) were calculated to assess the reliability of
the CTDS. ICC values above 0.8 indicate acceptable reliability
according to Shrout and Fleiss [25]. A binary logistic regres-
sion analysis was performed to predict the probability of YD
occurrence according to the indices. Statistical analyses were
performed using IBM SPSS Statistics 23 (IBM Corporation,
Armonk, NY, USA) or SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA). A p value < 0.05 was considered statistically
significant.

3. Results

3.1. Baseline Characteristics of the Participants. The baseline
characteristics of the participants are shown in Table 1. The
demographic differences between the YD group and nond-
eficient control group were not significant. In addition, dif-
ferences in headache duration between the two groups were
not significant; the estimated coefficient of the group effect
was 0.484 (standard error = 0.45) and the corresponding 𝑝
value was 0.280. However, the headache severity of the YD
group was significantly higher than that of the nondeficient
group.

3.2. Tongue Indices. The results for all of the tongue indices
between the YD group and nondeficient control group are
presented in Table 2. The tongue coating percentage of the
YD group (34.79 ± 10.76) was significantly lower than that
of the nondeficient group (44.13 ± 14.08; 𝑝 = 0.004). TheWT
𝑎∗ value was significantly different between the two groups
(𝑝 = 0.010); the WT 𝑎∗ value of the YD group (19.39 ± 1.52)
was higher than that of the nondeficient group (18.21 ± 2.06).
However, there was no significant difference in the TB 𝑎∗
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Table 1: Baseline characteristics of the participants.

Yin
deficiency Control Total p value
(𝑁 = 33) (𝑁 = 33) (𝑁 = 66)

Sex (M/F)(a) 10 (30.3)/23
(69.7)

12 (36.4)/21
(63.6)

22 (33.3)/44
(66.7) 0.602

Age (years)(b) 30.82 ± 7.49 30.82 ± 8.71 30.82 ± 8.06 1.000
Height (cm)(c) 165.99 ± 6.31 165.97 ± 9.27 165.98 ± 7.87 0.993
Weight (kg)(b) 63.67 ± 12.85 63.26 ± 12.52 63.46 ± 12.59 0.896
Systolic blood pressure
(mmHg)(b) 107.61 ± 8.51 111.42 ± 13.90 109.52 ± 11.59 0.183

Diastolic blood pressure
(mmHg)(b) 72.36 ± 6.67 74.30 ± 10.82 73.33 ± 8.97 0.385

Pulse rate (bpm)(b) 68.36 ± 10.98 66.58 ± 8.75 67.47 ± 9.89 0.467
Temperature (∘C)(b) 36.46 ± 0.19 36.40 ± 0.18 36.43 ± 0.18 0.140
Headache duration

Duration < 1 week 6 (18.2) 12 (36.4)

0.48 ± 0.45 0.2801 week ≤ duration < 1 month 10 (30.3) 5 (15.2)
1 month ≤ duration < 6

months 4 (12.1) 6 (18.2)

6 months ≤ duration 13 (39.4) 10 (30.3)
Headache VAS(b) 4.55 ± 1.86 3.42 ± 1.95 3.98 ± 1.97 0.020∗

Data are presented as 𝑛 (%) or mean ± SD and were compared by chi-squared test(a), independent samples 𝑡-test(b), or Mann–Whitney 𝑈 test(c). Headache
duration was compared by estimated coefficient of group effect and mean ± SE; ∗𝑝 < 0.05.

Table 2: Tongue indices.

Variables Levene’s test Yin deficiency Control
𝑝 value

𝐹 𝑝 value (𝑁 = 33) (𝑁 = 33)

Tongue coating percentage (%) 3.195 0.079 34.79 ± 10.76 44.13 ± 14.08 0.004∗∗

Tongue body area
𝐿∗ 1.352 0.249 51.72 ± 2.41 50.50 ± 2.83 0.064
𝑎∗ 0.892 0.349 22.38 ± 1.17 22.26 ± 1.61 0.729
𝑏∗ 0.209 0.649 10.77 ± 1.81 11.39 ± 2.02 0.194

Whole tongue area
𝐿∗ 0.893 0.348 50.07 ± 2.23 49.51 ±2.79 0.373
𝑎∗ 1.937 0.169 19.39 ± 1.52 18.21 ± 2.06 0.010∗∗

𝑏∗ 0.107 0.745 10.30 ± 1.73 10.84 ± 2.00 0.244
The variables were compared by an independent samples 𝑡-test; ∗∗𝑝 < 0.01.

values between the two groups (𝑝 = 0.729). The differences
in the tongue indices are presented in Table 2 and Figure 3.

3.3.TheReliability of the Computerized TongueDiagnostic Sys-
tem. Independent examination of two images per participant
revealed the acceptable reliability of the CTDS, as shown in
Table 3. All the ICCs of the tongue coating percentage and the
𝐿∗𝑎∗𝑏∗ values of the tongue body and whole body exceeded
0.8 (tongue coating percentage = 0.826; the TB 𝑎∗ value =
0.801; the WT 𝑎∗ value = 0.812).

3.4. Binary Logistic Regression. We conducted binary logistic
regression for YD with the tongue coating percentage and
the WT 𝑎∗ value. Table 4 and Figure 4 show the regression
model for the tongue coating percentage. The Wald test

indicated that the tongue coating percentage was a significant
predictor of YD (𝑝 = 0.007). In the regression model, the
WT 𝑎∗ value was removed because it was not significant
as a predictor of YD (𝑝 = 0.759) once the tongue coating
percentage was included in the model. The effective coating
percentage for which there will be a 50% chance of YD is
39.47% (2.368/0.06).

3.5. Adverse Event. None of the patients experienced any
adverse events during the study period.

4. Discussion

The results of the present study showed that the tongue
coating percentage of the YD group was lower and that
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Figure 3: Comparison of the tongue indices between the Yin-
deficient group and the nondeficient control group. The tongue
coating percentage of Yin-deficiency (YD) group (34.79%) was
significantly lower than that of the control group (44.13%).Themean
𝑎∗ value of whole tongue area (WT 𝑎∗) was significantly different
between the two groups; theWT 𝑎∗ value of the Yin-deficient group
(19.39± 1.52) was higher than that of the control group (18.21 ± 2.06).
However, the mean 𝑎∗ value of tongue body was not significantly
different between the two groups. Vertical bars: ±SD; ∗∗𝑝 < 0.01;
n.s.: not significant.

Table 3: The reliability of the computerized tongue diagnostic
system.

ICCs Standard error (95% CI)
Tongue coating percentage 0.826 0.715–0.893
Tongue body area
𝐿∗ 0.800 0.673–0.877
𝑎∗ 0.801 0.675–0.878
𝑏∗ 0.865 0.779–0.917

Whole tongue area
𝐿∗ 0.805 0.682–0.881
𝑎∗ 0.812 0.694–0.885
𝑏∗ 0.876 0.797–0.924

the WT 𝑎∗ value was higher than those of the nondeficient
control group. These results are consistent with the TKM
tongue diagnosis theory that the tongue in patients with YD
is reddened with little coating compared to the tongues of
nondeficient individuals. However, we did not observe any
significant difference in the TB 𝑎∗ values between the YD and
control groups. This negative result suggests that a reddish
color of the tongue is the result of a decrease in the tongue
coating on the body of the tongue. Representative tongue
image examples from the YD patient and the nondeficient
control are shown in Figure 5.

Previous studies have found negative results when
attempting to verify TKM and TCM theories. However, these
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Figure 4: Logistic regression curve. Decrease of tongue coating
percentage indicates an increased probability of Yin deficiency.
[Probability of Yin deficiency = exp(0.06X − 2.368)/(1 + exp(0.06X
− 2.368));𝑋 = tongue coating percentage (%)].

negative results may have been due to the lack of objectivity
in the methodology used in these studies; for most of these
studies, the researchers subjectively evaluated the pattern
and the tongue status, which likely biased their conclusions.
In contrast, the present investigation used a more objective
approach. We used two self-reporting questionnaires, in
addition to the expert opinion of a practitioner to minimize
the influence of experimenter bias, or the influence of an
inaccurate self-report due to misunderstanding of the ques-
tionnaires. The patients that we identified as Yin-deficient
complained of symptoms related to a YD; thus, our approach
was likely objective and accurate.

Another strength of our study was the use of a CTDS to
evaluate the tongue. With this approach, the conditions for
obtaining tongue images remained constant. Moreover, our
CTDS allowed a quantitative evaluation of tongue indices.
The high ICC level demonstrates the reliability of our study.

In order to compare the tongue status with different pat-
terns, the participants should have the same chief complaint
but should be differentiated by variable patterns including
YD. Therefore, we recruited patients who were all suffering
from headache because the clinical pattern of a headache in
TKM theory varies: wind-cold, wind-heat, wind-dampness,
ascendant hyperactivity of the liver yang, static blood, heat
syncope, dampness-phlegm, qi-deficiency, blood deficiency,
and YD [26].

Previous studies have suggested that the amount of
tongue coating increases with aging [27–30]; therefore, the
participants in our study were limited to an age range of 20 to
49 years, and the control group was age-matched to the YD
group. Consequently, the mean and standard deviation of age
for both the YD group and the control group were similar. In
addition, some studies have suggested that circadian rhythms
influence oral status [31–33]; therefore, all of the examinations
in our study were performed at approximately the same time
in the morning. Moreover, our pilot study (not published)
found that the correlation between the responses to the YD
questionnaires and the tongue indices was weaker as time
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Score of YDQ: 598
Score of dichotomous YDS: 20
Tongue coating percentage: 9.72%
Mean a∗ of tongue body area: 25.2
Mean a∗ of whole tongue area: 24.2

(a)

Score of YDQ: 35
Score of dichotomous YDS: 0
Tongue coating percentage: 43.82%
Mean a∗ of tongue body area: 21.5
Mean a∗ of whole tongue area: 17.4

(b)

Figure 5: Representative tongue images from the Yin-deficient and control groups. A tongue coating percentage was used as an index to
estimate the amount of tongue coating. The redness of the tongue was measured as the mean 𝑎∗ value of both the whole tongue area and
the tongue body area that remained after excluding the tongue coating area. (a) A tongue image of a Yin-deficient patient is shown, and
(b) a tongue image from a nondeficient control patient is shown. Note that these examples show that the tongue coating percentage of the
Yin-deficient patient is lower and that the mean 𝑎∗ value of the whole tongue area is higher than those of the nondeficient patient. The mean
𝑎∗ value of the tongue body area showed a relatively small difference between the two samples.

Table 4: Binary logistic regression coefficients.

Model 𝐵 SE Wald df 𝑝 value exp(𝐵) 95% CI for exp(𝐵)
Lower Upper

Tongue coating
percentage −0.060 0.022 7.354 1 0.007 0.941 0.901 0.983

Constant 2.368 0.903 6.885 1 0.009 10.678

progressed after completing the questionnaires; therefore, we
conducted our examination within 24 h of the screening.

We also performed Pearson’s correlation coefficient anal-
ysis to investigate relationships among the tongue indices and
the YDQ and YDS scores. We found that the tongue coating
percentage and test scores for YD were negatively correlated.
Moreover, the WT 𝑎∗ values were positively correlated with
the test scores for YD. However, this correlation was weak, as
the correlation coefficients were between 0.25 and 0.35. This
result might be due to the lack of severity in the group of YD
patients; the mean total YDQ scores and the dichotomized
YDS score for the YD patients were not high (YDQ = 485.5
± 94.4; YDS = 14.4 ± 2.9), considering that the highest scores
achievable on these tests are 1,000 and 27, respectively. The
WT 𝑎∗ values were very strongly correlated with the tongue
coating percentage (𝑟 = −0.922, 𝑝 < 0.001) and were not
a significant predictor of YD when the tongue coating
percentage was included in the logistic regression model.
This implies that a “reddened tongue” can be interpreted as
being the result of reduced coating on the tongue body, rather
than the result of a reddened tongue body in the present

study. Future studies should investigate patients with more
severe YD to investigate whether a stronger correlationmight
appear.

The present study has several limitations. First, as men-
tioned above, the self-reporting screening could have been
inaccurate due to the participant’s misunderstanding of the
questionnaire. Second, the number of participants that were
included in our study was based on previous studies of
tongue coating. Thus, our study design was more suitable
for the investigation of tongue coating than of tongue color.
Finally, although patterns of deficiency might be more easily
observed in the elderly, the participants in the present study
were relatively young, to increase the generalizability of the
results.

5. Conclusions

Our results show that the tongue coating in self-reported
YD patients tended to be decreased and the overall tongue
color tended to be reddish compared to that in a nondeficient
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control group. These observations are consistent with tradi-
tional medicine theory of tongue diagnosis.
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Background. This survey aimed to investigate the characteristics of users and nonusers of herbal medicine and the adverse events
experienced due to herbal medicines in South Korea.Methods.The questionnaire consisted of safety, using experience, using type,
usage and nonusage reason, purchase location, and adverse events of herbal medicine. The survey was administered by online.
Results.Of the total 1,134 respondents, 726 (64.0%) considered herbal medicine safe, and 693 (61.1%) answered that they have taken
herbal medicines within the past year. Most common place to purchase them was “TKM hospital or clinic” (63.6%), and most
participants (72.2%) took a decoction from a TKM institution. The biggest reason for taking them was for “health improvement”
(57.3%), and the reasons for not using them was “medication not necessary” (63.7%). Among those who took herbal medicines, 46
experienced adverse events, and the most frequently reported symptoms were digestive disorders (52.2%). Of the 46 participants
who experienced adverse events, 20 (43.5%) were treated by TKMdoctors.Conclusions.This study suggests that regulation of herbal
medicines is needed in order to resolve problems related to the safety of herbal medicines.

1. Background

The global herbal medicinemarket has grown every year, and
the total estimated retail sales of herbal supplements in the
United States reached almost $7 billion after increasing by
7.5% in 2015 [1]. The sales are anticipated to further grow to
reach $5 trillion by 2050 [2].

As the interest in herbal medicines increases, there is
a growing need to ensure their safety. The goal of the
World Health Organization (WHO) Traditional Medicine
Strategy is to promote the safe and effective use of Traditional
and Complementary Medicine (T&CM). Regulations on the

safety of herbal medicine have increased in order to achieve
this goal. The numbers of policies and regulations to ensure
the safety and efficacy of T&CMwere 69 and 119, respectively
[3]. According to the Report on Usage and Consumption of
Korean Medicines 2011 [4], approximately 22.4% of people
who have experienced Korean Medicine hospitals or clinics
answered that ensuring the safety of herbal medicines would
lead to future improvements in Korean Medicine.

South Korea is a country with a long history of herbal
medicine usage. However, until recently, there has not been
a systematic report of adverse events, which would be the
foundation of enhancing safety. According to the data of
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Korean Regional Pharmacovigilance Centers in 2007, there
was only one case of adverse drug reaction reported from
herbs among the observed 1,418 cases [5]. As a result of
self-investigation of a university hospital, 28 adverse drug
reactions occurred from herbal medicines in one Korean
Medicine Hospital in South Korea from January 1, 2008, to
February 29, 2012 [6].

This study surveyed in detail the characteristics of
consumers in Korea and the adverse events from herbal
medicines, as well as the perceived safety of products. The
objective of this study was to investigate Korean consumers’
usage patterns with respect to herbal medicines and to
provide research-based evidence for enhancing their safety.

2. Methods

2.1. Study Design and Setting. This study was a survey of the
characteristics of herbal medicine users in South Korea. The
survey was conducted by Macromill Embrain (http://www
.embrain.com), which is a professional survey research com-
pany that manages about 1,180,000 online research panels in
South Korea. The company recruited the participants with
consideration of the age and sex distributions and informed
them that responses had to be filled out for all our questions
in the questionnaire. The participants were enrolled on a
voluntary basis and there was no refusal rate. The survey was
conducted anonymously between October 1 and 31, 2015.

2.2. Participants. There was no special method for determin-
ing the sample size; we only sought to have as many people
as possible complete the survey during the survey period.
The minimum number of participants was determined to be
1,000, with additional recruitment on-going until the end of
the study period. The participants were stratified based on
gender and age to get the status of general population. Those
under 20 years old and over 70 years old were excluded.

2.3. Questionnaire. The questionnaire was developed by five
traditional Korean medicine (TKM) experts who discussed
and selected investigation items. A draft questionnaire was
developed through two rounds of review, placing emphasis
on the easy comprehension of the questionnaire to gear to
the general population. The experts examined face reliability
as well as readability of the questionnaire. Then, a pilot test
was conducted that targeted 10 people who were not medical
practitioners. A group of experts collected feedback and
completed the final version of the questionnaire.

The questionnaire consisted of two categories: (1) ques-
tions related to the herbal medicines usage over the past
year and (2) questions related to adverse events experienced
relating to the herbal medicines. The questionnaire is shown
in Supplement 1 (in Supplementary Material available online
at https://doi.org/10.1155/2017/4089019).

2.4. Study Variables. The detailed variables are as follows:

(1) Demographic information: sex, age, occupation, and
education level

(2) Usage patterns: opinion on safety of herbalmedicines,
experiences related to taking herbal medicines, places
fromwhich the herbal medicines were purchased, the
types of herbal medicines used, reasons for taking
herbal medicines, and reasons for not taking herbal
medicines

(3) Adverse events: experiences of adverse events relating
to herbal medicines, types of adverse events, whether
adverse events were reported, to which institutions
the adverse events were reported, reasons for not
reporting adverse events, how to deal with adverse
events, and opinions on herbal medicines after expe-
riencing adverse events

2.5. Statistical Analyses. A frequency analysis was performed
for all variables. The chi-squared test was also employed in
order to determine differences by sex, age, occupation, and
education level. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY,
USA) was used for analysis.

2.6. Ethical Considerations. All participants were briefed
with an explanation of the study’s purpose prior to the
initiation of the survey. Only those who voluntarily agreed to
participate and to have their data collected to be published
were enrolled in the study. This survey was conducted
anonymously. The entire survey process was approved by the
Institutional Review Board of Kyung Hee University (IRB
number KHSIRB1-15-039).

3. Results

3.1. Basic Characteristics. There were total of 1,134 respon-
dents, consisting of 591 (52.1%) men and 543 (47.9%) women.
Table 1 presents the distribution of the participants’ sex, age,
occupation, and education level. The age distribution was
as follows: 209 (18.4%) were 20–29 years old, 237 (20.9%)
were 30–39 years old, 277 (24.4%) were 40–49 years old, 253
(22.3%) were 50–59 years old, and 158 (13.9%) were 60–69
years old. Office worker was the most common occupation
(34.6%), and most participants (79.7%) had a university
degree.

Of the 1,134 respondents, there were 693 (61.1%) who had
taken herbal medicines within the past year and 441 (38.9%)
who had not.There was no difference in demographic factors
between users and nonusers of herbal medicines (Table 2).

3.2. Opinion on Safety of Herbal Medicines. Of the total
1,134 participants, 726 (64.0%) people responded that herbal
medicine is safe and the remaining 408 (36.0%) people con-
sidered herbal medicine unsafe. Women tended to distrust
the safety of herbal medicines more compared to men, and
those over the age of 50 were more skeptical of herbal
medicine (Table 3).

3.3. Usage Patterns of Herbal Medicines. The most com-
mon place to purchase herbal medicines was TKM hos-
pital or clinic (63.6%). Pharmacy (17.0%), traditional herb
market (17.0%), health food store (14.6%), oriental phar-
macy (12.8%), home shopping (11.0%), and hypermarket

http://www.embrain.com
http://www.embrain.com
https://doi.org/10.1155/2017/4089019
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Table 1: Basic characteristics of respondents.

Demographic characteristics 𝑛 %
Sex

Men 591 52.1
Women 543 47.9

Age (years)
20–29 209 18.4
30–39 237 20.9
40–49 277 24.4
50–59 253 22.3
60–69 158 13.9

Occupation
Executives professionals 214 18.9
Office workers 392 34.6
Service sales workers 83 7.3
Agriculture, forestry, and fishery workers 4 0.4
Craft mechanical workers 41 3.6
Simple labourers 15 1.3
Self-employed, part-time employees, and freelancers 25 2.2
Students, housewives, and unemployed 360 31.7

Level of education
Middle school 9 1.1
High school 218 19.2
College 784 69.1
Graduate school 120 10.6

Total 1134 100.0

(11.0%) were reported as other places to purchase them.
The most predominantly used type of herbal medicines was
a decoction from TKM institutions (72.2%). Other types
of herbal medicines were crude herbs, which are mainly
used in food or tea (35.8%), health food (28.6%), national
insurance-covered herbal medicines from TKM institutions
(15.3%), national insurance-covered herbal medicines from
pharmacies (15.0%), and others (0.8%) (Table 4).

The reasons for taking the medication were as follows:
57.3% for “health improvement,” 40.3% for “treatment in
KM hospitals or clinics,” 34.8% due to “recommendation
from acquaintance,” 9.5% due to “recommendation from a
pharmacist,” and others. The reasons for not taking herbal
medicines were “medication was not necessary” (63.7%),
“uncertainty of origins” (35.4%), “expensive prices” (25.9%),
“anxiety related to the possibility of harmful substances”
(25.9%), “anxiety related to the possibility of adverse events”
(23.8%), and others (Table 4). Figures 1–3 present the usage
patterns and reasons for taking of herbalmedicines according
to age groups in detail. There were no remarkable differences
by age.

3.4. Adverse Events and Their Reporting. Of the 693 par-
ticipants who have taken herbal medicines within the past
year, 46 (6.6%) responded that they had experienced adverse
events from herbal medicines. The most common symptom

72
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Oriental pharmacy
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(n = 106)
60–69

(n = 147)
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(n = 159)
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(n = 151)
30–39

(n = 130)
20–29

Figure 1: Location where herbal medicines were purchased accord-
ing to age groups.

was digestive disorders (52.2%), followed by skin disorders
(34.8%) and nervous disorders (23.9%) (Table 5).

After experiencing an adverse event, 20 participants
(43.5%) were treated by KM doctors, 13 (28.5%) did not take
any action, and 12 (26.1%) requested a refund. Seventeen
participants (37.0%) felt that expert counselling may be
needed after experiencing adverse events, and 14 (30.4%)
responded that drugs can have adverse events and that
they would continue taking herbal medicines. However, 13
people (28.3%) responded that they cannot trust herbal
medicines anymore and they would not continue taking
herbal medicines. Of the 46 respondents who experienced
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Table 2: Basic characteristics of herbal medicines users and nonusers.

Demographic characteristics Users (𝑛 = 693, 61.1%) Nonusers (𝑛 = 441, 38.9%) ∗𝑃 value
Sex

Men 361 (52.1) 230 (52.2) 1.000
Women 332 (47.9) 211 (47.8)

Age (years)
20–29 130 (18.8) 79 (17.9)

0.221
30–39 151 (21.8) 86 (19.5)
40–49 159 (22.9) 118 (26.8)
50–59 147 (21.2) 106 (24.0)
60–69 106 (15.3) 52 (11.8)

Occupation
Executives professionals 146 (21.1) 68 (15.4)

0.229

Office workers 244 (35.2) 148 (33.6)
Service sales workers 45 (6.5) 38 (8.6)
Agriculture, forestry, and fishery workers 2 (0.3) 2 (0.5)
Craft mechanical workers 23 (3.3) 18 (4.1)
Simple labourers 7 (1.0) 8 (1.8)
Self-employed, part-time employees, and freelancers 15 (2.2) 10 (2.3)
Students, housewives, and unemployed 211 (30.4) 149 (33.8)

Level of education
Middle school 6 (0.9) 6 (1.3)

0.172High school 119 (17.2) 99 (22.4)
College 490 (70.7) 294 (66.7)
Graduate school 78 (11.3) 42 (9.5)

All data are in 𝑛 (%).
∗Chi-square test was performed.
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Figure 2: Types of herbal medicines according to age groups.

adverse events, 14 (30.4%) reported their adverse events
and 20 (43.5%) did not because they had little information
regarding to whom the report should be made (Table 6).

4. Discussion

This study described the basic characteristics of those who
had taken herbal medicines and those who had not taken
them, the places that herbal medicines were purchased,
the reasons for taking or not taking herbal medicine, and
adverse events experienced due to herbal medicines and

77 72
89 90

69

45
55 60 67

52

26
16 14 18

1012 17 19 14
4

Health improvement

Treatment from a Korean medicine institution
Recommendation from acquaintance

Recommendation from pharmacist

(n = 106)
60–69

(n = 147)
50–59

(n = 159)
40–49

(n = 151)
30–39

(n = 130)
20–29

Figure 3: Reasons for taking herbal medicines according to age
groups.

how the adverse events were addressed. In previous studies
[7, 8], elderly people tended to visit TKM institutions more
frequently than younger people. However, age was not a
factor that affected taking herbal medicines in this survey.

There have been several surveys in the past demonstrating
consumers’ opinions about the safety of herbal medicines
[9–11]. According to surveys of Serbia [9] and Saudi Arabia
[10], 73.3% (211) of Serbian respondents and 81.2% (239)
of Saudi Arabian respondents considered that the use of
herbalmedicines and herbal dietary supplements is harmless,
respectively. Meanwhile, only 12.1% (88) of Lebanese respon-
dents perceived that herbal products sold in Lebanon are pure
[11].
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Table 3: Opinion on safety of herbal medicines.

Herbal medicine is safe
(𝑛 = 726, 64.0%)

Herbal medicine is not
safe (𝑛 = 408, 36.0%)

∗𝑃 value

Sex
Men 430 (59.2) 161 (39.5)

>0.001
Women 296 (40.8) 247 (60.5)

Age (years)
20–29 154 (21.2) 55 (13.5)

>0.001
30–39 166 (22.9) 71 (17.4)
40–49 176 (24.2) 101 (24.8)
50–59 148 (20.4) 105 (25.7)
60–69 82 (11.3) 76 (18.6)

Occupation
Executives professionals 145 (20.0) 69 (16.9)

0.142

Office workers 252 (34.7) 140 (34.3)
Service sales workers 52 (7.2) 31 (7.6)
Agriculture, forestry, and fishery workers 4 (0.6) 0
Craft mechanical workers 32 (4.4) 9 (2.2)
Simple labourers 11 (1.5) 4 (1.0)
Self-employed, part-time employees, and freelancers 14 (1.9) 11 (2.7)
Students, housewives, and unemployed 216 (29.8%) 144 (35.3)

Level of education
Middle school 10 (1.4) 2 (0.4)

0.610High school 138 (19.0) 80 (19.6)
College 499 (68.7) 285 (69.9)
Graduate school 79 (10.9) 41 (10.0)

All data are in 𝑛 (%).
∗Chi-square test was performed.

Most respondents purchased herbal medicines from
TKM institutions (Table 4). This observation can be
explained by the Korean health system. South Korea has
adopted a dual healthcare system in which both Western
medicine and TKM are permitted as legal medical care [12].
Herbal-drugs are separated from herbal supplements and are
prescribed by TKM practitioners or sold over-the-counter
in pharmacies. Herbal supplements, such as red ginseng,
are sold in pharmacies, hypermarkets, or through home
shopping channels. Traditional herb markets and health food
stores generally sell crude herbs or self-made decoctions.
Oriental pharmacies can provide 100 popular herbal
medications without TKM practitioners’ prescriptions [13].

Regarding the type of herbal medicines, a decoction from
a TKM institution was the most frequently used, reflecting
the preference of Koreans (Table 4). Korean people may
recognise that a decoction is a typical herbal medicine that is
more effective than other formulations, such as powders, pills,
and capsules. On the other hand, in Japan, the proportion of
the market of herbal medicines covered by insurance is large,
and production costs of insured herbal medicines account for
84.2% of the entire herbal medicine market [14].

The main reasons for taking herbal medicines included
“health improvement” and “treatment in TKM hospitals

or clinics” (Table 4). Herbal medicine is recognised as a
tool for both preventive medicine and disease treatment in
South Korea. Meanwhile, traditional medicine is still one
of the primary sources of health care in Africa and some
other developing countries, and it is used as complementary
therapy in North America and many European countries [3].
In South Korea, both uses are well-balanced thanks to the
health system and cultural influences.

This study also analysed the usage patterns of difference
by age (Figures 1–3). There is no noticeable outcome, though
those 60–69 tend to use crude herb and health food more.
It may affect their negative perception on safety of herbal
medicines (Table 3). Crude herb is not purified and its safety
is not proven. It also includes roots, leaves, and flowers that
have been taken from the wild; accordingly, the safety of
crude herb can be suspicious.

Of the 1,134 respondents, 441 (38.9%) had not taken
herbal medicines in the past year (Table 2). Among the rea-
sons for not taking herbal medicine, “uncertainty of origins,”
“anxiety related to the possibility of harmful substances,”
“anxiety related to the possibility of adverse events,” and
“distrust of expiry date” were due to disbelief in the safety
of herbal medicines. It is necessary to improve the safety of
herbal medicines in order for the herbal medicine market
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Table 4: Patterns of herbal medicine use and reasons for taking or not taking herbal medicines.

Question
(number of respondents) Response 𝑛 (%)

Have you taken herbal medicines in the
past year? (𝑛 = 1134)

Yes 693 (61.1)
No 441 (38.9)

Location where herbal medicines were
purchased∗ (𝑛 = 693)

TKM hospital or clinic 441 (63.6)
Pharmacy 120 (17.0)

Traditional herbal market 118 (17.0)
Health food store 101 (14.6)
Oriental pharmacy 89 (12.8)
Home shopping 76 (11.0)
Hypermarket 76 (11.0)

Other 8 (1.1)

Types of herbal medicines∗ (𝑛 = 693)

Decoction from a TKM institution 500 (72.2)
Crude herb (used for cuisine or tea) 248 (35.8)

Health food 198 (28.6)
National insurance-covered herbal
medicines from TKM institutions 106 (15.3)

National insurance-covered herbal
medicines from pharmacies 104 (15.0)

Other 6 (0.8)

Reasons for taking herbal medicines∗
(𝑛 = 693)

Health improvement 397 (57.3)
Treatment from a Korean medicine

institution 279 (40.3)

Recommendation from acquaintance 84 (12.1)
Recommendation from pharmacist 66 (9.5)

Other 6 (0.7)

Reasons for not taking herbal medicines∗
(𝑛 = 441)

Medication not necessary 281 (63.7)
Uncertainty of origins 156 (35.4)

Expensive prices 114 (25.9)
Anxiety about possible harmful

substances 105 (23.8)

Anxiety about possible adverse events 59 (13.4)
Disbelief regarding expiry date 41 (9.3)

No effectiveness 39 (8.8)
Other 7 (1.6)

∗Multiple responses possible; TKM: traditional Korean medicine.

to grow. In South Korea, regulations on manufacturing
and quality control of herbal medications were established
in 2012, and they became fully mandatory in 2015 [15].
Health food is subject to the Good Manufacturing Practices
(GMP) of the Ministry of Food and Drug Safety (MFDS)
[16]. However, there is no safety control system for herbal
medicines distributed via other routes. In Japan, unlike in
South Korea, herbal medicines are divided into 210 over-the-
counter Kampo products, crude drugs, and Kampo extracts
andWestern traditional herbal products, which are separately
managed according to the national system [17].

Adverse events from herbal medicines reported by 46
participants (6.6% of herbal medicines users) primarily
included digestive, skin, and nervous disorders (Table 5).
Liver toxicity of herbal medicines is controversial when it

comes to the safety of herbal medicine [18]. However, only
4 cases of liver disorders were reported among the total
77 cases. According to previous studies [6, 19], the most
frequently reported adverse drug reactions in a single hospital
were gastrointestinal disorders and skin reactions, similar to
the results in our study.

Although the Korean adverse drug reaction surveillance
system was established in 1988 [20], it is not appropriate
for reporting adverse events due to herbal medicines. Since
2012, adverse reactions from approved herbal-drugs have
been reported to the Korea Adverse Event Reporting System
(KAERS).However, not every herbalmedicine is registered in
that system, and the formulation of decoctions has not been
applicable. The problem about national pharmacovigilance
system of South Korea was also raised in prior study [21]. On
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Table 5: The number of adverse events due to herbal medicines.

Question
(number of respondents) Response 𝑛 (%)

Have you experienced adverse events from herbal
medicines in the past year? (𝑛 = 693)

Yes 46 (6.6)
No 647 (93.4)

What types of adverse events have you
experienced?∗ (𝑛 = 46)

Digestive system 24 (52.2)
Skin 16 (34.8)

Nervous disorder 11 (23.9)
Systemic disorder 6 (13.0)

Liver 4 (8.7)
ENT and eye 3 (6.5)

Cardiovascular system 3 (6.5)
Circulatory system 2 (4.3)

Kidney 2 (4.3)
Urinary system 2 (4.3)

Musculoskeletal system 2 (4.3)
Respiratory system 2 (4.3)

∗Multiple responses possible; ENT, ear, nose, and throat.

Table 6: Behaviours and opinions related to herbal medicine after experiencing adverse events.

Question (number of respondents) Response 𝑛 (%)

Did you report adverse events? (𝑛 = 46) Yes 14 (30.4)
No 32 (69.6)

To whom did you report adverse
events?∗ (𝑛 = 14)

TKM institution 10 (71.4)
WM institution 3 (21.4)

Pharmacy 3 (21.4)
Public health centre 2 (14.3)

Ministry of Health and Welfare 2 (14.3)
Korea Consumer Agency 1 (7.1)

KIDS 1 (7.1)
MFDS 1 (7.1)

Why did you not report adverse events?
(𝑛 = 32)

I did not know where to report 20 (62.5)
I felt it was unnecessary 7 (21.9)

I felt lazy 5 (15.6)

How did you deal with adverse
events?∗ (𝑛 = 46)

Consulted with TKM doctors 20 (43.5)
Nothing specific 13 (28.3)
Requested refund 12 (26.1)

Consulted with WM doctors 7 (15.2)
Consulted with pharmacist 3 (6.5)

What did you think after the adverse
events? (𝑛 = 46)

I need to see an expert 17 (37.0)
Drugs can have adverse events and I
am going to continue taking herbal

medicines
14 (30.4)

I cannot trust herbal medicines
anymore and I am not going to take

herbal medicines
13 (28.3)

I do not know 2 (4.3)
∗Multiple responses possible. TKM: traditional Koreanmedicine;WM: westernmedicine; KIDS: Korea Institute of Drug Safety and RiskManagement; MFDS:
Ministry of Food and Drug Safety.
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the other hand, inTaiwan, the compositions and formulations
of herbal medicines are included when reporting adverse
drug reactions [22].

After experiencing adverse events, themajority of respon-
dents (20; 43.5% of adverse event experiencers) visited TKM
practitioners, and 17 (37.0%) felt that expert counsel would
be necessary (Table 6). These results suggest that the role of
TKM practitioners is important when adverse events occur.
Moreover, only 14 people (30.4% of adverse events experi-
encers) reported their adverse events, and only one person
reported it to the Korea Institute of Drug Safety and Risk
Management (KIDS) correctly. Therefore, both TKM practi-
tioners and consumers need to receive appropriate education
for responding to adverse events due to herbal medicines.
Additionally, the reliability on herbal medicines was reduced
for 13 respondents after they experienced adverse events
(28.3% of adverse events experiencers), and they responded
that they would not take any other herbal medicines. Such
behaviours may lead to a decreased consumption of herbal
medicines; consequently, the safety of herbal medicines is
vitally important.

There are limitations of this survey study. Firstly, a recall
bias may exist because this study was based on a retrospective
survey. Secondly, there is a possibility of response bias
because the participants are rather highly educated. This is
because having recruited the participants through an online
research company and the sample may not be representative
of the general population. Lastly, the perception of the range
of herbal medicines varies among Koreans. Some people only
recognise herbal medicines from TKM institutions as herbal
medicines, while others take into account every type of herb.

Nonetheless, this study is meaningful in that there are
no previous surveys to date that systematically investigated
experiences and opinions about herbal medicines. This sur-
vey, unlike other consumer surveys, included not only herbal
medicines users but also nonusers as participants, which
increased the representativeness of the general population.

5. Conclusions

This survey analysed the usage of herbal and medicinal
products in SouthKorea.This study showed the demographic
differences between herbal medicine users and nonusers,
opinions on safety of herbal medicines, experiences of using
herbal medicines, and adverse events experienced from using
herbal medicines. The major reasons for not taking herbal
medicines were based on a disbelief in their safety.Therefore,
it is important to ensure not only the efficacy but also
the safety of herbal medicines in order to expand herbal
productmarkets. Specific regulations on herbalmedicines are
needed to resolve problems with their origins, possibility of
containing harmful substances, and the expiry date.
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The anatomical locations and sizes of acupuncture points (APs) are identified in traditional Chinese medicine by using the cun
measurement method. More precise knowledge of those locations and sizes to submillimeter precision, along with their cytological
characterizations, would provide significant contributions both to scientific investigations and to precise control of the practice of
acupuncture. Over recent decades, researchers have come to realize that APs in the skin of rats and humans have more mast cells
(MCs) than neighboring nonacupoints. In this work, the distribution ofMCs in the ventral skin of mice was studied so that it could
be used to infer the locations, depths from the epidermis, and sizes of three putative APs. The umbilicus was taken as the reference
point, and a transversal cross section through it was studied.The harvested skins from 8-week-old mice were stained with toluidine
blue, and the MCs were recognized by their red-purple stains and their metachromatic granules. The three putative APs, CV 8 and
the left and the right KI 16 APs, were identified based on their high densities of MCs. These findings also imply that acupuncture
may stimulate, through MCs, an immune response to allergic inflammation.

1. Introduction

Acupuncture has been a major medical practice for thou-
sands of years in China, Korea, and Japan, yet the mechanism
underlying acupuncture has still not been unambiguously
identified on a scientific basis and, thus, needs to be inves-
tigated further. Among the findings of numerous research
efforts that have investigated the mechanism underlying
acupuncture, the finding that acupuncture treatment appears
to improve the immune function seems particularly notable
[1]. Mast cells (MCs) are active carriers of innate immunity
against such conditions as allergies and inflammatory dis-
eases [2, 3].Therefore, the finding that the population ofMCs
is denser at APs and meridians than at nearby nonacupoints

is not surprising [4, 5]; stimulation of the APs by using
electroacupuncture ormoxibustion has been found to induce
degranulation ofMCs [6–8].This cytological characteristic of
APs is in accordance with the recent finding that a particular
tissue, called the primo node, in the primo vascular system
(PVS) has a high population density ofMCs [9].The PVS was
first proposed as the anatomical structure corresponding to
the APs and meridians by BH Kim in the early 1960s, and
it has long been thought, but not proven, to be a possible
scientific foundation for Korean medicine [10].

In traditional Chinesemedicine, the anatomical locations
of APs can be identified by using the cun measurement
method. However, dermal electrical impedance measure-
ments do not significantly improve the precisions of those
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locations, and information on the depths from the epidermis
and the sizes of the APs is totally lacking. Thus, in this work,
we used the distributions of the MCs at three acupoints, the
CV 8 and the left and the right KI 16 APs, to estimate their
locations, sizes, and depths from the epidermis. Knowledge
of those parameters to submillimeter precision, along with
knowledge of their cytological characteristics, would provide
significant contributions to scientific investigations and to
precise control of the practice of acupuncture.

Apart from acupuncture and the immune response, MCs
synthesize, store, and release histamine and other mediators
of inflammation [11, 12] and are crucial for the maintenance
of tissue homeostasis, tissue repair, and the remodeling of
the extracellular matrix [13, 14]. In addition, MCs accelerate
epithelial-to-mesenchymal transitions, extracellular matrix
degradation, and disease progression in some carcinomas
[15]. Therefore, MCs are important cytological ingredients
connecting Western and Eastern medicine [16].

In Western medicine, the locations and the distributions
of MCs have been studied in connection with their physio-
logical functions. For instance, MCs are located at the host-
environment interface so as to initiate the host’s defenses
against intruders [17]. An early quantitative study on the
distribution of MCs in normal mouse skin was performed
by Larsson and Sylven to address the reactions of MCs
to different chemical agents [18]. They developed a fairly
reliable counting technique, but their study was limited to
a small area of the dorsal skin, that is, an area on each side
of the spine in the interscapular regions. They found that
the numbers of MCs showed left-right symmetry in each
individual, but the variations in the numbers of both dermal
and hypodermal MCs between individuals were so large that
the determination of an average standard number was not
practicable. The MCs of the skin lie in the dermis and the
hypodermis, where they are grouped around blood vessels
and nerves. A quantitative study on the association between
MCs and blood vessels in human skin was first reported
by Eady et al. [19]. They observed statistically significant
correlations between MC counts and blood vessel counts in
skin from the upper arm, but no similar correlations were
observed in skin from the forearm. They also confirmed an
unevendistribution of dermalMCs in human skin,whichwas
consistent with the previous finding for mouse skin.

Although researchers in Western medicine noticed a
highly-clumped distribution of dermal MCs with a popula-
tion density that varied greatly within a small area encom-
passing a few mm2 of skin [19], they did not recognize the
relation between the regions of the skin with the clumped
high density of MCs and the APs. Zhu et al. pointed out that
higher densities of MCs were found at some APs compared
with neighboring nonacupoints [4, 5]. MCs, blood vessels,
and nerves were found to gather to form a complex at APs,
and acupuncture stimuli were found to causeMCs to migrate
to and be recruited in the APs and the meridians [20].
However, they compared the densities of MCs in the APs
with those of unspecified nonacupoints rather than showing
the distribution of MCs throughout the skin. Therefore, the
question of whether the densities of MCs in the skin could be
used to get information on the locations, depths, and sizes

of APs was not answered. Independently, the evidence for
higher densities of MCs at APs was reinforced by a series of
works on the abundance of MCs in the PVS in the abdom-
inal cavity [21–23] and the abdominal wall [9]. This PVS
prompted us to develop the current scheme of estimating the
anatomical parameters for the APs in skin by making use of
the distribution ofMCs. Furthermore, a potential application
of this anatomical information has already been proposed:
the monitoring of the behaviors of APs during acupuncture
treatment by measuring electroactive molecules, such as
serotonin, secreted by granules of MCs [24].

Because of the significant roles of MCs in both Western
medicine and acupuncture, systematic investigations of the
characteristics of their distributions in skin so as to extend the
findings in previous works would be desirable [4, 5, 18, 19].
For this purpose, the number of MCs in a cross section of
skin needs to be determined for the various APs. In this
work, we examined a cross section of the abdominal wall.
When we tried to observe a sectional view including several
APs, we had to be certain not to miss the APs. We found
that the APs could easily be missed because the precisions
of the locations of the APs were only defined on the order
of millimeters in terms of the F-cun method [25]; such
a precision was too coarse for histological work involving
sectionswith thicknesses of 5 to 10 𝜇m.Because the umbilicus
is one of the most well-defined points in the gross anatomy
of abdominal skin and is known as conception vessel 8
(Shenque, CV 8), we chose it as the reference point for our
histological work. As shown in Figure 1, two other APs, the
kidney 16 (Huangshu, KI 16) and the stomach 25 (Tianshu, ST
25) APs, are located at half F-cun and two F-cun, respectively,
from CV 8 along the transversal line. Consequently, for our
study, we chose a transverse section of the abdominal wall
across the CV 8 acupoint.

2. Materials and Methods

2.1. Animal Preparation and Sample Taking. For this inves-
tigation, 10 male 8-week-old ICR mice were obtained
from Young Bio (Seoul, Korea). They were kept in an
air-conditioned room at constant temperature and relative
humidity (23∘C and 60%, resp.) with a 12-hour/12-hour
natural light/dark cycle and ad libitum access to food and
water. The animals were handled according to current inter-
national laws and policies (Guide for the Care and Use of
Laboratory Animals, National Academy Press, 1996), and
the care of the animals and the procedures used in this
researchwere approved by the Institutional EthicsCommittee
of the Advanced Institute of Convergence Technology, Seoul
National University (approval number: WJIACUC20160722-
3-01).

The mice were anesthetized by using an intramuscular
injection of a regimen consisting of 1.5 g/kg urethane and
20mg/mL xylazine. The volume of anesthesia administered
to the mice was 0.04mL. All surgery was performed under
deep anesthesia, and every effort was made to minimize
suffering. The mice were sacrificed by overanesthetizing
without any perfusion.
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Figure 1: (a) Schematic illustration of acupoints along the meridian in the abdomen of a mouse. Three meridians, conception vessel (CV),
kidney (KI) lines, and stomach (ST) lines, are shown. The acupoint CV 8 is located at the umbilicus. (b) Cross-sectional image of a mouse
abdomen showing its layers (epidermis, dermis, hypodermis, panniculus carnosus muscle (PCM), adventitia, skeletal muscle, fascia, and fat
pad). The traditional locations of acupoints are indicated with dotted lines. (c) A toluidine-blue stained sample was imposed by a mesh of
strips (50 𝜇m each) in order to facilitate counting of MCs. The acupoint CV 8 is indicated with an ellipse and the region of background is
shown by the enclosing curve.
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The anterior abdominal wall was removed from the
mouse through an incision from immediately below the
xiphoid cartilage to the bottom line of the urinary bladder
so as to include either side of the right and the left superficial
epigastric vessels bilaterally. We removed the specimen and
washed it for an hour in tap water, after which it was
immediately placed in a 10% neutral buffered formalin (NBF)
solution and stored for one day at room temperature.We also
used a second fixative called Orth’s solution, which contains
potassium dichromate. In this procedure, after Orth’s fixation
for a minimum of 24 hours, the specimens had to be stored
in 70% ethyl alcohol (EtOH) until until the surface of the
specimen showed any signs of the Orth-brown pigment.

After the fixation steps, we used a razor blade to remove
the skin sample from a region ranging from about 500𝜇m
above to 500 𝜇m below the umbilicus and sectioned it
transversally to permit wider access to the regions of the
CV 8 and the right and the left KI 16 APs bilaterally. These
acupuncture points were determined based on the traditional
finger-cunmeasurement procedure corresponding to that for
humans. All observations and operations were performed
under a stereomicroscope (SZX12, Olympus, Japan).

2.2. Staining. In the first fixing method, the isolated abdom-
inal wall specimens were fixed immediately with NBF at
23∘C for 24 hr ± 5 hr.The specimens gathered were processed
in an automated tissue processor, after which they were
embedded in paraffin wax. The resulting formalin-fixed
paraffin-embedded blocks were cut into 5 𝜇m thick sections
by using a microtome (Reichert Jung 820, Leica, Germany).
The sectioning continued until the search area, the middle
parts of the umbilicus region (CV 8), had been reached. In the
second fixing method, the isolated abdominal wall samples
were immediately fixed with Orth’s fixation solution at 23∘C
for 24 hours while avoiding exposure to light. After fixation,
the samples were washed in running water overnight and
were then stored in 70% EtOH until use.

Two consecutive paraffin sections of 5 microns each from
the search point were cut from the paraffin block. One
was stained using the conventional hematoxylin and eosin
(H&E) staining method and the other section was stained
using the toluidine-blue staining method. We performed the
H&E staining following a conventional procedure for the
purpose of identifying the general histological features of
the specimen. For the toluidine-blue staining, the toluidine-
blue stock solution was made by melting 0.1 gm of toluidine-
blue powder (toluidine-blue O, 198161-5G, Sigma-Aldrich, St.
Louis, MO, USA) and 10mL of 70% alcohol. The working
solution at pH 2.3wasmade bymixing the stock solutionwith
sodium chloride (1%, pH 2.3). The specimens were stained
with toluidine-blue for 60 ± 20 sec. They were dehydrated by
dipping them quickly 10 to 15 times first in 95% ethanol and
then in 100% ethanol. They were then dipped in xylene for 3
minutes, after which they were mounted on a glass slide.

2.3. Counting of Mast Cells

2.3.1. Finding the High-Density Area. The stained specimens
were observed under a phase contrast microscope (BX51,

Olympus, Japan) to count the MCs, which were easily recog-
nizable because of their stained red-purple (metachromatic
staining) color and the background’s blue color. The granules
from the MCs, which were often scattered around the MCs,
were a prominent signature of the MCs. As described by
earlier researchers, the distribution of dermal MCs was
uneven.

A mechanical calculation of the density of mast cells
in dermal connective tissue could have easily led to an
erroneous value because of various deformations of the skin,
such as shrinkage and distortion, which occurred during the
preparation of the sample [18, 19].Therefore, the counting had
to be defined specifically to fit the purpose of the work. In the
presentwork, we divided the abdominalwall into three layers,
as shown in Figure 1(c). The 1st layer was the skin from the
epidermis to the adventitia of the skeletal muscle. That layer
included the dermis and the hypodermis, and the MCs were
found to populate this skin layer mostly. The 2nd layer was
from the adventitia to the fascia underneath the abdominal
muscle.The 3rd layerwas the fat tissue below themuscle layer.
The fat tissue formed a pad directly below the umbilicus;MCs
were also observed in that pad.

MC counts per length, instead of area, were considered by
Larsson and Sylven as a practical way of density comparison
[18], but we modified that method to apply a mesh of 50 𝜇m
strips to the sample, as shown in Figure 1(c). These narrow
strips helped experimenters to count the MCs correctly
without missing any or overcounting them. The MC counts
of two consecutive 50 𝜇m strips were recorded and presented
graphically in Figure 2(a) in the form of histograms.

2.3.2. Calculating the MC Number Density at the APs in the
Skin and for the Background. Having approximately found
the high-density regions by using the histograms, we calcu-
latedmore precisely the number density ofMCsbymeasuring
the area of each region by drawing, as shown in Figure 2(b),
an ellipse that covered the MCs. Instead of the density
at nonacupoints, the overall background average density
throughout the entire skin of the dermis and the hypodermis,
excluding the high-density regions, was calculated. For this,
we used ImageJ and the TSView programs and counted the
numbers of pixels.The size of a pixel was 0.64× 0.64 𝜇m2.The
numbers of MCs, the areas of the high-density regions, and
the number densities are presented in Table 1. The average
density and other quantitative data were expressed as means
± standard deviations for ten animals. The locations of the
putative APs, the CV 8 and the left and the right KI 16 APs,
as determined from the densities of MCs, were given as the
centers of the ellipses that covered the high-density areas.
The locations, depths, and sizes of these putative APs are
presented in Table 2. The average was taken over ten mice,
and the standard deviations of the error are given.

3. Results

MCs were mostly distributed in the dermis and the hypoder-
mis but were never found in the epidermis. Only very few
MCswere observed near blood vessels below the hypodermis,
that is, in the layers of the adventitia, skeletal muscle, and
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Figure 2: (a) Graphical representation of MC density from Figure 1(c). 𝑋-axis (𝑑) is the distance from CV8 in unit of 𝜇m. 𝑌 axis (𝑛) is the
number of MCs in 100𝜇m. (b) The same image of Figure 1(c) showing the selected five regions of high density of MCs with ellipses. The
putative acupoints CV 8 and right and left KI 16 are indicated. Two more high-density points are also shown. They might correspond to ST
25 s. (c) A magnified view of the region of CV 8 in Figure 1(c). Four MCs are indicated with arrows. The center and the long and short axes
of the covering ellipse are location and size of CV 8, respectively. The center lied in deep dermis below a hair follicle.

fascia. Surprisingly, MCs again occurred in the fat pad
underneath the fascia, a finding that was not reported in
previous studies [18, 19]. From the graphs in Figure 2(a)
showing the MC distributions, one can clearly see that the
distributions are not even. From this gross feature of the
distributions we selected regions that should be examined

more closely. Figure 2(b) shows the five selected regions of
abundant MCs.

We examined the locations of the high-density regions in
connection with the three APs, the CV 8 and the right and
the left KI 16 APs. In Table 1, we summarize data for the MC
densities at the three putative APs and for the background.
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Figure 3: (a) An H&E image showing the fat pad under the abdominal wall muscle. The MC populated region is indicated with a box. (b) A
magnified view of the boxed region of (a). Three MCs near a blood vessel (BV) are indicated with arrows.

The average MC number densities were 3.3 ± 1.7/(100 𝜇m)2,
2.7 ± 0.9/(100 𝜇m)2, and 2.9 ± 0.9/(100 𝜇m)2 at the CV 8 and
the right and the left KI 16 acupoints, respectively, where
we have used the practical and convenient unit of area for
experimenters, that is, 100 𝜇m × 100 𝜇m. The MC number
density of the background was 0.3 ± 0.1/(100 𝜇m)2. The area
and the MC density at the fat pad were 11.8 ± 9.9 × 104 𝜇m2
and 0.6 ± 0.5/(100 𝜇m)2, the latter being about two times
higher than the background density of the dermis and the
hypodermis.

In Table 2, the locations, that is, the distances from the
umbilicus, the depths from the epidermis, and the sizes of
the long and the short axes of the three APs are recorded.The
distances from the CV 8 to the right and the left KI 16 APs
were 541.8 ± 184.8 𝜇m and 565.4 ± 178.4 𝜇m, respectively.
The depths were 193.6 ± 97.0 𝜇m, 163.4 ± 64.2 𝜇m, and
135.7 ± 69.7 𝜇m for the CV 8 and the right and the left KI
16 APs, respectively. The centers of the APs were mostly in
the deep dermis and sometimes in the upper hypodermis.
The average long axis × the short axis for the CV 8 AP was
157.9 ± 62.1 𝜇m × 90.0 ± 17.5 𝜇m. Similarly, for the right and
the left KI 16 APs, they were 178.9±54.2 𝜇m×108.3±32.2 𝜇m
and 173.1 ± 49.4 × 107.0 ± 29.8 𝜇m, respectively.

The region corresponding to the CV 8 AP is shown
in Figure 2(c). The area and the MC count in it were 2.6
× 104 𝜇m2 and 4, respectively, giving a number density of
1.5/(100 𝜇m)2. This region was enclosed by an ellipse with
long and short axes of 283 𝜇m and 117 𝜇m, respectively. This
can be considered as a gross anatomical description of the
putative CV 8 AP.

Figure 3 shows a fat pad with a diameter. MCs were
observed near the blood vessels in this fat pad. However,MCs
of other mice were not in the similar location, sometimes
being near the fascia and other times being near the parietal
peritoneum. The distribution was not left-right symmetric
either.

4. Discussion

Previous studies [4–8] on the relation between MCs and APs
considered traditionally defined APS and they found higher
densities ofMCs at APs than neighboring non-APs. However,
they did not investigate whether only APs have many MCs
or there are non-APs which still have high density of MCs.
Logically speaking, they found that the high MC density is
a necessary condition of traditional APs but did not know
whether it is also a sufficient condition. In this work, we
found that it is not a sufficient condition because there are
many more points of high MC density compared to tradi-
tionally given APs. This new finding was possible because
we investigated the MC distribution throughout the whole
skin section, whereas previous studies examined only some
preselected points.These highMCdensity non-APs raise new
subjects for acupuncture study: whether they are hitherto
unknown novel APs or merely accidental coincidences. If
the former is right, MCs could be used to find new APs.
If the latter holds, it remains to find the common factors
that gather many MCs in APs and non-APs. In addition, and
more importantly, our method of studying the MC density
throughout the whole skin has the advantage of providing
quantitative information about the locations, depths, and
sizes of the APs up to the submillimeter scale which was
not given in previous studies [4–8]. This cytological method
is a newly developed tool which is useful for characterizing
the APS together with conventionally used anatomical and
histological methods [20, 25, 26].

Our results are in agreement with the first quantitative
analysis of the distribution of MCs in the skin of a mouse by
Larsson and Sylven [18], despite the uses of different strains
of mice (ICR versus Swiss albino) and different locations.
We studied the ventral skin near the umbilicus, while they
studied the interscapular regions of the dorsal skin. Both
teams found a high density of MCs in the deep dermis and
hypodermis, no MCs in the epidermis, and only very few in
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the adventitia, skeletal muscles, and fascia. These results are
also consistent with data for the human arm [19].

In our case, the average background number density of
MCs in the deep dermis and hypodermis for abdominal skin
was 0.3 ± 0.1/(100 𝜇m)2. Larsson and Sylven reported that
it was 2.4/(100 𝜇m)2 in the dermis and 0.74/(100 𝜇m)2 in
the hypodermis [18]. Similarly, the MC density at nonacu-
points near some APs of rats was reported to be 1.3∼
1.8/(100 𝜇m)2 [6]. In the case of human skin, Eady et al.
reported 0.47/(100 𝜇m)2 [19], and Craig and Schwarz quoted
0.31/(100 𝜇m)2 in the dermis [27]. Large variations in theMC
densities are known to exist, depending on the species, the
individual, and the location in the skin. When we consider
the different histological processes, different positions, and
individual variations in the various studies, we can conclude
that our number densities are in reasonable agreement
with those published elsewhere. In addition, a mechanical
calculation of the density of mast cells in dermal connective
tissue may easily lead to different values because of the
various deformations of the skin which can occur during
the preparation of the sample [18, 19]. Therefore, the density
should not be taken as a precise standard average value, which
may not even be definable.

Nevertheless, regions having clumped high densities of
MCs, which are the putative APs, were consistently observed
and were in accord with previous results for rats [4, 5]. In
this study, the average MC number densities were 3.3 ±
1.7/(100 𝜇m)2, 2.7 ± 0.9/(100 𝜇m)2, and 2.9 ± 0.9/(100 𝜇m)2
at the CV 8 and the right and the left KI 16 APs, respec-
tively, which are in agreement with the data for rats: 2.3 ±
0.7/(100 𝜇m)2 at ST 36, 2.4 ± 0.6/(100 𝜇m)2 at ST 31, and
2.3 ± 0.6/(100 𝜇m)2 at ST 25 [6].

In the current work, we were able to infer the locations,
depths, and sizes of the three APs, CV 8 and the left and
the right KI 16 APs, by making use of the number density of
MCs. The MCs were all in the dermis and the hypodermis
and had oval shapes with sizes of about 200𝜇m, as shown in
Table 2. The distance of the CV 8 AP from the umbilicus was
70.9 ± 44.9 𝜇m. The distances of the right and the left KI 16
APs from CV 8 were 541.8 ± 184.8 𝜇m and 565.4 ± 178.4 𝜇m,
respectively.These correspond to 0.4±0.1 F-cun.We used the
F-cun measurement of finger width [25]. In our case, 1 F-cun
was approximately 1.3mm. The F-cun measure of the KI 16
AP is 0.5 in traditional knowledge.

However, the regions highly populated with MCs did
not always coincide with conventionally designated APs. For
example, the next points from the KI 16 APs were only about
1,300 𝜇maway fromCV8, as shown inTable 2. If theywere ST
25 as in traditional Chinese medicine, the distance should be
about 2,600𝜇m.The extra highMC density point at 1,300 𝜇m
might be a novel extra AP which does not exist in a human
body. If this is true in general the MC density can be a novel
cytological method to find extra APs. However, it might not
be an AP at all. In this case, a subject to investigate in the
future is the reason why some non-APs have high-density
MCs. Currently the reason is not known either in traditional
Chinese medicine or in Western medicine.

One obvious limitation of the current work is the failure
to determine the boundaries enclosing the APs by using the
MCdistribution.The reasonwas the limitation of the staining
dye toluidine-blue that shows MCs well but cannot show
many other components of the skin tissue. At the present
time, the dye to stain the boundary cells or tissues of theAPs is
not known. For example, Hemacolor technique stainedmany
other components of the primonode but it did not specifically
show the boundary tissue [22]. So, it remains an important
task to find the right dye to stain the boundary tissue of the
APs, which we hope to solve in the future.

Interestingly, we found that rats and mice are different
with respect to the fat tissue underneath the fascia. The fat
pad of a mouse was a round or oval disk shape of about
1,000 𝜇m in diameter (Figure 3(a)). A rat has a long fat band,
as compared to the fat pad of a mouse. Both the long fat band
in a rat and the fat pad in a mouse are populated with MCs.
The fat band of a rat has a PVS in it, and high densities ofMCs
in the PVS have recently been found in several works on the
primo nodes in the abdominal cavity [9, 21–23].

Themethods used in this study can be used to investigate
the distributions of MCs for other skin areas to determine
the gross anatomical features of APs. Similar studies on
pathological conditions in mice will be useful for investi-
gating the roles of MCs in the treatment of diseases. One
medically significant application of nanotechnology to detect
and monitor ST 36 by measuring the serotonin secreted by
the MCs residing in the APs was proposed by Li et al. [24].
For this purpose, knowledge of both the locations and the
depths of the APs, for which the current work provides useful
information, is essential.
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Acupuncture has a positive effect on cognitive deficits. However, the effects of laser acupuncture (LA) on cognitive function and
its mechanisms of action are unclear. The present study aimed to evaluate the effects of LA on middle cerebral artery occlusion-
(MCAO-) induced cognitive impairment and its mechanisms of action. Transient focal cerebral ischemia was modeled in adult
Sprague-Dawley rats byMCAO. After LA ormanual-acupuncture (MA) treatment at the GV20 andHT7 for 2 weeks, hippocampal-
dependent memory was evaluated using the Morris water maze (MWM) test. The hippocampus was dissected to analyze choline
acetyltransferase (ChAT) immunoreactivity andCreb, Bdnf, Bcl-2, and Bax gene expressions.MWM test demonstrated a significant
improvement in hippocampal-dependent memory in the MCAO rats after LA treatment. LA treatment significantly reversed the
postischemic decrease in ChAT immunoreactivity in the hippocampal CA1 region. LA treatment significantly normalized gene
expression in the hippocampus which had been altered by MCAO, especially upregulating gene expression of Creb, Bdnf, and
Bcl-2 and downregulating gene expression of Bax. This study suggests that LA treatment could improve cognitive impairment in
MCAO rats to enhance the cholinergic system in the hippocampal CA1 region and to exert a neuroprotective effect by regulating
Creb, Bdnf, Bcl-2, and Bax gene expressions.

1. Introduction

In Asian countries, such as China, Korea, Japan, and Viet-
nam, acupuncture has been one of the most widely used
treatment methods in traditional medicine for thousands of
years [1]. In complementary and alternative medicine, it is
frequently utilized for neurological disorders, such as stroke
and dementia, because of its neuroprotective effects and its
ability to improve poor cognitive function [2, 3]. In addition
to conventional manual acupuncture (MA), which only uses
needles, other acupuncture approaches, such as electrostim-
ulation, have been reported [4, 5]. One of the alternative
techniques in acupuncture is laser acupuncture (LA), which

utilizes laser irradiation. LA treatment involves stimulation
of the appropriate acupuncture points based on acupuncture
theory, using a low-intensity, nonthermal laser [6]. Several
studies have reported that LA treatment alleviates cognitive
deficits in animal models through various mechanisms, such
as reducing oxidative stress and protecting against damage to
cholinergic and dopaminergic neurons [7–9].

Cerebrovascular disease is the second most common
cause of acquired cognitive impairment and dementia and
has been reported to contribute to impaired cognition in neu-
rodegenerative dementia [10].The hippocampus is one of the
most important regions of the brainwith respect to cognition,
learning, and memory, and the hippocampal CA1 region has
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been shown to be particularly vulnerable to ischemic insult
[11]. In previous studies, after induction of focal cerebral
ischemia by middle cerebral artery occlusion (MCAO), neu-
rodegeneration was reported in the hippocampal CA1 region,
accompanied by long-term cognitive deficits [12, 13]. Neuron
survival after such ischemic brain injury has been shown to
bemediated by regulation of cAMP response element- (CRE-
)mediated gene expressions, including cAMP response bind-
ing protein (Creb) [14], brain-derived neurotrophic factor
(Bdnf) [15], and B-cell lymphoma 2 (Bcl-2) [16] expressions.

In our previous study, when LA treatment was applied to
two acupuncture points (HT9 and LR1) in MCAO rats, an
antiapoptotic effect was observed, with counterregulation of
Bcl-2 and Bcl-2-associated X protein (Bax) gene expressions
[17]. Several previous studies have reported that acupuncture
stimulation at the acupuncture points GV20 [18] and HT7
[19] in animal models showed potential neuroprotective
effects and improvement of cognitive deficits. However, the
molecular mechanisms associated with LA’s neuroprotec-
tive effects and alleviation of cognitive deficits after brain
ischemia are unclear. Therefore, the present study aimed to
evaluate the effects of LA at the acupuncture points GV20
and HT7 on MCAO-induced cognitive impairment and its
mechanisms of action.

2. Materials and Methods

2.1. Animals and the MCAO Model. The study included
8-week-old male Sprague-Dawley (SD) rats weighing
260–300 g. The rats were acclimated in a temperature-
controlled (22 ± 3∘C) environment with a constant 12-hour
light/dark cycle and ad libitum access to food andwater 3 days
prior to surgery. All procedures in this experiment were per-
formed in accordance with the National Institutes of Health
Guide for theCare andUse of LaboratoryAnimals (NIHPub-
lications number 8023), revised in 1996, and were approved
by the Institutional Animal Care and Use Committee of
Dongshin University (2015-04-04). A rat model of transient
focal cerebral ischemia was created by occlusion of the left
middle cerebral artery, in accordance with the surgical proce-
dure presented by Longa et al. [20]. In brief, the rats were sub-
jected to inhalation anesthesia (following induction with 5%
isoflurane, anesthesia was maintained at a concentration of
2%). An incision wasmade in the neck at themidline, and the
left common carotid artery was exposed between the stern-
ocleidomastoid and omohyoid muscles. The terminal branch
of the left internal carotid artery (1 cm fromwhere it branches
from the left common carotid artery) was perforated with
microvascular scissors, and an intraluminal filament (0.28 ×
20mm, rounded tip) covered in dental impression material
(Durelon, ESPE, Seefeld, Germany) was inserted.

2.2. Experimental Design. In order to observe the effects of
LA on cognitive impairment in the MCAO rat model, we
arbitrarily divided 24 SD rats into the following four groups:
the naı̈ve, control (MCAO only), MA (MCAO + MA), and
LA (MCAO + LA) groups.
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Figure 1: Schematic design of the experimental procedures for
acupuncture treatment (a) and the Morris water maze test (b).

2.3. Acupuncture Treatment. After 48 postoperative hours,
acupuncture treatment was performed 4 hours before the
Morris water maze task in the behavioral test period.
Acupuncture treatment was performed using either an inva-
sive LA apparatus (Ellise-005, Ver. 1.0.1, Wontech, Daejeon,
Korea; for the LAgroup; Table 1) or acupuncture needles (0.20
× 30mm, sterilized disposable stainless steel, HLMedical,
Yeoju, Korea; for the MA group). The acupuncture points
Baekhoe (GV20) and Sinmun (HT7) were stimulated for 5
minutes, once every 2 days, for 2 weeks, resulting in a total
of seven stimulations at each point (Figure 1(a)). HT7 was
stimulated unilaterally on the right side (i.e., contralateral
to the left MCAO). GV20 was anatomically located at the
intersection of the line connecting the apexes of the two
auricles and the median line of the head, while HT7 was
located at the transverse crease of the wrist of the forepaw,
radial to the tendon of the flexor carpi ulnaris muscle [21].
The LA stimulation parameters were as follows: laser-guided
needles (200𝜇min diameter, with an optic fiber 125𝜇m
in diameter); diode laser irradiation; wavelength, 650 nm;
intensity, 30mW; and repetition rate, 100Hz. For both LA
and MA, the needles were inserted at GV20 (obliquely) and
HT7 (perpendicularly) to a depth of approximately 2-3mm.
The naı̈ve and control groups only underwent 5 minutes
of inhalation anesthesia. A rat undergoing LA treatment is
presented in Figure 2.

2.4. Morris Water Maze Test. Environmental factors relevant
to the Morris water maze task were based on the protocol
presented by Vorhees and Williams [22]. In brief, the water
maze consisted of a polypropylene circular pool (diameter,
120 cm; height, 50 cm), and the pool was divided into four
identical quadrants (northeast, northwest, southeast, and
southwest). A water temperature of 22 ± 1∘C was maintained
inside the pool, and ink was added tomake the water opaque.
In the Morris water maze task, a platform (diameter, 20 cm;
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Table 1: Specifications of the laser acupuncture system.

Property Specification

Irradiation type Diode laser
Wavelength 532 nm, 650 nm, 830 nm, 905 nm, 1064 nm
Operating current Each wavelength up to 30mW
Core/cladding diameter 50/125𝜇m
Pulse duration 1min; max, 99min
Repetition rate 1Hz; max, 200Hz

Figure 2: An image of laser acupuncture treatment being applied to
the two acupuncture points GV20 and HT7.

height, 32 cm; and depth, 1-2 cm below the surface of the
water) was located in the center of one of the four quadrants.
The pool was surrounded by numerous external clues. A
camera lens (CS Mount 1/3 4mm Fixed Focus Manual Iris
Lens/T0412FICS, CBC AMERICAS, Cary, NC) was installed
and fixed above the pool, and automated video tracking of
the swim paths of the rats was implemented in all trials,
using a tracking program (Smart ver. 3.0.01, Panlab/Harvard
Apparatus, Holliston, MA) linked to the camera.

2.4.1. Acquisition Trial. A hidden platform located in the
northwest quadrant was the only place for the rats to avoid
the water. A rat was placed arbitrarily in one of the other
quadrants facing the wall of the pool. When the rat reached
the platform, the timer was stopped immediately. If a rat
was unable to find the platform within 60 seconds, it was
guided gently to the platform, and the escape latency time
was recorded as 60 seconds. When a rat climbed onto the
platform, it was not removed immediately, but rather a 15-
second intertrial interval was provided for the rat to remem-
ber the area around the pool. The rats were tested in sessions

consisting of four trials a day, and over a 2-week period, a total
of 10 sessions were performed for each rat (Figure 1(b)). The
escape latency time and swim speed were measured.

2.4.2. Probe Trial. The probe trial was performed 24 hours
after the final acquisition trial (Figure 1(b)). During the probe
trial, the platform was removed, and the rats were allowed
to swim freely for 120 seconds. The distance to the target
quadrant and the percentage of time spent in the target
quadrant were measured.

2.5. Immunohistochemistry. Immunohistochemical analysis
was performed to detect choline acetyltransferase (ChAT)
activity. The rats were placed under deep anesthesia using
25% urethane (Sigma, St. Louis, MO) and were perfused
through the heart with 200mL of normal saline (0.9%), fol-
lowed by 300mL of 4% formalin (per rat) in 0.1M phosphate-
buffered saline (PBS). The brain was removed, and following
2 hours of postfixation, it was cryoprotected overnight at 4∘C
using 30% sucrose in 0.1M PBS. A cryostat (Cool Ace series
CA-1500, Eyela, Tokyo, Japan) was used to produce 30 𝜇m
thick coronal sections of the hippocampus.The hippocampal
slices were washed several times with 0.1M PBS, and they
were then placed on glass slides, dried at 37∘C, and stored in
a refrigerator. Primary sheep ChAT antibody (1 : 500, mon-
oclonal, Millipore, Billerica, MA) was used to immunostain
the slices for ChAT expression. The primary antibody was
prepared by diluting the original solution 500-fold in 0.1M
PBS with 0.1% sodium azide (Sigma) buffer. The slices were
soaked in the primary antibody at 4∘C for 24 hours.Theywere
then washed at least thrice with 0.1M PBS and were treated
with biotinylated universal secondary antibody (Quick Kit;
Vector Laboratories, Burlingame, CA) at 37∘C for 30minutes.
The slices were again washed at least thrice with 0.1M PBS
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Table 2: PCR primer sequences.

Gene Primer sequence
(forward and reverse)

Product size
(base pair)

Annealing
temperature (∘C)

Gapdh 5-TGCATCCTGCACCACCAACT-3 349 56
5-CGCCTGCTTCACCACCTTG-3

Creb 5-TACCCAGGGAGGAGCAATAC-3 183 51
5-GAGGCAGCTTGAACAACAAC-3

Bdnf 5-CAGGGGCATAGACAAAAG-3 153 57
5-CTTCCCCTTTTAATGGTC-3

Bcl-2 5-TTGTGGCCTTCTTTGAGTTCGGTG-3 168 55
5-GGTGCCGGTTCAGGTACTCAGTCA-3

Box 5-CCTGTGCACCAAGGTGCCGGAACT-3 498 55
5-CCACCCTGGTCTTGGATCCAGCCC-3

and were then soaked in streptavidin peroxidase preformed
complex (Quick Kit; Vector Laboratories) at 37∘C for 30
minutes. The slices were again washed at least thrice in 0.1M
PBS and were then incubated with diaminobenzidine (DAB;
Sigma) for 1min. Finally, the tissues were washed in 0.1M
PBS andbriefly rinsed in distilledwater. After dehydrating the
tissues, the stained tissueswere observed at 40xmagnification
using a light microscope (Eclipse 80i, Nikon, Tokyo, Japan).
The ChAT density in the hippocampus was measured using
the Scion image program (Scion Corp., Frederick, MD).

2.6. Total RNA Isolation and RT-PCR. For RNA isolation,
the hippocampus was dissected out from each group. After
decapitation, the brain was removed as quickly as possible
and stored at −80∘Cuntil use.The tissue of the left hippocam-
pus was homogenized in 800 𝜇L TRIZOL reagent (Roche
Diagnostics GmbH, Mannheim, Germany). Then, 200𝜇L of
chloroform (Sigma) was added andmixed well by shaking for
15 seconds. The mixture was allowed to rest for 15 minutes at
24 ± 1∘C.Themixture was then centrifuged at 14,000 rpm for
15 minutes at 4∘C. The supernatant was collected; 500𝜇L of
isopropanol (Sigma) was added to the supernatant, and the
mixture was allowed to rest for 5 minutes at 24 ± 1∘C. This
mixture was then centrifuged at 14,000 rpm for 8 minutes at
4∘C, and the RNA pellet was collected. The RNA pellet was
mixedwith refrigerated 70% ethanol andDEPC.Thismixture
was then centrifuged at 7,500 rpm for 5 minutes at 4∘C, and
the liquidwas removed, leaving only the pellet.The remaining
ethanol was dried for 5 minutes at 24 ± 1∘C. The pellet was
dissolving in DEPC-treated water, and the optical density
was measured using a spectrophotometer (Biophotometer,
Eppendorf, Hamburg, Germany) in order to determine the
purity and concentration of RNA. cDNA was synthesized
using the total RNA with reverse transcriptase (Bioneer,
Daejeon, Korea). The mRNA expression levels of Creb, Bdnf,
Bcl-2, and Bax were determined using reverse transcription-
polymerase chain reaction (RT-PCR). RT-PCR was per-
formed using a Mastercycler Gradient (Eppendorf) with the
following conditions: for glyceraldehyde-3-phosphate dehy-
drogenase (Gapdh), 28 cycles of denaturation at 95∘C for 40 s,
annealing at 56∘C for 40 s, and extension at 72∘C for 90 s; for

Creb, 27 cycles of denaturation at 95∘C for 30 s, annealing at
51∘C for 30 s, and extension at 72∘C for 30 s; forBdnf, 27 cycles
of denaturation at 95∘C for 30 s, annealing at 57∘C for 30 s, and
extension at 72∘C for 30 s; for Bcl-2, 35 cycles of denaturation
at 95∘C for 40 s, annealing at 55∘C for 40 s, and extension at
72∘C for 90 s; and for Bax, 35 cycles of denaturation at 95∘C
for 40 s, annealing at 55∘C for 40 s, and extension at 72∘C for
90 s. The sequences used in RT-PCR are shown in Table 2.
The PCR products were subjected to electrophoresis at 100V
using 0.5x TBE buffer (80mM Tris-HCL, 80mM boric acid,
2mM EDTA, and pH 8.3) in a 1.5% agarose gel containing
ethidium bromide (EtBr, 10mg/mL). After electrophoresis,
the gel was imaged using an Image Station (Kodak, Rochester,
NY), and the density of each band was analyzed using
Alphaease FC StandAlone Software (Alpha Innotech, San
Leandro, CA). Creb, Bdnf, Bcl-2, and BaxmRNA expressions
were normalized relative to the GapdhmRNA expression.

2.7. Statistical Analysis. All data are presented as means ±
standard errors ofmeans (SEMs).TheMorriswatermaze data
were analyzed with repeated measures analysis of variance
(ANOVA). Statistical significance between the groups was
verified using Tukey’s post hoc test. The immunohistochem-
istry and PCR data were analyzed using one-way ANOVA
followed by Tukey’s post hoc test. All statistical analyses were
performed using SPSS Software (version 21.0; IBM Corp.,
Armonk, NY). A 𝑝 value < 0.05 was considered statistically
significant.

3. Results

3.1. Effects of LA on MCAO-Induced Learning and Memory
Deficits. The representative swim paths in the Morris water
maze test are presented in Figure 3. In the acquisition
trials, all groups showed a gradual decrease in the escape
latency to reach the hidden platform as the number of
sessions increased (Figure 4(a)). The escape latency time was
significantly lower in the naı̈ve group than in the control
group (𝑝 < 0.01 for sessions 3–5 and 7; 𝑝 < 0.001 for sessions
6 and 8–10).The delayed escape latency time in the LA group
showed significant improvement when compared with the
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Figure 3: Representative swim paths in the Morris water maze test. The swim paths were analyzed using automated video tracking for all
acquisition and probe trials.
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Figure 4: Results of the Morris water maze test. (a) Escape latency time and (b) swim speed during the acquisition trials with a hidden
platform. (c) Distance to the target quadrant and (d) percentage of time spent in the target quadrant during the probe trial. Data were
analyzed using two-way ANOVA, followed by Tukey’s post hoc test. Vertical bars indicate the SEM. Data are expressed as mean ± SEM (𝑛 = 6
in each group). ##𝑝 < 0.01, and ###𝑝 < 0.001 compared with the näıve group; ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001 compared with the
control group.

delayed escape latency time in the control group (𝑝 < 0.05 for
sessions 3, 5, and 7; 𝑝 < 0.01 for session 9; and 𝑝 < 0.001 for
sessions 6, 8, and 10). Additionally, the delayed escape latency
time in theMA group showed significant improvement when
compared with the delayed escape latency time in the control
group (𝑝 < 0.05 for sessions 6 and 7; 𝑝 < 0.01 for sessions

3, 8, and 9; and 𝑝 < 0.001 for session 10). The delayed escape
latency time was not significantly different between the LA
and MA groups (𝑝 = 0.128). Additionally, there was no
between-group difference in the swim speed (𝑝 = 0.147,
Figure 4(b)). In the probe trial, the distance to the target
quadrant (𝐹(3,20) = 8.806, 𝑝 < 0.01; Figure 4(c)) and the
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Figure 5: Results of choline acetyltransferase (ChAT) analysis. (a) Representative images showing the density of ChAT in the hippocampus.
Red box: CA1 region; O: stratum oriens; P: stratum pyramidale; and R: stratum radiatum. The scale bar represents 500 𝜇m. (b) Percentage
(±SE) values for ChAT immunoreactivity in the hippocampal CA1 region after the Morris water maze task. Immunohistochemical data were
analyzed using one-way ANOVA, followed by Tukey’s post hoc test (𝑛 = 3 in each group). Vertical bars indicate the SEM. ###𝑝 < 0.001
compared with the näıve group; ∗∗𝑝 < 0.01 and ∗∗∗𝑝 < 0.001 compared with the control group.

time spent in the target quadrant (𝐹(3,20) = 13.355,𝑝 < 0.001;
Figure 4(d)) showed significant between-group differences.
The distance to the target quadrant was significantly higher
and the time spent in the target quadrant was significantly
lower in the control group than in the näıve group (𝑝 < 0.01
and 𝑝 < 0.001, resp.). The distance to the target quadrant
was significantly lower in the LA and MA groups than in the
control group (MA group: 𝑝 < 0.05; LA group: 𝑝 < 0.01;
Figure 4(c)). However, the time spent in the target quadrant
was higher in only the LA group than in the control group
(𝑝 < 0.05, Figure 4(d)).

3.2. Effects of LA on MCAO-Induced ChAT Immunoreactivity
Reduction. After the behavior test, immunohistochemical
analysis was performed to verify cholinergic neuronal cell
loss in the rat brains with induced MCAO (Figure 5(a)).
The results of ChAT analysis showed that the ChAT density
in the hippocampal CA1 region was significantly lower in
the control group than in the näıve group (40.23 ± 3.40
(62.85 ± 5.29%) versus 64.29 ± 1.92 (100.0 ± 2.99%), 𝑝 <
0.001; Figure 5(b)). When the ChAT density was compared
using one-way ANOVA, we noted significant between-group
differences (𝐹(3,8) = 44.652, 𝑝 < 0.001). LA and MA treat-
ment significantly reversed the MCAO-induced decrease in
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Figure 6: Gene expressions in the hippocampal CA1 region. RT-PCR is used to measure the fold change in the gene expressions of (a) cAMP
response element-binding protein (CREB), (b) brain-derived neurotrophic factor (BDNF), (c) B-cell lymphoma 2 (Bcl-2), and (d) Bcl-2-
associated X protein (Bax). The mRNA levels are normalized relative to the Gapdh mRNA level. RT-PCR data were analyzed using one-way
ANOVA, followed by Tukey’s post hoc test (𝑛 = 3 in each group). Vertical bars indicate SEM. #𝑝 < 0.05 and ##𝑝 < 0.01 compared with the
näıve group; ∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001 compared with the control group.

ChAT density in the hippocampal CA1 region (57.72 ± 2.77
(89.79 ± 4.31%), 𝑝 < 0.001 and 50.53 ± 3.89 (78.59 ± 6.05%),
𝑝 < 0.01, resp.).

3.3. Effects of LA onMCAO-InducedCREB andCRE-Mediated
Gene Expressions. RT-PCR was performed to investigate the
effects of LA on the mRNA expressions of Creb, Bdnf, Bcl-
2, and Bax in the hippocampal CA1 region of MCAO rats
(Figure 6). The mRNA expressions of Creb (𝐹(3,8) = 5.651,
𝑝 < 0.05; Figure 6(a)), Bdnf (𝐹(3,8) = 6.165, 𝑝 < 0.05;
Figure 6(b)), Bcl-2 (𝐹(3,8) = 8.632, 𝑝 < 0.05; Figure 6(c)),
and Bax (𝐹(3,8) = 31.011, 𝑝 < 0.001; Figure 6(d)) showed

significant between-group differences. The Creb, Bdnf, and
Bcl-2 gene expressions showed significant downregulation
by approximately 0.7-, 0.8-, and 0.6-fold and the expression
of Bax showed a significant upregulation by 1.4-fold in
the control group when compared with the corresponding
expressions in the näıve group (𝑝 < 0.05, 𝑝 < 0.05, 𝑝 <
0.05, and 𝑝 < 0.01, resp.). The Creb, Bdnf, and Bcl-2 gene
expressions were significantly higher and the expression of
Bax was significantly lower in the LA group than in the
control group (𝑝 < 0.05, 𝑝 < 0.05, 𝑝 < 0.01, and
𝑝 < 0.001, resp.; Figure 6). Conversely, the Bcl-2 gene
expression was significantly higher and the expression of Bax
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was significantly lower in the MA group than in the control
group (𝑝 < 0.05 and 𝑝 < 0.01, resp.).

4. Discussion

Acupuncture is a simple, flexible method in traditional
medicine, with few adverse effects [23]. It has recently
received attention for its ability to alleviate cognitive deficits
and its neuroprotective effects after brain ischemia [2, 3].
LA is a new acupuncture technique using the concept of
low-level laser therapy (LLLT), which stimulates acupuncture
points based on traditional meridian theory [6, 24]. Because
LLLT uses a low irradiation level laser and there is no risk
of excessive heat, its mechanism is believed to be associated
with a photochemical effect, rather than a thermal effect [6].
Previous studies have reported that LA improves cognitive
deficits and memory impairment in various neurological
disorders, such as depression [25], autism [9], and Parkinson’s
disease [8].

In the present study, invasive LA was used to stimulate
the acupuncture points GV20 and HT7 for 5 minutes at a
wavelength of 650 nm and a power of 30mW. In conventional
noninvasive LA, the acupuncture points are only irradiated
with a light source, and, therefore, the procedure has the
advantage of being needle- and pain-free [6, 24]. However, it
is difficult to make an objective evaluation about the efficacy
of LA itself, as laser energy transmission is restricted by the
structural characteristics of the skin [26, 27]. Furthermore,
noninvasive, low-intensity LA irradiation cannot produce
activation ofmechanical signal transduction pathways, which
results from reorganization of the collagen by acupuncture
needles, and it has not been clearly demonstrated whether
the photon-mediated effects of LA itself have the same signal
transduction pathways as the needle-mediated mechanical
effects [28, 29]. In previous studies, stimulation of the
acupuncture points HT9 and LR1 with invasive LA at 658 nm
in MCAO rats produced antiapoptotic and neuroprotective
effects that were similar to the effects with MA, while the
efficacy of LA was found to be superior [17]. In LLLT, red
and infrared wavelengths of 600–1300 nm and a power of
1–100mW are the usual stimulation parameters applied for
laser acupuncture because there is little absorption by tissues,
penetration is excellent, and there is no major damage to
tissues with these parameters [26, 30, 31]. Previous studies
have reported on the safety of repeated LA treatments in rats
(wavelength, 650 nm; maximum power, 60mW; 5 minutes of
stimulation once every 2 days for 16 days) [32].

In the traditional acupuncture theory, the points GV20
and HT7 have been used for a long time in neurological
and psychiatric disorders, such as insomnia, epilepsy, and
amnesia [33]. A meta-analysis concluded that acupuncture
stimulation at the point GV20 reduced the area of infarction
in animal models of experimental ischemic stroke, improved
neurological function scores, and showed a potential neuro-
protective effect [18]. A recent study reported that acupunc-
ture stimulation at the point HT7 in a rat model with
cognitive deficit reduced damage to cholinergic neurons and
showed a neuroprotective effect by regulating Creb and Bdnf
gene expressions [19].

The Morris water maze is a behavioral instrument used
to evaluate cognitive function by measuring spatial learning
and memory in rats, based on a logical experimental design
[22]. After the spatial workingmemory information obtained
during acquisition trials has been encoded, the spatial ref-
erence memory information is retrieved in the subsequent
probe trial [34]. The performances in both types of trials
were significantly lower in the MCAO rats than in the näıve
rats (Figures 4(a), 4(c), and 4(d)); however, there was no
significant between-group difference in themean swim speed
(Figure 4(b)). This indicates that MCAO did not cause a
motor function deficit in the rat model [35] but rather caused
spatial learning and memory impairments due to cogni-
tive function deficits [36]. The reduced working memory
and reference memory were both significantly normalized
with LA treatment (Figures 4(a), 4(c), and 4(d)). These
results indicate that LA can improve impaired hippocampal-
dependent learning and memory in MCAO rats.

Brain regions that are supplied by the middle cere-
bral artery, such as the parietal cortex, hippocampus, and
striatum, show severe neural injury after occlusion-induced
cerebral ischemia [20]. The hippocampal CA1 region, which
is involved in learning, memory, and cognitive function,
is especially vulnerable to ischemic insult [11]. Cholinergic
neurons originating in the medial septum project to the
cortex and hippocampus, and this plays an important role in
acetylcholine-related cognitive function [37]. Degeneration
of cholinergic innervation is one of the causes of memory
decay [38], and a previous study reported a cholinergic deficit
in vascular dementia patients [39]. ChAT is involved in
the synthesis, storage, and release of acetylcholine and is
therefore used as a marker for cholinergic neurons in the
hippocampal CA1 region [37]. In the present study, MCAO
reduced ChAT immunoreactivity in the CA1 region (Fig-
ure 5), indicating that the cholinergic input from the medial
septum to the hippocampuswas damaged after ischemia [40].
LA significantly restored the decreased ChAT density in the
CA1 region (Figure 5), suggesting that it has a beneficial effect
on the cognition-associated cholinergic system.

We confirmed that LA treatment in the MCAO-induced
cerebral ischemia model rat improved spatial learning and
memory and restored ChAT activity in the CA1 region. It
has been previously reported that after cerebral ischemia,
CREB acts as an important contributor to the survival
of neurons by increasing the expression of CRE-mediated
genes, including Bdnf and Bcl-2 [14–16]. In the present
study, MCAO downregulated the expressions of Creb and
Bdnf in the hippocampal CA1 region in the model rats;
however, the expressions were significantly normalized with
LA stimulation (Figures 6(a) and 6(b)). In a previous study,
increased CREB activity reduced neuronal cell loss in the
hippocampal CA1 region, which is vulnerable to ischemic
insult, suggesting that ischemic brain injury has an effect
on the CRE-mediated transcription system [41]. BDNF is a
downstream neuroprotective target of CREB that is involved
in neuronal survival after ischemia [14], and it is a neu-
rotrophic factor that can phosphorylate CREB [42]. Previ-
ous studies have indicated that the positive-feedback loop
between CREB and BDNF could become active in several
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neuronal populations in response to ischemic brain injury
[14, 42]. Additionally, BDNF has been reported to inhibit
caspase-3 activity and increase the expression of the Bcl-2
gene, preventing apoptotic cell death, and thereby reducing
ischemic brain injury [15].

The antiapoptotic protein Bcl-2 is another CRE-mediated
protein that contributes to neuronal survival [14]. Pro-
grammed cell death (PCD) is a factor in delayed neuronal
death that occurs after ischemia; however, such apoptotic
processes are regulated by the expression ratio of the Bcl-2
gene and the proapoptotic Bax gene [43, 44]. In our study,
MCAO reduced Bcl-2 gene expression and increased Bax
gene expression in the CA1 region of the rat model (Figures
6(c) and 6(d)). This Bcl-2 dysfunction has been reported to
exacerbate ischemic neuronal injury [45]. LA stimulation sig-
nificantly normalized this imbalance, suggesting that its anti-
apoptotic effect in the hippocampal CA1 region was the result
of significant counterregulation ofBcl-2 andBax gene expres-
sions [17]. Our results indicate that LA can induce upregula-
tion of Creb and CRE-mediated gene expressions and exert a
neuroprotective effect in the hippocampal CA1 region.

In the present study, we determined the effects of LA
on cognitive impairment in MCAO rats and compared the
effects with those ofMA.Themechanisms associatedwith the
effectiveness of LA in the treatment of cognitive improvement
are unclear. On the other hand, MA has been reported to
reduce cognitive decline by stimulating cellular signaling via
the needle-mediated mechanical effect, regulating apoptosis,
reducing oxidative stress, stabilizing energy metabolism, and
restoring synaptic transmission [46]. Our study found that
MA stimulation at the points GV20 and HT7 in MCAO
rats significantly improved learning and memory deficits
in the behavioral test, significantly restored ChAT activity
in the hippocampal CA1 region and counterregulated Bcl-
2 and Bax gene expressions. Although Creb and Bdnf gene
expressions increased with MA, the expressions were not
significantly higher than the expressions in the impaired rats.
Considering that several previous studies have shown the
regulation of CREB andBDNFneurotrophic signaling byMA
stimulation of the points GV20 [47] andHT7 [19], the limited
upregulation of Creb and Bdnf gene expressions shown by
MA after cognitive impairment in this study was unexpected.
One possible explanation for this discrepancy is the difference
in the methods used to induce cognitive impairment. While
cognitive impairment was induced via MCAO surgery in the
present study, in the previous studies, cognitive impairment
was induced via repeated administration of either corticos-
terone [19] or scopolamine [47].Themodel-dependent effects
of MA on cognitive deficit cannot be completely explained,
and further studies are required to elucidate the differences
in the effects of MA in diverse cognitive deficit models.

5. Conclusion

In conclusion, the present study confirmed the effects of LA
on MCAO with behavioral test in Morris water maze test,
ChAT immunoreactivity in the hippocampal CA1 region, and
Creb, Bdnf, Bcl-2, and Bax gene expressions. It suggests that
LA treatment could improve cognitive impairment inMCAO

rats to enhance the cholinergic system in the hippocampal
CA1 region and to exert a neuroprotective effect by regulating
Creb, Bdnf, Bcl-2, and Bax gene expressions. The present
findings provide evidence for the therapeutic effects of
LA on MCAO-induced cognitive impairment. In order to
develop treatment standards for the clinical application of
LA, subsequent studies should be required for revealingmore
precisely how these effects of LA depend on acupuncture
points and treatment parameters, such as wavelength, power
output, frequency, exposure time, and beam profile.
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Introduction. Functional dyspepsia (FD), a common upper gastrointestinal disease, is difficult to manage because of the limitations
of current conventional treatments. Yukgunja-tang (YGJT) is widely used to treat FD in clinical practice in Korea, Japan, and China.
However, YGJT significantly improves few symptoms of FD. In Koreanmedicine, FD is a well-known functional gastric disease that
shows difference in the effect of herbal medicine depending on constitution or type of Korean medicine diagnosis. This study aims
to investigate the efficacy of YGJT on FD patients classified by 3-dimensional facial measurement using a 3-dimensional facial shape
diagnostic system (3-FSDS).Methods. A placebo-controlled, double-blind, randomized, two-center trial will be performed to evalu-
ate the efficacy of YGJT on FD patients. Eligible subjects will be initially classified as two types by 3-dimensional facial measurement
using the 3-FSDS. Ninety-six subjects (48 subjects per each type) will be enrolled. These subjects will be randomly allocated into
treatment or control groups in a 2 : 1 ratio. YGJT or placebo will be administered to each group during the 8-week treatment period.
The primary outcome is total dyspepsia symptom scale, and the secondary outcomes include single dyspepsia symptom scale,
proportion of responders with adequate symptom relief, visual analog scale, Nepean dyspepsia index-Korean version, functional
dyspepsia-related quality of life, and spleen qi deficiency questionnaire. Discussion. This is the first randomized controlled trial to
assess the efficacy of the YGJT on FD patients classified by 3-dimensional facial measurement.We will compare the treatment effect
of the YGJT on FD patients classified as two types using the 3-FSDS. The results of this trial will help the FD patients improve the
symptoms and quality of life effectively and provide objective evidence for prescribing the YGJT to FD patients in clinical practice.
Trial Registration. This trial is registered with Clinical Research Information Service Identifier: KCT0001920, 15 May, 2016.

1. Introduction

Functional dyspepsia (FD) is a common functional gas-
trointestinal disorder characterized by chronic or recurrent
abdominal discomfort or pain and symptoms, such as epi-
gastric pain, epigastric burning, postprandial discomfort,
and early satiety without evidence of organic diseases as
confirmed by esophagogastroduodenoscopy (EGD) [1]. The

prevalence of FD ranges from 11% to 29.2% worldwide [2].
In particular, more than 40% of patients who visit primary
clinics and tertiary hospitals in South Korea have been
diagnosed as having FD according to a survey using the
Rome III criteria [3]. Various therapies for FD, including
dietary modifications, antiemetics, antispasmodics, proki-
netics, and analgesics, are commonly used as conventional
treatments [4]. However, many patients with FD often seek
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out complementary and alternative therapies, such as herbal
medicines and acupuncture, because of the limited effects of
the conventional therapies [5–7].

Yukgunja-tang (YGJT; Rikkunshito in Kampo Medicine;
Liu Jun Zi Tang in Traditional Chinese Medicine) is a
herbal medicine comprising eight herbs; it is used to treat
FD and relieve upper gastrointestinal symptoms, including
dyspepsia, epigastric discomfort, and anorexia, in clinical
practice in Korea, Japan, China, and other Asian areas [8–
11]. In animal studies, YGJT improves relaxation of the
gastric fundus, which maintains gastric storage capacity, and
enhances gastric antral peristalsis, which facilitates stomach
emptying. These effects improve gastric accommodation and
emptying [12–16]. Some randomized controlled trials have
been conducted to investigate the effect of YGJT on FD [17–
21]. However, YGJT significantly improves only some symp-
toms of FD [18, 20]. In Korean medicine, FD is a common
gastrointestinal disease that shows different treatment effects
of herbalmedicine depending on specific constitution or type
of Korean medicine diagnosis. Accordingly, we will perform
a randomized controlled trial to evaluate the efficacy of YGJT
on FD patients classified as specific type by 3-dimensional
facial measurement, which is one of the diagnostic methods
of facial shape diagnosis in Hyungsang medicine.

Hyungsang medicine is a field of contemporary Korean
medicine. It is based on the medical theories of Dongui-
bogam, one of the most influential texts in Korean medicine.
Hyungsang medicine emphasizes the fundamental con-
stituents of humans and their constitutional differences and
classifies persons into several types according to their outer
appearances (shapes and colors) [22]. Facial shape diagnosis,
a part of Hyungsang medicine, is conducted by observing
facial characteristics like the shape and area of the face, along
with the shape and location of the ear, eye, mouth, and nose.
Facial shape diagnosis can be classified into several types
including a bladder and a gallbladder body according to the
aforementioned facial characteristics. For instance, people
classified as bladder body have a wider frontal part of the face
than the side part, and an overall round face and relatively
big mouth. People classified as gallbladder body have a wider
side part of the face than the frontal part, along with an
angular face and relatively big nose [23, 24]. The theory of
Hyungsangmedicine states that if patients’ outer appearances
are different, the status of their inner organs is also different;
therefore, even if the outer symptoms are the same, the
treatments are different [22]. For example, YGJT, which will
be used in this trial, is known to be more effective for the
same symptoms in patients classified as the bladder than the
gallbladder body [23, 25]. However, facial shape diagnosis,
which is an important factor in Hyungsang medicine, has
limitation; that is, it is performed through direct observation
by clinicians.Thus, the diagnostic result tends to be subjective
and inconsistent. The importance of a diagnostic device that
can overcome the above limitation has recently been the
focus to achieve more objective and standardized diagnosis
[24, 26].

A 3-dimensional facial shape diagnostic system (3-FSDS)
is a device for 3-dimensional facial measurement, and it
is developed to overcome the limitations of the existing

methods for the facial shape diagnosis. This device quantita-
tively measures the facial characteristics including the shape
and area of the face, along with the shape and location of
the ear, eye, mouth, and nose, and objectively classifies the
type of facial shape as the bladder or the gallbladder body.
The 3-FSDS is produced by Morpheus Co., Ltd. (Seongnam,
Korea), with productmanufacture approval fromKorea Food
& Drug Administration. Several studies have reported the
development and clinical application of the 3-FSDS for 3-
dimensional facial measurement [24, 27–31].

In this study, we will conduct a placebo-controlled,
double-blind, randomized, two-center trial to demonstrate
the efficacy of YGJTonFDpatients classified as either bladder
or gallbladder body by 3-dimensional facial measurement
using the 3-FSDS and to verify the usefulness of the 3-FSDS
for 3-dimensional facial measurement.

2. Materials and Methods

2.1. Study Design. This study will be conducted as a placebo-
controlled, double-blind, randomized, two-center trial at the
Kyung Hee University Korean Medicine Hospital in Seoul
and the Dong-Eui University Korean Medicine Hospital in
Busan, Korea, from July 2016 to November 2017.

The trial will comprise a 1-week run-in period (week −1
to 0) and an 8-week treatment period (week 0 to 8). After
screening and eligibility tests, subjects will be classified as
specific type (“bladder body” or “gallbladder body”) using
the 3-FSDS. A total of 96 subjects (48 bladder body, 48
gallbladder body) will be enrolled. The subjects will be
randomized to treatment or control groups in a 2 : 1 ratio,
including the same number of each subject type in each
group, by an independent statistician. During the treatment
period, 5.0 g of YGJT or placebo will be provided thrice a day
(1 hour after eachmeal) for 8weeks to the treatment or control
groups, respectively. The trial flow is shown in Figure 1.

2.2. Participants

2.2.1. Inclusion Criteria. Subjects who meet the following
will be included: (1) subjects aged 19–75 years; (2) subjects
who meet the Rome III criteria for FD; (3) subjects with
more than 40 points on the visual analog scale (VAS; 0,
no discomfort; 100, most severe discomfort) for the severity
of dyspeptic symptoms; (4) subjects who agree to receive
no other treatments during the study; (5) subjects who
voluntarily agree with the study protocol and sign a written
informed consent.

2.2.2. Exclusion Criteria. Subjects who report any of the
following will be excluded: (1) subjects with peptic ulcer
or gastroesophageal reflux disease confirmed on EGD; (2)
subjects with obvious signs of irritable bowel syndrome; (3)
subjects with alarm symptoms, such as severe weight loss,
melena, and dysphagia; (4) subjects with severe systemic
organ diseases (cancer, diseases of heart, lung, liver, or
kidney) or mental illness; (5) subjects who have had surgery
related to the gastrointestinal tract, except for appendectomy
more than six months ago; (6) subjects taking drugs that
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3-FSDS examination

Recruitment
(screening, eligibility, and exclusions)

Administration of YGJT or placebo
(8 weeks)

Outcome assessment

Run-in period
(1 week)

Treatment period
(8 weeks)

Bladder body (n = 48)
Gallbladder body (n = 48)

Gallbladder body (n = 32)
Bladder body (n = 16)

Gallbladder body (n = 16)
Bladder body (n = 32)

Control group (n = 32)Treatment group (n = 64)

Randomization (N = 96)

Figure 1: Flow chart of the trial. 3-FSDS, 3-dimensional facial shape diagnostic system; YGJT, Yukgunja-tang.

might affect the gastrointestinal tract; a minimum wash-
out period of a week is required before participating in the
study; (7) subjects who have had maxillofacial surgery or
facial bone contouring surgery; (8) subjects who are pregnant
or breastfeeding; (9) subjects who have malabsorption or
maldigestion; (10) HIV positive subjects; (11) subjects with
difficulties in taking part in the study (e.g., serious mental
illness, dementia, drug addiction, time constraint, severe
disorder in vision or hearing, and illiteracy); (12) subjectswho
have taken investigational drugs for other trials in the last
three months.

2.3. Recruitment. Advertisementswill be placed on the notice
boards and homepages of the Kyung Hee University Korean
Medicine Hospital and the Dong-Eui University Korean
Medicine Hospital. The purpose, procedures, and potential
risks and benefits of the study will be provided to the
subjects in detail. All subjects should voluntarily sign written
informed consent forms prior to enrollment.

2.4. Randomization, Allocation Concealment, and Blinding.
Randomization will be separately performed at each center
by an independent statistician.The subjects will be randomly
assigned to the treatment or control group in a 2 : 1 ratio
using block randomization method. This ratio is chosen
because it will be more ethical to assign twice the number of
subjects who will take placebo to the treatment group than to
allocate equal number of subjects to each group [17]. Random
numbers will be generated using the PROC PLAN of SAS
9.4 (SAS Institute Inc., Cary, NC, USA) by the independent
statistician.The statistician will arrange the random numbers

of each center in the two types (bladder body, gallbladder
body) of facial shape and send the allocation lists to an
independent staff. The staff will be in charge of the 3-FSDS
program operation and know the type of facial shape of each
subject.

When a subject passes the screening and eligibility test,
his/her face image will be taken and stored using the 3-FSDS.
Subsequently, the image will be sent to the independent staff
operating the 3-FSDS program; the type of facial shape will
be classified by 3-dimensional facial measurement using the
3-FSDS program. After the type is determined, the staff will
immediately inform an investigator of the center through
e-mail whether the subject will be included in the trial
considering the fixed number of subjects for each type (24
bladder body, 24 gallbladder body at each center). If the
subject is included in the trial, the staff will send a random
number in the allocation list arranged in sequential order in
each type to the investigator of the center through e-mail.
Additionally, if the fixed number of subjects of each type is
already full, the staff will notify the investigator that the new
subject will be excluded from the trial.

The subjects, investigators, clinical research coordinator
(CRC), and clinical pharmacist will be blinded to the random
allocation of the trial. Only the independent statistician will
be associated with the randomization. The independent staff
operating the 3-FSDS program will know only the type of
facial shape not the group allocation of each subject.

2.5. 3-Dimensional Facial Shape Diagnostic System (3-FSDS).
The 3-FSDS comprises a 3D facial scanner (Morpheus 3D),
scanner driving and data generation program (Real Face),
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(a) (b)

(c) (d)

Figure 2: Components of 3-dimensional facial shape diagnostic system (3-FSDS). (a) Morphues 3D, (b) Real Face, (c) Renai MEF, and (d)
Renai FSD.

3D facial shape measurement program (Renai MEF), and 3D
facial shape diagnosis program (Renai FSD) (Figure 2). The
Morpheus 3D (Figure 2(a)) is a scanner for the 3D facial shape
and is equipped with a camera (1024 ∗ 768, MV-CX37U,
CREVIS), white LED light (5500K), pattern generator, pro-
jector, and cooling fan. This scanner is convenient to operate
and can capture 3D facial shape with a short scan time of only
0.8 s. It is safe to use because it does not harm the eyes [27].
The Real Face program (Figure 2(b)) controls the camera and
the projector of the Morpheus 3D and captures the patterned
projected images continuously at a high speed. The Real
Face generates 3D data with acquired images through spatial
coding, noise reduction filtering, 3D coordinate generations,
mesh generations, and texture coordinate generations. The
Renai MEF program (Figure 2(c)) automatically detects
feature points and acquires the 3D coordinates of the points
(including 39 points in the frontal part and 15 points in
the side part of the face) from the 3D data. This program
measures the length between the two points, angle of the
three points, and area of the polygon on the eye, eyebrow,
nose, and mouth parts with the images acquired by the Real
Face and generates 337 variables. The Renai FSD program
(Figure 2(d)) classifies the types of facial shape as the bladder
or the gallbladder body after analyzing the variables obtained
from the Renai MEF and calculating discriminant function.

The analysis result is presented as percentage at each type,
and the type with higher probability is considered as the final
result of 3-dimensional facial measurement.

2.6. Interventions. After randomization, all subjects will be
divided into the treatment (YGJT group) and control groups
(placebo group). Each group will be provided with YGJT or
placebo; the 5.0 g of YGJT or placebo will be taken thrice a
day during the 8-week treatment period.

Brown bitter herbal extract YGJT granules (Yukgunja-
tang granule�, Hankookshinyak Co., Ltd., Nonsan, Korea)
produced in accordance with the Korean Good Manufactur-
ing Practice guidelines will be used in this trial. Yukgunja-
tang granule, a water-extracted YGJT mixed with cornstarch
and lactose, is permitted and regulated by the Korean
Food & Drug Administration. Each 5.0 g of YGJT granule
contains Pinelliae tuber (1.33 g), Citri unshii pericarpium
(1.33 g), Ginseng Radix Alba (1.33 g), Atractylodis Rhizoma
Alba (1.33 g), Hoelen (1.33 g), Glycyrrhizae radix (0.50 g),
Zingiberis Rhizoma Crudus (0.67 g), and Zizyphi fructus
(0.67 g) as raw materials. All herbs will be obtained from
qualified suppliers in Korea, and the YGJT granules will be
sealed in opaque aluminum bags.

The placebo YGJT will be made with cornstarch and
lactose with the same color and taste as the real YGJT
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by Hankookshinyak Co., Ltd., using the standard method
of placebo manufacturing according to the Korean Good
Manufacturing Practice guidelines.The placebo YGJT will be
packed identically to the real YGJT in opaque aluminumbags
with the same labeling.

The independent clinical pharmacist will distribute the
investigational drugs to the subjects, and the CRC will
ensure correct distribution. The subjects will be instructed
to dissolve the YGJT or placebo granules in water and take
them 1 hour after meals. The subjects are required to return
the unused investigational drugs to the CRC at the next visit.
The CRC and the clinical pharmacist will check the number
of the returned investigational drugs and record it on a case
report form (CRF). Treatment compliance will be evaluated
at the end of the study by counting the number of the returned
unused YGJT or placebo. The subjects with less than 70%
compliance will be excluded from per-protocol analysis.

The subjects will not be allowed to take any concomitant
medications associated with the treatment of FD during
the trial. The subjects will also be instructed to report all
prescribed or over-the-counter medications taken during the
study at each visit and each telephone visit.

2.7. Outcome Measurements

2.7.1. Primary Outcome

Total Dyspepsia Symptom Scale (TDS Scale). The TDS scale
comprises 8 items (postprandial fullness and bloating, early
satiety, epigastric pain, epigastric burning, nausea, vomiting,
belching, and other symptoms), with a 4-point Likert scale
[17, 32]. The TDS score is the total score of 8 items. This scale
will be assessed at baseline, 4 weeks, and 8 weeks.

2.7.2. Secondary Outcomes

(1) Single Dyspepsia Symptom Scale (SDS Scale). The SDS
scale comprises three aspects of four principal symptoms of
FD with a 4-point Likert scale [17, 32]. The symptoms are
epigastric pain, epigastric burning, postprandial fullness and
bloating, and early satiety.The three aspects are the frequency,
intensity, and level of discomfort. The SDS score is the total
score of the three aspects of the four symptoms.This scale will
be evaluated at baseline, 4 weeks, and 8 weeks.

(2) Adequate Relief (AR) of FD Pain and Discomfort. The
AR will be measured to assess the weekly improvement of
the overall FD symptoms at each visit and each telephone
visit during the treatment period. Subjects will be asked to
answer the following question: “In the last week, have you had
adequate relief of your pain or discomfort related to FD?” A
proportion of responders (PR) will be assessed to compare
the efficacy of the treatment. The responders will be defined
as subjects reporting adequate relief for at least 50% of the
treatment period, that is, responding “Yes” more than four
times out of eight.

(3) Visual Analogue Scale (VAS). The VAS measures the
severity of overall dyspeptic symptoms (ranging from 0mm

as no discomfort to 100mm as the most severe discomfort).
The VAS will be measured at baseline, 4 weeks, and 8
weeks.

(4) Nepean Dyspepsia Index-Korean Version (NDI-K). The
Nepean dyspepsia index (NDI) [33, 34] is a reliable and
validated disease-specific index for FD, which measures
symptoms and health-related quality of life. The Korean
version of NDI (NDI-K) validated by Lee et al. will be used
[35, 36]. In this study, symptom-based questions, including
the period, severity, and degree of distress of 15 symptoms,
will be assessed using a 5- or 6-point Likert scale at baseline,
4 weeks, and 8 weeks.

(5) Functional Dyspepsia-Related Quality of Life (FD-QoL)
Questionnaire. The FD-QoL questionnaire measures the
quality of life of FD patients. This questionnaire comprises
four subscales of diet (5 items), daily activity (4 items),
emotion (6 items), and social functioning (6 items) with a
5-point Likert scale. Higher total sum scores indicate worse
quality of life.The FD-QoL questionnaire will be evaluated at
baseline, 4 weeks, and 8 weeks.

(6) Spleen Qi Deficiency Questionnaire (SQDQ). The SQDQ
will be used to evaluate the spleen qi deficiency syndrome,
which is the most common syndrome in FD patients [37, 38].
The questionnaire developed by Oh et al. [39] is composed of
11 items, and the total sum scores will be calculated weighing
for each symptom. A cut-off point of the SQDQ to determine
whether the subject is in a condition of spleen qi deficiency
is 43.18 [40]. The SQDQ will be assessed at baseline, 4 weeks,
and 8 weeks.

2.8. Safety and Adverse Event. The following tests will be
performed to assess the safety at screening and 8 weeks:
white blood cell, red blood cell, hemoglobin, hematocrit,
platelet, aspartate aminotransferase, alanine aminotrans-
ferase, gamma-glutamyl transpeptidase, blood urea nitrogen,
creatinine, and erythrocyte sedimentation rate. These tests
will enable the investigators to exclude subjects with serious
diseases before randomization and to verify the safety of the
8-week administration of YGJT in FD patients.

Adverse events (AEs) including serious AEs will be
reported and recorded in detail during the entire study.
An AE is any untoward medical occurrence that will not
necessarily have a causal relationship with an investigational
drug. Therefore, an AE can be any unfavorable and unin-
tended sign (including an abnormal laboratory finding),
symptom, or disease temporally associated with the use of
the investigational drug, whether or not related to those. If
any AEs occur, the appropriate treatment will be provided
to the subject immediately. A serious AE will be defined
as an event resulting in death, a life-threatening event, an
illness requiring hospitalization, or persistent or significant
disability. All of the serious AEs will be promptly reported to
the institutional review board and the principal investigator
within 24 hours.
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2.9. Sample Size Calculation. The formula for estimating the
sample size is as follows:

𝑁 = 𝑛𝑡 + 𝑛𝑐 (𝑛𝑡, the number of treatment group; 𝑛𝑐, the number of control group)

𝑛𝑐 =
1
2𝑛𝑡 =
{(𝑍𝛼/2 + 𝑍𝛽)

2 𝜎2 (𝜆 + 1) /𝜆}
(𝜇𝑐 − 𝜇𝑡)2

.
(1)

A previous study demonstrated 1.57 points of improve-
ment (𝜇𝑐 − 𝜇𝑡 = 𝛿) in the TDS scale for FD after 4 weeks
of YGJT treatment compared with that after the placebo
treatment [17].The study indicated amean standard deviation
(SD = 𝜎) of 2.148. In the present study, the ratio (𝜆) of the
treatment group to the control group will be 2 : 1 (𝜆 = 2).
With a power (1−𝛽) of 80% and a significance level (𝛼) of 5%,
assuming 𝛿 = 1.57 and𝜎 = 2.148, a sample size of 𝑛𝑡 = 44 and
𝑛𝑐 = 22 subjects will be required. Considering an assumed
dropout rate of 30%, a total of 96 subjects will be needed in
the current study.

2.10. Statistical Analysis. An independent statistician who is
blinded to group allocation will conduct statistical analysis.
All data will be presented as mean ± standard deviation
or number (%). Baseline characteristics of the subjects will
be analyzed using chi-squared test or Fisher’s exact test
for categorical variables and analysis of variance (ANOVA)
for continuous variables. For the efficacy analysis, two-way
ANOVA will be used to compare the changes in scores of
each outcome for 8 weeks between the intervention groups or
the facial shape types. For the safety analysis, the chi-squared
test or Fisher’s exact test will be used. Both intention-to-treat
(ITT) and per-protocol (PP) analyses will be performed in the
current trial, and the primary analysis will be based on the
ITT analysis. For the ITT analysis, a full analysis set will be
used, and all subjects randomly allocated to one of the two
groups, have taken at least one dose of the investigational
drugs, and have reported once at least the primary outcome
after the baseline will be included. Missing data will be
adjusted using the last observation carried forward method.
For the PP analysis, all subjects who have completed the
study and have complied well with the study protocol without
major protocol violations will be included. The subjects with
<70% compliance will be excluded from the PP analysis.
For the safety analysis, all subjects who have taken at least
one dose of the investigational drugs will be included. SPSS
21.0 (IBM SPSS Statistics, New York, USA) will be used for
all statistical analyses. A P value < .05 will be considered
statistically significant.

2.11. Quality Control. Regular monitoring will be conducted
at each center by checking trialmaster files, informed consent
forms, CRFs, compliance with treatments, AEs, and data
records to ensure the accuracy and quality.

2.12. Ethics. The current study will be conducted in accor-
dance with the standards of the International Committee on

Harmonization ofGoodClinical Practice and the revised ver-
sion of the Declaration of Helsinki. The Institutional Review
Board of theKyungHeeUniversityKoreanMedicineHospital
(IRB number KOMCIRB-160115-HR-001) and the Dong-Eui
University Korean Medicine Hospital (IRB number 2016-01)
approved the trial protocol. This trial is registered at the
Clinical Research Information Service (CRIS; KCT0001920;
http://cris.nih.go.kr/cris/en/). Written informed consent will
be obtained from all subjects prior to enrollment.

3. Discussion

This paper describes the protocol of a trial to investigate the
efficacy of YGJT on FD patients classified by 3-dimensional
facial measurement. This study is the first to explore the
difference of the treatment effect of YGJT on FD patients
classified as different types of facial shape using the 3-FSDS.

YGJT has widely been used to treat dyspeptic symptom of
upper gastrointestinal diseases including FD in clinical prac-
tice in Korea, Japan, and China [8–10, 12]. A few animal and
human studies have demonstrated that YGJT is effective on
symptoms of FD. However, YGJT is reported to significantly
improve only some symptoms of FD in clinical trials. Suzuki
et al. [18] conducted amulticenter, double-blind, randomized,
placebo-controlled, parallel-group trial to assess the efficacy
and safety of YGJT on 247 FD patients. They showed that
epigastric pain, an FD symptom, is significantly reduced by
administration of YGJT. However, no significant differences
were found on the proportion of patients with relief of other
symptoms, such as epigastric burning, postprandial fullness,
and early satiation, between the YGJT and placebo groups.
In addition, a clinical trial with FD patients performed by
Kusunoki et al. [20] reported that although the total score
of the gastrointestinal symptom rating scale decreases after
treatment with YGJT, the differences are not statistically
significant. This finding may be caused by the treatment of
FD, which is affected by specific constitution and type of
Korean medicine diagnosis of patients. Differences of treat-
ment effect of identical herbal medicine between FD patients
with different constitutions or diagnosis types are possible. In
traditional Korean medicine, particular facial characteristics
have been believed to refer to assessable information related
to an individual’s diseases, andHyungsangmedicine has been
developed as a constitutional medicine based on a Korean
classical medicine literature, Donguibogam. According to the
theory of Hyungsang medicine, the bladder body type has
deficient qi and excessive dampness; on the other hand, the
gallbladder body type has deficient Yin-blood and excessive

http://cris.nih.go.kr/cris/en/search/search_result_st01.jsp?seq=6988
http://cris.nih.go.kr/cris/en/
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heat. Therefore, YGJT is considered as a herbal medicine
which is more effective to the bladder body type [22, 41].
Accordingly, we will examine the efficacy of YGJT on FD
patients classified as bladder or gallbladder body by 3-
dimensional facial measurement using the 3-FSDS.

In addition, we will evaluate the usefulness of the 3-
FSDS comparing the treatment effect of YGJT, which is
more effective on patients classified as the bladder than the
gallbladder body in the theory of Hyungsang medicine, for
FD patients classified as different facial shape types using
the 3-FSDS. As mentioned above, the 3-FSDS is a diagnostic
device developed to overcome the limitations of the existing
methods for the facial shape diagnosis. If the symptoms of
FD in this trial more significantly improve patients classified
using the 3-FSDS as the bladder than the gallbladder body,
then the 3-FSDS can be used to classify the different types of
facial shape by 3-dimensional facial measurement.

The results of the current study are expected to demon-
strate whether YGJT administration shows difference of
treatment effect on FD patients depending on the facial shape
types classified as bladder or gallbladder body using the 3-
FSDS. If the efficacy of YGJT on FD patients classified as
specific type is proven in this trial, their dyspeptic symptoms
and quality of life will improve more effectively.The objective
evidence for prescribing YGJT to FD patients diagnosed as
specific facial shape type will also be provided with more
confidence in clinical practice. In addition, if the usefulness
of the 3-FSDS is verified, the 3-FSDS will be widely used
in clinical practice as a device to diagnose facial shape
type by 3-dimensional facial measurement more objectively.
Furthermore, more objective diagnosis will aid in achieving
a more effective treatment.
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Background.Koreanmedicine (KM) patterns such as cold, heat, deficiency, and excess patterns have been associatedwith alterations
of resting metabolic rate (RMR). However, the association of KM patterns with accurately measured body metabolic rate has not
been investigated.Methods.Data on cold (CP), heat (HP), spleen-qi deficiency (SQDP), and kidney deficiency (KDP) patterns were
extracted by a factor analysis of symptoms experienced by 954 participants. A multiple regression analysis was conducted to deter-
mine the association between KM patterns and RMR measured by an indirect calorimeter. Results.The CP and SQDP scores were
higher and theHP score was lower in women.TheHP and SQDP scores decreased with age, while KDP scores increased with age. A
multiple regression analysis revealed that CP and SQDP scores were negatively associated with RMR independently of gender and
age, and the CP remained significantly and negatively associatedwith RMR even after adjustment for fat-freemass.Conclusions.The
underlying pathology of CP and SQDPmight be associated with the body’s metabolic rate. Further studies are needed to investigate
the usefulness of RMR measurement in pattern identification and the association of CP and SQDP with metabolic disorders.

1. Introduction

Restingmetabolic rate (RMR) is the amount of energy needed
by the body tomaintain homeostatic functions during resting
conditions. It constitutes the largest fraction of total energy
expenditure, accounting for about 65–70% [1]. RMR can be
determined using indirect calorimetry by measuring oxygen
consumption and carbon dioxide production, which is con-
sidered to be the gold standard for assessing RMR [2]. It has
been demonstrated that RMR is influenced by various factors,
including gender, age, ethnicity, and body composition.
Among those, fat-free mass (FFM) has been recognized to be
the major determinant of RMR [3]. Alterations in RMR are
associated with obesity, metabolic syndrome, diabetes melli-
tus, multimorbidity, and even mortality [4–8].

Pattern identification, also known as syndrome differen-
tiation, is an essential part of diagnosis in Korean medicine
(KM). During the process of pattern identification, all symp-
toms and signs are analyzed to determine the patient’s physi-
cal condition and the cause, nature, and location of a disease
[9]. Pattern identification is principally used to guidemedical

intervention, and some studies have claimed that it improves
the successful treatment outcome rate when used in both
Eastern and Western interventions [10, 11].

Various books and research papers onKMhave described
the underlying pathology of KM patterns in relation to
decreased or increased metabolic rate. For example, a cold
pattern and a deficiency pattern are often reported to be
related to a lowered body metabolism, while a heat pattern
and excess pattern are related to excessive hyperactivity of the
body metabolism, suggesting that the symptoms of the KM
patterns such as cold/hot sensation in the body, decreased/
increased sweating, and clear/red color of urine may be
related to the altered body metabolic rate [12–15].

Few studies, however, have investigated the association of
KM patterns with accurately measured body metabolic rate.
To our knowledge, there was only one study conducted with
twelve Japanese women that reported that RMR was lower in
womenwith cold pattern than inwomenwithout cold pattern
[16]. Thus, this study aims to further investigate the associa-
tion of KMpatterns with RMR and anthropometric and body
composition measurements in a larger sample.
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n = 954

KM symptom questionnaire, RMR measurement 
data requests, and approvals

KM symptom questionnaire
(symptoms regarding cold/heat, perspiration,
defecation, urination, digestion, drinking, sleep, and 
fatigue experienced within the past 6 months)

KM pattern scores
(CP, HP, SQDP, and KYDP)

Factor analysis 

Analysis of the association of KM pattern scores and RMR

RMR

Indirect calorimetry

Figure 1: Flow chart of the study procedure. KDC, Korean Medicine Data Center; CP, cold pattern; SQDP, spleen-qi deficiency pattern; HP,
heat pattern; KDP, kidney deficiency pattern.

2. Materials and Methods

2.1. Participants. This cross-sectional study was conducted
between 2009 and 2015. The KM symptom questionnaire,
RMR, and body compositionmeasurement data were derived
from the Korean Medicine Data Center (KDC) of the Korea
Institute of Oriental Medicine [17] (Figure 1). A total of 954
healthy volunteers between 20 and 70 years of agewithout any
chronic disease and history of hospitalization in the previous
5 years were included in the study. The study was approved
by the Korea Institute of Oriental Medicine (Number I-
1004/001-003) and informed consent was obtained from all
participants prior to inclusion in the study.

2.2. Data Collection

2.2.1. KM Patterns. Participants were asked to complete the
KM symptomquestionnaire that consisted of questions about
symptoms experienced by the individual within the past 6
months. The symptoms referred to certain conditions, that
is, cold/heat, perspiration, defecation, urination, digestion,
drinking, sleep, and fatigue, which are deemed important
during the basic examination in KM [12]. A factor analysis
was conducted to identify symptom patterns. Four patterns,
namely, cold pattern (CP), heat pattern (HP), spleen-qi defi-
ciency pattern (SQDP), and kidney deficiency pattern (KDP),
were extracted along with their respective scores (Supple-
mentary Table S1 in Supplementary Material available online
at https://doi.org/10.1155/2017/9532073). CP was character-
ized by cold sensation in the feet, cold sensation in the hands,

no reddish urine, cold sensation in the abdomen, preference
for drinking warm water, and frequent urination; HP was
characterized by no aversion to cold, increased sweating,
and no preference for drinking warm water; SQDP was
characterized by irregular defecation, less frequent bowel
movements, feeling of incomplete defecation, indigestion,
and fatigue; andKDPwas characterized by urination at night,
awakening during the night, poor quality of sleep, frequent
urination, and loose/watery stool (Supplementary Table S2).

2.2.2. RMR Measurements. Participants were asked to fast
and refrain from stimulants (smoking, alcohol, and coffee)
and heavy exercise for at least 12 h prior to visiting the
laboratory. RMR was measured with a breath-by-breath
gas exchange analysis using an indirect calorimeter (Vmax
ENCORE29c; Sensormedic, ViasysHealthCare, Yorba Linda,
CA, USA). The gas flow calibration as well as oxygen and
carbon dioxide analyzer calibrationwas performed according
to the manufacturer’s instructions. RMR was measured for
20min while participants were awake and lying in a supine
position.Oxygen uptake and carbon dioxide productionwere
measured and RMR was calculated using the Weir equation
[18].

2.2.3. Body Composition Measurements. Body height was
measured with a digital scale (GL-150; G Tech International
Co., Uijeongbu, Korea), and weight, fat-free mass (FFM),
and body fat mass (BFM) were measured with a bioelectri-
cal impedance analyzer (Inbody 720, InBody, Seoul, South

https://doi.org/10.1155/2017/9532073
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Table 1: Characteristics of the study participants.

All (𝑛 = 954) Men (𝑛 = 454) Women (𝑛 = 500) 𝑝 value
Height (cm) 166.0 ± 8.6 173.0 ± 5.8 159.7 ± 5.3 <0.001
Weight (kg) 64.0 ± 11.5 71.9 ± 10.0 56.9 ± 7.4 <0.001
BMI (kg/m2) 23.1 ± 3.0 24.0 ± 2.9 22.3 ± 2.9 <0.001
FFM (kg) 47.8 ± 9.9 56.7 ± 6.2 39.7 ± 3.9 <0.001
BFM (kg) 16.2 ± 5.7 15.2 ± 5.9 17.2 ± 5.3 <0.001
RMR (kcal/day) 1378.9 ± 313.5 1579.5 ± 293.1 1197.2 ± 200.2 <0.001
BMI, body mass index; FFM, fat-free mass; BFM, body fat mass; RMR, resting metabolic rate.

Table 2: Correlation coefficients of KM pattern scores with anthropometric and body composition indices.

Unadjusted Adjusted
CP SQDP HP KDP CP SQDP HP KDP

Height −0.291∗∗ −0.070∗ 0.137∗∗ −0.112∗∗ 0.035 −0.005 −0.005 −0.006

Weight −0.439∗∗ −0.147∗∗ 0.207∗∗ −0.038 −0.239∗∗ −0.086∗∗ 0.168∗∗ 0.009
BMI −0.373∗∗ −0.140∗∗ 0.171∗∗ 0.050 −0.284∗∗ −0.083∗ 0.186∗∗ 0.023
FFM −0.432∗∗ −0.148∗∗ 0.158∗∗ −0.100∗∗ −0.168∗∗ −0.100∗∗ 0.065∗ −0.037

BFM −0.134∗∗ −0.042 0.142∗∗ 0.099∗∗ −0.224∗∗ −0.044 0.206∗∗ 0.048
Unadjusted, Pearson’s correlation coefficients; adjusted, partial correlation coefficients adjusted for gender and age; CP, cold pattern; SQDP, spleen-qi deficiency
pattern; HP, heat pattern; KDP, kidney deficiency pattern; ∗𝑝 < 0.05; ∗∗𝑝 < 0.01.

Korea). Bodymass index (BMI) was calculated as weight (kg)
divided by the square of height (m).

2.3. Statistical Analysis. Sample characteristics were pre-
sented as the mean and standard deviation, and differences
of sample characteristics and pattern scores between genders
were compared using an independent 𝑡-test. The effect of age
on pattern scores was analyzed by a simple regression within
each gender. To examine the relationship of the pattern scores
and anthropometric and body composition measurements,
Pearson’s correlation coefficients and partial correlation coef-
ficients controlling for age and gender were estimated. To
determine the association between pattern scores and RMR,
a multiple regression analysis was conducted; this involved
adjustment for age, gender, and FFM, which are known to be
an influential factor of RMR [19]. A 𝑝 value of less than 0.05
was considered statistically significant. Statistical analyses
were performedusing SPSS 22.0 (IBM,Chicago, IL,USA) and
R (theRFoundation for Statistical Computing,Version 3.2.4).

3. Results

3.1. Characteristics of Participants. The characteristics of the
study participants are shown in Table 1. Of the 954 partici-
pants, 500 (52.4%) were women and 454 (47.6%) were men.
Their mean age was 37.8 ± 11.7 years. All anthropometric and
body composition indices were statistically different between
genders (𝑝 < 0.01).ThemeanRMRwas higher inmen (1579.5
± 293.1 kcal/day) than inwomen (1197.2± 200.2 kcal/day) (𝑝 <
0.01).

3.2. Distribution of KM Pattern Scores by Gender and Age.
TheCPand SQDP scoreswere significantly higher (𝑝 < 0.01),
while HP score was lower (𝑝 < 0.01) in women than in men.

The CP score in women decreased with age (𝑝 < 0.05), which
was not significant in men (𝑝 > 0.05). The SQDP and HP
scores significantly decreased with age, while the KDP score
increased with age in both genders (𝑝 < 0.05) (Figure 2).

3.3. Correlation of KM Pattern Scores with Anthropomet-
ric and Body Composition Indices. In correlation analysis
with anthropometric and body composition indices, the CP
and SQDP score showed negative correlations with height,
weight, BMI, and FFM, while HP showed positive correla-
tions with those indices. When adjusted for gender and age,
the correlations of the CP, SQDP, and HP scores with anthro-
pometric and body composition indices became weak but
correlations with weight, BMI, and FFM remained signifi-
cant. The KDP score has no significant correlation with any
of the indices (Table 2).

3.4. Association of KM Pattern Scores with RMR. In Model 1,
each of the KM pattern scores was entered into the regression
model as an independent variable with RMR as a dependent
variable.The CP and SQDP scores were negatively associated
with RMR, while the HP score was positively associated with
RMR. When gender and age were adjusted in Model 2, the
CP and SQDP scores were significantly negatively associated
with RMR. When additional adjustment of FFM was applied
in Model 3, only the CP score was significantly associated
with RMR (Table 3).

4. Discussion

The present study aimed to investigate the association
between KM patterns and RMR. The pattern scores of CP,
SQDP, HP, and KDP were different according to gender and
age. In addition, CP, SQDP, and HP scores showed significant
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Table 3: Multiple regression analysis for the association of KM pattern scores and RMR.

Model 1 Model 2 Model 3
𝐵 SE 𝑝 value 𝐵 SE 𝑝 value 𝐵 SE 𝑝 value

CP −89.9 7.8 <0.001 −33.4 7.2 <0.001 −15.6 6.5 0.016
SQDP −18.5 7.8 0.018 −16.4 6.8 0.016 −9.4 6.0 0.119
HP 36.1 7.8 <0.001 12.2 6.8 0.075 3.5 6.0 0.564
KDP −7.4 7.9 0.345 7.6 7.2 0.291 10.9 6.4 0.087
Model 1: unadjusted; Model 2: adjusted for gender and age; Model 3: adjusted for gender, age, and fat-free mass; 𝐵, unstandardized coefficients; SE, standard
error of unstandardized coefficients; RMR, restingmetabolic rate; CP, cold pattern; SQDP, spleen-qi deficiency pattern; HP, heat pattern; KDP, kidney deficiency
pattern.
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Figure 2: KM pattern scores by gender and age. Depicted are LOWESS smoothed lines and 95% confidence intervals (grey shade) with the
observed means of pattern scores (dots) by gender and age. CP, cold pattern; SQDP, spleen-qi deficiency pattern; HP, heat pattern; KDP,
kidney deficiency pattern.
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correlations with anthropometric and body composition
indices. A multiple regression analysis revealed that CP and
SQDP scores were negatively associated with RMR indepen-
dently of gender and age, suggesting an association of the
underlying pathology of CP and SQDP with altered RMR.

CP is one of the eight basic principles of pattern identifi-
cation and believed to indicate the nature of imbalance in the
body. CP is more common in women than in men [13, 20],
and the same trendwas observed in our results.The represen-
tative symptoms of CP, such as a cold sensation in the extrem-
ities and aversion to cold, are also more common in women
[21–23]. This seems natural based on the report that the
cutaneous hand blood flow of women at room temperature is
lower than in men [24]. Also, when exposed to cold stimuli,
the cutaneous blood flow is reduced more largely in women
than in men [25].

According to the KM theory, CP encompasses symptoms
of a cold sensation in the body, aversion to cold, lack of thirst,
pale facial color, clear urine, and a desire to lie down; thus,
its underlying pathology is often associated with decreased
metabolism of the whole body [12–15]. A previous study
reported that RMR is lower inwomenwithCP than inwomen
without CP; however, it included a very small sample size of
twelve [16]. Our study included 954 participants, which is a
comparatively larger sample than that of other studies using
indirect calorimetry, to accurately estimate RMR. Our results
were consistent with those of a previous study showing that
the RMR was negatively associated with the CP score; this
association remained significant after adjusting for gender,
age, and even FFM, which is known to be themost influential
determinant of RMR.

One of the possible explanations for the low RMR in
individuals with CP could be their low thyroid function
[16, 26], because altered level of thyroid hormone, even at sub-
clinical level, has been known to be responsible for changes of
thermogenesis, affecting energy expenditure and RMR [27].
Hypothyroidism could cause increased sensitivity to cold,
which is amajor symptom of CP. Indeed, hypothyroidism has
been reported to be significantly more common in individu-
als diagnosed as CP than normal controls [13]. On the other
hand, it has been also reported that differences of RMR, even
when normalized by FFM, could be caused by differences in
the composition of FFM, which can be accurately measured
by using multiscan computerized axial tomography or mag-
netic resonance imaging [1, 28]. This is because FFM consti-
tutes various kinds of tissues and organs that have different
metabolic rates. Because our results indicate that the CP
was significantly associated with RMR independently of the
total FFM, the different composition of FFM in individuals
with CP could be one of the explanations for the association
between RMR and CP.

Several studies that investigated the different treatment
effects in patients with rheumatoid arthritis found that effects
of traditional East Asian medicine or evenWestern medicine
could differ among patients with different characteristics
related to the CP [11, 29]. This indicates that people with or
without CP have different pathophysiological conditions that
affect the treatment outcome. Because our results showed that
RMR was significantly associated with CP, we could assume

that one of the different pathological conditions between
people with andwithout CP, which lead to different treatment
effect, could be their different rate of body metabolism.

SQDP is mainly characterized by gastrointestinal prob-
lems, such as irregular defecation, reduced bowel movement,
indigestion, and fatigue. This pattern is defined as a patho-
logical change characterized by qi deficiency with impaired
transporting and transforming function of the spleen [9].
Gastrointestinal problems could lead to altered eating habits
that might reduce the total energy intake [30, 31]. RMR is
known to decrease in response to restriction of energy intake
to values below predictions based on body composition
changes, possibly due to an adaptationwhich can limit weight
loss and compromise the maintenance of a reduced body
weight [32].Thismechanism could be one of the explanations
for the low RMR in individuals with SQDP.

Our results suggest that CP and SQDP were significantly
associated with RMR after adjustment for gender and age.
Thismeans that RMR is different according to the status of CP
and SQDP in individuals with the same gender and age. Even
though FFM is known to be the most influential determinant
of RMR, FFM should bemeasuredwith a device such as a bio-
electrical impedance analyzer or a dual-energy X-ray absorp-
tiometer. Accordingly, the results indicate that evaluating CP
and SQDP could be helpful to predict RMR of patients in a
more practical way in clinical settings. Moreover, the CP was
negatively associated with RMR after additional adjustment
for FFM.Thus, consideration of the CP is recommended even
when estimating an individual’s RMR based on his/her FFM
value.

The KM diagnostic process has been criticized for its
subjectivity and dependence on the doctor’s experience; thus
the need to establish standardized diagnostic method using
objective and quantitative methods has been asserted in the
literature [33, 34]. Because our results showed the significant
association of the CP and SQDPwith RMR, we could assume
that we may identify patients with CP and SQDP not only
with traditionally used diagnostic method of questioning
patients about symptoms and checking clinical signs such as
tongue appearance and pulse evaluated by KM doctors, but
also with objective and quantitative method of measuring
RMR of patients. Also, our results suggest that reduced RMR
could be one of the underlying pathologies of the relevant
patterns, whichmeans it is possible that the treatments which
have been used for patients with the CP and SQDP are effec-
tive by means of directly or indirectly controlling the altered
RMR of patients. Thus, the usefulness of measuring RMR
in clinical practice for pattern identification and evaluation
of clinical process should be further investigated in future
studies.

Our results showed that the HP score was higher in men
and showed positive associations with weight, BMI, FFM,
and BFM and negative association with RMR, which was the
opposite of CP. However, unlike the CP, the association of the
HP with RMR was not significant after adjusting for gender
and age. This is possibly due to the different composition of
the symptom characteristics that are related to HP and CP in
our study.TheCP in our studywas extracted by a factor analy-
sis and mostly constituted symptoms related to thermal
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sensation of the body, while the HPmostly constituted symp-
toms related to preferred ambient temperature or sweating
amount. However, according to KM theory, CP and HP are
basically two patterns that reflect the nature of imbalance in
the body and indicate the relative exuberance and debility of
the yin and yang of the body. Consequently, the manifesta-
tions are conceptually contrast to each other; for example, the
CP includes the symptoms of aversion to cold, preference for
warmth, and a pale face, while the HP includes the symptoms
of aversion to heat, preference for coolness, and a red face.
Based on our results, it seems that the symptoms that are
known to be relevant to the CP and HP are not necessarily
analyzed as just one pattern. Our results could be interpreted
as that the symptom pattern that was mostly about thermal
sensation in the direction of cold was significantly associated
with RMR and the symptom pattern that was mostly about
preference for ambient temperature and sweating amount in
the direction of heat were not significantly associated with
RMR.

KDP is characterized by urination at night and sleep
problems of awakening during the night and poor quality of
sleep. The KDP score showed a significant increase with age,
which is consistent with the KM theory that kidney function
deteriorates with age [35]. The KDP score tended to decrease
with increased RMR; however, this was not statistically
significant.

Although there were studies that utilized a factor analysis
of symptoms to statistically identify KM patterns [11, 29, 36],
to the best of our knowledge, this is the first study to inves-
tigate the association of RMR with KM patterns based on a
factor analysis. In pattern identification, symptoms have been
utilized as key factors and the existence of a symptom pattern
is screened rather than the existence of a single symptom.
Predefined questionnaires for a specific pattern, which only
include symptoms confined to that specific pattern, have been
widely used in KM research, usually accompanying pattern
scores of summing the number of pertinent symptoms [37–
39]. However, in those studies, the statistically meaningful
tendency of cooccurrence of symptoms could not be verified.
In our study, a wide range of symptoms that are screened
in basic examination in KM and possibly related to multiple
KM patterns were analyzed by factor analysis, which yielded
similar symptom patterns to CP, HP, SQDP, and KDP.

Some caution is needed when interpreting the results of
this study. Firstly, data of healthy participants were analyzed
in the study instead of patients with a specific disease. We
expect symptoms related toKMpatterns to bemore prevalent
and severe in patients with diseases and future studies to
investigate the associations of KM patterns with RMR in var-
ious disease groups are required. Secondly, symptoms used in
this study were self-reported, based on recall over the previ-
ous 6 months. Although self-administered questionnaires on
symptoms have been widely used to evaluate an individual’s
health [40–42], this may be prone to a recall bias. We recom-
mend thatmajor clinical signs, such as the tongue appearance
and pulse examination, should be included in future studies,
to investigate their associations with symptom patterns and
RMR.

5. Conclusions

Our results showed that the individuals with higher CP and
SQDP scores have lower RMRwhen compared to individuals
of the same gender and age with lower CP and SQDP scores,
suggesting that the underlying pathology of CP and SQDP
may be associated with the body’s metabolic rate. In consid-
eration of the effect of altered RMR on metabolic disorders,
evaluating the CP and SQDP in patients with metabolic
disorders is recommended. In addition, to complement the
subjectivity of the current KM diagnosis process, further
studies are required to investigate the usefulness of RMR
measurement in CP and SQDP pattern identification.
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