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The biomedical effects of natural products have been increas-
ingly identified. Korean medicine originates from prehistoric
times and shares its origin with Chinese medicine. However,
Korean medicine, compared with the Chinese medicine, is
not well known relatively.Though Koreanmedicine and Chi-
nese medicine have a lot in common, Korean medicine has
developed its own realm by developing unique approaches
and research—“Four-Constitution (Sasang Constitutional)
Medicine” as one of the diagnostic tools and Saam acupunc-
ture as one of the treatments. In recent years, Korean
medicine expanded its usages, thus, by integrating both
traditional and modern approaches. Korean medicine covers
many complementary and alternative approaches that are
actively validated and developed. These efforts in the field of
Koreanmedicine have been, andwill be, an important contri-
bution to the evidence-based complementary and alternative
medicine.

This special issue will introduce you to the history and
current status of evidence-based Korean medicine with a
focus on the recent developments. The following is a brief
overview of the articles in this special issue.

Biological activities of a compound or a mixture of
herbal medicines in Korean medicine are explored on such
conditions as nephrotoxicity, experimental colitis, vasocon-
striction, cancer cell growth, multidrug resistant cancer cell

growth, neutropenia, obesity and adipogenesis, adipocyte
differentiation, cartilage degradation in arthritis, and inflam-
matory neuronal damage or on such an effect as stimulating
osteogenic differentiation of bone marrow mesenchymal
stem cells. For the sake of safe and effective use of herbal
medicine in Korean medicine, potential interaction has to
be cleared. Interaction between herb and herb or between
herb and drug was investigated. Traditional rules on com-
bining herbs for synergistic effect were validated. Effects
on cytochrome P450 enzyme mediated drug metabolism
were investigated in relation to herbal mixture. Randomized
controlled trials were reported on the effect of Korean herbal
medicine on dysmenorrhea and obesity.

A new real-time measurement system using a wireless
inertial measurement unit was developed and reported to
be reliable and effective in measuring three-dimensional
cervical spine movements. As an effort to explore the diag-
nostic concept of Koreanmedicine, conceptual perception on
pattern identification was explored with regard to a phlegm
pattern. Recent developments on voice-based approach to
Four-ConstitutionMedicinewere reviewed. Tinnitus patients
treated in Korean medicine clinic were shown to be on
sympathetic overactivity with chronic tinnitusmore affecting
the autonomic indices.
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In this special issue, several newly developed treatments
are also introduced. The effect of cosmetic acupuncture was
explored on facial elasticity in an open-label, single-arm pilot
study. The effect of newly developed temporomandibular
joint therapy targeting the postural Yin-Yang balance of the
whole body was documented in a case series study. Detox-
ification program involving fasting, fluid administration,
acupuncture, and herbal wet wrap dressing was reported to
be positive for refractory cases of atopic dermatitis. As an
exploration on varied application of herbal medicine, it was
found to be safe and effective in hypertensive blood pressure
when applied as enema agent.These therapieswarrant further
study with more rigid study design.

Seong-Gyu Ko
Bharat B. Aggarwal

Mingyao Liu
Chang Shik Yin
Dong Hoon Jin

Bo-Hyoung Jang
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Objectives. Korean medicine, an integrated allopathic and traditional medicine, has developed unique characteristics and has been
active in contributing to evidence-based medicine. Recent developments in Koreanmedicine have not been as well disseminated as
traditional Chinese medicine. This introduction to recent developments in Korean medicine will draw attention to, and facilitate,
the advancement of evidence-based complementary alternative medicine (CAM).Methods and Results. The history of and recent
developments in Korean medicine as evidence-based medicine are explored through discussions on the development of a national
standard classification of diseases and study reports, ranging from basic research to newly developed clinical therapies. A national
standard classification of diseases has been developed and revised serially into an integrated classification of Western allopathic
and traditional holistic medicine disease entities. Standard disease classifications offer a starting point for the reliable gathering of
evidence and provide a representative example of the unique status of evidence-based Koreanmedicine as an integration ofWestern
allopathic medicine and traditional holistic medicine. Conclusions. Recent developments in evidence-based Korean medicine
show a unique development in evidence-based medicine, adopting both Western allopathic and holistic traditional medicine.
It is expected that Korean medicine will continue to be an important contributor to evidence-based medicine, encompassing
conventional and complementary approaches.

1. Introduction

Koreanmedicine originates fromprehistoric times and shares
its origins with Chinese and Japanese medicine. However,
compared with traditional Chinese medicine, Korean
medicine is much less well-known. Although Korean and
Chinese medicine have much in common, Korean medicine
has developed on its own as a whole-person-centered medi-
cine system [1], developing unique concepts and research,
with “Four Constitution” (Sasang constitutional) medicine
[2] and Saam acupuncture [3] being representative of gen-
uinely Korean developments. In recent years, Korean medi-
cine has become part of a national health system and its use
has expanded [4]. Thus, by integrating traditional and mod-
ern approaches, Korean medicine constitutes an exemplary

case of a national health system that encompasses many
complementary and alternative approaches and has been
active in validating and developing them.

What follows is a brief introduction to the character-
istics of Korean medicine with a focus on evidence-based
approaches, along with a historical review of a standard dis-
ease classification in Korean medicine as a representative
example of the efforts being made to implement evidence-
based medicine.

2. Korean Medicine: Tailored,
Simple, and Practical

As indicated previously, the tradition of Korean medicine
features an individualized approach based on constitutional

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
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energy traits of healthy qi [3], with simple and practical sol-
utions, based on these underlying energy traits or core
principles [5]. Qi and tao are the core principles that the body
and the environment are composed of and by which both of
them function [6]. Korean medicine places importance on
self-discipline, a constitutional approach, and the three trea-
sures (essence, qi, and spirit) deep in the axis of life [7] and
focuses on the power and active response of the healthy qi as
innate intelligence, intricately linked with constitutional
characteristics and human dignity, which may be reflected
and evaluated differentially in a pattern of systemic man-
ifestations, including disease-specific ones that are directly
linked to the pathology and nonspecific ones that may be
remote from the lesion, with no apparent linkage to the
pathology. These nonspecific characteristics may reflect the
response of the body to the pathology rather than the pathol-
ogy itself.

3. Challenges in Evidence-Based
Approaches to CAM

Evidence-based medicine is about the best decision-making
based on the best available evidence [8] and highlights a
science and practice of medicine with a firm basis of evidence
[9]. The evidence may vary in its hierarchical status and
extent, but there may not be any strong opposition to the
concept of a medicine being established and practiced based
on stronger evidence.The evidence-based approach is rapidly
gaining acceptance and expanding its realm, not only in
academic [10, 11] or clinical activities but also with regard to
regulation and insurance issues [12]. Complementary and
integrative medicine is not an exception, even though there
are many barriers, like the prioritization of classical books
and practice as evidence sources [13].

In addition to the idea that traditional knowledge itself is
an important source of evidence [14], the issue of evidence-
based medicine is considered to be more challenging in the
field of complementary and integrative medicine than in the
field of the conventional allopathicmedicine. Although a lack
of research evidence for efficacy is said not to be evidence of
a lack of efficacy [15], the main challenge is, of course,
primarily due to the relative scarcity of evidence in the field of
complementary and integrative medicine. However, in addi-
tion to the scarcity, itmay be partially due to differences in the
theoretical context and philosophical perspectives between
complementary and integrative medicine and conventional
allopathic medicine. This conceptual difference is accompa-
nied naturally by differences in clinical practice. The theo-
retical context and clinical practice of complementary and
integrative medicine have been handed down from the past
or have developed from clinical experience rather than from
the widely accepted current knowledge of modern biology,
science, and technology, as is the case in orthodox allopathic
medicine in whichmeasurements are devised and performed
on the basis of theoretical context, clinical practice, and
technology and are linked directly with the production of
high-quality scientific evidence [16]. Differences in the the-
oretical context, clinical practice, and measurements, in

addition to the scarcity of evidence, complicate the issue of an
evidence-based approach in the fields of complementary and
integrative medicine.

4. Korean Medicine: An Exemplary Case in
Evidence-Based Medicine

In the history of complementary and integrative medicine,
Korea’s situation may be a unique and exemplary case.
Although many countries still lack national regulation of
CAM, Korea established the parallel operation of two inde-
pendent medical systems (Western medicine and Korean
medicine) [17] in 1951, a rare instance whereby complemen-
tary and integrative approaches have been officially part of the
national health system from the very start. In Korea, there
is no generalist equivalent to a general physician in other
countries. Each physician belongs to one of the two spe-
cialty professions: Western allopathic medicine or Korean
medicine. Korean medicine is a specialty profession in which
modern allopathic medicine and traditional, complementary
approaches are integrated into a profession ofmodern holistic
medicine. Only a few physicians satisfy the required edu-
cational and regulatory processes for both professions and
receive both licenses from the government. Each is fully
licensed to diagnose and treat patients and is independent in
practicing medicine.

Korean medicine may be described as a form of integra-
tion ofWestern allopathic medicine and traditional medicine
by considering the following points. (1) Educational pro-
grams for Korean medicine students and practitioners cover
not only traditional knowledge but also the same basic
and clinical medical sciences and research as in Western
medicine. (2) Korean medicine practitioners are fully lice-
nsed to diagnose both disease entities of Western medicine
origin and those of traditional medicine origin. (3) Treat-
ment modalities provided by Korean medicine practitioners
include those common in both Western and traditional
medicine, as well as those specific to traditional medicine,
such as acupuncture and yinyang balance concepts.

The Korean government has been promoting the evid-
ence-based development of the national health system, espe-
cially with regard to Korean medicine, by means of stan-
dardization, research funding, and new drug development
from herbal medicines. The Korean government has been
expanding its research funding for such projects as Korean
medicine diagnosis [18, 19] and new drug development from
traditional herbalmedicines [20, 21].TheKorean government
invested a total of about 400 million US dollars during the
first period to foster and developKorean traditionalmedicine
(2006–2010), with 63% invested in research and development
projects, and planned to invest a total of about 1 billion US
dollars during the 2nd period (2011–2015), with 34% invested
in research and development projects [4].

As a fundamental platform for an evidence-based
approach in modern Korean medicine, the history of a stan-
dard disease classification is briefly examined here. A stan-
dard disease classification alone does not mean, and cannot
justify, the notion that Korean medicine is an evidence-based
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approach. However, a standard disease classification may
be an indispensable fundamental basis for evidence-based
medicine.

5. Standard Disease Classification in
Korean Medicine

If any evidence of medical practice is collected, interpreted,
and incorporated into evidence-based medicine, the clinical
pictures of that medicine have to be captured, classified, and
documented. A clinical picture that has not been captured
and documented may not be used as evidence. If we are to
capture the clinical picture of different systems of medicine,
we may need different classification systems of the clinical
entities targeted, evaluated, and treated with each system of
medicine.

In an effort to capture the clinical picture and produce
statistics on allopathic medicine and Korean medicine, dif-
ferent disease classification systems have been developed and
stipulated as national standards in Korea. In the allopathic
medicine field, a Korean adaptation of the World Health
Organization (WHO) international classification of diseases
(ICD) has been stipulated as the allopathic medicine volume
for the Korean standard classification of diseases (KCD).The
first edition of KCD appeared in 1952. It was revised in 1972,
1979, 1993, 2002, 2007, and 2010. In the Koreanmedicine field,
the Korean medicine volume of KCD was first published in
1973 and was revised in 1979, 1995, and 2009. Recently, the
KCD allopathic medicine volume and the KCD Korean
medicine volume were integrated into one volume, “KCD6”
in 2010 [22].

Although pattern identification for the overall analysis of
symptoms and signs is a core component of the theoretical
context and clinical practice of Korean medicine as well as
traditional medicine in China [23] and Japan, the traditional
way of pattern identification is still being developed as a stan-
dardized, validated diagnostic tool. A recent revision of the
KCD Korean medicine volume (2009), which was then inte-
grated into KCD6 in 2010, differed from previous revisions in
several aspects. First, the hierarchy and appropriateness of the
classification were thoroughly revised and improved. Second,
the issue of possible overlap between allopathic medical
entities and Korean medical entities was addressed in great
detail and every effort was made to remove possible overlap.
Possibly overlapping Korean medicine entities were replaced
with existing KCD allopathic medicine entities. The remain-
ing entities of genuine Korean medicine were classified
under “U” codes. The genuine Korean medicine entities
were classified into three categories: 97 diseases, 191 patterns/
syndromes, and 18 diseases-patterns/syndromes from “Four
Constitution” medicine. This may have been the first attempt
in the history of disease classification in which a national
standard successfully integrated allopathic medicine entities
and genuine traditional medicine entities into one classifica-
tion that is widely applicable to all major regulations, such
as the national health insurance system, national health statis-
tics, and the traffic accident insurance system.

In the Joseon dynasty, about four centuries ago, there
was already a comprehensive disease classification, whichwas
usually composed of descriptions on related anatomy, phys-
iology, etiology, manifestations, pattern differentiation, self-
discipline, qigong, and the simple herbs prescribed. However,
the concepts of diseases, disorders, and patterns were not so
clearly defined or differentiated [24]. Over the course of serial
revisions to Korean medicine disease classifications in the
20th and 21st centuries, the concepts of diseases, disorders,
and patterns have been differentiatedmore explicitly, with the
differentiation concepts embodied in the classification struc-
ture and entities classified. In a recent revision, many tradi-
tionalmedicine codeswere replacedwith allopathicmedicine
codes, with the remaining classification of genuine tra-
ditional medicine diseases, disorders, and patterns fully
and systematically integrated with the allopathic medicine
classification.

Recently, WHO has also sought to integrate the Inter-
national Classification of Traditional Medicine (ICTM) [25]
into its standard classification of diseases (ICD) when revis-
ing ICD-10 to ICD-11 with the concept of ontology-based
disease classification by 2015 [26]. KCD, the integrated classi-
fication of diseases encompassing allopathic medicine codes
and genuine Korean medicine codes, was a valuable source
for the WHO project. Indeed, it is an important issue in the
ICD revision project that ICD categories are listed in a
mutually exclusive and jointly exhaustive way to make them
useful for such purposes as mortality statistics and morbidity
statistics [27], which were also considered in the revision of
KCD.

The standard classification of diseases will be an essential
part of capturing the clinical pictures of medicine and a
systematically organized classification will facilitate objective
documentation, production of related statistics, and the
contribution of complementary and integrative approaches to
the general health of world citizens. In that sense, Korea’s
experiences in revising the national standard disease classifi-
cationmay well be an exemplary case to support and embody
an evidence-based approach in institutionalizing comple-
mentary and integrative approaches and integrating them
with conventional allopathic medicine.

6. Disorder and Pattern Coding in
Korean Medicine

According to the coding guidelines for the WHO ICD-10, a
main condition is defined as the condition primarily respon-
sible for the patient’s need for treatment or investigation. A
main condition is diagnosed at the end of the episode of
health care. If there is more than one condition that may be
considered as a “main condition,” the one that was most res-
ponsible for the greatest use of resources is selected as a
“main condition.” If no diagnosis was considered to be made,
the main symptom or problem may be selected as a “main
condition” [28].

Disease codes of Koreanmedicine are a combined formof
Western medicine codes and traditional Korean medicine
codes. Korean medicine codes are regulated by the law.
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According to the existing guideline for Koreanmedicine clas-
sifications [29], the followings are generally recommended.

In the first place, a “main condition” code is selected.
Disease classification codesmay be selected from the conven-
tional Western medicine codes based on the conditions that
patients appeal most or the amount of resources consumed in
the clinical management. If the practicing physician does
not consider the conventional Western medicine codes to be
appropriate for the clinical picture of the patient, then the
traditional Korean medicine codes, that is, U-codes in KCD,
are used. When traditional Korean medicine codes in the
U-codes are considered to be appropriate, the practicing
physician should decide which category codes in the tradi-
tional Korean medicine codes are appropriate for the clinical
picture of the patient: disorder codes, pattern codes, or “Four
Constitution” medicine-related codes [29]. In addition to
the “main condition,” other conditions that coexist or develop
during the episode of health care and affect the management
of the patient may also be listed [28]. In Korean medicine,
codes for other conditions, as well as a code for a main con-
dition, may be selected from both areas of Western medicine
classification codes and traditional Korean medicine classifi-
cation codes.

By following this practice, the practicing physician in
Korean medicine may select a code that is considered to be
most appropriate for the clinical picture of the patient, not
only from the conventional Western medicine codes, but
also from the traditional Korean medicine codes. Thus,
selected disease coding may reflect the body of knowledge in
Western medicine disease classification and traditional
Korean medicine disease classification. In this sense, Korean
medicinemay be considered as an integration of conventional
allopathic medicine and traditional holistic medicine.

A disease may be a set of dysfunctions in any of the body
systems that may be defined by symptomatology, etiology,
course and outcome, treatment response, linkage to genetic
factors, and linkage to interacting environmental factors.
A disorder/syndromemay be defined as a common pattern of
similar symptoms in clinical practice. As to a disorder/
syndrome, the etiology is not known or multiple etiologies
are related in the clinical manifestations [27].

Disorders and patterns in traditional Korean medicine
that are coded in the clinical practice of Korean medicine are
the health care conditions that are responsible for the patient’s
need for treatment or investigation. Both the disorder and the
pattern are diagnosed for the sake of treatment or investi-
gation by practicing physician. Both are similar in that they
are named after the body structures, causes, properties, sever-
ity, and so forth. However, the naming and concept of the
disorder and the pattern in traditional Korean medicine
usually deal with differential aspects of clinical pictures based
on the theories of traditional medicine:

(i) A disorder in traditional medicine is a clinical picture
that is relatively constant throughout the duration of
that disorder. A pattern in traditional medicine is
relatively temporary (constant/temporary).

(ii) A disorder in traditional medicine usually delivers
information reflecting the local manifestation of the

pathology. A pattern in traditional medicine usually
delivers information reflecting the systemic manifes-
tation or the systemic response of the patient (local/
systemic, pathology/patient).

(iii) A disorder in traditional medicine is a concept that
summarizes findings that are specific to the patho-
logic process under investigation. A pattern in tra-
ditional medicine means the pattern of combination
of the manifestations that encompasses both spe-
cific symptoms/signs and nonspecific findings such
as pulse diagnosis and tongue diagnosis (specific/
nonspecific).

(iv) A disorder may be applied for a time span. A disorder
coding may be based on the main pathologic process
which may show a causal relationship with the main
manifestations in the patient. A pattern may be
applied for a specific time span too. However, a
pattern coding is based on the summarized whole
picture that may be observed in the patient based on
the perspectives of traditional medicine theories. A
pattern is recognized based on the analysis of the sys-
temic findings in the patient’s body and mind which
reflect the pathologic processes, responses to the
pathologic processes, other concomitant findings,
and innate or acquired constitutional traits of the
patient (linear/multifactorial).

(v) A disorder in traditional medicine is usually des-
cribed with general terms of anatomy-physiology
together with terms of signs and symptoms. A pattern
in traditional medicine is usually described in terms
of the traditional medicine theories that are used to
summarize the whole picture findings in the patients
such as yin and yang balance, cold and heat,meridian,
or constitution (general/theoretical).

(vi) A disorder in traditional medicine is used to describe
the general characteristics considered to be relatively
common to general population. A pattern in tradi-
tional medicine is used to describe the individual
characteristics considered to be relatively specific to
the patient at that time (commonality/individuality).

The concept of a pattern may reflect constitutional char-
acteristics of the patient in addition to the disease or disorder
characteristics. In other words, the systemic active response
and individual characteristics of the patient’s body and mind
may be the target of the concept of a pattern diagnosed
in traditional Korean medicine. However, the disorder in
traditional Korean medicine and the disorder or disease in
conventional Western medicine primarily target the disor-
dered or pathologic process itself disregarding the patient that
is actively trying to recover from that disordered process and
to maintain balanced state of health. Considering the above-
mentioned concepts, the pattern and the disorder-disease
may be considered as two complementary aspects thatmay be
targeted when trying to capture the clinical picture of health
care conditions.
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7. Conclusions

Korean medicine has been an active player, at the forefront,
in the implementation of evidence-based medicine. Korean
medicine, an integrated conventional allopathic medicine
and traditional holistic medicine, is exemplary in developing
complementary and integrative approaches into an essential
part of evidence-based mainstream medicine, implementing
a national standard disease classification encompassing both
allopathic and genuine traditional concepts. In this paper,
recent developments regarding the biological activities of
herbal medicines, diagnostic evaluations, and clinical appli-
cations are introduced. Korean medicine is expected to be an
important contributor to the establishment and implementa-
tion of evidence-based, tailored medicine, integrating com-
plementary and conventional approaches.
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Rubi Fructus (RF) is known to exert several pharmacological effects including antitumor, antioxidant, and anti-inflammatory
activities. However, its antiobesity effect has not been reported yet. This study was focused on the antidifferentiation effect of RF
extract on 3T3-L1 preadipocytes. When 3T3-L1 preadipocytes were differentiating into adipocytes, 10–100𝜇g/mL of RF was added.
Next, the lipid contents were quantified by Oil Red O staining. RF significantly reduced lipid accumulation and downregulated the
expression of peroxisome proliferator-activated receptor 𝛾 (PPAR𝛾), CCAAT0-enhancer-binding proteins 𝛼 (C/EBP𝛼), adipocyte
fatty acid-binding protein 2 (aP2), resistin, and adiponectin in ways that were concentration dependent. Moreover, RF markedly
upregulated liver kinase B1 and AMP-activated protein kinase (AMPK). Interestingly, pretreatment with AMPK𝛼 siRNA and RF
downregulated the expression of PPAR𝛾 and C/EBP𝛼 protein as well as the adipocyte differentiation. Our study shows that RF is
capable of inhibiting the differentiation of 3T3-L1 adipocytes through the modulation of PPAR𝛾, C/EBP𝛼, and AMPK, suggesting
that it has a potential for therapeutic application in the treatment or prevention of obesity.

1. Introduction

Obesity is associated with many diseases inducing diabetes,
dyslipidemia, and atherosclerosis, which are risk factors for
metabolic syndrome [1]. Obesity is a condition in which
excess body fat has accumulated due to lipids changing into
adipocytes and an increase in the number of differentiated
mature cells which are regulated by genetic and environ-
mental factors such as nutrients [2–4]. Understanding the
mechanism through which a particular nutrient affects the
differentiation to adipocytes would help to prevent the
initiation and progression of obesity. The 3T3-L1 cell line is
one of the best-characterized and reliablemodels for studying
the conversion of preadipocytes into adipocytes. Adipocyte
differentiation is a complex process involving coordinated

expression of specific genes and proteins associated with each
stage of adipogenesis [5, 6].

Peroxisome proliferator-activated receptor 𝛾 (PPAR𝛾)
and CCAAT-enhancer-binding protein 𝛼 (C/EBP𝛼) have
been known to play a key role in the regulation of adipogene-
sis and in themodulation of fat cell function in adipose tissue.
PPAR𝛾, amember of the PPAR subfamily of nuclear hormone
receptors, was identified as a component of a differentiation-
dependent regulatory factor and a far-cell-specific enhancer
of the adipocyte fatty acid-binding protein (aP2) gene [7,
8]. Another major protein in obesity regulation, C/EBP𝛼,
a member of a large family of leucine zipper transcription
factors, plays an important role in induction of terminal
adipocyte differentiation [9, 10]. PPAR𝛾 and C/EBP𝛼 are not
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expressed in preadipocytes but are activated during adipocyte
differentiation. PPAR𝛾 and C/EBP𝛼 are expressed prior to
the expression of most adipocyte genes and regulate the
expression of genes involved in creating and maintaining
adipocytes, including aP2 and resistin [11, 12].

AMP-activated protein kinase (AMPK) is a serine/thre-
onine protein kinase that is widely expressed in eukaryotes.
AMPK, composed of 𝛼, 𝛽, and 𝛾 subunits, is a key player in
energy homeostasis. The 𝛼 subunit is the catalytic subunit,
and its activation via the phosphorylation of the threonine
residue 172 by the upstream liver kinase B1 (LKB1) is crucial
for AMPK activation under ATP-depleted conditions [13].
When the intracellular AMP/ATP ratio increases because
of the metabolic stress, AMPK is phosphorylated. Subse-
quently, downstream target molecules are activated, pro-
moting catabolism. When the intracellular AMP/ATP ratio
decreases, AMPK increases the anabolism. AMPK is asso-
ciated with adipocyte differentiation via AMPK activation
in 3T3-L1 adipocytes [14, 15]. In addition, AMPK inhibits
the accumulation of fat by modulating downstream substrate
acetyl-CoA carboxylase (ACC) [16].

Rubi Fructus (RF), the fruit of Rubus coreanus Miquel
(Rosaceae), is a type of red raspberry from southern Korea.
The dried fruit are used in traditional herbal medicine for
the treatment of impotence, spermatorrhea, enuresis, and
asthma [17]. RF includes functional constituents that include
flavonoids, anthocyanin, polyphenols, niga-ichigoside F1,
23-hydroxytormentic acid, and gallic acid [18, 19]. It has
been found that these constituents show anticarcinogenic,
antinociceptive, antioxidant, and anti-inflammatory effects
[20, 21]. Even though numerous biological activities of RF
have been reported, there is limited evidence for its antiobe-
sity effect. In this study, we evaluated the inhibitory effect of
the water extract of RF and investigated how it acts to reduce
differentiation to adipocytes in 3T3-L1 mouse fibroblasts.

2. Materials and Methods

2.1. Preparation of RF. Dried and ground powder of RF,
the fruit of Rubus coreanus Miquel (Rosaceae), was kindly
provided by Kyung Hee Oriental Hospital (Seoul, Republic
of Korea). To prepare the aqueous extract, the water-soluble
components of the RF powder were extracted with water
(100 g/L of water) by heating at 100∘C for 3 h. The boiled
solution was filtered through Whatman filter paper, and the
filtrates were lyophilized. The resulting powder was used as
the crude total extract of the fruit. Total extracts were dis-
solved in water for cell treatment.The crude extract (10 g) was
subsequently partitioned between ethyl acetate (EtOAc) and
distilled water. The EtOAc fraction was concentrated under
reduced pressure in a rotary evaporator and lyophilized. The
EtOAc fractions were dissolved with DMSO, filtered using
sterilized syringe filter through a 0.22 𝜇m membrane pore,
and stored at −20∘C before use.

2.2. Reagents. Dulbecco’s modified Eagle’s medium
(DMEM), penicillin-streptomycin, fetal calf serum (FCS),
and fetal bovine serum (FBS) were from Gibco BRL
(Grand Island, NY, USA). Insulin, 3-isobutylmethylxanthine

(IBMX), and dexamethasone (DEX) were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). Anti-C/EBP𝛼,
anti-resistin, and anti-GAPDH antibodies were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Anti-PPAR𝛾, anti-aP2, anti-adiponectin, anti-phospho
LKB1, anti-phospho AMPK𝛼 anti-AMPK𝛼, and anti-ACC
antibodies were purchased from Cell Signaling Technology
(Beverly, MA, USA).

2.3. Cell Culture andAdipocyteDifferentiation. 3T3-L1mouse
embryo fibroblasts were obtained from the American Type
Culture Collection (Rockville, MD, USA). Cells were grown
inDMEMplus 10% calf serum and plated for final differentia-
tion in DMEM plus 10% FBS with 100 units/mL of penicillin-
streptomycin solution at 37∘C, in 5% CO

2
, at 95% humidity

until confluence. Two days after confluence (Day 0), the cells
were stimulated to differentiate with differentiation inducers
(1 𝜇M dexamethasone, 500 𝜇M 3-isobutyl-1-methylxanthine,
and 1 𝜇g/mL insulin, MDI) that were added to DMEM
containing 10% FBS for two days (Day 2). Preadipocytes
were then cultured in DMEM, 10% FBS supplemented with
1 𝜇g/mL insulin for another two days (Day 4), followed by
culturing with 10% FBS/DMEM medium for an additional
two days (Day 6), at which time more than 90% of cells
were mature adipocytes with accumulated fat droplets. On
Day 2, RF was prepared in a differentiation medium at
concentrations of 10𝜇g/mL, 50 𝜇g/mL, and 100 𝜇g/mL.

2.4. Cell Cytotoxicity Assay. Cell viability was measured
with a CellTiter 96 Aqueous One Solution Cell Proliferation
Assay Kit (Promega Corporation, Madison, USA) according
to the manufacture’s instruction. Briefly, The cells (5 × 103
per 96 well) were incubated at 37∘C in 5% CO

2
and 95% air

with different concentrations of RF. After 48 h for 3T3-L1
preadipocytes, 20 𝜇L of MTS [3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2(4-sulfophenyl)-2H-tetrazoli-
um, inner salt] solution was added to each well, incubated
for 4 h, and absorbance at 490 nm was measured using a
VERSAmax microplate reader (Molecular Devices, Sun-
nyvale, CA, USA) to determine the formazan concentration,
which is proportional to the number of live cells.

2.5. Oil Red O Staining. Intracellular lipid accumulation was
measured using Oil Red O. The Oil Red O working solution
was prepared as described by Ramirez-Zacarias et al. [22].
The 3T3-L1 cells were washed twice with phosphate-buffered
saline (PBS) and were then fixed in 10% formaldehyde in
PBS for 1 h. After washing with 60% isopropanol, the cells
were stained with Oil Red O solution for 30min at room
temperature. The cells were washed with water four times to
remove the unbound dye. The stained cells were observed
with an Olympus IX71 Research Inverted Phase microscope
(Olympus Co., Tokyo, Japan). Following the microscopic
observation, 100% isopropanol was added as an extraction
solution to extract the excess staining dye from the cells. The
absorbance of the extracted dye was measured spectropho-
tometrically at 500 nm in a VERSAmax microplate reader
(Molecular Devices, Sunnyvale, CA, USA).
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Table 1: The primer sequences used for real-time PCR.

Target gene Primer sequences

PPAR𝛾 5-TTTTCAAGGGTGCCAGTTTC-3 (sense)
5-TTATTCATCAGGGAGGCCAG-3 (antisense)

C/EBP𝛼 5-GCCGAGATAAAGCCAAACAA-3 (sense)
5-CCTTGACCAAGGAGCTCTCA-3 (antisense)

aP2 5-CGTAAATGGGGATTTGGTCA-3 (sense)
5-TCGACTTTCCATCCCACTTC-3 (antisense)

Adiponectin 5-AGACCTGGCCACTTTCTCCTCATT-3 (sense)
5-AGAGGAACAGGAGAGCTTGCAACA-3 (antisense)

Resistin 5-TTCCTTGTCCCTGAACTGCT-3 (sense)
5-AGCTCAAGACTGCTGTGCCT-3 (antisense)

GAPDH 5-AACTTTGGCATTGTGGAAGG-3 (sense)
5-GGATGCAGGGATGATGTTCT-3 (antisense)

PPAR𝛾: peroxisome proliferator-activated receptor 𝛾; C/EBP𝛼: CCAAT-enhancer-binding protein 𝛼; adipocyte fatty acid-binding protein 2; GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.

2.6. RNA Isolation and Real-Time RT-PCR. Total RNA was
extracted using a GeneAll RiboEx Total RNA extraction
kit (GeneAll Biotechnology, Seoul, Republic of Korea) and
QIAzol lysis reagent (QIAZEN sciences, Maryland, USA).
RNA (2𝜇g) was used as a template for first-strand cDNA
synthesis performed using a Power cDNA Synthesis Kit
(INTRON Biotechnology, Seoul, Republic of Korea) accord-
ing to the manufacturer’s instructions. Newly synthesized
cDNA from 3T3-L1 control cells and RF-treated cells was
amplified using specific primers and the Fast SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA,
USA). PCR products were measured with a StepOnePlus
Real-Time RT-PCR System, and the relative gene expression
was calculated based on the comparative CT method using
a StepOne software v2.1 (Applied Biosystems, Foster City,
CA, USA). The expression of Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)mRNAwas used as an endogenous
control. The primers used in the experiments are shown in
Table 1.

2.7. Western Blot Analysis. T3-L1 cells were harvested and
washed with PBS and then collected by centrifugation at
13,000 rpm for 1min at 4∘C. To obtain the cellular lysate,
cells were lysed on ice for 30min in RIPA buffer (50mM
Tris-HCl, pH 7.5, 0.15M NaCl, 1% NP-40, 0.1% sodium
dodecyl sulfate (SDS), 1mM DTT, and 1mM PMSF),
which contained a mixture of protease inhibitors (Sigma,
Mannheim, Germany). Insoluble materials were removed by
centrifugation at 13,000 rpm for 15min at 4∘C.A total of 20𝜇g
of the supernatants were separated using 10% sodiumdodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF)membranes.
After blocking with 10mM Tris, 150mM NaCl, and 0.05%
Tween-20 (TBST) (pH 7.6) containing 5% skimmilk for 1 h at
room temperature, the membranes were washed with TBST.
The membranes were incubated overnight with anti-PPAR𝛾,
anti-pAMPK, anti-AMPK, anti-C/EBP𝛼, and GAPDH at
4∘C. After washing with TBST, the blots were subsequently
incubated with horseradish peroxidase (HRP)-conjugated

affinipure Goat anti-rabbit IgG or Goat anti-mouse IgG
(Jackson ImmunoResearch Laboratory, USA) in 5%
skim milk-TBST at room temperature for 1 h. Protein
signals were developed using the ECL Western Blotting
Detection Reagent (Amersham Bioscience, Piscataway, NJ,
USA). All experiments were repeated at least three times.
Representative Western blots are shown along with the
graphs of the quantitative data. The chemiluminescent
intensities of protein signals were quantified using Quantity
One software (Bio-Rad Laboratories, Hercules, CA, USA).

2.8. AMPKa siRNA Transfection. The transfection of siRNAs
was performed according to the manufacturer’s instructions.
Preadipocytes were seeded in 6-well plates, and siRNA
transfection was carried out 2 days after the confluence of
preadipocytes. Lipofectamine 2000 (5 𝜇L) and 10 𝜇L siRNA
(10 pmol) were individually diluted and incubated in 250 𝜇L
Opti-MEM medium (Invitrogen, Carlsbad, CA, USA) for
20min. Next, these were mixed and incubated for 30min
before being added to each well. The initial medium was
removed and replaced with induction medium 48 h after
transfection.

2.9. Statistical Analysis. Results are expressed as the mean ±
SEM of independent experiments, and statistical analyses
were performed using Student’s t-test to determine differ-
ences between groups. All statistical analyses were performed
using SPSS statistical analysis software version 11.5 (SPSS Inc.,
Chicago, IL, USA). Values with ∗𝑃 < 0.05were considered to
indicate statistical significance.

3. Results

3.1. Effects of RF on Cytotoxicity and Inhibition of Adipogenesis
in 3T3-L1 Adipocytes. To determine the cytotoxicity of RF,
3T3-L1 cells were treated with various concentrations (10–
500𝜇g/mL) of RF, and the cell viability was measured by
the MTS assay. As shown in Figure 1(a), treatment with 10–
100 𝜇g/mL of RF did not cause significant cytotoxic effects
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Figure 1: Effect of RF on cell viability and lipid accumulation in 3T3-L1 cells. (a) 3T3-L1 cells were treated with RF at various concentrations
(10–500 𝜇g/mL) for 48 h. Cell viability was determined by the MTS assay. Postconfluent 3T3-L1 cells were differentiated in the absence or
in the presence of RF (0, 10, 50, and 100𝜇g/mL) for 6 days. (b) Triglyceride content was quantified by measuring absorbance. EGCG was
used as positive control. Assays were performed in duplicate for each concentration, and experiments were repeated at least three times. Data
are expressed as means ± S.D. where 𝑃 < 0.05 was considered a statistically significant difference from the differentiated control. (c) Lipid
droplets were measured by Oil Red O staining.

on 3T3-L1 cells. Next, we measured the effect of RF on
adipocyte differentiation. We used a differentiation mixture
(MDI) to induce the differentiation of 3T3-L1 cells. The
3T3-L1 cells were treated with 10, 50, and 100𝜇g/mL of
RF during differentiation; after 6 days, cells were stained
with Oil Red O. As shown in Figures 1(b) and 1(c), RF
suppressed adipocyte differentiation in a dose dependent
manner in 3T3-L1 cells, and adipogenesis was compared with
the treatment of epigallocatechin gallate (EGCG), which is
a known differentiation blocker. The cells treated with 50
and 100 𝜇g/mL of RF showed a significant reduction in lipid
accumulation through the inhibition of differentiation of
3T3-L1 preadipocytes.

3.2. Comparative Effects of RF Extraction Fraction on Inhi-
bition of Adipogenesis in 3T3-L1 Adipocytes. To determine
the comparative effects of RF extraction fraction, total water-
soluble extract was sequentially extracted with ethyl acetate
(EtOAC fraction, RFE) and water (water fraction, RFW).The
3T3-L1 cells were treated with three extracts together with
MDI, and then the extent of adipocyte differentiation was
determined by the Oil Red O staining method. As shown in
Figures 2(a) and 2(b), among the three extracts, total water-
soluble extract of RF (RF) was most effective in inhibit-
ing adipocyte differentiation indicating that antiadipogenic
activities might have been enriched RF. Troglitazone, one of
the antidiabetic drugs and a ligand for PPAR𝛾, was used as
a positive control, and 2-chloro-5-nitro-N-phenylbenzamide

GW9662, an antagonist for PPAR𝛾, was used as a negative
control.

3.3. Effect of RF on the Expression of PPAR𝛾 and C/EBP𝛼
in 3T3-L1 Adipocytes. To investigate whether RF suppresses
adipogenesis through a PPAR𝛾 pathway, gene expressions
of PPAR𝛾 and C/EBP𝛼 were evaluated by quantitative real-
timeRT-PCR andWestern blot analysis, respectively, after the
treatment of fully differentiated cells with 10–100 𝜇g/mL of
RF. We observed that the expressions of PPAR𝛾 and C/EBP𝛼
were strongly inhibited by RF at themRNA level (Figures 3(a)
and 3(b)). We also demonstrated that RF treatment resulted
in a dose-dependent suppression of PPAR𝛾 and C/EBP𝛼 at
the protein level. PPAR𝛾 and C/EBP𝛼 protein levels were
reduced up to 68% by treatment with 100 𝜇g/mL of RF
(Figures 3(c) and 3(d)).

3.4. Effect of RF onExpression of aP2, Resistin, andAdiponectin
in 3T3-L1 Adiposity. We next examined the effects of RF on
the expression of adipogenic genes such as aP2, resistin, and
adiponectin in 3T3-L1 cells. Fully differentiated cells were
treated with 50 or 100 𝜇g/mL of RF, followed by extraction
of total RNA for analysis using quantitative real-time PCR.
RF treatment with 0.05mg/mL or 0.1mg/mL significantly
decreased the expression of aP2, resistin, and adiponectin
(Figures 4(a), 4(b), and 4(c)). In particular, the resistin
mRNA level was reduced up to 53% by treatment with
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Figure 2: Effect of RF fraction on lipid accumulation of 3T3-L1 adipocyte differentiation. Postconfluent 3T3-L1 cells were differentiated in
the absence or presence of RF, RF ethyl acetate fraction (RFE), and RF water fraction (RFW) for 6 days. (a) Lipid droplets were measured by
Oil Red O staining. (b) Lipid content was quantified by measuring absorbance. Troglitazone was used as positive control, and GW9662 was
used as negative control. Data are expressed as the means ± S.D. where 𝑃 < 0.05 was considered a statistically significant difference from the
differentiated control.

100 𝜇g/mL of RF (Figure 4(b)). Consistent with the mRNA
results, Western blot analysis revealed that RF markedly
reduced the protein levels of aP2, resistin, and adiponectin
(Figure 4(d)). These results suggest that RF effectively inhib-
ited adipocyte differentiation through the downregulation of
adipogenic genes.

3.5. The Effect of RF and AMPK siRNA Pretreatment on
the Expression and Phosphorylation of Proteins Related to
Adipogenesis. LKB1, which is an upstream kinase of AMPK,
activates AMPK protein in adipose tissue [23]. To investi-
gate whether AMPK, a key player in energy homeostasis
[7], is activated by RF during 3T3-L1 differentiation, the
protein levels of p-LKB1, p-AMPK𝛼, and ACC were ana-
lyzed. When compared with the control group, LKB1 and
AMPK𝛼 phosphorylation was increased by treatment with
RF. The observed increase in the phosphorylation of LKB1
by RF suggests that RF might upregulate AMPK activity via
LKB1. However, the expression of ACC, a downstream target
protein of AMPK, was significantly suppressed (Figures 5(a)
and 5(b)). To further confirm the above results, adipocytes
were pretreated with AMPK𝛼 siRNA and then treated with
100 𝜇g/mL of RF, and the relative intracellular fat content of
each group was determined. AMPK𝛼 siRNA pretreatment
effectively decreased the relative intracellular fat content
when compared with the control group suggesting that
AMPK𝛼 siRNA can inhibit adipocyte differentiation with or
without RF treatment (Figure 5(c)). Figure 5(d) shows that
the AMPK𝛼 expression was decreased at the protein level
after the siRNA treatment. In addition, both RF and AMPK𝛼

siRNA treatments decreased the expression of PPAR𝛾 and
C/EBP𝛼 proteins.

4. Discussion

Obesity is caused by the accumulation of lipid through adi-
pogenesis in adipose tissue, and adipogenesis is the process
by which undifferentiated precursor cells differentiate into
fat storage cells. Numerous studies have demonstrated that
adipocyte differentiation and the amount of fat accumulation
are associated with the occurrence and development of
obesity. Therefore, the inhibition of adipocyte differentiation
is one of the strategies for the treatment of obesity. Recent
studies have attempted to investigate the beneficial effects of
natural products on obesity. The present study demonstrates
the novel effect of RF extract on the inhibition of adipocyte
differentiation. Our results show that RF did not cause signif-
icant cytotoxic effects in 3T3-L1 cells and significantly inhib-
ited lipid accumulation and adipocyte differentiation in a
concentration-dependent manner.These results indicate that
RF inhibited adipogenesis during adipocyte differentiation
and may have potential antiobesity effects (Figure 1). We also
demonstrated that treatment with total water-soluble extract
of RF strongly inhibited adipogenesis during adipocyte dif-
ferentiation relative to an ethyl acetate-soluble fraction of RF
(RFE) or water fraction of RF (RFW) (Figure 2).

PPAR𝛾 and C/EBP𝛼 are known to play a role in fat
cell function and adipocyte differentiation of preadipocytes
[24]. PPAR𝛾 induces C/EBP𝛼 and also increases its own
expression. Similarly, C/EBP𝛼 induces PPAR𝛾 expression as



6 Evidence-Based Complementary and Alternative Medicine

− + + + + + MDI
00 10 50 100 EGCG RF (𝜇g/mL)

0.0

0.2

0.4

0.6

0.8

1.0

∗

∗ ∗

PP
A

R𝛾
m

RN
A

 ex
pr

es
sio

n 
(fo

ld
)

(a)

− + + + + + MDI
00 10 50 100 EGCG RF (𝜇g/mL)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

∗

∗

∗

C/
EB

P𝛼
m

RN
A

 ex
pr

es
sio

n 
(fo

ld
)

(b)

− ++ + +

0 0 10 50 100
MDI
RF (𝜇g/mL)
PPAR𝛾2
PPAR𝛾1

C/EBP𝛼

GAPDH

(c)

− ++ + + MDI
0 0 10 50 100 RF (𝜇g/mL)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

∗

∗∗

∗∗

∗
Re

lat
iv

e p
ro

te
in

 ex
pr

es
sio

n 
(fo

ld
)

C/EBP𝛼

PPAR𝛾

(d)

Figure 3: Effect of RF on the expression of PPAR𝛾 and C/EBP𝛼 in 3T3-L1 cells. Postconfluent 3T3-L1 cells were differentiated in the absence
or presence of RF (0, 10, 50, and 100 𝜇g/mL) for 6 days. (a) PPAR𝛾 and (b) C/EBP𝛼mRNA expressions were evaluated by quantitative real-
time RT-PCR. (c) PPAR𝛾 and (d) C/EBP𝛼 protein expressions were analyzed byWestern blot analysis. Data are expressed as the means ± S.D.
where 𝑃 < 0.05 was considered a statistically significant difference from the differentiated control.

well as its own expression. These cooperative functions help
in maintaining high levels of PPAR𝛾 and C/EBP𝛼, and then
PPAR𝛾 stimulates adipocyte differentiation. Rosen et al. [25]
reported that C/EBP𝛼 can support adipocyte-specific gene
expression in the presence of PPAR𝛾 at the level of cell
morphology and lipid accumulation. In this study, we inves-
tigated whether RF can inhibit adipocyte differentiation
through the suppression of related transcription factors such
as PPAR𝛾- and C/EBP𝛼. As a result, RF treatment resulted in
reduced expression of PPAR𝛾 andC/EBP𝛼 at both themRNA
and protein levels in 3T3-L1 cells (Figure 3). These results
indicate that RF suppresses adipocyte differentiation through
a PPAR𝛾 and C/EBP𝛼-mediated adipogenesis mechanism.
We also observed that 3T3-L1 cells treated with RF showed
a decreased protein expression as well as mRNA expression
of several adipogenesis-related genes including aP2, resistin,
and adiponectin, in a dose-dependent manner (Figure 4).
A member of the cytoplasmic fatty acid-binding protein
family, aP2, was detected in adipose tissue, and its expression
was highly regulated during the differentiation of adipocytes
[26]. PPAR𝛾 binding is required for the function of the

fat-selective enhancer for the aP2 gene, in cultured fat cells
[24]. Resistin, an adipocyte-secreted molecule, serves as
a critical link between obesity and insulin resistance and
plays a role in the regulation of glucose homeostasis and
hepatic glucose production [27, 28]. Acute administration
of recombinant resistin to rats results in impaired glucose
tolerance and hepatic insulin resistance [28]. Previous studies
have demonstrated that compounds with antiobesity activity
inhibit adipocyte differentiation in 3T3-L1 cells through the
downregulation of PPAR𝛾, C/EBP𝛼, aP2, and resistin [29,
30]. Adiponectin is an adipocyte-derived hormone that plays
a role in insulin sensitivity and energy homeostasis [31].
Previous studies have demonstrated that PPAR𝛾 agonists can
induce an increase in adiponectin levels in 3T3-L1 adipocytes,
and that this effect is associatedwith adipocyte differentiation
via PPAR response element [32, 33].

AMPK, a central sensor of cellular energy, is a eukaryotic
heterotrimeric serine/threonine kinase, and it has emerged
as a therapeutic target for metabolic disorders including
obesity.The activation of AMPK is essential for the inhibition
of 3T3-L1 adipocyte lipogenesis by phytochemicals [34]. To
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Figure 4: Effect of RF on the expression of aP2, resistin, and adiponectin in 3T3-L1 cells. Postconfluent 3T3-L1 cells were differentiated in the
absence or presence of RF (0, 10, 50, and 100 𝜇g/mL) for 6 days. (a) aP2, (b) resistin, and (c) adiponectin mRNA expression were evaluated
by the quantitative real-time PCR. (d) aP2, resistin, and adiponectin protein levels were analyzed by Western blot analysis. GAPDH was
used as internal controls. Data are expressed as means ± S.D. where 𝑃 < 0.05 was considered a statistically significant difference from the
differentiated control.

determine whether RF inhibits adipocyte differentiation by
activating AMPK, the levels of LKB1/AMPK phosphoryla-
tion were determined. The results show that the levels of
LKB1/AMPK phosphorylation are elevated significantly after
RF treatment (Figures 5(a) and 5(b)). Furthermore, RF treat-
ment inactivates the downstream substrate ACC, which is a
key enzyme of lipogenesis. This result indicates RF inhibited
adipocyte differentiation via the activation of LKB1/AMPK.
It was reported that AMPK regulates PPAR𝛾 and C/EBP𝛼,
which are the critical regulators of adipogenesis and fat accu-
mulation in adipocytes [35]. For example, AMPK activator A-
769662 inhibits adipocyte differentiation by downregulating
PPAR𝛾, C/EBP𝛼, FAS, and aP2 [6]. It has been also reported
that the treatment of 3T3-L1 preadipocytes with an AMPK
activator, AICAR, could inhibit the differentiation process
[36].

Conversely, Compound C, which is an inhibitor of
AMPK, significantly inhibited the adipogenic differentia-
tion of 3T3-L1 cells in a dose-dependent manner, and this
inhibitory effect was primarily effective in the initial stage of
differentiation [37, 38]. The fact that AMPK signaling might
be associated with an adipocyte differentiation program is
still controversial, but we found that preadipocyte 3T3-L1
cells were not able to develop to mature adipocytes in the

presence of RF and that this effect was promoted when the
cells were pretreated with AMPK siRNA (Figure 5(c)). In
addition, the expression of PPAR𝛾 andC/EBP𝛼wasmarkedly
decreased by AMPK𝛼 siRNA pretreatment (Figure 5(d)).
Although the downregulation of p-AMPK decreased the
protein levels of PPAR𝛾 and C/EBP𝛼, a direct correlation has
not been understood. It has been also reported that AICAR
was able to inhibit differentiation either at early or late stages
of differentiation [36]. We therefore infer that RF is able
to inhibit differentiation with an increasing level of AMPK
activity at the late stage of differentiation and not the early
stage of differentiation.

5. Conclusion

In conclusion, the objective of this study was to elucidate
the effect of RF on adipogenesis in 3T3-L1 cells. This study
demonstrated that the extract of RF inhibited adipocyte
differentiation of 3T3L-1 and fat accumulation. The antiadi-
pogenic mechanism of RF involves the downregulation of
the adipogenic transcription factors, PPAR𝛾 and C/EBP𝛼,
which are related to the expression of aP2, resistin, and
adiponectin. In addition, we observed that RF increases
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Figure 5: Effects of RF on the phosphorylation of AMPK during 3T3-L1 differentiation. 3T3-L1 preadipocytes were differentiated in the
presence of RF (0, 10, 50, and 100 𝜇g/mL) for 6 days. (a) p-LKB1, p-AMPK, and ACC protein levels were analyzed by Western blot analysis.
(b) Densitometry analyses were presented as relative ratios of p-LKB1/GAPDH, p-AMPK/AMPK, and ACC/GAPDH. (c) 3T3-L1 cells were
treated with RF (Day 4) in AMPK𝛼 siRNA pretreatment (Day 0). Cells were stained with Oil Red O at 6 days, and lipid contents were
quantified. These experiments were conducted as independent experiments in triplicate. Data represent the mean ± S.D. where 𝑃 < 0.05
was considered a statistically significant difference from the differentiated control. (d) After AMPK𝛼 siRNA pretreatment and RF-treated
differentiation, the protein expressions of AMPK𝛼, PPAR𝛾, and C/EBP𝛼 were determined by Western blot analysis.

AMPK phosphorylation, which plays major roles in the
expression of PPAR𝛾 and C/EBP𝛼. These findings suggest
that RF might have a therapeutic effect in the prevention of
adipogenesis-related obesity and may be a potential natural
drug candidate for the treatment of obesity.
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Purpose. The purpose of our study was to examine the relationships between pathological patterns and self-rated quality of life
(QoL). Methods. A total of 426 Korean subjects participated in this study (male : female = 154 : 272). The subjects were asked
to complete Yin Deficiency (YD), Qi Deficiency (QD), Food Stagnation (FS), Blood Stasis (BS), Phlegm, and Seven Emotions
Impairment (SEI) pattern Questionnaires and the General Health Questionnaire (GHQ). We formed a pathway model consisting
of pathological patterns and QoL questionnaire scores and examined which pathological patterns resulted in decreased QoL using
path analysis. Results.Our pathway model had satisfactory fitness levels (GFI = 0.975, NFI = 0.984, and CFI = 0.984) and showed
that Phlegm and SEI patterns directly resulted in decreased QoL, whereas QD, YD, FD, and BS indirectly resulted in decreased
QoL. The pathway model suggested that the severity or stage of decreased QoL may be estimated by pathological patterns: QD
and YD patterns are associated with the early stage; FS and BS patterns are associated with the middle stage; Phlegm and SEI are
associated with the later stage of decreased QoL. Conclusion. Our results suggest that pathological patterns directly or indirectly
affect decreases in QoL.

1. Introduction

In East Asian medicine (EAM), the notion of pathological
patterns refers to the cause, nature, and location of pathogens
at a certain stage of disease or condition of healthy Qi, Blood,
Yin, or Yang affected by those pathogens [1]. In addition
to being used for diagnostic purposes, pattern diagnosis
guides the practitioner toward a treatment principle, whereby
specific acupoints and herbal formulae are selected for treat-
ment, using a holistic approach [2]. According to the results
of pattern diagnosis, specific treatments can be prescribed
to maximize effectiveness [3–5]. When conducting pattern
diagnosis, self-reported symptoms are the main clues used

for determining pathological patterns. For example, symp-
toms of fatigue and a feeling of heaviness in the limbs are
important clues for determining a deficiency pattern of the
Qi. However, these symptoms are subjective and difficult to
evaluate objectively. Therefore, a few pathological pattern
questionnaires including the Yin Deficiency Questionnaire
(YDQ) [6], Qi Deficiency Questionnaire (QDQ) [7], Food
Stagnation Questionnaire (FSQ) [8], Blood Stasis Question-
naire (BSQ) [9], Phlegm Pattern Questionnaire (PPQ) [10],
and Seven Emotions Impairment Questionnaire (SEIQ) [11]
were developed based on self-reported symptoms.

It is interesting that quality of life (QoL) is evaluated
mainly by self-rated symptoms, similarly to pathological
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pattern questionnaires. QoL is an individual’s perception of
his or her position in life in the context of the culture and
value systems in which he or she lives and in relation to his
or her goals, expectations, standards, and concerns [12]. QoL
is a broadly ranging concept, comprised of domains such
as emotional well-being, social functioning, physical health,
patient environment and personal beliefs, and can be assessed
with both generic and condition-specific instruments [13].
QoL is particularly useful as an outcome measure in studies
of diseases that have no obvious biological or clinical markers
[14]. In these conditions, alleviation of symptom becomes a
treatment priority, and, in the absence of objective clinical
criteria, treatment efficacy should be evaluated by self-
reported symptoms as well as based on patient well-being and
functioning [15–17]. QoL generally correlates well with symp-
tom severity scores in untreated patients, and improvement
in QoL consequent to effective treatment has been reported
[18]. The General Health Questionnaire (GHQ) is a measure
of currentmental health and has beenwidely used in different
settings and different cultures [19]. As GHQ score increases,
psychological QoL level decreases.

Many studies have addressed the relationships between
QoL and frequently manifesting symptoms such as pain
[20–22], fatigue [23], displeasure [24], disorder of emotions
[25–27], and indigestion [28]. These symptoms are also
associated with pathological patterns and serve as items
on the pathological pattern questionnaires. Therefore, it is
plausible that pathological pattern questionnaire scores are
related to the QoL level. However, few studies have addressed
the relationship between QoL and pathological patterns.

Cho et al. reported that SEIQ subscale scores extracted
by principal component analysis (PCA) were associated with
QoL, rated on a visual analog scale (VAS) [29]. However,
to our knowledge, there are no studies that examined the
relationships between pathological pattern scores and self-
rated QoL. In this study, we used path analysis to examine
these relationships. Path analysis is a straightforward exten-
sion of multiple regression models. Its aim is to provide
estimates of the magnitude and significance of hypothesized
causal connections between sets of variables [30]. Using
path analysis, both the direct effects and indirect effects of
pathological patterns on self-rated QoL can be estimated.

We formed a pathway model consisting of six pathologi-
cal patterns and QoL questionnaire scores and hypothesized
that the pattern scores would directly or indirectly affect
the self-rated QoL scores. We examined the model-to-data
fitness of ourmodel and its effective power of the pathological
patterns on QoL using path analyses.

2. Subjects and Methods

2.1. Subjects. A total of 426 Korean outpatients visiting
four EAM clinics between July and August 2011 for pain-
related problems including shoulder pain, low back pain,
and ankle sprain, as well as headache, dizziness, indigestion,
and chronic fatigue problems, participated in this study
(male : female = 154 : 272). Table 1 lists the age distribution
of subjects by gender. After the purpose of this study was
presented to the subjects and informed consent was obtained

Table 1: Age distribution of the participants.

Age Male (𝑛) Female (𝑛) Total (𝑛)
20–29 37 42 79
30–39 33 48 81
40–49 24 51 75
50–59 39 85 124
60–64 21 46 67
Total 154 272 426

from all subjects, they were asked to complete YDQ, QDQ,
FSQ, BSQ, PPQ, SEIQ, and GHQ questionnaires. Table 2 lists
questionnaire items of the YDQ, QDQ, FSQ, BSQ, PPQ, and
SEIQ.

2.2. Questionnaires. To estimate decreases in QoL, we
used the Korean version of the GHQ (K-GHQ) [31].
The K-GHQ consists of 28 items and is categorized into
four domains: somatic symptoms, anxiety/insomnia, self-
dysfunction, and severe depression. As mentioned in the
introduction, increased total score of the GHQ leads to
decreased QoL. Each item of the K-GHQ was rated on a 4-
point Likert scale: 0 = not at all; 1 = no more than usual; 2 =
rather more than usual; 3 =muchmore than usual.The GHQ
scoring system transforms Likert scores of 0 and 1 to 0 points
and Likert scores of 2 and 3 to 1 point. This dichotomous
scoring method has the advantage of eliminating errors due
to end users andmiddle users.Therefore, the 28 dichotomous
total scores of the K-GHQ were summed in this study.

YinDeficiency (YD) is a pattern resulting fromdeficiency
of Yin fluid and essence and usually manifests as emacia-
tion, dizziness, tinnitus, dryness of the mouth and throat,
afternoon fever, and night sweats [1]. YDQ consists of 30
items related to YD [6]. The QDQ is a 22-item questionnaire
relating to spleen Qi Deficiency (QD) [7]. Food Stagnation
(FS) manifests as epigastric and abdominal distention, dys-
pepsia, water brash, anorexia, offensive odor of stools, and
curd-like and slimy tongue coating [1]. The FSQ consists of
20 items to estimate symptoms related to FS [8]. Blood Stasis
(BS) is defined as a pathological product of blood stagnation,
including extravasated blood and sluggishly circulating blood
or blood congested in a viscus, all of which may result
in pathology [1]. The BSQ consists of 14 items to estimate
symptoms related to BS [9]. Phlegm is the viscous turbid
pathological product that can accumulate in the body, causing
a variety of diseases [10]. The PPQ consists of 26 items to
estimate self-rated symptoms related to Phlegm Pattern (PP)
[10]. SevenEmotions Impairment (SEI) is a collective term for
joy, anger, thought, anxiety, sorrow, fear, and fright, taken as
endogenous factors causing diseases if in excess [1].The SEIQ
consists of 22 items to evaluate SEI [11].TheYDQ,QDQ, FSQ,
BSQ, PPQ, and SEIQ were rated on a 7-point Likert scale: 1 =
disagree very strongly; 2 = disagree strongly; 3 = disagree; 4 =
neither agree nor disagree; 5 = agree; 6 = agree strongly; and
7 = agree very strongly. When conducting path analysis, the
total scores of the six pattern questionnaires were subtracted
from the number of total items to moderate the mean values.
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Figure 1: Research model for relationships between pathological
patterns and quality of life.

2.3. ResearchModel. Therelationships between the six patho-
logical patterns were formed based on the EAM theory; the
research model is depicted in Figure 1. YD affects FS because
fluid, a source of Yin, is necessary when digesting food [32].
Deficiency fire resultant from YD burns and concentrates
fluid and may form Phlegm [33]. Deficiency fire resultant
from YD occurs in the upper body and results in palpitation,
insomnia, and burning in the chest.Therefore, YDmay affect
SEI [32].

Digestion is conducted by spleen Qi, and QD may affect
FS, which manifests as dyspepsia [32]. It is generally accepted
that fluid cannot be transported to all parts of the body in
the QD condition, and it may be deformed to Phlegm [32].
Spleen QD and heart QD are the main factors of SEI [33].
Blood circulates through the meridians with the assistance of
the Qi. However, blood may stagnate in QD conditions, and
BS may occur [32].

FS andBS have some related symptoms including abdom-
inal lumps, nosebleeds, and bloody stools. FS also shares
some SEI-related symptoms such as flank pain, chills and
fever, and chest pain. These symptoms may be due to the
effects of FS on BS and SEI [33–35]. FS, like QD, results
in deformation of the fluid and may affect the formation
of Phlegm. BS facilitates the formation of tumors or lumps,
which in EAM theory are considered to be combinations
of BS and Phlegm [33]. Therefore, it is possible that BS
may affect PP. BS affects emotions, especially in women.
For example, BS in the lower abdomen during menstruation
may result in severe irritability [33, 36]. Thus, BS may affect
SEI. Finally, Phlegm stagnated in the upper body results in
neurophysiological symptoms such as palpitation, dizziness,
chest discomfort, and sensitivity to noise [9]. Therefore, PP
may affect SEI [33]. After forming the 12 pathways consisting
of the six pathological patterns, the six direct pathways of the
pathological patterns for decreased QoL estimated by GHQ
scores were added to the pathway model.

2.4. Statistical Analysis. In our study, path analysis was used
to examine whether the pathway model was acceptable and
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Figure 2: Results of path analysis. The model provided a good fit
(GFI = 0.975, NFI = 0.984, CFI = 0.984). Note that the correlation
between YD and QD is located on a two-directional arrow, whereas
standard estimates of each pathological pattern to other patterns or
QoL are located on the corresponding one-directional arrows.

to examine which pathways among direct and indirect effects
were more influential on QoL. We calculated three model
fitness indexes, Goodness-of-Fit Index (GFI), Normed Fit
Index (NFI), and Comparative Fit Index (CFI), to strictly
evaluate the fitness of the proposed model [37–40]. Stan-
dardized estimates were calculated to compare the relative
predictive powers of pathological patterns to decreases in
QoL. Squaredmultiple correlations (SMC) were calculated to
examine the percentage of pathological patterns contributing
to decreases in QoL or were explained by other pathological
patterns. All statistical analyses were performed with AMOS
18. In the model fitness tests, GFI > 0.950, 0 < NFI < 1, and
CFI > 0.90 indicated statistical significance [37, 41, 42]. In
examining standardized estimates of the direct and indirect
effects, 𝑃 < 0.05 indicated statistical significance.

3. Results

The results of the research model are presented in Figure 2.
Correlation appears as a two-directional arrow, and standard-
ized path coefficients appear as one-directional arrows.Three
fitness indices showed that our research model possessed a
satisfactory model-to-data fitness level (GFI = 0.975, NFI =
0.984, and CFI = 0.984).

Table 3 lists SMC and standardized estimates of the
pathological patterns and decreases in QoL. The SMC values
of FS, BS, Phlegm, SEI, and K-GHQ were 0.555, 0.667, 0.775,
0.726, and 0.437, respectively, indicating that Phlegm and SEI
patterns result from other pathological patterns. Decreases in
QoL were significantly affected by two pathological patterns:
SEI (𝛽 = 0.444) and Phlegmpatterns (𝛽 = 0.350).The highest
estimate for the standardized regression weight was found in
the path from the QD to FS (𝛽 = 0.576), and both the path
from FS to BS (𝛽 = 0.507) and the path from BS to Phlegm
(𝛽 = 0.481) showed higher estimates than other pathways.
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Table 3: Results of path analysis.

Regression
weight or
correlation

Pathological pattern or QoL SMC Standardized estimate Estimate S.E. C.R. 𝑃 value

Regression
weight

Yin Deficiency → Food Stagnation 0.555 0.230 0.266 0.049 5.457 <0.001
Qi Deficiency → Food Stagnation 0.576 0.436 0.032 13.668 <0.001
Food Stagnation → Blood Stasis 0.667 0.507 0.449 0.036 12.500 <0.001
Qi Deficiency → Blood Stasis 0.372 0.250 0.027 9.173 <0.001
Food Stagnation → Phlegm

0.775

0.129 0.135 0.042 3.236 0.001
Blood Stasis → Phlegm 0.481 0.564 0.047 12.037 <0.001
Yin Deficiency → Phlegm 0.253 0.305 0.037 8.145 <0.001
Qi Deficiency → Phlegm 0.143 0.113 0.031 3.682 <0.001
Yin Deficiency → Seven Emotions Impairment

0.726

0.121 0.174 0.053 3.284 0.001
Food Stagnation → Seven Emotions Impairment 0.052 0.065 0.055 1.168 0.243
Qi Deficiency → Seven Emotions Impairment 0.382 0.359 0.041 8.762 <0.001
Blood Stasis → Seven Emotions Impairment 0.239 0.335 0.071 4.692 <0.001
Phlegm → Seven Emotions Impairment 0.163 0.195 0.064 3.052 0.002
Seven Emotions Impairment → quality of life

0.437

0.444 1.739 0.273 6.379 <0.001
Qi Deficiency → quality of life 0.019 0.072 0.250 0.287 0.774
Blood Stasis → quality of life −0.089 −0.489 0.411 −1.190 0.234
Food Stagnation → quality of life −0.088 −0.430 0.312 −1.379 0.168
Yin Deficiency → quality of life 0.050 0.281 0.301 0.935 0.350
Phlegm → quality of life 0.350 1.637 0.362 4.521 <0.001

Correlation Yin Deficiency↔ Qi Deficiency 0.641 0.511 0.046 11.122 <0.001
SMC: squared multiple correlations, S.E: standard error, C.R.: critical ratio.

Table 4 lists direct, indirect, and total standardized esti-
mates of the pathological patterns and decreases in QoL. YD,
QD, BS, PP, and SEI all showed significant total effects (𝛽 =
0.233, 0.389, 0.220, 0.423, and 0.444, resp.). Interestingly, YD,
QD, and BS pathological patterns had only indirect effects on
decreases in QoL. QDwas a strong determinant of the FS, BS,
Phlegm, and SEI patterns (𝛽 = 0.576, 0.664, 0.537, and 0.658,
resp.). FS was a strong effector of BS (𝛽 = 0.507), indicating
that QD has an indirect effect on decreases in QoL via other
pathological patterns such as BS, FS, SEI, or PP.

4. Discussion

In this study, we hypothesized that pathological patterns
would affect decreases in QoL, and we formed a pathway
model according to the EAM theory. Our pathway model
had satisfactory model-to-data fitness levels (GFI = 0.975,
NFI = 0.984, and CFI = 0.984). As hypothesized, pathological
patterns affected decreases in QoL. The influence of patho-
logical patterns on decreases in QoL could be classified into
direct and indirect pathological pattern determinants. For
example, Phlegm and SEI directly affected decreases in QoL,
and the total path estimates of the two patterns were similar,
indicating that progressive Phlegm and SEI patterns directly
induce decreases in QoL. Interestingly, the total effects of
SEI on QoL decrease consist of only direct effects, whereas
those of Phlegm consist of both direct and indirect effects,
suggesting that the Phlegm pattern has a direct effect on

decrease in QoL or an indirect effect on the aggravation of
SEI followed by a decrease in QoL.

It is noteworthy that QD, YD, and BS patterns only
indirectly affected decreases in QoL. For example, QD and
BS patterns resulted in the formation or progression of PP
and SEI, and, thereafter, formed or progressive Phlegm and
SEI patterns decreased QoL. Especially, QD was a strong
and general effector of the BS, Phlegm, SEI, and FS patterns.
Although YD was also a general effector of the Phlegm, SEI,
BS, and FS patterns, its efficacy was not as strong as that
of QD. It is interesting that FS induces an increase in the
Phlegm, BS, and SEI patterns, although it had a weak indirect
effect on decreases in QoL, suggesting that FS, like other
pathological patterns, should be considered andmanaged for
the purpose of improving QoL. According to our pathway
model, QD and YD patterns should be preferably estimated
and managed in order not to result in decreases in QoL.
When QD and YD were not managed, the FS or BS pattern
occurred. In this stage, FS and BS formed secondarily from
QDandYD induced Phlegmor SEI formation, which directly
lowers the QoL. Taken together, our study results suggest
that pathological patterns can be categorized into three levels
from the QoL-etiological perspective: increased QD and YD
patterns refer to the early stage of decreases in QoL, FS and
BS patterns refer to themiddle stage, and increases in Phlegm
and SEI patterns refer to the latter stage of decreases in QoL.
Therefore, in individuals with Phlegm or SEI patterns, QoL
issues should be more intensively managed.
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Table 4: Results of total, direct, and indirect effects.

Dependent variable Standardized effect
Independent variable

Qi Deficiency Yin Deficiency Food Stagnation Blood Stasis Phlegm Seven Emotions
Impairment

Food Stagnation
Total 0.576∗ 0.230∗

Direct 0.576∗ 0.230∗

Indirect 0.000 0.000

Blood Stasis
Total 0.664∗ 0.117∗∗ 0.507∗∗

Direct 0.372∗ 0.000 0.507∗∗

Indirect 0.292∗ 0.117∗∗ 0.000

Phlegm
Total 0.537∗∗ 0.339∗ 0.373∗∗ 0.481∗∗

Direct 0.143∗∗ 0.253∗ 0.129∗ 0.481∗∗

Indirect 0.394∗ 0.086∗∗ 0.244∗∗ 0.000

Seven Emotions Impairment
Total 0.658∗∗ 0.216∗ 0.234∗ 0.318∗∗ 0.163∗

Direct 0.382∗∗ 0.121∗ 0.052 0.239∗ 0.163∗

Indirect 0.276∗ 0.095∗ 0.182∗∗ 0.078∗ 0.000

Decreases in quality of life
Total 0.389∗∗ 0.233∗ 0.101 0.220∗∗ 0.423∗ 0.444∗

Direct 0.019 0.050 −0.088 −0.089 0.350∗ 0.444∗

Indirect 0.370∗∗ 0.184∗∗ 0.189∗∗ 0.309∗∗ 0.072∗∗ 0.000
∗

𝑃 < 0.05, ∗∗𝑃 < 0.01.

In summary, we hypothesized that pathological patterns
may affect decreases in QoL and form a pathway model
consisting of YDQ,QDQ, FSQ, BSQ, PPQ, SEIQ, andK-GHQ
scores. Our pathway model had satisfactory model-to-data
fitness level and suggested that pathological patterns could
be categorized into direct and indirect pathological pattern
determinants ofQoL decrease.Moreover, the severity or stage
of QoL problems could be estimated by the pathological
patterns, and therefore, suitable treatments to alleviate each
pathological pattern can be conducted to improve QoL.
Although, in this study, we proposed a pathway model with
a satisfactory model-to-data fitness and presented the causal-
ities of pathological patterns to decreases in QoL, our study
had some limitations. First, our study was conducted only in
Seoul, Korea, and, as a result, has limited population validity.
Second, GHQ has the inherent limitation of examining QoL
only from the psychological point of view. Further studies are
required in order to overcome these limitations with respect
to population validity and psychological QoL.

5. Conclusions

In this study, we hypothesized that pathological patterns
would affect QoL. We formed a pathway model consisting
of YDQ, QDQ, FSQ, BSQ, PPQ, SEIQ, and K-GHQ scores
according to the EAM theory and examined the model-to-
data fitness of our pathway model; our proposed pathway
model had satisfactory fitness levels (GFI = 0.975, NFI =
0.984, and CFI = 0.984). The pathway model showed that
Phlegm and SEI patterns were direct effectors on QoL,
whereas QD, YD, FD, and BS were indirect effectors on QoL.

The pathway model results also suggested that the severity or
stage of decreasedQoL could be estimated by the pathological
patterns: QD and YD patterns were linked to the early stage;
FS and BS patterns were linked to the middle stage; Phlegm
and SEI patterns were linked to the latter stage of decreased
QoL. A suitable pattern treatment should be conducted to
improve QoL according to stage. Further studies are required
in order to overcome the study limitations with respect to
population validity and psychological QoL.
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Trichosanthes kirilowii tuber is a traditional medicine which exhibits variousmedicinal effects including antidiabetic and anticancer
activities in several cancer cells. Recently, it was reported that Cucurbitacin D (CuD) isolated from Trichosanthes kirilowii also
induces apoptosis in several cancer cells. Constitutive signal transducer and activator of transcription 3 (STAT3), which is an
oncogenic transcription factor, is often observed in many human malignant tumor, including breast cancer. In the present study,
we tested whether Trichosanthes kirilowii ethanol extract (TKE) or CuD suppresses cell growth and induces apoptosis through
inhibition of STAT3 activity in breast cancer cells.We found that bothTKE andCuD suppressed proliferation and induced apoptosis
and G2/M cell cycle arrest in MDA-MB-231 breast cancer cells by inhibiting STAT3 phosphorylation. In addition, both TKE and
CuD inhibited nuclear translocation and transcriptional activity of STAT3. Taken together, our results indicate that TKE and its
derived compound, CuD, could be potent therapeutic agents for breast cancer, blocking tumor cell proliferation and inducing
apoptosis through suppression of STAT3 activity.

1. Introduction

Breast cancer is the most common disease in women and
the leading cause of cancer death. The cause of breast cancer
involves a genetic disorder, life style, or dietary factors. There
are effects in breast cancer therapy that have improved the
survival period and quality of life. However, breast cancer
patients continue to die, and thus new therapeutic strategies
of breast cancer are required. Signal transducer and activator
of transcription3 (STAT3) is an oncogenic transcription
factor which is constitutively activated in more than 50% of
primary breast tumor and tumor-derived cell lines [1, 2].

Apoptosis plays a crucial role during embryonic devel-
opment and tissue homeostasis [3]. It is related to the acti-
vation of the family of central components of the apoptotic
machinery known as Caspases [4, 5]. To date, research
indicates that there are two main apoptotic pathways: the
extrinsic or death receptor pathway and the intrinsic or

mitochondrial pathway. The extrinsic and intrinsic path-
ways converge on the same terminal execution pathway.
This pathway is initiated by the cleavage of caspase-3 and
results in DNA fragmentation, degradation of cytoskeletal
and nuclear proteins, cross-linking of proteins, formation of
apoptotic bodies, expression of ligands for phagocytic cell
receptors, and finally uptake by phagocytic cells. Apoptotic
cell death is controlled by diverse signaling pathways, which
may activate either extrinsic inducers (caspase-8) or intrinsic
inducers (caspase-9). The extrinsic signaling pathways that
initiate apoptosis involve transmembrane receptor-mediated
interactions. The intrinsic signaling pathways that initiate
apoptosis involve a diverse array of non-receptor-mediated
stimuli that produce intracellular signals that act directly on
targets within the cell and are mitochondrial-initiated events.
Bcl-2 family members (Bcl-2, Bcl-XL, BAX, Bak, Bad, and
Bid) are associated with mitochondrial death pathway and
cell cycle progression [6].
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Trichosanthes kirilowii tuber extract (TKE) is a traditional
medicine used in East of Asia for patients with diabetes
symptoms. Trichosanthin (TCS), which is also known as type
1 ribosome-inactivating protein, is a chemical component
derived fromTKE [7]. TCS acts as a potent inhibitor of HIV-1
replication and is known to have various antitumor functions
[8, 9]. Recently, it was reported that Cucurbitacin D, isolated
from TKE, induces apoptosis in human hepatocellular carci-
noma cells [10].

Cucurbitacins refer to a group of tetracyclic triterpenoids
initially identified in the plant family of Cucurbitaceae. In
traditional medicine, cucurbitacin-containing plants have
been known for their anti-inflammatory, antimicrobial, and
antitumor activities [11, 12].There are 17mainmolecules from
cucurbitacin A to cucurbitacin T and hundreds of derivatives
from them. Among those, cucurbitacin B, D, E, I, and their
derivatives have been studied extensively for their strong
anticancer activities. Also, cucurbitacin F, O, P, Q, and their
derivatives are known to have modest anticancer activities
[11]. JAK-STAT pathway, AKT-PKB pathway, and MAPK
pathway are significantly associated with cancer and action
of cucurbitacin family [13, 14].

In this study, we hypothesized that TKE and its derived
compound, CuD, may modulate the STAT3 signaling path-
way and sensitize breast cancer cells to apoptosis. To confirm
this hypothesis, we treated MDA-MB-231 cells with TKE or
CuD and performed experiments to observe the changes in
STAT3 expression and its transcriptional activity.

2. Material and Method

2.1. Reagents. 4,6-diamidino-2-phenylindole (DAPI), (3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), and dimethyl sulfoxide (DMSO) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Propidium Iodide
(PI) and Alexa Flour 488 goat anti-rabbit antibody were
purchased from Invitrogen (Carlsbad, CA, USA). Cucurbit-
acin D was purchased from Extrasynthese (Genay Cedex,
France). Antibodies against phospho-STAT3 (Tyr 705) and
total STAT3were obtained fromCell signaling (Danvers,MA,
USA). Antibodies against pro-caspase-9, cleaved-caspase-9,
cleaved-caspase-8, pro-caspase-3, cleaved-caspase-3, and
PARP/p85 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).

2.2. Preparation of Trichosanthes kirilowii Alcohol Extract
(TKE). Trichosanthes kirilowii was purchased from Omni-
herb (Yeongcheon, Republic of Korea). A ground powder (a
mass of 100 g) was extracted twice with 80% (V/V) ethanol by
using an ultrasonicator (Branson Ultrasonics, Danbury, CT,
USA) for 30min at room temperature. The alcohol extract
was evaporated at 40∘C (Evaporator, Eyela, Japan) and then
freeze-dried for 72 h (Freezedryer, Matsushita, Japan). The
powder from the extract was dissolved in distilled water
to make a concentration of 200mg/mL and centrifuged at
13,000 rpm at 4∘C for 5min.The supernatant TKE was stored
in aliquots at −80∘C until further analysis.

2.3. Cell Culture. MCF7, SK-BR3, and MDA-MB-231 breast
cancer cells obtained from American Type Culture Collec-
tion (ATCC) were maintained in RPMI1640 supplemented
with 10% heat-inactivated fetal bovine serum (Invitrogen,
Carlsbad, CA, USA) and 100U/mL antibiotic-antimycotic
(Invitrogen). Cells were maintained at 37∘C in a humidified
incubator with 5% CO

2
.

2.4. Cell Viability Assay. Cell viability was measured using
MTT assay. Cells were plated in 96-well flat bottom tissue
culture plates at a density of 5× 103 cells/well and incubated
for 24 h. Cells were cultured for additional 24 hwith TKE (10–
200𝜇g/mL) or CuD (0.1–10𝜇g/mL). After incubation, MTT
reagents (0.5mg/mL) were added to each well, and the plates
were incubated in the dark at 37∘C for another 2 h. Medium
was removed, formazan was dissolved in DMSO, and optical
density was measured at 570 nm using an ELISA plate reader.

2.5. Flow Cytometric Analysis. Flow cytometry was used to
analyze cell cycle distribution. Cells (3× 105) were seeded in
60mm dishes. After 24 h, cells were cultured for additional
6 or 24 h in the absence (control) or presence of 60 𝜇g/mL
TKE. Trypsinized cells were washed with phosphate-buffer
saline (PBS), fixed in 95% ethanol containing 0.5% Tween-20
overnight at −20∘C. After washing with PBS, cells were then
incubated with 1U/mL of RNase A and 10𝜇g/mL of PI for
30min at room temperature in the dark. DNA content in each
cell nucleus was determined by a FACScalibur flow cytometer
(Becton-Dickinson, San Jose, CA, USA), and cell cycle was
analyzed using a ModFit LT V2.0 software.

2.6. Western Blot Analysis. Cells were harvested, and cell
pellets were incubated in one volume of lysis buffer [50mM
Tris-Cl pH 7.4, 1% NP-40, 0.25% sodium deoxycholate, 0.1%
SDS, 150mM NaCl, 1mM EDTA, and protease inhibitor]
for 20min and centrifuged at 13,000 rpm at 4∘C for 20min.
Aliquots containing 20𝜇g of protein were separated by
SDS-polyacrylamide gel electrophoresis using 8–12% gels
and transferred to nitrocellulose membranes (Protran nitro-
cellulose membrane, Whatman, UK). Membranes were
blocked with 5% nonfat milk and probed with specific
primary antibodies. Membranes were then incubated with
horseradish peroxidase-conjugated secondary IgG antibody
(Calbiochem, San Diego, CA, USA) and visualized using the
enhanced chemiluminescence detection system (Amersham
ECL kit, Amersham Pharmacia Biotech Inc. Piscataway, NJ,
USA).

2.7. Immunocytofluorescence. Cells were plated in 8-well
chamber slide at a density of 2× 104 cells/well and incu-
bated for 24 h. Cells were cultured for additional 24 h with
20𝜇g/mL of TKE or culture medium alone (control). After
incubation, cells were fixed with 4% paraformaldehyde for
30min, and the slides were incubated with 5% BSA for
1 h. After overnight incubation with rabbit polyclonal anti-
human STAT3 antibody (dilution, 1 : 500), the slides were
washed with PBS and then incubated with FITC-conjugated
secondary antibody (dilution, 1 : 500) at room temperature
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Figure 1: TKE and CuD inhibits cell proliferation in MCF7, SK-BR3, and MDA-MB-231 breast cancer cells. (a) Chemical structure of CuD.
((b), (c)) Different breast cancer cells were seeded into 96-well plates and treated with different concentrations of TKE (0, 10, 30, 60, 100,
200 𝜇g/mL) or CuD (0, 0.1, 0.5, 1, 5𝜇g/mL) for 24 h. Cell viability measured by MTT assay. Data was reported as the percentage change in
comparison to the 0𝜇g/mL concentration group, which were assigned 100% viability. The error bars represent the mean± standard deviation
(SD).

for 1 h. After a brief washing in PBS, the slides were incubated
with DAPI solution at room temperature for 5min for
counter staining. The slides were then washed with H

2
O and

mounted by antifade mounting solution. The immunoflu-
orescence staining of the cells was observed with confocal
microscope (Zeiss, Germany).

2.8. Terminal Nucleotidyl Transferase-Mediated Nick End
Labeling (TUNEL) Assay. Cells were plated in 8-well cham-
ber slide at a density of 2× 104 cells/well and incubated for
24 h. Cells were cultured for additional 24 h with 20𝜇g/mL
of TKE or culture medium alone (control). After incubation,
cells were fixed with 4% paraformaldehyde and incubated
with 1% Triton X-100 in PBS for 2min on ice for perme-
abilization. TUNEL staining was performed using TUNEL-
label, enzyme kit (Roche) according to the manufacturer’s
instructions. The immunofluorescence staining of the cells
was observed with confocal microscope.

2.9. Luciferase Assay. For the assay, MDA-MB-231 cells were
plated and allowed to attach by overnight incubation. Next
day, cells were transfected with control siRNA (Qiagen,
Venlo, Netherlands) and STAT3 siRNA (SanTa Cruz, CA,

USA) in the presence of STAT3-luciferase reporter using
lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Cells
were then treatedwith TKE orCuD for 24 h. Luciferase assays
were performed using a dual-luciferase assay kit (Promega,
Madison, WI, USA) according to the manufacturer’s instruc-
tions. Briefly, cells were lysed using a passive lysis buffer. Cell
lysates were then centrifuged, and the supernatant was saved
for analysis. Finally, luciferase activities were determined
using a luminometer (BMG Labtech, Ortenberg, Germany).

2.10. Liquid Chromatography-Mass Spectrometry Analysis.
An Agilent 1100 series liquid chromatography-mass spec-
troscopy (LC-MS) with an atmospheric pressure chemi-
cal ionization interface was used in negative and positive
ionization modes. Data were collected using Chemstation
software version A.09.03. A Shiseido capcell-pak UG120
column (4.6mm× 250mm, 5 𝜇m)was used with an injection
volume of 10 𝜇L for the HPLC separation. The mobile phases
consisted of (A) water and (B) methanol at a flow rate
of 0.7mL/min. The gradient of the mobile phases (A : B)
for separation was 0–60min (95 : 5 to 10 : 90). CuD was
used as standard. Mass spectrometry was operated with an
electrospray ionization source and positive mode.
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Figure 2: TKE and CuD cause apoptosis and G2/M cell cycle arrest inMDA-MB-231 cells. (a)MDA-MB-231 cells were treated with 60 𝜇g/mL
of TKE or 1 𝜇g/mL of CuD for 24 h. Cell cycle distribution was analyzed using a FACStar flow cytometer. (b) Graphs shows FACS-based subG1
phase distribution of MDA-MB-231 cells incubated with 60 𝜇g/mL TKE for 24 h. (c) Bar graphs show FACS-based cell cycle distribution of
MDA-MB-231 cells incubated with 60𝜇g/mL TKE for 24 h. (d) Bar graphs show FACS-based cell cycle distribution of MCF7 cells and MDA-
MB-231 cells incubated with 60𝜇g/mL TKE or 1𝜇g/mL of CuD for 24 h. The error bars represent the mean ± standard deviation (SD).

2.11. Statistical Analysis. All experiments were expressed
as the mean± standard deviation (SD) of at least three
separate tests. Student’s 𝑡-test was used for single variable
comparisons, and a𝑃 value< 0.05 was considered statistically
significant.

3. Results

3.1. TKE and CuD Inhibits Proliferation of Human Breast
Cancer Cell Lines. Figure 1(a) shows the chemical structure
of CuD. We investigated whether TKE and CuD exhibit

antiproliferative activity in MCF7, SK-BR3, and MDA-MB-
231 cells. For that purpose, cells were treated with various
concentrations of TKE (10, 30, 60, 100, 200𝜇g/mL) or CuD
(0.1, 0.5, 1, 5𝜇g/mL), and cell growth rate was determined
using MTT assay at 24 h. We found that both TKE and CuD
significantly inhibited growth of all breast cancer cell lines
(Figures 1(b) and 1(c)).

3.2. TKE andCuDCauseApoptosis andG2/MCell Cycle Arrest
inMDA-MB-231 Cells. To further characterize the inhibitory
effect of TKE and CuD on cell proliferation, we monitored
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Figure 3: Effect of TKE and CuD on the expression of apoptosis-related molecules. ((a), (b)) MDA-MB-231 cells were treated with 60𝜇g/mL
TKE or 1𝜇g/mL CuD for the indicated time periods, and the cell lysates were subjected to western blot analysis using specific antibodies.
((c), (d)) MDA-MB-231 cells were incubated in the absence or presence of TKE or CuD and submitted to TUNEL assay. For the TUNEL
assay, cells were fixed, permeabilized, and visualized for DNA degradation using dUTP-labeling. Red fluorescence: nuclei stained with PI.
Green or yellow (resulting from merged red and green) fluorescence: apoptotic nuclei containing fragmented DNA.

cell cycle progression using flow cytometry. Both TKE and
CuD induced the increase of subG1 apoptotic cell fractions in
MDA-MB-231 cells suggesting that antiproliferative activity
of TKE and CuD resulted from apoptosis (Figures 2(a) and
2(b)). Moreover, exposure to TKE and CuD resulted in an
increase in G2/M phase cells, accompanied by a decrease in
G1 phase cells in MDA-MB-231 cells (Figures 2(c) and 2(d)).

3.3. TKE and CuDRegulate ApoptoticMolecules inMDA-MB-
231 Cells. To examine the effect of TKE and CuD on the
apoptotic signaling pathway, the levels of apoptosis-related
molecules were measured in MDA-MB-231 cells by western
blot using specific antibodies. We found that TKE and CuD

upregulated levels of cleaved caspase-8, cleaved caspase-9,
and cleaved caspase-3 and induced the cleavage of PARP
in MDA-MB-231 cells (Figures 3(a) and 3(b)). These results
indicate that TKE and CuD induce apoptosis in MDA-MB-
231 cells producing the cleavage of caspases and PARP. On the
other hand, TUNEL assay demonstrated that both TKE and
CuD induced apoptotic cell death increasing many apoptotic
green and yellow nuclei (Figures 3(c) and 3(d)).

3.4. TKE and CuD Inhibit Constitutive STAT3 Phosphory-
lation. High expression of STAT3 has been found to be
involved in cancer progression. Knowing that STAT3 is
activated in MDA-MB-231 cells, we investigated whether
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Figure 4: TKE and CuD suppress STAT3 phosphorylation and inhibit the translocation of STAT3 to the nucleus. (a) Cells were treated with
60𝜇g/mL TKE or 1 𝜇g/mL CuD for different time periods (0–24 h). Total cell lysates were subjected to western blot analysis using specific
antibodies (upper part) and the relative level of pSTAT3 as measured from the western blot analysis by densitometry (lower part). (b) MDA-
MB-231 cells were plated in 8-well chamber slide.Thenext day, cells were incubatedwith 60 𝜇g/mLTKEor 1 𝜇g/mLCuD for 12 h and submitted
to immunocytofluorescence assay. STAT3 distribution was exhibited by green fluorescence, and nuclei were counter-stained by DAPI.

TKE and CuD suppress STAT3 phosphorylation. Figure 4(a)
demonstrates that both TKE and CuD suppress constitutive
activation of STAT3 within 6 to 12 h.

3.5. TKE and CuD Suppress STAT3 Nuclear Translocation in
MDA-MB-231 Cells. Normally, the active STAT3 homodimer
translocates to the nucleus from the cytoplasm and induces
specific target gene expression [15, 16]. Thus, we determined
whether TKE andCuD suppress STAT3 nuclear translocation

using immunofluorescence analysis. We found that TKE and
CuD blocked the translocation of STAT3 into the nucleus in
MDA-MB-231 cells (Figure 4(b)).

3.6. TKE and CuD Repress STAT3-Dependent Reporter Gene
Expression. Although TKE and CuD has been shown to
exhibit growth-inhibitory effect on MDA-MB-231 cells, it
is not known whether it can modulate STAT3 signaling
pathway. It should be noted that the constitutive activation
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Figure 5: TKE and CuD suppress the STAT3 transcription activity. MDA-MB-231 cells were transfected with the indicated siRNA or plasmid
and then treated with each drug for 24 hours and submitted to dual-luciferase reporter assay.
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Figure 6: LC-MS chromatogram. (a) Identification of CuD from TKE. (b) Mass spectrum peak at 25.9min.

of STAT3 is frequently detected in breast cancer tissues
and cell lines. Therefore, we performed STAT3-dependent
luciferase reporter gene assay to detect STAT3 transcriptional
activity. We found that TKE and CuD significantly repressed
STAT3-dependent reporter gene activity in MDA-MB-231
cells (Figures 5(a) and 5(b)).

3.7. CuD Is Extorted fromTKE. Weemployed LC-MS analysis
to confirm that CuD is extorted from TKE.Through analysis,
chromatograms were acquired at 230 nm by UV detection
(Figure 6(a)), and retention times of CuD were 25.9min
(Figure 6(b)).

4. Discussion

The roots of Trichosanthes kirilowii have been used as a
traditional herbal remedy and are an attractive medical
resource. In addition, recent paper reported that CuD is an
active compound of Trichosanthes kirilowii, and CuD induces
apoptosis via activation of caspases and JNK in hepatocellular
carcinoma cells [10]. Here, we found that TKE and its derived

compound, CuD, inhibit cell proliferation and induce G2/M
phase cell cycle arrest in MDA-MB-231 cells. In addition,
we found that antiproliferative activity induced by TKE was
associated with reduction of STAT3 phosphorylation.

STAT3 promotes inflammation, survival, immunity, pro-
liferation, and angiogenesis of tumor cells [17–19]. It was
reported that constitutive STAT3 activation was significantly
and inversely related to overall 5-year survival in a cohort
of breast cancer patients [2, 20]. Therefore, the inhibition of
constitutive STAT3 activity is important for the prevention
and treatment of breast cancer. The STAT3 phosphorylation
at Tyr705 causes its nuclear translocation and DNA binding
to specific DNA sequences in the promoter of target genes.
In the present study, we found that TKE inhibited nuclear
translocation of STAT3 as revealed by immunofluorescence
assay resulting in the inhibition of expression of STAT3 target
genes (data not shown).

Several earlier studies indicated that Cucurbitacin and
their derivatives are triterpenoids found in TKE [21].
Recently, it was reported that Cucurbitacin induces apoptosis
in human cancer cells by targeting JAK-STAT pathway
[13, 14]. Many studies confirmed that Cucurbitacin I is
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a powerful JAK-STAT inhibitor by blocking the tyrosine
phosphorylation of STAT3 and JAK2 in various human
cancers [22–25]. Also, Cucurbitacin I chemical structure is
similar to that of CuD [11]. In our study, both TKE and
CuD inhibited phosphorylation and nuclear translocation
of STAT3 in MDA-MB-231 cells. In addition, endogenously
activated transcriptional activity of STAT3 was inhibited by
TKE and CuD in MDA-MB-231 cells.

5. Conclusions

TKE and its derived compound, CuD, inhibit cell prolifera-
tion and induce apoptosis through inhibition of STAT3 activ-
ity in breast cancer cells. Therefore, our results suggest that
TKE and CuD might be a potential anticancer agent which
inhibits breast cancer associated with STAT3 activation.
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Objective. This study was a multicenter, randomized, double-blind, and controlled trial with two parallel arms: the GJBNH group
and the placebo group.This trial recruited 100 women aging 18 to 35 years with primary dysmenorrhea caused by blood stagnation.
The investigational drugs, GJBNHor placebo, were administered for twomenstrual periods (8weeks) to the participants three times
per day. The participants were followed up for two menstrual cycles after the administration. Results. The results were analyzed by
the intention-to-treat (ITT) dataset and the per-protocol (PP) dataset. In the ITT dataset, the change of the average menstrual pain
VAS score in the GJBNH group was statistically significantly lower than that in the control group. Significant difference was not
observed in the SF-MPQ score change between the GJBNH group and the placebo group. No significant difference was observed in
the PP analyses. In the follow-up phase, the VAS scores of the averagemenstrual pain and themaximummenstrual pain continually
decreased in the placebo group, but they increased in the GJBNH group. Conclusion. GJBNH treatment for eight weeks improved
the pain of the dysmenorrhea caused by blood stagnation, but it should be successively administered for more than two menstrual
cycles. Trial Registration. This trial is registered with Current Controlled Trials no. ISRCTN30426947.

1. Background

Dysmenorrhea is a commonmedical complaint in reproduc-
tive women worldwide. The prevalence varies from 45% to
95% depending on the definition [1]. In Korea, 78.3% of all
adolescent girls have dysmenorrhea during their menstrual
periods [2].

The first option for the treatment of dysmenorrhea is
an over-the-counter drug, such as Ibuprofen, Naproxen, and
Mefenamic [3, 4]. However, these medications have not been
effective in 20% to 25% of women. Some adverse events such
as digestive disorders were reported [5].

Alternative therapies were reported to treat primary
dysmenorrhea. These treatments include acupuncture [6],

auricular acupressure [7], infrared-emitting sericite belt [8],
and single oral dose of vitamin D [9] and vitamin E [10]. The
effectiveness was observed in the treatments, butmost studies
were pilot trials with small sample sizes. Large-scale clinical
trials are needed to clarify the efficacy.

In Korean Medicine, the main factor causing menstrual
abdominal pain is blood stagnation. If the flow of blood
or qi is interrupted, it may cause pain. The signs of blood
stagnation are being easily bruised, tender abdominal pain,
loaf in the menstrual blood, and so forth. Gyejibongnyeong-
hwan (GJBNH) is one of the most popular Korean Medicine
formulas for periodical pain due to dysmenorrhea. GJBNH
fluidifies blood to induce smooth blood flow and reduce
pain [6]. However, the effectiveness was reported mostly in
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the form of case reports or noncontrolled one-group clinical
trials [11, 12]. The well-designed clinical trial is mandatory to
prove the effect of GJBNH in primary dysmenorrhea.

The purpose of this trial is to identify the efficacy of
GJBNH in dysmenorrhea caused by blood stagnation.

2. Methods

2.1. Hypothesis. The hypothesis was that GJBNH would
reduce menstrual pain more effectively than placebo after
taking the intervention—theGJBNHor the placebo—for two
menstrual cycles.

2.2. Design. This was a multicenter, randomized, double-
blind, parallel group, and placebo-controlled phase IV trial.
This study was conducted from June 2009 to October
2012. Three investigational sites involved the trial: Korean
Medicine Obstetrics and Gynecology Clinic of Kyung Hee
Medical Center in Seoul, Obstetrics and Gynecology Clinic
of Won-Kwang Korean Medicine Hospital in Gunpo, and
Obstetrics and Gynecology Clinic of Gil Korean Medical
Hospital of Gachon in Incheon, Republic of Korea. The insti-
tutional review boards (IRBs) of three investigational sites
had approved the trial before the participants recruitment.
Participants were treated as outpatients in these sites. The
first visit was the screening. Participants were screened for
entry into the trial. Medical, medication, and gynecologic
histories were obtained. The second visit was the baseline.
At the baseline, the participants were randomly assigned into
two groups: the GJBNH group or the placebo group. Eligible
participants had taken the investigational drugs for eight
weeks. The 3rd visit was after one menstrual cycle from the
baseline, and the 4th visit was after two menstrual cycles
from the baseline. The 5th visit was after one menstrual
period from the 4th visit, and the 6th visit was after two
menstrual periods from the 5th visit. At the routine visit,
patients returned to the clinic for assessment of the clinical
improvement. The trial was conducted over five menstrual
cycles. The treatment phase was after two menstrual periods
from the baseline (about eight weeks). The participants were
followed up three menstrual cycles after the treatment phase.
Figure 1 is a flow diagram of this trial.

2.3. Participants. This trial recruited 100 women aging 18 to
35 years with primary dysmenorrhea. We used the 100mm
visual analogue scale (VAS) to measure the menstrual pain.
The women enrolled were those whose pain intensity was
more than 60mm. Two Korean Medicine gynecology spe-
cialists diagnosed the participants to determine whether
dysmenorrhea was caused by blood stagnation or not.

Inclusion criteria were for those with a period cycle
of 30 ± 3 days during the last 3 months, for those with a
VAS score over 60mm of VAS at screening, and for those
diagnosed with blood stagnation.

Exclusion criteria were for those having major neu-
ropsychiatric disorders, planning to have a baby, or taking
antidepressant, antiserotonin, barbiturate, or psychotropic

drugs. Other inclusion criteria and exclusion criteria were
described in the study protocol [13].

2.4. Intervention. Gyejibongnyeong-hwan (GJBNH) is one
of the Korean Medicine formulas for dysmenorrhea caused
by blood stagnation. The participants had taken the inves-
tigational drug, GJBNH or placebo, three times per day for
two menstrual periods (eight weeks). GJBNH consists of
Cinnamomiramulus, Poria, Moutan cortex, Persicae semen,
and Paeoniae radix. The placebo medicine was made of
lactose, corn starch, and food coloring and had a similar
appearance, shape, weight, taste, and color as GJBNH. As
rescue medication, ten pain-killer pills were provided during
each treatment cycle.

2.5. Randomization. Participants were divided into two
groups at Visit 2. The randomization process was commis-
sioned to the independent institution. The random number
was produced by a computer random number generator.
The central web-site was used to perform the randomization
procedure.The investigators, participants, andmonitors were
blinded to the study purpose and hypothesis.

2.6. Outcomes. The primary outcome was the change in the
visual analogue scale (VAS) of the average menstrual pain
after the baseline (Visit 2) and after the treatment (Visit
4). The secondary outcome measures included the VAS (the
maximum pain during the menstrual period) and the Short-
FormMcGill Pain Questionnaire (SF-MPQ) [14].

2.7. Statistical Analyses. We carried out efficacy analyses on
ITT (intention-to-treat: all were randomly assigned partic-
ipants) and PP (per-protocol: participants completed the
trial without any protocol violations). For ITT analysis,
missing data were imputed by last-observation carried for-
ward (LOCF) method. We used SPSS version 20.0 (IBM,
Inc., Chicago, IL, USA) to perform the data analysis. The
descriptive statistics were used to compare the demographic
characteristics. We performed Student’s t-test to evaluate
the efficacy of GJBNH in the VAS and the SF-MPQ. For
categorical outcome variables, the Chi-square test was used
to test the difference. The significance level was 𝑃 = 0.05.

2.8. Ethical Consideration. The trial is conducted according
to the Declaration of Helsinki 2008 and/or the regulations of
the “Good Clinical Practice” principles of the Korea Food &
Drug Administration.

The institutional review boards (IRBs) have approved this
clinical trial at all investigational sites before the participants
recruitment. The reference numbers are KOMC IRB 2008-
07 (IRB of Kyung Hee Oriental Medical Center approved it
on the 18th of August 2008), WONSBHB IRB 2009-02 (IRB
of Won-Kwang University Sanbon Oriental Medical Center
approved it on the 24th of February 2009), and 09-101 (IRB
of Kyungwon Gil Oriental Medical Hospital approved it on
the 2nd of February 2009). Prior to undertaking any study-
related procedures, all participants were fully informed and
signed consent forms.
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Allocation

Not meeting the inclusion criteria

Analysis

Taking GJBNH for 2 
menstrual cycles

Taking placebo for 2 
menstrual cycles

Followup

Randomized (n = 92)

GJBNH group (n = 47) Placebo group (n = 45)

Assessed for eligibility (n = 100)

Excluded (n = 8)

GJBNH ITT group (n = 47)
GJBNH PP group (n = 30)

Withdrawal (n = 15) Withdrawal (n = 14)

Missed
(n = 1) (n = 3)

Placebo ITT group (n = 45)
Placebo PP group (n = 29)

GJBNH group (n = 31) Placebo group (n = 32)

Missed

1st followup (n = 30) 1st followup (n = 29)
2nd followup (n = 29)2nd followup (n = 30)

Figure 1: Study flowchart.

3. Results

A total of 100 women were screened. Eight women did not
meet the inclusion criteria, and 92 participants were enrolled.
Forty-seven subjects were allocated to the GJBNH group, and
forty-five subjects were allocated to the placebo arm. After
the eight weeks of treatment, 15 participants in the GJBNH
group and 14 patients in the control group were dropped
out. Two of the most common reasons for dropout were the
irregular menstrual periods, under 27 days and over 33 days,
and being due to compliance. Adverse events were rare. The
most common compliant was the digestion problem.

The demographic characteristics of the two groups are
described in Table 1. The mean age at randomization for
the GJBNH group was 23.36 years, and it was 23.76 years
for the control group. The mean Short-Form McGill Pain
Questionnaire at baseline for the GJBNH group was 21.23,
and it was 22.98 for the placebo group. The mean VAS scores
of the average menstrual pain were 7.05 and 6.86 for the
GJBNH group and the placebo group, respectively.Themean
VAS of the maximum menstrual pain of the GJBNH group

was 7.74, and that of the control group was 7.65. There was
no statistical significant difference between the two groups in
most of the variables assessed at the baseline.

In the ITT analysis, after the eight weeks of treatment,
the change of the average menstrual pain VAS score in the
GJBNH group was significantly lower than that of the control
group (GJBNH group 1.75 ± 2.06, control group 0.88 ± 1.64;
𝑃 = 0.027). But the difference was not statistically significant.
The VAS scores of the maximum menstrual pain decreased
by 1.03 ± 1.84 and 0.44 ± 2.05 in the GJBNH and the placebo
groups, respectively. But the difference was not statistically
significant (𝑃 = 0.155). Significant difference was not
observed in the SF-MPQ score change between the GJBNH
group and the placebo group: 4.11 ± 8.61 and 2.60 ± 8.86
in the GJBNH group and the placebo group, respectively
(𝑃 = 0.410). Table 2 described the details of the ITT analysis
results.

In the PP analysis, after the eight weeks of treatment,
the change of the average menstrual pain VAS score in the
GJBNH group was lower than that of the control group
(GJBNH group 1.99 ± 2.18, control group 1.09 ± 1.84;
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Table 1: Baseline demographics of the GJBNH group and the control group.

GJBNH (𝑛 = 47) Control (𝑛 = 45) P value
Mean (SD) Mean (SD)

Age (years) 23.36 (3.90) 23.76 (3.77) 0.623
Height (cm) 163.21 (5.58) 161.22 (6.21) 0.109
Weight (kg) 55.06 (7.44) 54.36 (7.13) 0.643
BMI (kg/m2) 20.62 (2.18) 21.01 (3.33) 0.512
SBP (mmHg) 117.30 (17.08) 116.00 (14.66) 0.699
DBP (mmHg) 69.13 (11.03) 70.36 (13.58) 0.478
Menarche 12.61 (1.18) 12.71 (1.42) 0.710
Interval of cycles (days) 29.62 (1.33) 29.36 (1.51) 0.380
Dysmenorrhea begins (𝑛, %)∗ 0.873

Under 2 years from menarche 17 (36.2) 17 (37.8)
Over 2 years from menarche 30 (63.8) 28 (62.2)

Severity of pain (VAS) 7.29 (1.01) 7.42 (1.1) 0.553
∗Means the numbers in that domain indicates 𝑛 (%), not mean (SD).

Table 2: Comparison of the outcomes of the GJBNH group and the control group (ITT).

Variables GJBNH group (𝑛 = 47) Control group (𝑛 = 45) P value
Mean (SD) Mean (SD)

Short-FormMcGill Pain Questionnaire
Baseline 21.23 (7.88) 22.98 (7.97)
After treatment 17.13 (10.37) 20.38 (9.32)
Difference 4.11 (8.61) 2.60 (8.86) 0.410

Visual analog scale (average pain)
Baseline 7.05 (1.13) 6.86 (1.25)
After treatment 5.30 (1.97) 5.98 (1.55)
Difference 1.75 (2.06) 0.88 (1.64) 0.027

Visual analog scale (maximum pain)
Baseline 7.74 (1.14) 7.65 (1.40)
After treatment 6.72 (1.83) 7.20 (1.89)
Difference 1.03 (1.84) 0.44 (2.05) 0.155

𝑃 = 0.094). But the difference was not statistically significant.
The VAS scores of the maximum menstrual pain decreased
by 1.26 ± 2.07 and 0.47 ± 2.44 in the GJBNH and the placebo
groups, respectively. But the difference was not statistically
significant (𝑃 = 0.188). Significant difference was not
observed in the SF-MPQ score change between the GJBNH
group and the placebo group: 5.03 ± 9.24 and 3.69 ± 9.81 in
the GJBNH group and the placebo group, respectively (𝑃 =
0.590). The details of the PP analysis were shown in Table 3.

The effect of GJBNH maintained one cycle of the men-
strual period. Figures 2 and 3 showed the tendency of theVAS
of the averagemenstrual pain.Thefirst followupwas after one
menstrual cycle after the treatment, and the second followup
was after threemenstrual cycles after the treatment.The score
of the GJBNH group was the lowest at the first followup, but
it increased at the second followup. The VAS score of the
placebo group decreased continually through the trial. The
difference at the first followup between the two groups was
more considerable than that after the treatment. But, at the
second followup, after the two menstrual cycles after the first
followup, the difference tendency disappeared.

3.1. Safety. A total of 16 adverse events occurred.The adverse
events were mild digestive disorder, breast stabbing pain,
menstrual cycle shortage, urticaria, diarrhea, skin itchiness,
and nausea. There were eight adverse events in the GJBNH
group and eight adverse events in the placebo group. The
adverse events rates were not statistically significant (𝑃 =
0.924). Table 4 showed the details.

4. Discussion

There are several study reports to treat dysmenorrhea.
Acupuncture is a recommendable therapy. Acupuncture was
as effective as nonsteroidal anti-inflammatory drug (NSAID)
therapy [6]. A randomized controlled trial has shown the
effectiveness of acupuncture in primary dysmenorrhea [15].
But there were no significant differences between the groups.
Other therapies were effective in primary dysmenorrhea,
auricular acupressure [7], infrared-emitting sericite belt [8],
single oral doses of vitamin D [9] and vitamin E [10], and so
forth. But the statistically significant differences were rare.
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Table 3: Comparison of the outcomes of the GJBNH group and the control group (PP).

Variables GJBNH group (𝑛 = 30) Control group (𝑛 = 29) P value
Mean (SD) Mean (SD)

Short-FormMcGill Pain Questionnaire
Baseline 21.63 (7.67) 24.62 (7.38)
After treatment 16.60 (9.72) 20.93 (9.83)
Difference 5.03 (9.24) 3.69 (9.81) 0.590

Visual analog scale (average pain)
Baseline 7.05 (0.97) 6.99 (1.18)
After treatment 5.06 (2.08) 5.89 (1.60)
Difference 1.99 (2.18) 1.09 (1.84) 0.094

Visual analog scale (maximum pain)
Baseline 7.62 (1.14) 7.57 (1.43)
After treatment 6.36 (1.90) 7.09 (2.08)
Difference 1.26 (2.07) 0.47 (2.44) 0.188
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Figure 2: The trend of the GJBNH group and the control group
in the VAS of the average menstrual pain—intention-to-treat (ITT)
analysis.

Table 4: The adverse events of the GJBNH group and the control
group.

Event GJBNH Placebo
Mild digestive disorder 3 5
Breast stabbing pain 1 0
Menstrual cycle shortage 0 1
Urticaria 1 2
Diarrhea 1 0
Skin itchiness 1 0
Nausea 1 0

8 (17%) 8 (18%)

This clinical trial aimed to identify the efficacy of GJBNH
on dysmenorrhea caused by blood stagnation. The primary
outcome was statistically significant in the ITT analysis. But
the result was not significant in the PP analysis. But the
result did not show the significant difference compared with
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Figure 3: The trend of the GJBNH group and the control group in
the VAS of the average menstrual pain—per-protocol (PP) analysis.

the placebo. We discussed the reason for not detecting the
difference in the PP analysis, and we concluded that it was
due to the lack of sample size and the treatment period.

The first planned sample size was 100 participants. But
the enrolled participants were 92 women. It was due to
the pandemic break of influenza. In 2008, the influenza
A virus subtype had spread in Korea. The enrolment was
delayed. Although this study was supported by the National
R&D Project, the study due date was inflexible. As a result,
statistical power was lower than the planned.

There was the tendency of the pain decrease in the
average menstrual pain between the GJBNH group and the
placebo group. A decided difference was observed at Visit
4 and the first followup. This implied that GJBNH should
be administered over two menstrual cycles and that the
effect of GJBNH remains about one menstrual cycle after the
cessation.
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A total number of 18 adverse events occurred in this
clinical trial. But of all the adverse events were mild and
minor.The adverse events occurrence rates were not different
between the groups. We considered that GJBNH was safe for
clinical use.

This study assessed the other measurement. We analyzed
only the primary endpoint and two secondary endpoints.
More advanced analysis is needed for the other assessment.

The missing value imputation was planned by the multi-
ple imputation (MI) method, but we used the LOCFmethod.
The VAS scores continuously decreased throughout the trial,
and the LOCF method was a conservative method. The
dropout rates between the groups were not significantly
different. Therefore, we inferred that the LOCF method was
appropriate to analyze the data.

This study was valuable to show the effect of GJBNH
by the randomized controlled trial. But still there were
limitations. The most deficient point was the dropout rate.
The participants were mostly young women in the university,
and the dropout rate was high in the vacation season. The
result was significant in the ITT analysis, but the significance
was not shown in the PP analysis. We concluded that the lack
of sample size was the main reason.

We expected that the results of this study would con-
tribute to the practical use in the Korean Medicine clinics
and the design of the clinical trial of the KoreanMedicine for
primary dysmenorrhea.
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The root of Ostericum koreanumMaximowicz has been used as a traditional medicine called “Kanghwal” in Korea (or “Qianghuo”
in China).The purpose of this study was to investigate the vasorelaxant activity andmechanism of action of an ethanol extract of the
O. koreanum root (EOK). We used isolated rat aortic rings to assess the effects of EOK on various vasorelaxant or vasoconstriction
factors. EOK induced vasorelaxation in phenylephrine hydrochloride (PE) or KCl precontracted aortic rings in a concentration-
dependent manner. However, the vasorelaxant effects of EOK on endothelium-intact aortic rings were reduced by pretreatment
with l-NAME ormethylene blue. In Ca2+-free Krebs-Henseleit solution, pretreatment with EOK (0.3mg/mL) completely inhibited
PE-induced constriction. In addition, EOK (0.3mg/mL) also completely inhibited vasoconstriction induced by supplemental Ca2+
in aortic rings that were precontracted with PE or KCl. Furthermore, the EOK-induced vasorelaxation in PE-contracted aortic
rings was inhibited by preincubation with nifedipine. These results indicate that the vasorelaxant effects of EOK are responsible
for the induction of NO formation from l-Arg and NO-cGMP pathways, blockage of the extracellular Ca2+ entry via the receptor-
operativeCa2+ channel and voltage-dependent calciumchannel, and blockage of sarcoplasmic reticulumCa2+ release via the inositol
triphosphate pathway.

1. Introduction

Traditional Chinese medicine (TCM) was introduced to
Korea in the 6th century [1]. Therefore, many Korean herbal
medicines (KHMs) originated as traditional Chinese herbal
medicines (TCHMs). However, many components of KHMs
have developed independently from TCHMs because of
differences in geography, climate, culture, and politics. Thus,
many KHMs different from TCHMs have been used in
Korean medicine clinics. Osterici Radix, the root of Oster-
icum koreanum Maximowicz (Umbelliferae), is an example
of this type of herbal medicine.

The medicinal plant O. koreanum is a perennial herb
widely distributed in Korea. The root of this plant has been
used as a traditional medicine called “Kanghwal.” However,
the pharmacopoeias of Korea, China, and Japan describe this
plant’s origin differently. The Chinese and Japanese pharma-
copoeias list only Notopterygium incisum and Notopterygium

forbesii as being of “Kanghwal” origin (“Qianghuo” in Chi-
nese), while the Korean pharmacopoeia includes O. kore-
anum as also being of “Kanghwal” origin [2–4].

Notopterygii Rhizoma et Radix, the rhizome and root
of N. incisum and N. forbesii, has been used in China for
the treatment of colds, headache, edema, arthritis, sores, and
ulcers [5]. It is reported to have multiple effects including the
elimination of fever, alleviation of pain, anti-inflammation,
protection against heart palpitations and myocardial ische-
mia, antishock, antibacterial effects [5], and vasorelaxant
effects [6].

Osterici Radix and Notopterygii Rhizoma et Radix have
been used inKorea for the treatment of colds, fever, headache,
swelling, arthritis, arthralgia, rhinitis [7], and cardiovascular
diseases [6]. However, most doctors of Koreanmedicine have
been using Osterici Radix more than Notopterygii Rhizoma
et Radix as “Kanghwal” in clinics. However, there are fewer
pharmacological studies and clinical data for Osterici Radix
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than there are for Notopterygii Rhizoma et Radix. Therefore,
many more pharmacological and clinical studies are needed
to support the continued use of Osterici Radix as a beneficial
medicine.

Osterici Radix is reported to have various pharmacologi-
cal activities: antiinflammatory [8, 9], antitumor [10], antiox-
idant [11], antimicrobial [12], and antiasthmatic [13]. Further,
the vasorelaxant effect of water extracts of Osterici Radix
on 5-HT precontracted rat thoracic aorta rings has been
reported [14]. However, there are no published studies on the
exact mechanism underlying the vasorelaxant effects of
Osterici Radix.

In cardiovascular diseases such as stroke, headache, and
hypertension, vasoreactivity is of fundamental importance
because it directly influences the arteries of the circulatory
system. Accordingly, many researchers have investigated the
vasorelaxant effects of various herbal medicines [15–18].

Therefore, we designed the present study to investigate
the vasorelaxant activity and mechanism of action of the
ethanol extract of the O. koreanum root (EOK). For this
purpose, we used isolated rat thoracic aorta rings to assess the
effects of EOK on various vasorelaxant or vasoconstriction
factors.

2. Materials and Methods

2.1. Chemicals and Reagents. Phenylephrine hydrochloride
(PE), acetylcholine (Ach), ethylene glycol-bis (𝛽-aminoethyl
ether)-N,N,N,N-tetraacetic acid (EGTA), potassium chlo-
ride, calcium chloride, N𝜔-nitro-l-arginine methyl ester
(l-NAME), methylene blue (MB), Y-27632, nifedipine,
tetraethylammonium (TEA), glibenclamide, 4-aminopyri-
dine (4-AP), and caffeinewere purchased fromSigmaAldrich
(St Louis, USA). Barium chloride was purchased fromWako
(Osaka, Japan). Isoimperatorin, imperatorin, oxypeucedanin,
and oxypeucedanin hydrate were purchased from the Korean
Food & Drug Administration. All other reagents were of
analytical purity.

2.2. Plant Material and Extraction. O. koreanum was col-
lected in Bongwha Alpine Medicinal Plant Experiment Sta-
tion, Bongwha, Gyeongbook province, Republic of Korea,
in October 2008. Plant identification was performed by
Professor Chang Soo Yook of Kyung Hee University. A
voucher specimen (KH001) ofO. koreanum is deposited at the
College of Korean Medicine, Kyung Hee University, Seoul,
Pepublic of Korea. The dried root and rhizome of O. kore-
anum (1.0 kg) were extracted separately with 100% ethanol (3
times for 2 h at 60∘C) in a reflux apparatus. After reflux and
filtration, extracts were evaporated using a rotary evaporator
at 60∘C and lyophilized to yield 165.0 g of crude extract.

2.3. Preparation of Rat Aortic Ring. We used male Sprague-
Dawley rats (weight, 240–260 g; Narabio, Seoul, Pepublic of
Korea) to examine the vasorelaxant effect of EOK. All animal
procedures were conducted according to the animal welfare
guidelines issued by the Kyung Hee University Institutional
Animal Care and Use Committee [KHUASP (SE)-09-006].
The rats were housed under controlled conditions (22 ± 2∘C;

lighting, 07:00–19:00), with food and water available ad
libitum. Rats were anesthetized by exposure to ether; the tho-
racic aorta was removed and immersed in Krebs-Henseleit
solution [K-H solution, composition (mM): NaCl, 118.0; KCl,
4.7; MgSO

4
, 1.2; KH

2
PO
4
, 1.2; CaCl

2
, 2.5; NaHCO

3
, 25.0; and

glucose, 11.1; pH 7.4], maintained at 37∘C, and aerated with
a mixture of 95% O

2
and 5% CO

2
. After careful removal of

the connective tissue and fat, approximately 2mm long aortic
rings were cut and suspended in organ chambers containing
10mLK-H solution at 37∘Cand aeratedwith amixture of 95%
O
2
and 5%CO

2
.The aortic rings were placed between 2 tung-

sten stirrups and connected to an isometric force transducer
(Grass instrument Co., Rhode Island, USA). After incubation
under no tension for 30min, the vessel segments were
allowed to equilibrate for 1 h at a resting tension of 1.0 g. Dur-
ing the equilibration period, the K-H solution was replaced
every 20min. Changes in tension were recorded by isometric
transducers connected to a data acquisition system (Pow-
erLab, ADI instrument Co., New South Wales, Australia).
When required, the endothelium was removed by gentle
rubbing of the vessel lumen with a thin cotton swab. The
presence of functional endotheliumwas verified by the ability
of Ach (10𝜇M) to induce more than 80% relaxation of rings
precontracted by PE (1 𝜇M). In endothelium-denuded rings,
less than 10% relaxation due to Ach was seen. Ca2+-free K-H
solution was prepared by omission of CaCl

2
and addition of

EGTA (1mM).

2.4. Vasoactivities. In standard K-H solution, endothelium-
intact aortic rings were precontracted by PE (1𝜇M) or KCl
(60mM). After the plateau was attained, EOK was added
cumulatively (0.03–1.0mg/mL). The vasorelaxant effect on
the aortic rings was calculated as a percentage of contraction
in response to PE or KCl. To determine whether the arte-
rial endothelium pathways were involved in EOK-induced
vasorelaxation, endothelium-intact aortic rings were prein-
cubated with l-NAME (10 𝜇M) or MB (10 𝜇M) for 20min
before contraction by PE (1 𝜇M) treatment. The relaxant
effects of EOK on the aortic rings were compared with the
control (not treated with l-NAME or MB). To investigate
the effect of EOK on extracellular Ca2+-induced contraction,
we investigated the contractile responses induced by CaCl

2

(0.3–10mM) addition on aortic rings pre-contracted by PE
(1 𝜇M) or KCl (60mM) in Ca2+-free K-H solution in the
absence (control) and presence of a 10min pre-incubation of
EOK (0.3mg/mL). CaCl

2
-induced contractile responses were

compared in the absence (control) and presence of EOK. To
investigate the effect of EOK on L-type voltage-dependent
calcium channel, K+ channels, and Rho-kinase pathway,
aortic rings were preincubated with nifedipine, 4-AP, gliben-
clamide, TEA, or Y-27632 (1 𝜇M) for 20min before the
addition of PE (1 𝜇M). After the plateau was attained, EOK
was added cumulatively (0.01–0.8mg/mL). The vasorelaxant
effects on the aortic rings were calculated as a percentage
of contraction in response to PE. To investigate the effect
of EOK on intracellular Ca2+ release from sarcoplasmic
reticulum- (SR-) induced contraction, we investigated the
contractile responses induced by PE (1𝜇M) or caffeine
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Figure 1: Concentration-dependent relaxant effects of EOK (0.03–1.0mg/mL) on phenylephrine (PE, 1𝜇M) (a) or KCl (60mM) (b)
precontracted rat aortic rings. Control groups were not treated with EOK. The relaxant effects of EOK were calculated as a percentage of
the contraction in response to PE or KCl. Values are expressed as mean ± SEM (𝑛 = 4). ∗𝑃 < 0.05 versus control.

(5mM)on endothelium-denuded aortic rings inCa2+-freeK-
H solution in the absence (control) and presence of a 10min
pre-incubation of EOK (0.3mg/mL). Contractile responses
induced by PE or caffeine were compared in the absence
(control) and presence of EOK.

2.5. Qualitative and Quantitative HPLC Analysis of Standard
Materials in EOK. Accurately weighted EOK (100.0mg) was
dissolved in 10 mL of methanol (HPLC reagent, J.T.Baker Co.
Ltd, USA). And then it was filtered through a syringe filter
(13mm diameter with 0.45𝜇m pore size, Waters, MA, USA).
Isoimperatorin, imperatorin, and oxypeucedanin hydrate
were used as standard materials for the qualitative analysis of
EOK.They were serially diluted (25, 50, 100, and 200𝜇g/mL),
and HPLC chromatograms were obtained. The relationship
between the concentration and the peak area was measured
using the minimum square method (𝑅2 value). The HPLC
chromatograms were obtained from Gilson System equipped
with a 234 autoinjector, a UV/VIS-155 detector, and a 321
HPLC Pump (Gilson, WI, USA). A Luna 4.60 × 250mm C18
reversed-phase column with 5 𝜇m particles (Phenomenex,
CA,USA)was used. Chromatographic separationwas carried
out using an isocratic solvent with acetonitrile (HPLC grade,
J.T.Baker Co. LTD., U.S.A) water mixture in the ratio of
30 : 70 (v/v).The columneluentwasmonitored atUV254 nm,
followingwhich all solvents were degassedwith amicromem-
brane filter (PTFE, Advantec, Tokyo, Japan). Chromatog-
raphy was performed at room temperature at a flow rate
of 1.0mL/min, and 10 𝜇L was analyzed for 20min. The
quantity of the EOK standards was expressed as follows: the
amount (mg) of standard material = the quantitative amount
(mg) of standard materials ×𝐴T/𝐴S/𝑛 (𝑛 = 3; 𝐴T = the peak

area of the test sample containing the standard;𝐴S = the peak
area of the standard).

2.6. Statistical Analysis. Data were expressed as mean ±
standard error of mean (SEM). Statistical comparisons were
made using Student’s 𝑡-test or one-way analysis of variance
(ANOVA) followed by the Tukey’s post hoc test. All statistical
analyses were performed using SPSS v.13.0 statistical analysis
software (SPSS Inc., USA). 𝑃 values less than 0.05 were con-
sidered statistically significant.

3. Results

3.1. Effect of EOK on PE- or KCl-Induced Contraction. EOK
(0.03–1.0mg/mL) relaxed PE (1 𝜇M) or KCl (60mM) pre-
contracted rings in a concentration-dependent manner. The
maximal relaxant effects were up to 99.8 ± 1.7% and 102.4 ±
3.6% at the concentration of 1.0mg/mL, respectively (Fig-
ure 1).

3.2. Vasorelaxant Effects of EOK on Endothelium-Dependent
Pathways. Preincubation with l-NAME (10𝜇M) decreased
EOK- (0.1, 0.2, and 0.4mg/mL) induced relaxation of endo-
thelium-intact aortic rings precontracted by PE (1𝜇M) treat-
ment (Figure 2(a)). And, preincubation with MB (10 𝜇M)
also decreased EOK- (0.01–0.4mg/mL) induced relaxation of
endothelium-intact aortic rings (Figure 2(b)).

3.3. Effect of EOK on Extracellular Ca2+-Induced Contraction.
To investigate the effects of EOK on the receptor-operative
Ca2+ channel (ROCC) pathway, PE (1 𝜇M) was applied
to induce stable contraction. CaCl

2
(0.3–10mM) was then
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Figure 2: Relaxation responses induced by EOK (10–600 𝜇g/mL) in endothelium-intact rat aortic rings precontracted with phenylephrine
(PE, 1 𝜇M) in the presence or absence (control) of N𝜔-nitro-l-arginine methyl ester (l-NAME, 10 𝜇M) (a) or methylene blue (MB, 10 𝜇M)
(b) in Krebs-Henseleit solution. The relaxant effects of EOK on isolated rat aortic rings were calculated as a percentage of the contraction in
response to PE. Control groups were not treated with l-NAME orMB. Values are expressed asmean ± SEM (𝑛 = 4). ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01
versus control.

added cumulatively to induce a progressive increase in con-
traction of the aortic rings. EOK (0.3mg/mL) preincubation
significantly inhibited the contraction induced by extracellu-
lar CaCl

2
(0.3–10mM) comparedwith the control group. And

the contractionwas decreased to−0.05±0.02 g,−0.07±0.02 g,
−0.05±0.02 g, and −0.05±0.02 g, respectively (versus control
group 0.09±0.01 g, 0.42±0.03 g, 1.34±0.15 g, and 1.67±0.14 g)
(Figure 3(a)). To investigate the voltage-dependent calcium
channel (VDCC) pathway, KCl (60mM) was applied to
induce a stable contraction. EOK (0.3mg/mL) preincubation
also significantly inhibited extracellular CaCl

2
-induced (0.1–

10mM) contraction compared with the control group. Con-
traction decreased to 0.00 ± 0.02 g, −0.03 ± 0.02 g, −0.06 ±
0.02 g, −0.07±0.03 g, and −0.08 ±0.03 g, respectively (versus
control group 0.22 ± 0.02 g, 0.22 ± 0.02 g, 0.83 ± 0.03 g,
1.19 ± 0.06 g, and 1.39 ± 0.06 g) (Figure 3(b)). In addition,
preincubation with nifedipine (10 𝜇M) for 20min inhibited
EOK-induced vasorelaxation on PE-contracted aortic rings
(Figure 3(c)).

3.4. Effect of EOK on the Sarcoplasmic Reticulum Calcium
Release Induced by PE or Caffeine. In the Ca2+-free K-H solu-
tion, preincubation with EOK (0.3mg/mL) for 10min com-
pletely inhibited PE-induced (1 𝜇M) contraction. However,
preincubation with EOK (0.3mg/mL) for 10min did not alter
caffeine-induced (5mM) contraction (Figure 4).

3.5. Effect of EOK on the Rho-Kinase Pathway. Preincubation
with Y-27632 (1 𝜇M) for 20min did not alter EOK-induced
vasorelaxation on PE-contracted aortic rings (Figure 5).

3.6. Effect of EOK on the K+ Channels. The vasorelaxant
effects of EOK on PE (1𝜇M) precontracted aortic rings were

not altered by preincubation of the rings with various K+
channel blockers, including 4-AP (1mM), glibenclamide
(10 𝜇M), or TEA (5mM) (Figure 6).

3.7. Qualitative and Quantitative HPLC Analysis of Standard
Materials in EOK. Figure 7 depicts the 6 principal peaks
detected on the EOK HPLC chromatogram; the retention
times of the peaks were as follows: peak 1, 2.04min; peak
2 (oxypeucedanin hydrate), 3.26min; peak 3, 5.35min; peak
4, 6.57min; peak 5 (imperatorin), 10.99min; and peak 6
(isoimperatorin), 15.02min. The standard curve was cali-
brated by using the linear regression derived from the peak
area. The regression equation (correlation coefficient, 𝑅2) of
oxypeucedanin hydrate was 𝑦 = 201168.349𝑥 − 153935.071
(0.999) and exhibited good linearity. The oxypeucedanin
hydrate content in EOK was 1.80 ± 0.92%. The regression
equation (correlation coefficient, 𝑅2) of imperatorin was 𝑦 =
514722.569+153935.071 (0.999) and exhibited good linearity.
The imperatorin content in EOKwas 0.42±0.02%.The regres-
sion equation (correlation coefficient, 𝑅2) of isoimperatorin
was 𝑦 = 301715.046𝑥 + 32227.015 (0.998) and exhibited
good linearity.The isoimperatorin content in EOKwas 0.70±
0.02%.

4. Discussion

In the present study, we investigated the vasorelaxant effects
of EOK on rat aortic rings and its related mechanisms. The
vasorelaxant effects caused by EOK were both endothelium
dependent and endothelium independent. And the vasore-
laxant mechanisms of EOK were responsible for the induc-
tion of NO formation from l-Arg and NO-cGMP pathways,
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Figure 3: Inhibitory effect of EOK (0.3mg/mL) on the contraction induced by extracellular Ca2+ addition (0.3–10mM) in rat aortic rings
precontracted with phenylephrine (PE, 1𝜇M) (a) or KCl (60mM) (b) in Ca2+-free Krebs-Henseleit solution and vasorelaxant responses
induced by EOK (0.01–0.8mg/mL) in rat aortic rings precontracted with PE (1𝜇M) in the presence or absence of nifedipine (10𝜇M). Values
are expressed as mean ± SEM (𝑛 = 4). ∗𝑃 < 0.05 versus control. #𝑃 < 0.05 and ##

𝑃 < 0.01 versus absence of nifedipine group.

blockage of the extracellular Ca2+ entry via the ROCC and
VDCC, and blockage of SR Ca2+ release via the IP

3
pathway.

Vascular endothelium plays an important role in vasore-
laxation. NO is one of the potent vasodilators secreted from
vascular endothelium. And vascular smooth muscle is
relaxed via NO-cGMP pathway [19]. In the present study, the
vasorelaxant effect of EOKwas reduced by pretreatment with
l-NAME, an inhibitor of NOS. In addition, the vasorelaxant
effect of EOKwas reduced by pretreatmentwithMB, a soluble
guanylate cyclase inhibitor. These results suggested that the
vasorelaxant effect of EOK is related to the induction of NO
formation from l-arginine and NO-cGMP pathways.

Vascular smooth muscle also plays an important role
in vasorelaxation, which is regulated by extracellular Ca2+
influx via transmembrane Ca2+ channels and Ca2+ release
from intracellular stores [20]. Ca2+ concentration in vascular
cells is the most important factor of vascular contraction and
relaxation.The factors that increase calcium in cells consist of
stimulus by neurotransmitter, opened calcium channels by
membrane potential, and calcium ion release from the
SR. Ca2+ concentration in cells increases to combine with
calmodulin, a protein that binds to calcium in cells. The
bonded Ca2+-calmodulin activates inactive myosin light
chain kinase, which then phosphorylates myosin light.
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The phosphorylated myosin light chain then makes a phos-
phorylated crossbridge with actin to produce a contraction
[20].

PE (an 𝛼-adrenergic agonist) contracts smooth muscle
cells via extracellular Ca2+ influx through ROCC and by
internal calcium release from specific IP

3
receptor (IP

3
R)

channels in the SRmembrane [21]. InCa2+-freeK-H solution,
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Figure 6: Vasorelaxant responses induced by EOK (0.01–
0.8mg/mL) in rat aortic rings precontracted with phenylephrine
(1 𝜇M) in the presence or absence of 4-aminopyridine (4-AP, 1mM),
glibenclamide (10 𝜇M), or tetraethylammonium (TEA, 5mM).
Values are expressed as mean ± SEM (𝑛 = 4).

PE induced the contraction via the IP
3
pathway. In the present

study, pretreatment with EOK (0.3mg/mL) for 10min com-
pletely inhibited PE-induced (1 𝜇M) contraction. This result
suggests that EOK could inhibit Ca2+-induced vasocon-
striction from specific IP

3
R channels in the SR membrane.

AndEOK (0.3mg/mL) completely inhibited vasoconstriction
induced by Ca2+ supplementation in aortic rings that were
precontracted with PE (1 𝜇M).This result suggested that EOK
could inhibit vasoconstriction induced by extracellular Ca2+
entry via the ROCC.

KCl contracts smoothmuscle cellsmainly by extracellular
Ca2+ influx through depolarization of the cell membrane
and subsequent opening of VDCC [22]. EOK (0.3mg/mL)
also completely inhibited vasoconstriction induced by Ca2+
supplementation in aortic rings that were precontracted with
KCl (60mM).This result suggests that EOK could also inhibit
vasoconstriction induced by extracellular Ca2+ entry via the
VDCC. L-type VDCC is the major mechanism of VDCC.
In the present study, EOK-induced vasorelaxation on PE-
contracted aortic rings was inhibited by preincubation with
nifedipine (a typical L-type VDCC blocker). This result sug-
gested that EOK could inhibit extracellular Ca2+ entry via
blocking L-type VDCC.

Caffeine contracts smooth muscle cells by internal cal-
cium release from ryanodine receptor (RyR) channels in
the SR membrane [23]. EOK (0.3mg/mL) did not inhibit
caffeine-induced (5mM) vasoconstriction, which suggested
that EOK could not affect RyR channels.

Increase of K+ efflux in vascular smooth muscle causes
membrane potential hyperpolarization [22]. Thus, the open-
ing of K+ channels leads to vasorelaxation and the inhibition
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Figure 7: Qualitative and quantitative HPLC analysis of standard materials in EOK.The retention time of the peak 1, peak 2 (oxypeucedanin
hydrate), peak 3, peak 4, peak 5 (imperatorin), and peak 6 (isoimperatorin) was 2.04min, 3.26min, 5.35min, 6.57min, 10.99min, and
15.02min, respectively.

of K+ channels leads to vasoconstriction. Voltage-dependent
K+ (KV) channels, Ca

2+-activated K+ (BKCa) channels, and
ATP-sensitive K+ (KATP) channels are well-known distinct
types of K+ channels in vascular smooth muscle [22]. In
the present study, the vasorelaxant effects of EOK were not
affected by preincubation of 4-AP (KV channel blocker), TEA
(BKCa channel blocker), and glibenclamide (KATP channel
blocker). These results indicated that the vasorelaxant effects
of EOK on the rat aortic rings were not related to the opening
of K+ channels.

Rho kinase has been identified as one of the effectors of
the small GTP-binding protein Rho. And Rho/Rho-kinase-
mediated pathway has been implicated in the regulation of
vascular tone [24]. Y-27632 is a Rho-kinase inhibitor that
blocks agonist-induced Ca2+ sensitization of smooth muscle
[25]. In this study, Y-27632 did not significantly affect the
relaxant effect of EOK. This result indicated that the relaxant
effect of EOK on rat aortic ring is not related to the Rho-
kinase pathway.

Osterici Radix has been reported to contain several active
compounds such as oxypeucedanin hydrate [11], oxypeu-
cedanin, imperatorin, and isoimperatorin [26]. In the present
study, we identified oxypeucedanin hydrate (1.80 ± 0.92%),
imperatorin (0.42±0.02%), and isoimperatorin (0.70±0.02%)
from EOK by using HPLC analysis. Imperatorin is reported
to relax rat mesenteric arteries precontracted by KCl or
endothelin-1 and human omental arteries precontracted by
noradrenaline and U46619 [27]. And isoimperatorin is also
reported to relax rat aortic rings precontracted by PE or KCl
[28]. Therefore, vasorelaxant activities of EOK might result
from these active compounds. However, vasorelaxant activity
of oxypeucedanin hydrate has not yet been studied, and EOK
possesses many other multiple known and unknown com-
pounds. Thus, it is necessary to find more active compounds
for the evidence of vasorelaxant activities of EOK.

In conclusions our findings suggest that Osterici Radix
might be a useful herbal medicine for treating cardiovascu-
lar diseases such as hypertension. However, more detailed
mechanism studies, in vivo studies, and chemical analyses
may be necessary to establish the efficacy of Osterici Radix
for treating hypertension.
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Obesity is a metabolic disorder characterized by chronic inflammation and dyslipidemia and is a strong predictor for the
development of hypertension, diabetesmellitus, and cardiovascular disease.This study examined the antiobesity effect of an ethanol
extract of Corni Fructus containing formulation (CDAP), which is a combination of four natural components: Corni Fructus,
Dioscoreae Rhizoma, Aurantii Fructus Immaturus, and Platycodonis Radix. The cellular lipid content in 3T3-L1 adipocytes was
assessed by Oil Red O staining. Expressions of peroxisome proliferator-activated receptor-𝛾 (PPAR-𝛾), CCAAT/enhancer-binding
protein-𝛼 (C/EBP-𝛼), and lipin-1 were determined by real-time RT-PCR. Western blot was used to determine the protein levels of
PPAR-𝛾, C/EBP-𝛼, and AMP-activated protein kinase-𝛼 (AMPK-𝛼). The CDAP extract suppressed the differentiation of 3T3-L1
adipocytes by downregulating cellular induction of PPAR-𝛾, C/EBP-𝛼, and lipin-1.The CDAP extract also significantly upregulated
phosphorylation of AMPK-𝛼. An in vivo study showed that CDAP induced weight loss in mice with high-fat-diet-induced
obesity. These results indicate that CDAP has a potent anti-obesity effect due to the inhibition of adipocyte differentiation and
adipogenesis.

1. Introduction

Obesity is the main cause of metabolic syndrome, which
can lead to various complications, including hardening of
the arteries and an increased risk of cardiovascular diseases.
Therefore, obesity has a large impact on healthcare in both
developed and developing countries. Obesity is charac-
terized by excessive fat deposition and is associated with

morphological and functional changes in the adipocytes
[1]. Accordingly, understanding the mechanisms by which
particular herbal medicines affect adipocyte differentiation
could help prevent obesity and its associated diseases [2].

Adipose tissue, an important depot for energy storage,
regulates energy homeostasis. Excessive increases in the
number and size of adipocytes result in obesity and meta-
bolic syndrome. Adipogenesis, a differentiation process of
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adipocytes, involves changes in gene expression and cel-
lular morphology. Adipocyte hypertrophy results from an
excessive accumulation of lipids from intake of excessive
energy sources such as a high-fat (HF) diet. Changes in
the number of adipocytes result from a complex interplay
between proliferation and differentiation of preadipocytes
[3]. Therefore, understanding the molecular mechanism
of adipocyte differentiation is necessary for the efficient
treatment of these diseases. To elucidate the molecular
mechanisms of adipogenesis, 3T3-L1 cells have been gen-
erally used as an in vitro model. Differentiation of 3T3-
L1 preadipocytes into mature adipocytes can be induced
by upstimulation with 3-isobutyl-1-methylxanthine (IBMX),
dexamethasone (Dex), and insulin and promotes the accu-
mulation of large amounts of intracellular lipid droplets in
mature adipocytes [4]. During adipogenesis of 3T3-L1 cells,
peroxisome proliferator-activated receptor-𝛾 (PPAR-𝛾) and
CCAAT/enhancer-binding protein-𝛼 (C/EBP-𝛼) play key
roles as major transcription factors [5]. Expression of PPAR-
𝛾, a transcription factor of the nuclear-receptor superfamily,
and C/EBP-𝛼, a member of the C/EBP family of basic-
leucine zipper class of transcription factors, increased during
differentiation of 3T3-L1 cells [6].

AMP-activated protein kinase (AMPK) is a “cellu-
lar fuel gauge” and acts to simultaneously shut down
ATP-consuming biosynthetic processes and facilitate ATP-
producing catabolic processes during periods of metabolic
stress, leading to rapid changes in the control of fatty acid
metabolism. AMPK stimulation of fatty acid metabolism
occurs as a result of AMPK phosphorylation [7]. AMPK,
composed of a, b, and g subunits, is a key player in
energy homeostasis. When the intracellular AMP/ATP ratio
increases because of metabolic stress, AMPK is phospho-
rylated. Subsequently, downstream target molecules are
activated, promoting catabolism. When the intracellular
AMP/ATP ratio decreases, AMPK increases anabolism.
AMPK is associated with adipocyte differentiation via AMPK
activation in 3T3-L1 adipocytes [8, 9]. Lipin is also a central
regulator of adipose tissue development. Mammalian lipin
proteins have been shown to control gene expression and
to enzymatically convert phosphatidate to diacylglycerol,
an essential precursor in triacylglycerol and phospholipid
synthesis [10]. Previous studies established that lipin-1 is
required at an early step in adipocyte differentiation for
induction of the adipogenic gene transcription program,
including the key regulator PPAR-𝛾 [11].

In this study, we investigated the effect of CDAP, a mod-
ified prescription of “Supungsunki-hwan.” This frequently
prescribed Korean traditional medicine for the treatment
of obesity was tested on humans as well as on an ani-
mal model subjected to HF diet-induced obesity [12, 13].
The CDAP is a combination of herbal extracts (i.e., Corni
Fructus, Dioscoreae Rhizoma, Aurantii Fructus Immaturus,
and Platycodonis Radix) at a ratio of 1 : 1 : 1 : 1. This new
study investigated the effects of CDAP on the adipocyte
differentiation process at the molecular level in 3T3-L1 cells
and the effects of dietary CDAP on body weight changes,
including physiological and metabolic variables, in HF diet
C57BL/6 mice.

2. Materials and Methods

2.1. Preparation of CDAP. Theoriental,medicinal, and herbal
mixture used in this experiment (CDAP) is approved as a
food ingredient.The herbal sample was prepared as described
previously [13]. Briefly, 1 kg each of Corni Fructus, Dioscoreae
Rhizoma, Aurantii Fructus Immaturus, and Platycodonis
Radix was extracted with 80% ethanol (80% EtOH) for 2 h
and 20min using a heating mantle. The solvents were filtered
and evaporated under reduced pressure (Rotary evaporator
Model NE-1, Japan) and the remnant then freeze-dried
(Freeze dryer FD-1, Japan) at−56∘C and 9mmTorr to acquire
extracts of each herbal sample.

2.2. Animals and Diets. Male 4-week-old C57BL/6J mice
were purchased from Daehan Biolink Co. (Eumsung, Korea)
and maintained for one week prior to experiments. All
animals were maintained in a C57Bl/6J background, on a
12 h light-dark cycle in a pathogen-free animal facility. Mice
were provided with a laboratory diet and water ad libitum.
All experimental protocols involving the use of animals were
conducted in accordance with National Institutes of Health
(NIH) guidelines. To induce obesity, the mice were fed a HF
diet (Rodent Diet D12492, Research Diet, New Brunswick,
NJ, USA) consisting of 60% fat in accordance with previously
published reports [14]. Normal mice were fed a commercial
standard chow diet (CJ Feed Co., Ltd., Seoul, Republic of
Korea). Experimental mice were fed the HF diet for four
weeks before administration of CDAP or Slinti, a green tea
extract used as a positive control (Myungmoon Pharm. Co.,
LTD., Seoul, Republic of Korea). The mice were randomly
divided into four groups (𝑛 = 5 per group) that were fed
either a normal diet (ND), a HF diet, a HF diet plus CDAP,
or a HF diet plus Slinti, for 16 weeks. Body weight and food
intake were measured three times per week.

2.3. Cell Culture and Differentiation. 3T3-L1 mouse embryo
fibroblasts were obtained from the American Type Culture
Collection (Rockwill,MD,USA). Cells were grown inDMEM
plus 10% calf serum and plated for final differentiation
in DMEM plus 10% FBS with 100 units/mL of penicillin-
streptomycin solution at 37∘C, in 5% CO

2
, at 95% humidity

until confluence. Two days after confluence (Day 0), the cells
were stimulated to differentiate with differentiation inducers
(1 𝜇M dexamethasone, 500 𝜇M 3-isobutyl-1-methylxanthine,
and 1 𝜇g/mL insulin, MDI) that were added to DMEM
containing 10% FBS for two days (Day 2). Preadipocytes
were then cultured in DMEM, 10% FBS supplemented with
1 𝜇g/mL insulin for another two days (Day 4), followed
by culturing with 10% FBS/DMEM medium for additional
two days (Day 6), at which time more than 90% of cells
were mature adipocytes with accumulated fat droplets. On
Day 2, CDAP was prepared in a differentiation medium at
concentrations of 10𝜇g/mL, 50𝜇g/mL, and 100 𝜇g/mL.

2.4. MTS Cell Viability Assay. On 96-well plates, the 3T3-L1
preadipocytes were seeded (2 × 104 cells/well) and incubated
in 10% FBS/DMEM medium for 24 h. Then, the cells were
incubated in 10% FBS/DMEM medium containing ethanol
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extract of CDAP for an additional 48 h. Cell viability was
monitored using the Cell Proliferation MTS Kit (Promega
Corporation, Madison, WI, USA) as recommended by
the manufacturer. Prior to measuring viability, treatment
media were removed and replaced with 200 𝜇L fresh 10%
FBS/DMEM medium and 10 𝜇L 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tet-
razolium (MTS) solution. Cells were then returned to the
incubator for 4 h. The absorbance was measured at 490 nm
in a VERSAmax microplate reader (Molecular Devices, Sun-
nyvale, CA, USA) to determine the formazan concentration,
which is proportional to the number of live cells.

2.5. Oil Red O Staining. Intracellular lipid accumulation was
measured using Oil Red O. The Oil Red O working solution
was prepared as described by Ramirez-Zacarias et al. [15].
The 3T3-L1 cells were fixed with 10% formalin and then
stained for 1 h with filtered solution of 60% Oil Red O in
100% aqueous 2-isopropanol. To quantify the intracellular
lipids, the stained lipid droplets were dissolved in isopropanol
(3mL/well). The extracted dye was transferred into a 96-
well plate and absorbance read with a VERSAmaxmicroplate
reader (Molecular Devices, Sunnyvale, CA, USA) at 500 nm.

2.6. RNA Extraction and Real-Time RT-PCR. Total RNA was
extracted from the cells using a GeneAllR RiboEx Total RNA
extraction kit (GeneAll Biotechnology, Seoul, Republic of
Korea) according to the manufacturer’s instructions. From
2𝜇g of RNA, cDNA was reverse-transcribed using a Power
cDNA synthesis kit (iNtRON Biotechnology, Seongnam,
Kyunggi, Republic of Korea). The primers PPAR𝛾, C/EBP𝛼,
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were used for real-time PCR analysis. Real-time PCR was
performed with SYBR Green Power Master Mix (Applied
Biosystems, Foster City, CA, USA) using a Step One Plus
Real-Time PCR System (Applied Biosystems, Foster City, CA,
USA). The target cDNA was amplified using the sense and
antisense primers described in Table 1.

2.7. Western Blot Analysis. Cultured and differentiated cells
were harvested using a cell scraper and then lysed with ice-
cold RIPA buffer. The total cell lysates were then centrifuged
at 13,000 rpm for 20min at 4∘C to remove the insoluble
materials. Next, the total concentration of extracted proteins
was determined using the method of Bradford [16]. Western
blottings were performed with polyclonal rabbit antibodies
against PPAR-𝛾 (Cell Signaling Technology, Beverly, MA,
USA), C/EBP-𝛼 (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), Lipin-1 (Cell Signaling Technology, Beverly, MA,
USA), AMPK-𝛼 (Cell Signaling Technology, Beverly, MA,
USA), p-AMPK-𝛼 (Cell Signaling Technology, Beverly, MA,
USA), and polyclonal mouse antibodies against GAPDH
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). The blots
were subsequently incubated with horseradish peroxidase
(HRP)-conjugated affinipure Goat anti-rabbit IgG (Jack-
son Immunoresearch Laboratory, USA) or HRP-conjugated
affinipure Goat anti-mouse IgG (Jackson Immunoresearch
Laboratory, USA). Polyvinylidene difluoride (PVDF) mem-
brane was purchased from Millipore, and the protein assay

Table 1: Sequences of oligonucleotide primers (5 to 3) for real-time
RT-PCR.

Genes 5 to 3 oligonucleotide sequences
Mouse PPAR-𝛾

Sense (forward) TTT TCA AGG GTG CCA GTT TC
Antisense (reverse) TTA TTC ATC AGG GAG GCC AG

Mouse C/EBP-𝛼
Sense (forward) GCC GAG ATA AAG CCA AAC AA
Antisense (reverse) CCT TGA CCA AGG AGC TCT CA

Mouse lipin-1
Sense (forward) CGC CAA AGA ATA ACC TGG AA
Antisense (reverse) TGA AGA CTC GCT GTG AAT GG

Mouse GAPDH
Sense (forward) AAC TTT GGC ATT GTG GAA GG
Antisense (reverse) GGA TGC AGG GAT GAT GTT CT

PPAR-𝛾: peroxisome proliferator-activated receptor-𝛾; C/EBP-𝛼: CCAAT/
enhancer-binding protein-𝛼; GAPDH: glyceraldehyde-3-phosphate dehy-
drogenase.

reagent was obtained from Bio-Rad (Bio-Rad Laboratories,
Hercules, CA, USA).

2.8. Serum Analysis. All mice were made to fast for 3 h prior
to being sacrificed. Plasma was separated immediately after
blood sampling by centrifugation at 4,000×g for 30min.
The serum was stored at −70∘C until being used for assays.
High-density lipoprotein (HDL-C) cholesterol, low-density
lipoprotein (LDL-C) cholesterol, total cholesterol (TC), and
fructosamine were assayed at the Seoul Medical Science
Institute (Seoul Clinical Laboratories, Seoul, Republic of
Korea).

2.9. Instrumentation. The HPLC was equipped with a vac-
uum degasser, a quaternary pump, and an automatic sam-
ple injection system. Chromatographic separation was per-
formed on a Nucleosil C 18 (150 × 4.6mm, 5𝜇m, Teknok-
roma, Barcelona, Spain). Samples were separated using ace-
tonitrile and phosphate buffer (50 + 50 v/v), pH 5.5, as
the mobile phase at a flow rate of 1.0mL/min at ambient
temperature. Initial elution was performed by acetonitrile-
aqueous ammonium acetate 20 : 80 (v/v). After 10min, the
linear gradient reached 60% acetonitrile.

2.10. Statistical Analysis. All data, expressed as mean ±
standard deviation, were processed statistically using the
software SPSS 11.5 for Windows. Values with ∗𝑃 < 0.05 were
considered to indicate statistical significance.

3. Results

3.1. Effects of CDAP on Cytotoxicity and Inhibition of Adipoge-
nesis in 3T3-L1 Adipocytes. To determine the cytotoxicity of
CDAP, 3T3-L1 cells were treated with various concentrations
(10–500𝜇g/mL) of CDAP and the cell viability measured
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Figure 1: Effect of CDAP on cell viability and lipid accumulation in 3T3-L1 cells. (a) Cells were incubated with CDAP at the indicated
concentration for 48 h. Cell viability was assessed by MTS assay. (b) Postconfluent 3T3-L1 cells were differentiated in the absence or in the
presence of CDAP (0, 10, 50, and 100 𝜇g/mL) for 6 days. Lipid droplets were measured by Oil Red O staining. EGCG was used as a positive
control. All values are mean ± S.D. #𝑃 < 0.05 versus undifferentiated control cells; ∗𝑃 < 0.05 versus differentiated control cells.

by the MTS assay. As shown in Figure 1(a), treatment with
10–100 𝜇g/mL of CDAP did not cause significant cytotoxic
effects on 3T3-L1 cells. Due to this result, further treatments
proceeded at the concentrations of 10, 50, and 100𝜇g/mL.
Next, to investigate the effects of CDAP on preadipocyte
differentiation, the lipid accumulation was measured by
an Oil Red O staining assay. As shown in Figure 1(b),
100 𝜇g/mL of CDAP suppressed lipid accumulation in 3T3-
L1 adipocytes at levels that were statistically significant (𝑃 <
0.05), suggesting that CDAP inhibits adipogenesis in 3T3-L1
cells. Epigallocatechin gallate (EGCG) was used as a positive
control.

3.2. Effect of CDAP on the Expression of PPAR𝛾, C/EBP𝛼,
and Lipin-1 in 3T3-L1 Adipocytes. Adipocyte differentiation
accompanies the changes in expression of various adipogenic
and lipogenic genes [17]. PPAR𝛾 and C/EBP𝛼 are well
recognized adipogenic genes known to have roles in the
early stage of adipogenesis [18]. Lipin-1 is also required
at an early step in adipocyte differentiation for induction
of the adipogenic gene transcription [11]. To investigate
the antiadipogenic mechanism, the effect of CDAP on
mRNA expression levels of PPAR𝛾, C/EBP𝛼, and lipin-1 were

examined. Fully differentiated 3T3-L1 cells were exposed for
48 h to concentrations of 10, 50, and 100 𝜇g/mL of CDAP.
Expressions of both adipogenic genes PPAR𝛾 and C/EBP𝛼
were significantly decreased byCDAP (Figures 2(a) and 2(b)).
In addition, CDAP significantly suppressed the expression
of lipin-1 in a dose-dependent manner (Figure 2(c)). We
also demonstrated that CDAP treatment resulted in a dose-
dependent suppression of PPAR𝛾, C/EBP𝛼, and lipin-1 at the
protein level (Figures 3(a), 3(b), and 3(c)). EGCGwas used as
a positive control.

3.3. The Effect of CDAP on the Expression and Phospho-
rylation of AMPK. To investigate whether AMPK, a key
player in energy homeostasis [19], is activated by CDAP
during 3T3-L1 differentiation, the level of phosphorylated
AMPK𝛼 was analyzed and compared with the total level of
AMPK𝛼. When compared with the control group, AMPK𝛼
phosphorylation increased after treatment with 100 𝜇g/mL
of CDAP (Figure 4(c)). A western blot showed that total
AMPK𝛼 was unchanged. In addition, the effect of CDAP on
AMPKactivationwas also comparedwith naringin andplaty-
codin D, since Aurantii Fructus Immaturus and Platycodonis
Radix showed significant antiadipogenic effects on 3T3-L1
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Figure 2: Effect of CDAP on the expression of transcription factors and adipocyte-specific genes in differentiation of 3T3-L1 cells.
Postconfluent 3T3-L1 cells were differentiated in the absence or presence of CDAP (0, 10, 50, and 100𝜇g/mL) for 6 days.ThemRNAof PPAR-𝛾
(a), C/EBP-𝛼 (b), and lipin-1 (c) was analyzed by real-time RT-PCR. Results were expressed relative to untreated cells after normalization to
GAPDHmRNA. EGCGwas used as a positive control. Values are mean ± S.D. of data from three separate experiments; each experiment was
performed in triplicate. #𝑃 < 0.05 versus undifferentiated control cells; ∗𝑃 < 0.05 versus differentiated control cells.

differentiation compared to other herb components of CDAP
(Figure 4(a)). The cytotoxicity of naringin and platycodin
D, major constituents of Aurantii Fructus Immaturus and
Platycodonis Radix, respectively, was examined using an
MTS assay (Figure 4(b)). The result showed that CDAP had
a higher effect on activation of AMPK than that of naringin
but not higher than that of platycodin D.

3.4. Effects of CDAP Extract on HF Diet-Induced Obese
C57BL/6J Mice. To examine the reduction of body weight by
CDAP, mice were fed HFD for four weeks before adminis-
tration of either CDAP or Slinti. After inducing obesity, the
micewere subdivided into four groups: the normal diet group
with vehicle treatment, the 60% HFD group with vehicle
treatment, the 60% HFD group with Slinti (5mg/kg/day)
treatment as a positive control, and the 60%HFD group with

CDAP (100mg/kg/day). After inducing obesity with HFD for
four weeks, there were significant differences in body weight
between the HFD and normal diet groups. The weight gain
of the group of mice administered with extract of CDAP
(100mg/kg/day) was significantly (𝑃 < 0.05) decreased
compared with the HD diet group (Figures 5(a) and 5(b)).
The level of daily food intake was unchanged, suggesting that
the antiobesity effects of CDAP extract were not mediated
by a reduction of food and water intake. The changes in the
blood plasma parameter are shown in Figures 5(c)–5(f). The
CDAP group showed significant decrease in LDL cholesterol
compared to the HF diet group.

3.5. Chromatographic Separation. The HPLC chromatogram
revealed that loganin (Corni Fructus), allantoin (Dioscoreae
Rhizoma), naringin (Aurantii Fructus Immaturus), and
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Figure 3: Effect of CDAP on the protein expressions of transcription factors in differentiation of 3T3-L1 cells. Postconfluent 3T3-L1 cells
were differentiated in the absence or presence of CDAP (0, 10, 50, and 100𝜇g/mL) for 6 days. PPAR𝛾 (a), C/EBP𝛼 (b), and lipin-1 (c) protein
expressions were analyzed by western blot analysis. EGCG was used as a positive control. Values are mean ± S.D. of data from three separate
experiments; each experiment was performed in triplicate. #𝑃 < 0.05 versus undifferentiated control cells; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus
differentiated control cells.

platycodin D (Platycodonis Radix) were the major con-
stituents in the organic molecules of the EtOH extract of
CDAP (Figure 6).

4. Discussion

CDAP is a modified prescription of “Supungsunki-hwan”, a
frequently prescribed Korean traditional medicine for the
treatment of obesity.The effects of Corni Fructus, Dioscoreae
Rhizoma, andAurantii Fructus Immaturus have been studied

for reduction of blood glucose, as well as improving insulin
sensitivity [12]. These three herbs are included in the orig-
inal “Supungsunki-hwan” prescription, which consists of 12
herbal medicines. In addition, it has been reported that
platycodin D, a major component of Platycodonis Radix,
effectively inhibits triglyceride accumulation in adipocytes
[16]. In this study, we examined the anti-obesity effect of
ethanol extract of CDAP, a combination of four herbal com-
ponents (i.e., Corni Fructus, Dioscoreae Rhizoma, Aurantii
Fructus Immaturus, and Platycodonis Radix).
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Figure 4: Effect of CDAP and its constituents on phosphorylation of AMPK during 3T3-L1 differentiation. Postconfluent 3T3-L1 cells were
differentiated in the presence or absence of Corni Fructus, Dioscoreae Rhizoma, Aurantii Fructus Immaturus, and Platycodonis Radix for 6
days. (a) Lipid accumulation was measured by an Oil Red O staining assay. (b) The cytotoxicity of each constituent, naringin and platycodin
D, which are more effective herb’s constituents on lipid accumulation, was examined using an MTS assay. (c) Effect of CDAP on AMPK
activation was compared with naringin and platycodin D, a major constituent of Aurantii Fructus Immaturus and Platycodonis Radix,
respectively. Protein levels of phosphorylated AMPK (pAMPK) and total AMPK were determined by western blot analysis. The protein
expression differences are normalized to AMPK-𝛼. Values are mean ± S.D. of data from three separate experiments; each experiment was
performed in triplicate. #𝑃 < 0.05 versus undifferentiated control cells; ∗𝑃 < 0.05 versus differentiated control cells.
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Figure 5: Effects of CDAP in HF diet-induced obesity mice. Mice (𝑛 = 5 per group) were administrated CDAP extract (100mg/kg/day) with
their HF diet for 16 weeks. Normal diet (blank) fed mice were administrated with vehicle. Slinti (5mg/kg/day) was administrated as a positive
control. Changes in body weight (a), the weight difference between the start weight and end weight of each group (b), LDL cholesterol (c),
HDL cholesterol (d), total cholesterol (e), and fructosamine (f) of the mice were measured. All values are mean ± S.D. #𝑃 < 0.05 significantly
different from blank (normal diet group); ∗𝑃 < 0.05 significantly different from HF diet group (60%).

The present study demonstrates the effect of CDAP
extract on inhibition of adipocyte differentiation. Our results
show that CDAP did not cause significant cytotoxic effects
in 3T3-L1 cells and significantly inhibited lipid accumulation
and adipocyte differentiation in a concentration-dependent

manner.These results indicate that CDAP inhibited adipoge-
nesis during adipocyte differentiation andmay have potential
anti-obesity effects. As shown in Figure 4, Aurantii Fructus
Immaturus and Platycodonis Radix were more effective than
other herbs of CDAP to inhibit adipogenesis. In addition,
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Figure 6: HPLC chromatogram of CDAP.The peaks were assigned based on the isolation of each compound. (a) Corni Fructus: logarnin; (b)
Dioscoreae Rhizoma: allantoin; (c) Aurantii Fructus Immaturus: naringin; (d) Platycodonis Radix: platycodin D. The herbs were extracted
with 80% ethanol (80% EtOH).

platycodin D, a major component of Platycodonis Radix,
was more effective than CDAP to activate AMPK-𝛼. How-
ever, CDAP reduced the serum levels of aspartate trans-
aminase (AST) and alanine transaminase (ALT), compared
to each individual herb (Supplementary Figure S1 available
online at http://dx.doi.org/10.1155/2013/423741).

PPAR-𝛾, a transcription factor predominantly expressed
in adipose tissue, plays an important role in adipocyte differ-
entiation, lipid storage, and glucose homeostasis [20]. Also,
adipogenesis is highly regulated by two primary adipogenic
transcription factors, PPAR-𝛾 andC/EBPs [21]. Among these,
PPAR-𝛾 is well known as the master of adipogenic tran-
scription [22]. The expression of PPAR-𝛾 leads to induced
adipogenesis in mesenchyme stem cells and fibroblasts [23,
24]. PPAR-𝛾 is also known to bind to the C/EBP-𝛼 promoter
region that induces the expression of C/EBP-𝛼 [25]. C/EBP-
𝛼 is a transcription factor of the C/EBP family, basic-leucine
zipper class, and is regulated by C/EBP-𝛽 in adipocyte
differentiation [26].We found that CDAP significantly down-
regulates PPAR-𝛾 and C/EBP-𝛼mRNA and the protein levels
induced by differentiationmedium in 3T3-L1 cells.This could
be explained in two ways: CDAP either inhibited PPAR-𝛾
and C/EBP-𝛼 or suppressed the upstream molecules. Lipin-
1 is also required in adipocyte differentiation for induction of

the adipogenic gene transcription [11]. We found that CDAP
can inhibit adipocyte differentiation through suppression of
lipin-1.

AMPK, a central sensor of cellular energy, is a eukaryotic
heterotrimeric serine/threonine kinase, and it has emerged as
a therapeutic target formetabolic disorders including obesity.
The activation of AMPK is essential for the inhibition of
3T3-L1 adipocyte lipogenesis by phytochemicals [27]. The
anti-obesity effects of many natural compounds are mediated
through the regulation of fat cells. Genistein, EGCG, and
capsaicin, in particular, were shown to inhibit adipogenesis
by activating AMPK-𝛼 [28, 29]. To determine whether CDAP
inhibits adipocyte differentiation by activating AMPK, the
level of AMPK phosphorylation was determined. The results
show that the level of AMPK phosphorylation was elevated
significantly after CDAP treatment. This result indicates
that CDAP inhibited adipocyte differentiation via activation
of AMPK. AMPK activator A-769662 inhibits adipocyte
differentiation by downregulating PPAR𝛾, C/EBP𝛼, FAS, and
aP2 [30]. It has been also reported that treatment of 3T3-
L1 preadipocytes with an AMPK activator, AICAR, inhibited
the differentiation process [31]. Therefore, our result suggests
therapeutic potential for using CDAP as an activator of
AMPK.
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5. Conclusion

The results of this study show anti-obesity effects of CDAP
both in vivo and in vitro. CDAP inhibited adipocyte differ-
entiation of 3T3-L1 and reduced weight gain in mice with
HF-diet-induced obesity. CDAP significantly decreased lipid
accumulation and the expressions of the major adipogenesis
factors PPAR-𝛾, C/EBP-𝛼, and lipin-1. CDAP also upregu-
lated phosphorylation of AMPK-𝛼. These antiobesity effects
of CDAP support its potential as a therapeutic substance or
as a source of therapeutic substances.
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Cisplatin is an effective chemotherapeutic agent that is used for the treatment of a variety of cancers; however, its nephrotoxicity
limits the use of this drug. In the present study, we examined whether paeonol, a major compound ofMoutan Cortex, has protective
effects on cisplatin-induced acute renal failure in mice. To accomplish this, Balb/c mice (6 to 8wk of age, weighing 20 to 25 g) were
administered, Moutan Cortex (300mg/kg) or paeonol (20mg/kg) once a day. At day 4, mice received cisplatin (30, 20, or 10mg/kg)
intraperitoneally.The paeonol-treated group showedmarked attenuation of serum creatine and blood urea nitrogen levels as well as
reduced levels of proinflammatory cytokines and nitric oxide when compared to the control group. In addition, the paeonol-treated
group showed prolonged survival and marked attenuation of renal tissue injury. Taken together, these results demonstrated that
paeonol can prevent the renal toxic effects of cisplatin.

1. Introduction

Cisplatin (cis-diamminedichloroplatinum (II)) is a platinum
compound that has revolutionized the treatment of various
solid organ tumors. Because of its high effects, cisplatin is
used for the treatment of a variety of malignancies, including
testicular, head and neck, ovarian, cervical, non-small-cell
lung carcinoma and many other types of cancer [1, 2].
However, nephrotoxicity, the most common adverse effect
of cisplatin, often requires dose reduction or withdrawal of
cisplatin [3].Therefore, various studies have been investigated
to reduce cisplatin-induced nephrotoxicity.

Cisplatin-induced nephrotoxicity is related to direct
tubular toxicity, inflammation, vascular factors, and oxidative
stress [2]. Oxidative stress and inflammation have been
suggested as the major mechanisms in the pathogenesis of
cisplatin-induced nephrotoxicity [4].

Moutan Cortex, the root bark of Paeonia suffruticosa
Andrews, is widely used in traditional medicine to treat
various diseases including atherosclerosis, infection, and
inflammation [5]. Previous studies have revealed that the
extracts of Moutan Cortex can inhibit nitric oxide and tumor
necrosis factor-alpha (TNF-𝛼) in activated mouse peritoneal
macrophages [5]. Further, our recent studies suggested that

Moutan Cortex exerted recovery effects on cisplatin-induced
nephrotoxicity in vitro [6]. In the present study, we searched
whether extract ofMoutanCortex could ameliorate cisplatin-
induced upregulation of serum creatinine and blood urea
nitrogen (BUN) in vivo. After the confirmation that Moutan
Cortex has the potential to attenuate the nephrotoxicity of
cisplatin, we hypothesized that paeonol, a major phenolic
component of Moutan Cortex, could attenuate cisplatin-
induced renal damage. Recent studies have suggested that
paeonol has various biological activities such as antiaggre-
gatory, antioxidant, anxiolytic-like, and anti-inflammatory
functions [7–9]. Moreover, it has been shown that natural
antioxidants and anti-inflammatory agents such as curcumin,
licorice extract, andZingiber officinale can attenuate cisplatin-
induced nephrotoxicity [10, 11]. In this study, we investigated
whether paeonol attenuates cisplatin-induced renal damage
by inhibiting inflammation and nitrosative stress.

2. Materials and Methods

2.1. Animals. Balb/c male mice (6 to 8wk of age, weighing
20 to 25 g) were purchased from Orient Bio (Seongnam,
Republic of Korea). All mice were kept under pathogen-free
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conditions with air conditioning and a 12 h light/dark cycle
and had free access to food andwater during the experiments.
The study was approved by the Animal Care and Use
Committee of Kyung Hee University.

2.2. Materials. Moutan Cortex extract was purchased from
Sun Ten (Sun Ten Pharmaceutical Co., Ltd., Taiwan) and
dissolved in distilled water to give a final concentration
of 10% (w/v). The herb suspension supernatant (HSS) was
then obtained by centrifugation at 300×g for 10min at
4∘C. Next, the HSS was passed through a sterile 0.20 𝜇m
pore size filter unit (Sartorius AG, Germany). Paeonol was
purchased fromWako (Wako Pure Chemical Industries, Ltd.,
Japan) and dissolved in phosphate buffered saline (PBS) at a
concentration of 1mg/ml. Cisplatin (cis-diammineplatinum
II dichloride; Sigma-Aldrich, St. Louis, MO) was dissolved
in 0.9% saline at a concentration of 1mg/ml. Paeonol is
one of many active main compounds contained in Moutan
Cortex. Our previous study showed that 1 g ofMoutan Cortex
contained 0.46 ± 0.01mg of paeonol. [5]

2.3. Experimental Protocol. Each group of mice was admin-
istered Moutan Cortex (300mg/kg body wt) or paeonol
(20mg/kg body wt) orally for three days. The control groups
were only administered PBS. At day 4, the mice were given
a single i.p. injection of either cisplatin (30, 20, or 10mg/kg
body wt) or an equal volume of saline. Mice were sacrificed
at 48 or 72 h after the cisplatin administration for further
evaluation.

2.4. Assessment of Renal Function andHistologic Examination.
Blood samples were obtained from mice 0, 24, 48, and 72 h
after cisplatin injection. Renal and liver functionwas assessed
based on the BUN, creatinine, alanine aminotransferase,
and aspartate aminotransferase, which were measured using
a Fuji DRI-CHEM 3500i (Fuji Photo Film, Ltd., Japan).
Kidney tissue was fixed in 4% paraformaldehyde and then
embedded in paraffin, after which it was cut into 5𝜇m
sections and stained with hematoxylin and eosin. Three
pathologists who were blinded to the experiments scored the
degree of tubular injury. Renal tubular injury was assessed
using a semiquantitative score in which the percentage of
cortical tubules showing epithelial necrosis was assigned a
score of either 0, none; 1, <10%; 2, 10–25%; 3, 25–75%; or 4,
>75% [12].

2.5. Kidney Proinflammatory Cytokines. To examine the
proinflammatory cytokines after cisplatin administration,
the levels of TNF-𝛼 and IL-1𝛽 were measured in the kid-
neys by enzyme linked immunosorbent assay (ELISA; BD
Biosciences, USA). Briefly, snap-frozen kidney tissue was
homogenized in a PRO-PREP protein extraction solution
(iNtRON Biotechnology, Inc., Korea), after which it was
incubated for 20 minutes in ice and then centrifuged at
13,000 rpm (4∘C) for 15 minutes. The supernatant was then
used for kidney proinflammatory cytokine detection, which
was accomplished using a BCATH Protein Assay Kit (Thermo

Scientific, USA). The protein levels of cytokines were cor-
rected for the total amount of protein, and the results were
expressed as pg/mg.

2.6. Nitrite Estimation. Tissue nitrite was estimated using
Greiss reagent and served as an indicator of NO produc-
tion. Briefly, 500𝜇L of Greiss reagent (1 : 1 solution of 1%
sulfanilamide in 5%phosphoric acid and 0.1%naphthylamine
diamine dihydrochloric acid in water) was added to 100 𝜇L
of kidney homogenates. The nitrite concentration was calcu-
lated using a standard curve for sodium nitrite. Nitrite levels
were expressed as 𝜇M/mg.

2.7. Statistical Analysis. Statistical analysis of the data was
conducted using Prism 4.02 software (GraphicPad Software
Inc., USA). All data are presented as the means ± S.E.M. The
significance of differences between the experimental groups
and the control was assessed by a Student’s 𝑡-test. Kaplan-
Meier analysis was used for the mouse survival analyses. For
multiple comparison, two-way ANOVA was conducted. A 𝑃
value < 0.05 was taken to indicate significance.

3. Results

To ascertain whether paeonol could attenuate cisplatin-
induced renal damage, we analyzed survival rate, serum cre-
atinine, BUN, histologic change, proinflammatory cytokines,
and nitrite production in cisplatin-injected mice.

3.1. Effects of Moutan Cortex on Cisplatin-Induced Renal
Dysfunction. Both levels of the serum creatinine and BUN
in cisplatin group were significantly increased at 48 h after
cisplatin administration when compared with the saline
group. The serum creatinine level in Moutan Cortex pre-
treatment group was significantly decreased at 48 h after
cisplatin administration when compared with the cisplatin
group (Figure 1(a)). In addition, BUN level was slightly
reduced in Moutan Cortex pretreatment group at 48 h after
cisplatin injection when compared with the cisplatin group
(Figure 1(b)).

3.2. Effects of Paeonol on Kidney and Liver Dysfunction. Each
group of mice was administered paeonol (20mg/kg body wt)
or saline via a single intraperitoneal injection for three days.
At day 4, blood samples were obtained frommice to check the
toxicity of paeonol. The dose of 20mg/kg paeonol caused no
harmful effects on kidney and liver dysfunction (Figure 2).

3.3. Effects of Paeonol on Survival after Cisplatin Admin-
istration. Both the paeonol-pretreated group and cisplatin
group received three different doses of cisplatin (30, 20, or
10mg/kg body wt) and were followed up for 78 h. At 78 h
after injection of 30mg/kg cisplatin, all of the cisplatin group
mice had expired. However, the paeonol-pretreated mice had
28% survival. Moreover, at 72 h after 20mg/kg of cisplatin
administration, all of the paeonol-pretreated mice survived,
but 42% of cisplatin group mice had expired. Taken together,
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Figure 1: Effects ofMoutanCortex on creatinine and BUNproduction. All mice received a single dose of cisplatin intraperitoneally (30mg/kg
body wt). Serum creatinine (a) and BUN (b) were measured at 48 h after cisplatin injection. Saline: saline alone; Cis: cisplatin alone; Cis +
Moutan Cortex: Moutan Cortex pretreatment and cisplatin treatment. Values shown are the mean ± S.E.M. Data were analyzed by a Student’s
𝑡-test (∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001 versus Cis; 𝑛 = 4).
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Figure 2: Effects of paeonol on kidney and liver dysfunction. Each group of mice was administered paeonol (20mg/kg body wt) or saline
via a single intraperitoneal injection for three days. At day 4, blood samples were obtained frommice to check the toxicity of paeonol. Serum
creatinine (a), BUN (b), alanine aminotransferase (c), and aspartate aminotransferase (d) weremeasured. Values shown are themean± S.E.M.
Data were analyzed by a Student’s 𝑡-test (𝑛 = 5).
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Figure 3: Survival in cisplatin-treated mice and paeonol-pretreated mice. (a) All mice received a single dose of cisplatin intraperitoneally
(30mg/kg body wt) and were followed up to 78 h. Compared with a 60 median survival time in cisplatin-treated group, paeonol-pretreated
group had a 78 median survival time. Data were analyzed by a Kaplan-Meier test (∗𝑃 < 0.05 versus Cis; 𝑛 = 14). (b) Mice received cisplatin
intraperitoneally (20 or 10mg/kg body wt) and were followed up to 72 h. Data were analyzed by a Kaplan-Meier test (∗𝑃 < 0.05 versus Cis;
𝑛 = 7).

24 h 48 h 72 h
0

100

200

300

Cis (30 mg/kg) + paeonol
Cis (30 mg/kg)
Cis (20 mg/kg) + paeonol

Cis (20 mg/kg)
Cis (10 mg/kg)+ paeonol
Cis (10 mg/kg)

∗

∗

Bl
oo

d 
ur

ea
 n

itr
og

en
 (m

g/
dL

)

(a)

0

1

2

3

4

5

Cr
ea

tin
in

e (
m

g/
dL

)

24 h 48 h 72 h

Cis (30 mg/kg) + paeonol
Cis (30 mg/kg)
Cis (20 mg/kg) + paeonol

Cis (20 mg/kg)
Cis (10 mg/kg)+ paeonol
Cis (10 mg/kg)

∗

(b)

Figure 4: Effects of paeonol on cisplatin-induced renal dysfunction. Serum creatinine (a) and BUN (b) were measured at 24, 48, and 72 h
after cisplatin injection (30, 20, or 10mg/kg body wt). Data were analyzed by a two-way ANOVA test (∗𝑃 < 0.05 versus Cis (30mg/kg); 𝑛 = 7).

these results show that pretreatment with paeonol improved
survival after cisplatin administration in mice (Figure 3).

3.4. Effects of Paeonol onCisplatin-Induced Renal Dysfunction.
The serum creatinine levels were significantly higher in the
cisplatin group at 72 h after administration of 30mg/kg of
cisplatin when compared with the paeonol pretreatment
group (Figure 4(a)). BUN level was also remarkably reduced
in the paeonol pretreatment group at 48 h and 72 h after
30mg/kg of cisplatin injection when compared with the
group that only received cisplatin (Figure 4(b)). In 20mg/kg
of cisplatin-administered mice, creatinine and BUN levels

were slightly decreased at 72 h by paeonol pretreatment.
Besides, creatinine and BUN levels were not increased by
10mg/kg of cisplatin treatment as previously reported [13, 14].

3.5. Effects of Paeonol on Cisplatin-Induced Renal Injury.
The degree of renal tubular injury in the control- and
paeonol-treated groups was observed at 72 h after cisplatin
administration. Paeonol-treated groups showed slightly less
renal injury than mice that received saline (Figure 5).

3.6. Effects of Paeonol on Cisplatin-Induced Proinflammatory
Cytokines. To investigate the proinflammatory molecules
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Figure 5: Effects of paeonol on renal histology in mice. Sections of kidney were stained with H&E 72 h after cisplatin injection.
Saline treatment alone (a); cisplatin treatment alone (b); paeonol and cisplatin treatment (c). Renal tubular injury was assessed using a
semiquantitative score in which the percentage of cortical tubules showing epithelial necrosis was assigned a score of either 0, none; 1, <10%;
2, 10–25%; 3, 25–75%; or 4, >75% (d). Saline: saline alone; Cis: cisplatin alone; Cis + paeonol: paeonol pretreatment and cisplatin treatment
(∗𝑃 < 0.05 versus Cis, 𝑛 = 3).
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Figure 6: Effects of paeonol on cisplatin-induced proinflammatory cytokines. Kidneys were obtained at 72 h after cisplatin injection, and
cytokine levels of TNF-𝛼 (a) and IL-1𝛽 (b) were determined by ELISA. Saline: saline alone; Cis: cisplatin alone; Cis + paeonol: paeonol
pretreatment and cisplatin treatment. Values shown are the mean ± S.E.M. Data were analyzed by a Student’s 𝑡-test (∗𝑃 < 0.05, ∗∗𝑃 < 0.01
versus cis; 𝑛 = 4 for saline; 𝑛 = 5 for Cis or Cis + paeonol).

generated by cisplatin renal injury, the cytokine levels
of TNF-𝛼 and IL-1𝛽 were measured at 72 h after cis-
platin administration. Cisplatin-treated mice had signif-
icantly increased levels of TNF-𝛼 at 72 h after cisplatin
injection, while paeonol pretreatment reduced expression
of TNF-𝛼 in the kidney. IL-1𝛽 was increased by cisplatin

treatment, but its increasing was not significant. However,
paeonol significantly reduced IL-1𝛽 production by cisplatin
treatment (Figure 6).

3.7. Effects of Paeonol on Cisplatin-Induced Nitric Oxide
Production. Nitrite levels of kidney tissue homogenates were
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Figure 7: Effects of paeonol on cisplatin-induced nitric oxide
production. Nitrate levels in kidney tissue weremeasured in control,
cisplatin, and paeonol groups after a single dose of cisplatin
(30mg/kg body wt). Saline: saline alone; Cis: cisplatin alone; Cis
+ paeonol: paeonol pretreatment and cisplatin treatment. Values
shown are the mean ± S.E.M. Data were analyzed by a Student’s 𝑡-
test (∗𝑃 < 0.05 versus cis; 𝑛 = 4 for saline; 𝑛 = 5 for Cis or Cis +
paeonol).

measured at 72 h after cisplatin injection. Nitrite levels of
kidney tissue were significantly elevated by cisplatin admin-
istration. The nitrite production in kidney tissue was slightly
attenuated in paeonol-pretreated group compared with con-
trol group (Figure 7).

4. Discussion

Nephrotoxicity is a major side effect that limits the use of
cisplatin in many cancer patients. Indeed, many studies have
documented that apoptosis/necrosis, reactive oxygen species,
and inflammation play a major role in the pathogenesis
of cisplatin-induced acute renal failure [15, 16]. Therefore,
various studies have been conducted to reduce the cisplatin-
induced nephrotoxicity. Recent studies have suggested that
natural antioxidants and anti-inflammatory agents such as
curcumin, licorice extract, and Zingiber officinale can atten-
uate cisplatin-induced nephrotoxicity [10, 11]. Additionally,
proinflammatory cytokines such as TNF-𝛼, IL-6, and IL-
1𝛽 have been shown to be associated with cisplatin-induced
acute renal failure [17–19].

Moutan Cortex, the root bark of Paeonia suffruticosa
Andrews, has been used extensively as a traditional medicine
for treatment of various diseases such as atherosclerosis,
infection, and inflammation. Previous studies have revealed
that the extracts of Moutan Cortex can inhibit nitric oxide
and TNF-𝛼 in activated mouse peritoneal macrophages [5].

A variety of compounds including paeonoside, paeono-
lide, apiopaeonoside, paeoniflorin, oxypaeoniflorin, benzoy-
loxypaeoniflorin, benzoylpaeoniflorin, paeonol, and sugars
have been identified in Moutan Cortex [20]. Paeonol, a
major phenolic component of Moutan Cortex, has various
biological activities such as antiaggregatory, antioxidant,
anxiolytic-like, and anti-inflammatory functions [8]. In this

study, paeonol treatment significantly reduced the elevated
levels of serum creatinine and BUN.

In addition, the role of proinflammatory cytokines in cis-
platin-induced acute renal failure has been well documented
[17, 18], and elevation of the proinflammatory cytokines TNF-
𝛼 and IL-1𝛽 as well as that of IL-6 has been demonstrated
in humans with acute renal failure [21]. Given that recent
research has demonstrated that TNF-𝛼 plays a significant
role in cisplatin-induced nephrotoxicity, we measured sev-
eral proinflammatory cytokine levels in kidney tissue. We
found that cisplatin administration increased the kidney
tissue TNF-𝛼 level, whereas paeonol pretreatment led to a
significant decrease in the TNF-𝛼 level. The increase in IL-1𝛽
level was also attenuated in paeonol-pretreated mice. Taken
together, these results indicate that paeonol may reduce the
production of TNF-𝛼 and IL-1𝛽 cytokines that is due to the
direct anti-inflammatory effects of paeonol.

Nitric oxide (NO) is recognized as amediator and regula-
tor of inflammatory responses. NO is involved in host defense
with cytotoxic properties against pathogenic microbes, but
high levels of NO production in response to inflammatory
stimuli can cause proinflammatory and destructive effects on
host tissue [22]. Cisplatin treatment also causes significant
increases in the activity of calcium-independent nitric oxide
synthase (NOS) in rat kidney and liver, which leads to an
increase in serum NO levels as well as tissue NO formation
[23, 24]. Jung et al. reported that the upregulation of oxide
mNOS and peroxynitrite formation in cisplatin treatment
are key events that influence the development of harmful
parameters that occur during cisplatin-associated kidney
failure [25]. It is well known that selective iNOS inhibi-
tion reduces cisplatin-induced nephrotoxicity and nitrosative
stress [26]. In the present study, paeonol treatment prevented
the increases in kidney tissue nitric oxide when compared
with cisplatin-treated mice. Recently, paeonol treatment was
found to inhibit iNOS protein expression induced by TNF-
𝛼 and iNOS mRNA expression in vitro [8, 27]. Therefore,
our results indicate that paeonol has the potential to reduce
nitrosative stress in cisplatin-induced nephrotoxicity.

In conclusion, our study provides evidence that Moutan
Cortex has a potential to attenuate nephrotoxicity of cisplatin
and its major constituent paeonol can be a therapeutic
intervention for cisplatin-induced renal injury. However,
what molecular mechanisms are related to the protective
effects of paeonol on kidney and the influences of Moutan
Cortex and paeonol on the therapeutic efficacy of cisplatin
should be further studied.
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Ixeris dentata (ID) is an herbalmedicine used in Asian countries to treat indigestion, pneumonia, hepatitis, contusions, and tumors;
however, its effect on intestinal inflammation is unknown. Thus, we investigated the effect of ID in the dextran sulfate sodium
(DSS) model of colitis in female BALB/c mice; animals were evaluated after seven days of DSS treatment. DSS-treated mice showed
considerable clinical signs, including weight loss, reduced colon length, colonic epithelial injury, infiltration of inflammatory cells
in the colon tissue, and upregulation of inflammatory mediators. However, administration of ID attenuated body weight loss, colon
shortening, and the increase in disease activity index score. ID also significantly decreased the colonic mucosal injury and the
number of infiltrating mast cells. Moreover, ID inhibited the expressions of cyclooxygenase-2 and hypoxia-inducible factor-1𝛼 in
colon tissue. Taken together, the results provide experimental evidence that IDmight be a useful therapy for patients with ulcerative
colitis.

1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory disorder of
the colon and rectum with intervals of acute exacerbation.
Its etiology remains unknown, although results from recent
studies suggest that proinflammatory cytokines initiate the
inflammatory response [1]. Patients with UC have been
reported to have increased levels of interleukin- (IL-) 6 in the
intestinalmucosa [2, 3] and of tumor-necrosis-factor- (TNF-)
𝛼 in blood, colonic tissue, and stool [4]. Two cyclooxygenase

(COX) isoenzymes have been recognized: COX-1, a consti-
tutive enzyme, which generates prostaglandins (PGs) that
protect the stomach and kidney against damage, and COX-2,
an inducible enzyme induced by inflammatory stimuli, such
as cytokines, and capable of generating PGs that contribute to
the pain and swelling of inflammation [5, 6]. The expression
of COX-2 is also elevated in the inflamed mucosa of patients
with UC [7]. Moreover, metabolism is altered in inflamed
mucosal tissues, secondary to decreased mucosal perfusion
caused by infiltration of inflammatory cells. The resultant
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hypoxia [8, 9] activates hypoxia-inducible-factor- (HIF-) 1, a
transcription factor that links inflammatory pathways [10, 11].

Although corticosteroids are effective in bringing about
clinical remission, severe adverse effects can sometimes lead
to their discontinuation; thus, alternative treatments are
needed. Ixeris dentata NAKAI (ID) is a traditional herbal
medicine used in Korea to treat indigestion, pneumonia,
hepatitis, and tumors [12]. It has also been reported to
protect against kainic-acid-induced oxidative stress in the
mouse brain by regulating glutathione concentration [13] and
to inhibit the anaphylactic response induced by compound
48/80 or IgE [14]. Moreover, lactic acid fermentation of ID
increased its potency against IgE-induced allergic diseases
[15].However, it is unknownwhether ID can reduce intestinal
inflammation.

The dextran sulfate sodium (DSS) model of UC has
been well characterized morphologically and biochemically.
DSS induces an acute colitis characterized by bloody stools,
ulcerations, and infiltration of inflammatory cells [16]. Histo-
logically, DSS produces submucosal erosions, crypt abscesses,
and epithelioglandular hyperplasia. It is generally believed
that DSS is directly toxic to gut epithelial cells of the basal
crypts and affects the integrity of the mucosal barrier [17].
Hence, the DSS-induced colitis model is particularly useful
for studying the contribution of inflammatory mechanisms
in colitis. To provide experimental evidence that ID might be
a useful therapy for patients withUC, we examined the effects
of ID on DSS-induced colitis.The specific aims were to assess
the effect of ID on clinical signs of colitis, including weight
loss, colon shortening, diarrhea, and occult/gross bleeding,
and to investigate the effect of ID on proinflammatory
mediators in the colon of DSS-treated mice.

2. Materials and Methods

2.1. Animals and Reagents. Female BALB/c mice (6 weeks
old) were obtained fromDa-Mool Science (Taejeon, Republic
of Korea). Mice were acclimatized in a specific pathogen-free
environment under controlled conditions (22 ± 2∘C under a
12 h light/dark cycle) for at least one week. All animal studies
were carried out in accordance with the regulations issued
by the Institutional Review Board of Wonkwang University
(confirmation number: WKU11-10). DSS (mol wt: 36,000–
50,000) was purchased from MP Biomedicals (Solon, OH,
USA). Purified anti-mouse IL-6, recombinant mouse IL-6,
and biotinylated anti-mouse IL-6 antibodies were obtained
from BD-Pharmingen (San Diego, CA). Specific antibodies
against COX-2, HIF-1𝛼, and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA). All other chemical reagents
were purchased from Sigma (St. Louis, MO).

2.2. Preparation of ID. ID extract was prepared by decocting
with distilled water for three hours (100 g/L).The residue was
filtered, lyophilized, and maintained at room temperature.
The yield of dried extract from the starting materials was
about 7.8%. Dried extract was diluted in saline and filtered
through 0.22𝜇m syringe filter.

Table 1: Criteria for disease activity index.

Score Weight loss
(%)

Stool
consistency

Bloodstain or gross
bleeding

0 None Normal Negative
1 1–5 Loose stool Negative
2 5–10 Loose stool Positive
3 10–15 Diarrhea Positive
4 >15 Diarrhea Gross bleeding

2.3. Induction of Colitis by DSS. Acute colitis was induced
by administering drinking water containing 5% (w/v) DSS to
mice for seven days. Mice were checked daily for the body
weight, stool consistency, and the presence of gross bleeding.
Animals were randomized to four groups: control (no DSS),
DSS, DSS plus ID (100mg/kg), and DSS plus sulfasalazine
(SFZ; 100mg/kg) as a reference drug. ID and SFZwere diluted
with purifiedwater and orally administered once a day during
the seven days of DSS treatment, after which time animals
were killed.

2.4. Disease Activity Index (DAI). Intestinal disease activity
was assessed based on the weight loss, the presence of
diarrhea accompanied by blood and mucus, and colonic
shortening [18]. DAIs were calculated by scoring weight
loss, diarrhea, and rectal bleeding, based on the scoring
system (Table 1) described by Murthy et al. [19]. Weight
loss was defined as the difference between initial and final
weights and diarrhea as the absence of fecal pellet formation
and the presence of continuous fluid fecal material in the
colon. Rectal bleeding was assessed based on the presence
of diarrhea containing visible blood and on the presence of
gross rectal bleeding. DAI values were calculated using the
following formula: DAI = {(weight loss score) + (diarrhea
score) + (rectal bleeding score)}/4. The DAI was determined
by three investigators blinded to the protocol. The clinical
parameters used in the present studywere chosen to represent
the subjective clinical symptoms observed in human UC.

2.5. Cytokine Assays. Levels of IL-6 and TNF-𝛼 in the
serum and tissue were measured using an enzyme-linked
immunosorbent assay (ELISA), as previously described [20].
Briefly, 96-well plates were coated with 100 𝜇L of anti-mouse
monoclonal antibodies (1.0mg/mL at pH 7.4 in phosphate-
buffered saline [PBS]) and incubated overnight at 4∘C. After
additional washes, 50𝜇L of sample or IL-6 and TNF-𝛼
standard was added and incubated at room temperature
for two hours. Plates were then washed, and 0.2 𝜇g/mL
of biotinylated anti-mouse antibody was added and incu-
bated at room temperature for two hours. After washing
the plates, avidin-peroxidase was added, and plates were
incubated for 30min at 37∘C. The plates were then washed
again and ABTS substrate was added. Color development
was measured at 405 nm using an automated microplate
ELISA reader. Standard curves were prepared using serial
dilutions of recombinant antibodies. Protein concentrations
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Table 2: Criteria for assessment of microscopic rectal damage.

Score Remarks
0 Normal colonic mucosa
1 Loss of one-third of the crypts
2 Loss of two-third of the crypts

3 Lamina propria covered with a single layer of epithelial
cells with mild inflammatory cell infiltration

4 Erosions and marked inflammatory cell infiltration

were measured using bicinchoninic acid (BCA) protein assay
reagent (Sigma).

2.6. Western Blot Analysis. Distal colons were homogenized
in lysis buffer (iNtRON Biotech, Republic of Korea) and
centrifuged at 13,000 rpm for fivemin.The supernatants were
transferred to fresh tubes, and protein concentrations were
determined using BCAprotein assay reagent (Sigma). Lysates
(50𝜇g of protein) were separated by 10% SDS-PAGE and
transferred to membranes (Amersham Pharmacia Biotech,
Piscataway, NJ), which were blocked with 5% skim milk in
PBS-Tween-20 (PBST) for 1 h at room temperature. Mem-
branes were incubated overnight with primary antibodies
against COX-2 and HIF-1𝛼 and washed 3 times with PBST.
Blots were incubated with secondary antibodies for one hour
at room temperature; antibody-specific proteins were visual-
ized using an enhanced chemiluminescence detection system
(Amersham Corp. Newark, NJ, USA). Protein densities were
quantified by densitometry.

2.7. Histological Processing. All trimmed rectums were fixed
in 10% neutral buffered formalin. After paraffin embedding,
4 𝜇m sections were prepared. Representative sections were
stained with hematoxylin and eosin (H&E) for examination
under light microscopy or with toluidine blue to detect mast
cells.

2.8. Microscopic Scoring. The histological damage on the
prepared, cross trimmed H&E stained samples were eval-
uated by two pathologist observers who were blinded to
the experimental groups according to the modified criteria
(Table 2) from Hamamoto et al. [21]. Briefly, the mucosa
damages were scored 0–4 based on the loss of crypt (mucosa)
and infiltration of inflammatory cells (max. score = 4).

2.9. Histomorphometry. Thickness of the rectal mucosa
(𝜇m/cross trimmed rectum) and numbers of infiltrating
inflammatory cells (cells/mm2 of mucosa) or mast cells
(cells/mm2 of mucosa, in toluidine blue stain) in the mucosa
were calculated for individual histology samples using a
digital image analyzer (DMI-300, DMI, Republic of Korea).

2.10. HPLC Analysis. The chromatographic system consisted
of a pump (Gilson, 321 pump) and a UV detector (Gilson, 151
detector). For enhanced separation, a C

8
(4.6 × 250mm) col-

umn (Watchers, Japan) was used. Acetonitrile : water : acetic

acid (15 : 85 : 1.5) was used as the mobile phase in an isocratic
manner. Peaks were detected at 254 nm.The injection volume
was 10 𝜇L, and flow rate was maintained at 1.0mL/min. The
sample and standard (3,4-dihydroxy cinnamic acid) were
dissolved in 50% methanol/water. The sample was prepared
with 10mg/mL of ID.The stock solution at the concentration
of 2mg/mL of 3,4-dihydroxy cinnamic acid was prepared.
The solutions were filtered through a 0.2 𝜇mmembrane filter.

2.11. Statistical Analysis. The results are presented as mean ±
S.E.M of at least three independent experiments. Results were
analyzed using PASW Statistics 18.0 program. The Student’s𝑡
test was used to determine statistically significant differences.
𝑃 values of <0.05 were considered significant.

3. Results

3.1. The Effects of ID on Clinical Signs in DSS-Induced Colitis.
DSS caused a decrease in body weight (Figure 1(a)) and colon
length (Figures 1(b) and 1(c)) at day 7 by 19.5% and 47.8%,
respectively, compared to the control group. Both ID and
SFZ alleviated the DSS effects on body weight loss and colon
shortening (Figures 1(a)–1(c)). ID and SFZ also attenuated the
DSS-mediated increase in DAI scores (Figure 1(d)).

3.2. The Effect of ID on Levels of IL-6 and TNF-𝛼 in
DSS-Induced Colitis. Serum IL-6 level was significantly
higher in the DSS group (0.193 ± 0.091 ng/mL) than in
the control group (0.067 ± 0.018 ng/mL); IL-6 levels were
significantly lower in ID (0.077 ± 0.014 ng/mL) or SFZ
(0.041 ± 0.013 ng/mL) treatment group (Figure 2(a)). The
serum TNF-𝛼 was also significantly increased in the DSS
group (0.776 ± 0.045 ng/mL) compared to control (0.21 ±
0.025 ng/mL); serum TNF-𝛼 levels were significantly lower
in ID (0.558 ± 0.070 ng/mL) or SFZ (0.435 ± 0.022 ng/mL)
treatment group (Figure 2(b)). Furthermore, tissue IL-6 and
TNF-𝛼 levels were significantly higher in the DSS groups
(3.663±0.585, 1.657±0.140 ng/mL, resp.) than in the control
groups (0.690±0.346, 0.603±0.046 ng/mL, resp.); tissue IL-6
andTNF-𝛼 levels were significantly lower in ID (2.373±0.461,
1.183 ± 0.191 ng/mL, resp.) or SFZ (2.050 ± 0.254, 0.760 ±
0.104 ng/mL, resp.) treatment groups (Figures 2(c) and 2(d)).

3.3. The Effect of ID on COX-2 and HIF-1𝛼 Expression in DSS-
Induced Colitis. DSS markedly induced COX-2 and HIF-1𝛼
expression in colonic tissue versus controls (Figures 3(a)–
3(c)); these increases were reduced by ID or SFZ administra-
tion. The effect of ID on COX-2 and HIF-1𝛼 expression was
confirmed in colon tissues by immunohistochemical staining
(Figure 3(d)).

3.4. The Effects of ID on Epithelial Injury and Mast Cells Infil-
tration inDSS-Induced Colitis. Mucosal thickness is regarded
as a parameter of mucosal integrity. DSS treatment caused
epithelial injury, as evidenced by an approximate 60% in
mucosal thickness (Figures 4(a) and 4(c)). Mucosal infiltra-
tion of inflammatory cells, including mast cells (Figure 4(a);
arrows), was also detected in the DSS-treated group as
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Figure 1:The effect of Ixeris dentataNAKAI (ID) on dextran-sodium-sulfate- (DSS-) induced clinical signs. Ulcerative colitis was induced in
female BALC/c mice by administering 5% DSS in the drinking water for seven days. Over the same period, ID (100mg/kg) and the reference
compound sulfasalazine (SFZ; 100mg/kg) were given orally once daily. (a) Body weights were measured at the same time of the experimental
days. (b) Colons were harvested on day 7, and colon lengths were measured. (c) Colon lengths in the four study groups. (d) Disease activity
index scores in the four study groups. Values represent mean ± S.E.M. (𝑛 = 5). Data were analyzed by Student’s 𝑡 test ( #𝑃 < 0.05 versus
control and ∗𝑃 < 0.05 versus DSS alone).

compared with the control group (Figures 4(a) and 4(d)). ID
and SFZ treatments attenuated these effects induced by DSS
treatment (Figures 4(a), 4(c), and 4(d)). ID and SFZ treat-
ments also reduced the DSS-mediated microscopic damage
to the colonic tissue (Figure 4(b)).

3.5. Characterization of ID Constituents. A chromatogram
of ID along with the standard 3,4-dihydroxy cinnamic acid
is shown in Figure 5; the regression (𝑅2) of calibration curve
was 0.9998. Based on the calibration curve, the content
of 3,4-dihydroxy cinnamic acid in ID was estimated to be
4mg/g of water extract of ID.

4. Discussion

UC is a type of inflammatory bowel disease (IBD), the
symptoms of which include abdominal pain, weight loss,
and bloody diarrhea [22–24]. Most therapies for UC include
glucocorticosteroids, sulfasalazine, and immunomodulators
(such as azathioprine) [25, 26]; however, these treatments
can cause serious adverse effects. Although traditional
herbal medicines have garnered much interest for their
potential to treat inflammation, their pharmacological
mechanisms of action have remained largely unresolved.
Here it is demonstrated that ID alleviates the clinical signs—
weight loss, colon shortening, diarrhea, and occult/gross
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Figure 2:The effect of Ixeris dentataNAKAI (ID) on serum levels of interleukin- (IL-) 6 and tumor-necrosis-factor- (TNF-) 𝛼 inDSS-induced
colitis. Ulcerative colitis was induced by administering 5% DSS in the drinking water for seven days. Over the same period, ID (100mg/kg)
and the reference compound sulfasalazine (SFZ; 100mg/kg) were given orally once daily. Cytokine production was determined by ELISA.
(a) IL-6 production in mouse serum at day 7. (b) TNF-𝛼 production in mouse serum at day 7. (c) IL-6 production in colon tissue. (d) TNF-𝛼
production in colon tissue. Values represent mean ± S.E.M. (𝑛 = 5). Data were analyzed by Student’s 𝑡 test ( #𝑃 < 0.05 versus control and
∗

𝑃 < 0.05 versus DSS alone).

bleeding—in the DSS-treated mouse model of UC. We also
found that ID reduced epithelial injury, inflammatory cell
infiltration into the colon tissue, and indices of microscopic
injury. Moreover, ID prevented increases in the expression
of COX-2 and HIF-1𝛼 and in the production of IL-6 and
TNF-𝛼. Thus, these results suggest that ID effectively inhibits
symptoms of colitis caused by DSS.

Inflammatory cytokines such as IL-6, TNF-𝛼, and
interferon-𝛾mediate the pathogenesis of murine colitis [27–
29]. Cytokines and chemokines are secreted by immune
cells like T lymphocytes and macrophages that infiltrate the
inflamed region. Studies in patients with UC have shown that
gene [30] and protein expression [2–4] of IL-6 and TNF-𝛼
are similarly increased in the rectal mucosa. Consistent with
the notion that IL-6 and TNF-𝛼 plays a causal role in the

pathogenesis of UC, we found that ID suppressed the DSS-
induced increase in IL-6 and TNF-𝛼 in mouse serum.

During the inflammatory process, the COX-1mRNA and
protein activity do not change, whereas COX-2 levels increase
dramatically, leading to the production of proinflammatory
PGs [31]. However, Okayama et al. [32] found that both
COX-1 and COX-2 inhibitors exacerbate inflammation and
ulceration in the colon. Nevertheless, selective inhibitors
like lumiracoxib have been developed as nonsteroidal anti-
inflammatory drugs, many of which have been shown to be
efficacious in a model of chemically induced colitis [33, 34].
5-aminosalicylates, another drug class used to treat IBD, exert
anti-inflammatory effects by inhibiting COX-2 activation
[35]. Our study showed that ID inhibited the DSS-induced
increase in COX-2 activation. These results suggest that the
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Figure 3: The effect of Ixeris dentata NAKAI (ID) on dextran-sodium-sulfate- (DSS-) induced cyclooxygenase- (COX-) 2 and hypoxia-
inducible-factor- (HIF-) 1𝛼 levels in colonic tissues. Ulcerative colitis was induced in female BALC/c mice by administering 5% DSS in the
drinking water for seven days. Over the same period, ID (100mg/kg) and the reference compound sulfasalazine (SFZ; 100mg/kg) were given
orally once daily. COX-2 and HIF-1𝛼 levels were determined by western blot analysis. (a) Representative western blot (of three independent
experiments) of COX-2 and HIF-1𝛼 expression in colonic tissue. (b) Ratios of COX-2/GAPDH and (c) HIF-1𝛼/GAPDH were determined
by densitometry. (d) Sections of colons of DSS-treated mice with or without ID treatment were subjected to immunohistochemical analysis.
Values represent mean ± S.E.M. Data were analyzed by Student’s 𝑡 test ( #𝑃 < 0.05 versus control and ∗𝑃 < 0.05 versus DSS alone).

anti-inflammatory effect of ID is attributable to the regulation
of COX-2 in DSS-induced colitis.

Inflamed mucosal tissue of colitic mice is highly hypoxic,
leading to the overexpression of HIF-1𝛼 [36]. Clinical studies
have also verified the upregulation of HIF-1𝛼 in colonic tissue
from patients with IBD [37, 38]. And in HIF-1𝛼 overex-
pressing mice, Nuclear Factor-𝜅B activity and the expression
of pro-inflammatory genes were sequentially elevated [39].
Moreover, HIF-1𝛼 was shown to directly bind to the COX-
2 promoter, thereby regulating the expression of COX-2
protein in two colorectal carcinoma cell lines, HCT116 and
HT29 [40, 41]. It is therefore tempting to speculate that
in the present study, the DSS-mediated increase in HIF-1𝛼
expression triggers the upregulation of COX-2. By virtue
of its ability to inhibit the increased HIF-1𝛼 expression,

ID therefore suppresses COX-2 activation and the ensuing
inflammatory response.

5. Conclusions

Wehave shown that ID reduces the clinical signs and levels of
inflammatory mediators in DSS-induced colitis in mice. This
study provides experimental evidence to show that ID might
be a useful therapy in the treatment of UC.
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Figure 4:The effects of Ixeris dentataNAKAI on epithelial injury andmast cells infiltration in dextran-sodium-sulfate- (DSS-) induced colitis.
Ulcerative colitis was induced in female BALC/c mice by administering 5% DSS in the drinking water for seven days. Over the same period,
ID (100mg/kg) and the reference compound sulfasalazine (SFZ; 100mg/kg) were given orally once daily. (a) Paraffin sections of colonic tissue
were stained with hematoxylin and eosin (100x) or with toluidine blue for mast cell identification. Mast cell infiltration is indicated by the
arrows (structures: TA, tunica adventitia; MM, muscularis mucosa; SL, submucosa layer; ML, mucosa layer; LU, lumen). Microscopic scores
(b), thickness of mucosal layer (c), and number of mast cells (d) were presented. Values represent mean ± S.E.M. (𝑛 = 5). Data were analyzed
by Student’s 𝑡 test ( #𝑃 < 0.05 versus control and ∗𝑃 < 0.05 versus DSS alone).
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Figure 5: HPLC fingerprints of Ixeris dentata NAKAI (ID) and
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Obesity has become a major health threat in developed countries. However, current medications for obesity are limited because
of their adverse effects. Interest in natural products for the treatment of obesity is thus rapidly growing. Korean Medicine (KM)
is characterized by the wide use of herbal formulas. However, the combination rule of herbal formulas in KM lacks experimental
evidence. According to Shennong’s Classic of Materia Medica, the earliest book of herbal medicine, Veratrum nigrum (VN) has
antagonistic features against Panax ginseng (PG), and the PG-VN pair is strictly forbidden. In this study, we have shown the effects
of PG, VN, and their combination on obesity in high-fat (HF) diet-induced obese mice and in 3T3-L1 cells. PG, VN, and PG-
VN combination significantly reduced weight gain and the fat pad weight in HF diet-induced obese mice. They also significantly
decreased lipid accumulation and the expressions of two major adipogenesis factors, PPAR𝛾 and C/EBP𝛼, in 3T3-L1 cells. In
addition, the PG-VN combination had synergistic effects compared with the mixture of extracts of PG and VN on inhibition of
PPAR𝛾 andC/EBP𝛼 expressions at lower doses.These results indicate a new potential anti-obese pharmacotherapy and also provide
scientific evidence supporting the usage of herbal combinations instead of mixtures in KM.

1. Introduction

Obesity is a public health dilemma, especially in developed
countries, and has steadily increased in recent years. The
World Health Organization currently estimates that over 1
billion individuals worldwide are overweight. Almost one-
third of these individuals are clinically obese, markedly
raising their chances of suffering cardiovascular disease, type
2 diabetes, cancer, and stroke [1]. Over 1 billion adults are
either overweight BMI > 25 or obese BMI > 30, and even
more problematic is that about 25%of children in theUSAare
also now overweight or obese.These numbers are expected to
increase by more than half again by the year 2025 worldwide,
with especially severe impact in less developed countries [2].

The regulation of body fat content in animals results from
the integration of multiple nutrient, sensory, and hormonal
inputs, primarily at the level of the brain and adipose tissues
[3]. The mechanisms underlying the development of obesity
may include changes in skeletal muscle and adipose tissue
enzymatic and/or receptor regulation (lipoprotein lipase,
hormone sensitive lipase, and very low-density lipoprotein
receptor) and/or hormonal regulation (i.e., insulin, growth
hormone, catecholamine), resulting from physical inactivity
and/or inappropriate macronutrient intake (i.e., high levels
of saturated fat and/or refined carbohydrates) [4]. Thus, the
integrative network of obesity, a complex, systemslevel dis-
ease, is influenced not only by genetics but also by circadian
rhythm and physical and social environments [5].
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The transcriptional regulation of adipocyte differentia-
tion is known to rely on interplays between several adi-
pogenic transcription factors. Among these, the peroxisome
proliferator-activated receptor gamma (PPAR𝛾) acts as a key
regulator, both in vitro and in vivo, of the development of
adipocytes and the only factor that can induce the adipocyte-
like phenotype in nonadipogenic cell types [6]. The func-
tion of PPAR𝛾 is relatively close to members of the
CCAAT-enhancer-binding protein (C/EBP) family, which
have important functions at different time points during
adipogenesis. C/EBP𝛽 and C/EBP𝛿 are expressed already in
preadipocytes and are rapidly induced further [7], posttrans-
lationally activated [8] by the adipogenic inducers cocktail.
The expression of C/EBP𝛽 is induced by the cAMP response
element-binding protein and the glucocorticoid receptor
(GR), and the phosphorylation and activation of C/EBP𝛽
are induced by the extracellular-signal-regulated kinase 1/2
pathway [8]. On the other hand, C/EBP𝛿 is induced by GR
[9]. Both C/EBP𝛽 and C/EBP𝛿 are direct activators of the
expression of PPAR𝛾 and C/EBP𝛼 [7, 10], the two major late-
acting adipogenic transcription factors.These two factors are
known to mutually induce the expression of each other and
also cooperate to activate the adipogenesis gene program [11].

In contrast, according to “Huangdi’s Internal Classic,” one
of the oldest Oriental Medicine’s classics that describes the
most basic theories of Oriental Medicine, obesity is a result
of overeating [12]. In Korean Medicine (KM)’s most well-
known classicTreasuredMirror of EasternMedicine, obesity is
explained in a similar manner to the description inHuangdi’s
Internal Classic, as it refers to obesity as a result of food
overwhelming one’s original qi and it notes that it can shorten
one’s life [13].

The root of Panax ginseng C. A. Meyer (Radix Ginseng)
is one of the most popular Korean herbal medicines and has
also gained popularity in Western countries recently [14]. In
KM, Panax ginseng (PG) is known to improve “well-being”
by highly restoring and enhancing qi and fluid at the same
time, acting like a tonic, rather than a curative medication
for specific types of patients. Modern therapeutic claims refer
to vitality, immune function, cancer, and improvement of
cognitive and physical performance and sexual function [15].
In dietary obese mice, ethanol extract of wild PG signifi-
cantly inhibited body weight gain, decreased blood glucose,
triglycerides, and free fatty acids levels, and improved insulin
sensitivity [16]. Efficacy of PG on glucose metabolism has
been confirmed in patients with type 2 diabetes also, showing
reduced fasting blood glucose and body weight [17]. PG was
also shown to regulate lipid metabolism. The lipid metabol-
ism by PG was reported 30 years ago, in a chicken in vivo
model [18]. In a clinical trial, PG extract administration
reduced total cholesterol, triglycerides, and LDL and induced
HDL [19]. In addition to these features, ginseng has been
widely studied for treatment of diabetes, dyslipidemia, and
obesity. Its berries and leaves were also demonstrated to
reduce blood glucose in diabetic models [20].

The root of Veratrum nigrum Linné var. ussuriense Loes.
fil. (Radix Veratri nigri), commonly known as Black False
Hellebore, is a coarse, highly poisonous perennial herb native
to Asia and Europe [21]. Veratrum nigrum (VN) is known to

be highly toxic [22], and due to its ability to cause nausea
and vomiting, it is applied to dyspnea in epilepsy or stroke
patients. Studies have revealed that VN is a potential agonist
of 𝛽2-adrenoceptor [23] and can decrease blood pressure
and heart rate in a dose-dependent manner in hypertensive
rats [24], and it affords significant protection against hepatic
ischemia/reperfusion injury in rats [25]. However, to date, no
study of VN on obesity has been reported.

According to Shennong’s Classic of Materia Medica, VN
has antagonistic features against PG [26]. This antagonism is
one of the six types of “Chil-jeong.” The “Chil-jeong” theory
first appeared in Shennong’s Classic of Materia Medica, a
classic of orientalmedicine that introduced 365 kinds of herbs
and described their qi and flavors, meridian entries, and spe-
cial features [26]. The six types of “Chil-jeong” can be sorted
into three kinds considering their major features. “Sang-soo”
and “Sang-sa” are combinations where two herbs reinforce
and have synergistic effects. On the other hand, “Sang-oe”
and “Sang-swae” are types that can neutralize the toxicity of
combinations. And finally, “Sang-o” and “Sang-ban” are types
that are not recommended because of weakened effects or
occurrences of adverse effects. A representative example of
“Sang-ban” is a combination ofVN andPG.This combination
was introduced in Shennong’s Classic ofMateriaMedica as one
of the herbal pairs that should not be used together.

In this study, because the effects of PG and VN co-
treatment on obesity have not been proved scientifically, the
effects of PG and VN extracts on obesity are investigated
both in vivo and in vitro, and an investigation of the effects
of their combination is followed to search the antagonistic
effects between the two and compare them with those of the
separate extracts.

2. Materials and Methods

2.1. Preparation of PG, VN, and Their Combination. 100 g of
PGwas chopped and soaked in 1000mL of distilled water and
extracted at 100∘C for 3 hours. 100 g of VN was extracted by
the samemethod. In order to prepare the combination extrac-
tions, 50 g of PG and 50 g of VN (1 : 1) or 90 g of PG and 10 g of
VN (9 : 1) were extracted together by the same method. After
filtering, the solvent was removed by evaporation. It was then
freeze-dried to obtain the extracts. The samples were stored
at −20∘C.

2.2. Animal Experiments. Male C57BL/6J mice, weighing 17-
18 g at the age of 4 weeks, were purchased from the Dae-Han
Experimental Animal Center (Dae-Han Biolink, Eumsung,
Republic ofKorea).The animalswere allmaintained in condi-
tions in accordance with the regulations issued by the Institu-
tional Review Board of Kyung Hee University (confirmation
number: KHUASP (SE)-13-012). The animals were housed
under a 12-hour light/dark cycle at a humidity of 70% and a
constant temperature of 23 ± 2∘C. The animals were divided
into six groups of five mice each.The six groups of mice were
fed for 16 weeks with the following (1) a standard laboratory
diet (CJ Feed Co., Ltd., Seoul, Korea); (2) a high-fat (HF) diet
(60% fat); (3) a HF plus PG; (4) a HF plus VN; (5) a HF plus
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Table 1: Composition of experimental diets (g/kg).

Compositions Control HFD∗ PG∗ VN∗ 1 : 1∗ Slinti∗

Casein 200.0 265.0 265.0 265.0 265.0 265.0
L-Cystine 3.0 4.0 4.0 4.0 4.0 4.0
Corn starch 397.486 — — — — —
Maltodextrin 132.0 160.0 160.0 160.0 160.0 160.0
Sucrose 100.0 90.0 90.0 90.0 90.0 90.0
Lard — 310.0 310.0 310.0 310.0 310.0
Soybean oil 70.0 30.0 30.0 30.0 30.0 30.0
Cellulose 50.0 65.5 65.5 65.5 65.5 65.5
Mineral mixa 35.0 48.0 48.0 48.0 48.0 48.0
Calcium phasphate, dibasic — 3.4 3.4 3.4 3.4 3.4
Vitamin mixb 10.0 21.0 21.0 21.0 21.0 21.0
Choline bitartrate 2.5 3.0 3.0 3.0 3.0 3.0
TBHQ, antioxidantc 0.014 — — — — —
Blue food color — 0.1 0.1 0.1 0.1 0.1
PG — — 0.75 — — —
VN — — — 0.75 — —
PG-VN combination — — — — 0.75 —
Slinti — — — — — 0.75
aMineral mix, AIN-93G-MX (94046) containing (g/kg): calcium phosphate dibasic 500, sodium chloride 74, potassium citrate 220, potassium sulfate 52,
magnesium oxide 24, manganous carbonate 3.5, ferric citrate 6, zinc carbonate 1.6, cupric carbonate 0.3, potassium iodate 0.0.1, sodium selenite 0.01, and
chromium potassium sulfate 0.55. bVitaminmix, AIN-93-VX (94047), containing (g/kg): thiamin HCl 0.6, riboflavin 0.6, pyridoxine HCl 0.7, niacin 3, calcium
pantothenate 1.6, folic acid 0.2, biotin 0.02, vitamin B12 (0.1 % trituration in mannitol) 1, dry vitamin A palmitate (500,00U/g) 0.25, and menadione sodium
bisulfite complex 0.15. cTBHQ: tertiary butylhydroquinone. ∗60%of total calories come from fat. HFD: high-fat diet; PG:Panax ginseng; VN:Veratrum nigrum;
1 : 1: PG-VN combination.

PGand VN combination; (6) a HF plus Slinti, a green tea
extract used as a positive control (Myoungmoon Pharm. Co.,
LTD., Seoul, Republic of Korea).The components of the diets
are described in Table 1.The diets were prepared according to
the AIN-93G modified formulation. The animals were given
free access to food and tap water. The body weight and food
intake amount were recorded every week. At the end of this
period, the animals were fasted overnight. The next day, they
were anesthetized with ketamine and Rompun (5 : 3), and
blood samples were collected by cardiac puncture.The organs
and fat pads were immediately weighed.

2.3. PlasmaParameterAnalysis. Plasmawas separated imme-
diately after blood sampling by centrifugation at 10,000 ×g for
10min. Plasma concentrations of total cholesterol and high-
density lipoprotein (HDL) cholesterol were determined using
automated enzymaticmethods [27], and low-density lipopro-
tein (LDL) cholesterol was calculated using the Friedewald
formula [28]. The plasma concentration of triglyceride was
measured enzymatically using a triglyceride assay kit (Asan
Co., Seoul, Republic of Korea). Alanine aminotransferase
(ALT) activity was determined with an ALT/GPT kit (Sigma-
Aldrich, St. Louis, MO, USA).

2.4. Reagents. Dulbecco’smodifiedEagle’smedium (DMEM),
penicillin-streptomycin, fetal calf serum (FCS), and fetal
bovine serum (FBS) were from Gibco BRL (Grand Island,
NY). Insulin, 3-isobutylmethylxanthine (IBMX), and dexam-
ethasone (DEX) were purchased from Sigma Chemical Co.

(St. Louis, MO). Anti-C/EBP𝛼 and anti-GAPDH antibodies
were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). Anti-PPAR𝛾 antibody was purchased from Cell Signal-
ing Technology (Beverly, MA).

2.5. Cell Culture andAdipocyteDifferentiation. 3T3-L1mouse
embryo fibroblasts were obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA). Cells were
maintained inDMEMcontaining 10% FBSwith 100 units/mL
of penicillin-streptomycin solution at 37∘C in 5% CO

2
at 95%

humidity until confluence. Two days after confluence (day
0), the cells were stimulated to differentiate with differen-
tiation inducers (1 𝜇M dexamethasone, 500 𝜇M 3-isobutyl-
1-methylxanthine, and 1 𝜇g/mL insulin) that were added to
DMEM containing 10% FBS for 48 hours. On day 2, 3T3-L1
cells were then cultured in DMEM, 10% FBS supplemented
with 1 𝜇g/mL insulin, for another two days. At that time,water
extract of PG, water extract of VN, and water extract of their
combination were prepared in the differentiation medium at
concentrations of 0.01mg/mL, 0.1mg/mL, and 1mg/mL. And
then, the cells were cultured with 10% FBS/DMEM medium
for an additional two days, at which time more than 90% of
cells were mature adipocytes with accumulated fat droplets.
On day 6, the cells were harvested and prepared for further
experiments.

2.6. MTS Cell Viability Assay. Tests were performed in 96-
well plates. 3T3-L1 preadipocytes were seeded (2 × 104 cells/
well) and incubated in 10% FBS/DMEM medium for 24
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Figure 1: Effects of PG, VN, and their combinations in HF diet-induced obese mice.The weight changes of control, HF diet, PG, VN, PG-VN
combination, and slinti groups were measured for 16 weeks (a). The weight difference between the start weight and end weight of each group
was measured to evaluate the weight gain (b). The white adipose tissue weights (c), total cholesterol (d), triglyceride (e), LDL-cholesterol
(f), and HDL-cholesterol (g) of the mice were also measured. All values are mean ± SD. #𝑃 < 0.05, significantly different from the Control;
∗

𝑃 < 0.05, significantly different from the HF diet group. Con, standard laboratory diet group; HFD, high-fat diet group; PG, HF diet plus
PG group; VN, HF diet plus VN group; 1 : 1, HF diet plus PG-VN 1 : 1 combination group; 9 : 1, HF diet plus PG-VN 9 : 1 combination group;
Slinti, HF diet plus slinti group. PG, Panax ginseng; VN, Veratrum nigrum.

hours. The cells were then incubated in 10% FBS/DMEM
medium containing water extract of PG, water extract of VN,
and water extract of their combination for an additional 48
hours. Cell viability was monitored by a Cell Proliferation
MTS Kit as recommended by the manufacturer [29]. Prior
to measuring viability, treatment media were removed and
replaced with 200𝜇L of fresh 10% FBS/DMEM medium and
20𝜇L of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) solution.
Cells were then returned to the incubator for 4 hours. The
absorbance was measured at 490 nm in a VERSAmax micro-
plate reader (Molecular Devices, Sunnyvale, CA, USA) to

determine the formazan concentration, which is proportional
to the number of live cells.

2.7. Oil Red O Staining. Intracellular lipid accumulation was
measured using Oil Red O. The Oil Red O working solution
was prepared as described by Ramirez-Zacarias et al. [30].
3T3-L1 adipocytes were harvested 6 days after the initiation
of differentiation. Cells were washed twice with phosphate
buffered saline (PBS, pH 7.4) and then fixed with 10% neutral
formalin for 2 hours at room temperature. After washingwith
60% isopropanol, the cells were stained with Oil RedOwork-
ing solution for 30min and then washed 4 times with water
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Table 2: Sequences of oligonucleotide primers (5 to 3) for real-
time RT-PCR.

Genes 5 to 3 oligonucleotide sequences
Mouse PPAR𝛾

Sense (forward) TTT TCA AGG GTG CCA GTT TC
Antisense (reverse) TTA TTC ATC AGG GAG GCC AG

Mouse C/EBP𝛼
Sense (forward) GCC GAG ATA AAG CCA AAC AA
Antisense (reverse) CCT TGA CCA AGG AGC TCT CA

Mouse GAPDH
Sense (forward) AAC TTT GGC ATT GTG GAA GG
Antisense (reverse) GGA TGC AGG GAT GAT GTT CT

PPAR𝛾: peroxisome proliferator activated receptor 𝛾; C/EBP𝛼: CCAAT
enhancer binding protein𝛼; GAPDH: glyceraldehyde-3-phosphate dehydro-
genase.

to remove the unbound dye. The stained cells were observed
by an Olympus IX71 Research Inverted Phase microscope
(Olympus Co., Tokyo, Japan). Following the microscopic
observation, 100% isopropanol was added as an extraction
solution to extract the staining dye of cells. The absorbance
of the extracted dye was measured spectrophotometrically
at 500 nm in a VERSAmax microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

2.8. RNA Isolation and Real-Time Reverse-Transcription Poly-
merase Chain Reaction (RT-PCR). Total cellular RNA was
isolated from 3T3-L1 adipocytes using a GeneAll RiboEx
Total RNA extraction kit (GeneAll Biotechnology, Seoul,
Republic of Korea) and QIAzol lysis reagent (QIAZEN scien-
ces, Maryland, USA). Total RNA was used as a template for
first-strand cDNA synthesis performed using a Power cDNA
Synthesis Kit (iNtRON Biotechnology, Seoul, Republic of
Korea) according to the manufacturer’s instructions. PCR
products were measured with a StepOnePlus Real-time RT-
PCR System (Applied Biosystems, Foster City, CA, USA),
and the relative gene expression was calculated based on
the comparative CT method using StepOne Software v2.1
(Applied Biosystems, Foster City, CA, USA). The expression
of glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
mRNA was used as an endogenous control. The target
cDNA was amplified using the sense and antisense primers
described in Table 2.

2.9. Western Blot Analysis. After experimental treatment,
cells were washed twice with ice-cold PBS and lysed with
RIPA lysis buffer, which consisted of 50mM Tris-HCl (pH
7.5), 0.1% sodium dodecyl sulphate (SDS), 0.1% Triton X-100,
1% Nonidet P-40, 0.5% sodium deoxycholate, 150mM NaCl,
and 1mM phenylmethylsulfonyl fluoride. Insoluble materials
were removed by centrifugation at 13,000 rpm for 20min at
4∘C. The total concentration of extracted proteins was deter-
mined using the method of Bradford [31].The proteins in the
supernatants were separated by 8% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene difluoride (PVDF) membranes.

After blocking with 10mM Tris, 150mM NaCl, and 0.05%
Tween-20 (TBST) (pH 7.6) containing 5% skim milk for 1
hour at room temperature, the membranes were washed with
TBST and then incubated with the appropriate primary anti-
bodies against PPAR𝛾 (Cell Signaling Technology, Beverly,
MA, USA), C/EBP𝛼, or GAPDH (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) at 4∘C overnight. After washing
with TBST, the blots were subsequently incubated with
horseradish peroxidase (HRP)-conjugated AffiniPure goat
anti-rabbit IgG or Goat anti-mouse IgG (Jackson Immunore-
search Lab., USA) in 5% skim milk TBST at room tempera-
ture for 1 h. Protein signals were developed by using the ECL
Western Blotting Detection Reagent (Amersham Bioscience,
Piscataway, NJ, USA). All experiments were repeated at least
three times. Representative Western blots are shown along
with graphs of the quantitative data. The chemiluminescent
intensities of protein signals were quantified using Quantity
One software (Bio-Rad Laboratories, Hercules, CA, USA).

2.10. Statistical Analysis. Results are expressed as the mean ±
SEM of independent experiments, and statistical analyses
were performed using a Student’s 𝑡-test to determine differ-
ences between groups. All statistical analyses were performed
using SPSS statistical analysis software version 11.5 (SPSS Inc.,
Chicago, IL, USA). Values with ∗𝑃 < 0.05 were considered to
indicate statistical significance.

3. Results

3.1. Effects of PG, VN, andTheir Combination on BodyWeight
in HF Diet-Induced Obese C57BL/6JMice. Experimental ani-
mals appeared healthy, showing no pathological signs or
abnormalities during the feeding period. As shown in Figures
1(a) and 1(b), the seven groups had similar bodyweights at the
beginning of the study. However, mice fed the HF diet gained
significantly more weight than those fed the standard diet
mice (𝑃 < 0.05). On the other hand, weight gain in the PG,
VN, PG-VN 1 : 1 combination, and PG-VN 9 : 1 combination
groups was significantly less than that in the HF diet group
(𝑃 < 0.05). The weight gain in the PG-VN 1 : 1 combination
group also significantly decreased compared with the PG
group (𝑃 < 0.05), but not with the VN group. The HF diet
group gained 27.49 ± 1.01 g of weight, while the PG group
gained 18.07±1.13 g, the VN group gained 15.06 ±1.07 g, the
slinti (consisted of green tea powder 250mg and orthosiphon
powder 150mg) group, which is the positive control group,
gained 20.59±1.25 g, and the PG-VN 1 : 1 combination group
gained 12.17 ± 1.13 g of weight after 16 weeks. Antiobese
effect of the PG-VN 1 : 1 combination group inweight gainwas
higher than that in the PG-VN9 : 1 combination group.There-
fore, further PG-VN combination studies were performed
at the ratio of 1 : 1. Changes in the fat pads among the six
groups are given in Figure 1(c).The results showed significant
differences in the weight of the fat pad. The white adipose
tissue weight of the PG, VN, and combination group was
significantly lower than that of the HF diet group (𝑃 <
0.05). In addition, the PG-VN combination group showed a
significant difference compared with PG (𝑃 < 0.05).
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Figure 2: Effects of the water extract of PG on adipogenesis and transcription factors in 3T3-L1 cells. An MTS assay (a), Oil Red O staining
assay (b), real-time RT-PCR assay (c), and Western blot assay (d) were performed to measure the effects of PG in 3T3-L1 cells. 3T3-L1
preadipocytes were induced to differentiate with 10% FBS/DMEM medium containing insulin, DEX, IBMX, and 0, 0.01, 0.1, or 1mg/mL
of PG extract for 2 days, and then the culture media were replaced with 10% FBS/DMEMmedium containing insulin for the following 2 days.
The control was treated with DW instead of extracts. EGCG was used as a positive control. Assays were performed in duplicates for each
concentration, and experiments were repeated at least three times. Data represented are the relative expression. All values are mean ± SD.
#
𝑃 < 0.05, versus undifferentiated control cells; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.005, versus differentiated control cells; DW, distilled water; PG, Panax
ginseng; EGCG, epigallocatechin gallate.

3.2. Effects of PG, VN, and Their Combination on Lipid
Level in HF Diet-Induced Obese C57BL/6JMice. The blood
plasma parameter changes are shown in Figures 1(d)–1(g).
The level of total cholesterol in plasma is the major deter-
minant of the risk of vascular disease, and lowering the
LDL cholesterol level diminishes the risk of vascular diseases
[32–34]. Furthermore, abdominal obesity is known to be
associated with dyslipidemia, as characterized by increased
triglyceride and decreased HDL cholesterol levels [35]. The
total cholesterol level, triglyceride level, and LDL cholesterol

level in the HF diet group were 2.8-fold, 2.5-fold, and 3-fold
increased, respectively, compared with the standard chow
diet group. The PG group, the VN group, and the PG-VN
combination group all showed significant decreases in total
cholesterol, triglyceride, and LDL cholesterol concentrations
compared to the HF diet group (Figures 1(e)–1(g)). The HDL
cholesterol level also showed an increase in the HF diet group
compared with the standard chow diet group, but there were
no significant differences in HDL cholesterol level between
the HF diet group and the other four groups. In order to
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Figure 3: Effects of the water extract of VN on adipogenesis and transcription factors in 3T3-L1 cells. An MTS assay (a), Oil Red O staining
assay (b), real-time RT-PCR assay (c), and Western blot assay (d) were performed to measure the effects of VN in 3T3-L1 cells. 3T3-L1
preadipocytes were induced to differentiate with 10% FBS/DMEM medium containing insulin, DEX, IBMX, and 0, 0.01, 0.1, or 1mg/mL of
VN extract for 2 days, and then the culture media were replaced with 10% FBS/DMEMmedium containing insulin for the following 2 days.
The control was treated with DW instead of extracts. EGCG was used as a positive control. Assays were performed in duplicates for each
concentration, and experiments were repeated at least three times. Data represented are the relative expression. All values are mean ± SD.
#
𝑃 < 0.05, versus undifferentiated control cells; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.005, versus differentiated control cells; DW, distilled water; VN,
Veratrum nigrum; EGCG, epigallocatechin gallate.

investigate any possible internal toxicity, the serum levels of
alanine transaminase (ALT), aspartate transaminase (AST),
blood urea nitrogen (BUN), and creatinine were evaluated
and the results are shown in Supplementary Figures S1(a)–
S1(d) (Supplementary Material available online at http://dx
.doi.org/10.1155/2013/732126).

3.3. Effects of the Water Extract of PG on Adipogenesis and
Transcription Factors in 3T3-L1 Cells. Before investigating the
antiobesity effects of PG in vitro, a cell viability test in 3T3-L1
preadipocytes was performed first. The MTS assay was per-
formed to assess the effect of the water extract of PG on 3T3-
L1 cell viability. As shown in Figure 2(a), the water extract
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of PG showed no significant effect on viability after 48 h
treatment at concentrations of 0.01, 0.1, and 1mg/mL. Further
investigations were hence carried out at concentrations of
0.01, 0.1, and 1mg/mL. Next, to investigate the effects of
PG on preadipocytes differentiation, the lipid accumulation
was measured by an Oil Red O staining assay. As shown
in Figure 2(b), PG suppressed lipid accumulation in 3T3-L1
adipocytes in a dose-dependent manner with statistical sig-
nificance (𝑃 < 0.05), suggesting that PG inhibits adipogenesis
in 3T3-L1 cells. Epigallocatechin gallate (EGCG), a green tea
compound that accounts for 54–59% of total tea catechins
[36], was used as a positive control. Adipocyte differentiation
accompanies the changes in expression of various adipo-
genic and lipogenic genes [37]. PPAR𝛾 and C/EBP𝛼, well-
recognized adipogenic genes known to have roles in the early
stage of adipogenesis [38], were examined. To investigate
the inhibitory mechanism, the effects of PG on both mRNA
and protein expression levels of PPAR𝛾 and C/EBP𝛼 were
examined. Fully differentiated 3T3-L1 cells were exposed
for 48 h to concentrations of 0.01, 0.1, and 1mg/mL of PG.
Expression of both adipogenic genes PPAR𝛾 andC/EBP𝛼was
significantly suppressed by PG in a dose-dependent manner.
The results are shown in Figure 2(c). These results suggest
that PG has inhibitory effects on PPAR𝛾 and C/EBP𝛼, which
are found almost exclusively in adipose tissues and play
crucial roles in the induction of adipose-specific genes and in
the manifestation of the mature adipose phenotype [39]. In
order to confirm the effects of PG on PPAR𝛾 and C/EBP𝛼,
a Western blot analysis was carried out. Figure 2(d) shows
that the expressions of PPAR𝛾 and C/EBP𝛼 significantly are
suppressed by PG at concentrations of 0.1 and 1mg/mL. Con-
sistent with the results of the real-time RT-PCR assay shown
above (Figure 2(c)), the Western blotting analyses confirm
that PG has inhibitory effects on PPAR𝛾 and C/EBP𝛼.

3.4. Effects of the Water Extract of VN on Adipogenesis and
Transcription Factors in 3T3-L1 Cells. Ahead of any other
investigation, a cell viability assay of VN was performed as
well as PG. As shown in Figure 3(a), an MTS assay verified
that VN had no cytotoxic effects in 3T3-L1 cells at the con-
centrations of 0.01, 0.1, and 1mg/mL. Further investigations
were performed at the concentrations that did not show cyto-
toxicity, and EGCG was used as a positive control. The effect
of VN on lipid accumulation in 3T3-L1 cells was measured
via an Oil Red O staining assay. Similar to the results of PG,
Figure 3(b) indicates that VN suppressed lipid accumulation
in 3T3-L1 cells in a dose-dependent manner (𝑃 < 0.05). In
a real-time RT-PCR assay, the results showed that VN also
had significant inhibitory effects on the expression of PPAR𝛾
and C/EBP𝛼 in a dose-dependent manner (Figure 3(c)). In
addition, the results of the Western blot analysis implied
that VN had inhibitory effects on expression of PPAR𝛾 and
C/EBP𝛼 in a dose-dependentmanner aswell as on the protein
levels (Figure 3(d)).

3.5. Comparison of the Effects of the Mixture and the Com-
bination Extract of PG and VN on Differentiation of 3T3-L1
Cells. The cytotoxicity of the PG-VN combination extract

was examined using an MTS assay. The MTS assay was
performed to assess the effect of the water extract of the
1 : 1 PG-VN combination on 3T3-L1 cell viability. As seen in
Figure 4(a), the water extract of the 1 : 1 PG-VN combination
showed no significant effect on viability after 48 h treatment
at concentrations of 0.5, 1, and 2mg/mL. Because the highest
concentration (2mg/mL) of 1 : 1 combination extract did not
have any toxic effects on 3T3-L1 adipocytes, further investi-
gations were carried out at concentrations of 1 and 2mg/mL,
including PG and VN at a concentration of 1mg/mL, respec-
tively. Next, in order to identify the differences in adipogenic
effects between the mixture (1 : 1 mixture of PG extract and
VN extract) and the combination (1 : 1 PG and VN combi-
nation extract), a real-time RT-PCR analysis was performed
to investigate whether the effects are clearly different. The
mixture was prepared by mixing PG extract and VN extract
at the same ratio, and the combination was prepared by water
extraction of PG and VN as described above. The results of
Figure 4(b) show that the combination formula of PG and
VN had significantly higher effects on inhibition of PPAR𝛾
and C/EBP𝛼 than the mixture of PG and VN, possibly pro-
viding scientific evidence supporting the prescription of a
combination of herbs in KM. Due to this result, further
investigationswere performed using the PG-VNcombination
rather than the PG-VN mixture.

3.6. Synergistic Effects of PG-VN Combination Extract on
Differentiation of 3T3-L1 Cells. Next, in order to compare the
effects of PG and VN with their combination under the same
conditions, a real-time RT-PCR assay was carried out. As
seen in Figure 5(a), the expressions of PPAR𝛾 and C/EBP𝛼
were significantly decreased by PG and VN. PG-VN combi-
nation at 1 and 2mg/mL also showed a significant decrease
compared with the control. PPAR𝛾 expression of the PG-VN
combination at 1 and 2mg/mL was significantly decreased
compared with PG. Table 3 indicates that in both PPAR𝛾
and C/EBP𝛼, the PG-VN combination may have synergistic
action and exhibits enhanced effects at a concentration of
1mg/mL, since the inhibition rates of PG-VN combination
(PPAR𝛾: 35.75 ± 2.07%, C/EBP𝛼: 36.32 ± 4.34%)were higher
than the sum of those of PG and VN at 1mg/mL divided in
half (PPAR𝛾: 23.195 ± 3.155%, C/EBP𝛼: 31.92 ± 3.165%),
but at higher dose, it did not show any synergism. Instead,
the PG-VN combination inhibition rates at 2mg/mL (PPAR𝛾:
30.19 ± 1.30%, C/EBP𝛼: 39.88 ± 4.15%) were lower than
the sum of the 1mg/mL PG and VN inhibition rates (PPAR𝛾:
46.39 ± 6.31%, C/EBP𝛼: 63.84 ± 6.33%). This suggests the
possibility of antagonistic features at higher concentrations.
In the case of C/EBP𝛼, the difference in the inhibition rate
(23.96 ± 10.48%) was larger than that in PPAR𝛾 (16.20 ±
7.61%), and this indicates the antagonism at high concentra-
tionwas expressedmore strongly onC/EBP𝛼 than on PPAR𝛾.

To confirm the results shown above regarding protein
levels, we compared the effects of PG and VN with their
combination using a Western blotting assay. PG and VN
at 1mg/mL showed significant differences compared with
the control in both PPAR𝛾 and C/EBP𝛼 protein expres-
sions (Figure 5(b)). In addition, the PG-VN combination
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Figure 4: Comparison of the effects of the mixture and the combination extract of PG and VN on differentiation of 3T3-L1 cells. An MTS
assay (a) was performed to measure the effects of PG-VN combination in 3T3-L1 cells. A real-time RT-PCR assay was performed to measure
the difference between the effects of the combination and the mixture on PPAR𝛾 and C/EBP𝛼mRNA expressions in 3T3-L1 cells (b). 3T3-L1
preadipocytes were induced to differentiate with 10%FBS/DMEMmedium containing insulin, DEX, IBMX, and 0, 0.01, 0.1, or 1mg/mL of PG-
VN mixture or PG-VN combination for 2 days, and then the culture media were replaced with 10% FBS/DMEMmedium containing insulin
for the following 2 days.The control was treated with DW instead of extracts. EGCGwas used as a positive control. Assays were performed in
duplicates for each concentration, and experiments were repeated at least three times. Data represented are the relative expression. All values
are mean ± SD. #𝑃 < 0.05, versus undifferentiated control cells; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.005, versus differentiated control cells; DW, distilled
water; PG, Panax ginseng; VN, Veratrum nigrum; 1 : 1, PG-VN combination.

also exerted a significant decrease on PPAR𝛾 and C/EBP𝛼
expressions at two different concentrations (1 and 2mg/mL).
Similar to the mRNA expression results (Table 3), the results
regarding protein level of both PPAR𝛾 and C/EBP𝛼 (Table 4)
also implied that the PG-VN combination may have syner-
gistic interaction at the concentration of 1mg/mL, since the
inhibition rate of PG-VN combination on PPAR𝛾 (28.87 ±
2.25%) was higher than the sum calculation of those on
PPAR𝛾 of PG and VN at 1mg/mL divided in half (23.905 ±
4.375%), but the C/EBP𝛼 expression (39.61 ± 3.82%) showed
antagonistic effects compared with the calculation (42.035 ±
4.44%).The PG-VN combination inhibition rates at 2mg/mL
(PPAR𝛾: 45.22 ± 3.88%, C/EBP𝛼: 59.94 ± 1.94%) were

lower than the sum of the 1mg/mL PG and VN inhibition
rates (PPAR𝛾: 47.81 ± 8.75%, C/EBP𝛼: 84.07 ± 8.88%). The
difference in the inhibition rate of C/EBP𝛼 (24.13 ± 10.82%)
was larger than that of PPAR𝛾 (2.59±12.63%), suggesting that
the antagonism at high concentration was expressed stronger
on C/EBP𝛼 than on PPAR𝛾, supporting the former gene
expression results.

4. Discussion

Many of the most effective phytomedicines are provided on
the drug market as whole extracts of herbs, and practitioners
have always believed that synergistic interactions between the
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Figure 5: Synergistic effects of PG-VN combination extract on differentiation of 3T3-L1 cells. A real-time RT-PCR assay (a) andWestern blot
assay (b) were performed to measure the effects of PG-VN combination in 3T3-L1 cells. 3T3-L1 preadipocytes were induced to differentiate
by 10% FBS/DMEM medium containing insulin, DEX, IBMX, and 0, 0.01, 0.1, or 1mg/mL of PG-VN mixture or PG-VN combination for 2
days, and then the culture media were replaced with 10% FBS/DMEM medium containing insulin for the following 2 days. The control was
treated with DW instead of extracts. EGCG was used as a positive control. Assays were performed in duplicates for each concentration, and
experiments were repeated at least three times. Data represented are the relative expression. All values are mean ± SD. #𝑃 < 0.05, versus
undifferentiated control cells; ∗𝑃 < 0.05 and ∗∗𝑃 < 0.005, versus differentiated control cells; DW, distilled water; PG, Panax ginseng; VN,
Veratrum nigrum; 1 : 1, PG-VN combination.

components of individual or mixtures of herbs are a vital
part of their therapeutic efficacy [40]. KM is characterized
by the wide use of herbal formulas, which are capable
of systematically treating disease determined by interac-
tions among various herbs. However, the science underlying

the combination rule of KM herbal formulas remains a
mystery due to a lack of experimental evidence. Although
some studies on the interaction between herbs have been
performed, most focused on the synergistic interactions, that
is, the “Sang-sa” or “Sang-o” relationship [40–46]; studies
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Table 3: Inhibition rate of PG, VN, and their combination on gene
expression of PPAR𝛾 and C/EBP𝛼.

Treatment PPAR𝛾 (%) C/EBP𝛼 (%)
PG 1mg/mL 19.54 ± 3.62

∗

32.92 ± 3.34
∗

VN 1mg/mL 26.85 ± 2.69
∗∗

30.92 ± 2.99
∗

PG-VN combination 1mg/mL 35.75 ± 2.07∗∗a 36.32 ± 4.34∗∗

PG-VN combination 2mg/mL 30.19 ± 1.30∗∗a 39.88 ± 4.15∗∗
xPG + VN 46.39 ± 6.31 63.84 ± 6.33

x(PG + VN)/2 23.195 ± 3.155 31.92 ± 3.165

Values were expressed as means ± SD. ∗𝑃 < 0.05, significantly different from
the Control; ∗∗𝑃 < 0.005, significantly different from the control; a𝑃 < 0.05,
significantly different from PG. xCalculated additive response (the sum of
the effects of the individual PG and VN treatments). Control, expression of
the differentiated 3T3-L1 cells was considered as 0%; PG: Panax ginseng; VN:
Veratrum nigrum.

Table 4: Inhibition rate of PG, VN, and their combination on
protein expression of PPAR𝛾 and C/EBP𝛼.

Treatment PPAR𝛾 (%) C/EBP𝛼 (%)
PG 1mg/mL 21.52 ± 5.28

∗

43.42 ± 6.80
∗∗

VN 1mg/mL 26.29 ± 3.47
∗

40.65 ± 2.08
∗∗

PG-VN combination 1mg/mL 28.87 ± 2.25∗ 39.61 ± 3.82
∗

PG-VN combination 2mg/mL 45.22 ± 3.88∗∗ab 59.94 ± 1.94∗∗b
xPG + VN 47.81 ± 8.75 84.07 ± 8.88

x(PG + VN)/2 23.905 ± 4.375 42.035 ± 4.44

Values were expressed as means ± SD. ∗𝑃 < 0.05, significantly different from
the Control; ∗∗𝑃 < 0.005, significantly different from the control; a𝑃 < 0.05,
significantly different from PG; b𝑃 < 0.05, significantly different from VN.
xCalculated additive response (the sum of the effects of the individual PG
and VN treatments). Control, expression of the differentiated 3T3-L1 cells
was considered as 0%; PG: Panax ginseng; VN: Veratrum nigrum.

focusing on antagonism, that is, “Sang-ban” or ‘Sang-o,”
have not yet been published. According to Shennong’s Classic
of Materia Medica, the classic of herbs written in 5 C,
VN has a “Sang-ban” relationship with PG. This text does
not specify the exact effects when used together, but every
herb classic since Shennong’s Classic of Materia Medica has
forbidden usage of PG and VN together [12]. In this study, we
investigated the antiobese effects of PG andVN combination,
the representative example of “Sang-ban.” The effects of PG
and VN extracts on obesity are investigated both in vivo
and in vitro, and an investigation of the effects of their
combination is followed.

Obesity is a chronic metabolic disorder caused by imbal-
ance between energy intake and expenditure [47].The preva-
lence of obesity is increasing in developed countries, and
rates in the developing world are rapidly rising as well. The
consequences of this are morbidity and mortality associated
with other serious medical diseases, such as diabetes, hyper-
lipidemia, hypertension, cardiovascular diseases, osteoarthri-
tis, and cancer [48]. Current medications for the treatment
of obesity include mixed noradrenergic-serotonergic agents
(sibutramine) [49] and absorption-reducing agents (orlistat)
[50]. However, the usage is limited by their adverse effects.
Sibutramine is known to increase blood pressure, which may
cause cardiac arrhythmias, constipation, and headache with

only minimum weight loss [49]. Orlistat, one of the most
widely used obesity treatments, has also been reported to
cause steatorrhea and deficiencies in lipid-soluble vitamins
and essential fatty acids [50]. Furthermore, the first selective
cannabinoid receptor CB1 blocker, rimonabant, was officially
withdrawn from the market due to its serious side effects
[51]. Interest in natural products for the treatment of obesity
is thus rapidly growing. During the last decade, researchers
have focused on the discovery of new drugs to reduce obesity,
one of the most important health issues of modern society.

In the present study, we have shown the effects of PG, VN,
and their combination on obesity in HF diet-induced obese
mice and in 3T3-L1 cells. PG, VN, and PG-VN combination
significantly reducedweight gain and the fat padweight inHF
induced obese mice. They also significantly decreased lipid
accumulation and the expressions of two major adipogenesis
factors, PPAR𝛾 and C/EBP𝛼, in 3T3-L1 cells. Interestingly,
the PG-VN combination had higher effects on PPAR𝛾 and
C/EBP𝛼 than the mixture of postextracted PG and VN. We
found that the PG-VN combination had synergistic effects
compared with a mixture of the extracts of PG and VN on
inhibition of PPAR𝛾 and C/EBP𝛼 expressions at lower doses.
The PG-VN combination at 1mg/mL showed stronger effects
on gene and protein expressions of PPAR𝛾 and C/EBP𝛼
than the calculated sum of separate PG and VN at 1mg/mL
divided into half. This result may constitute scientific evi-
dence supporting the prescription of a combination of herbs
instead of separate herb extractionmixtures in KM.However,
because the exact mechanism was not fully revealed in this
study, analytical assays such as HPLC should be carried
out to investigate the componential differences between the
combination and the mixture.

The study also suggests a potentially contentious issue
that is unknown and at the same time could be a potential
area of KM: the forbidden herb pairs, “Sang-ban,” known to
have antagonistic effects when used together, introduced in
Shennong’s Classic ofMateriaMedica.The “Sang-ban” classifi-
cation has been unquestioned until now, but the present study
indicates the possibility of conflicting views. In Shennong’s
Classic of Materia Medica, the medical treatment of PG and
VN pair is strictly forbidden [12]. But in this study on obesity,
the PG and VN combination showed potential synergism.
Obesity is a recently growing modern disease. In the past,
weight loss may have been considered as an adverse effect,
and this might partly explain the synergistic effects of PG-
VN combination on obesity. However, further investigations
must be followed. Although we have shown in this study that
one of the representative “Sang-ban” pairs, PG andVN, shows
synergism with regard to obesity, evidential verification of
other pairs of the “Chil-jeong” theory is necessary.

5. Conclusion

In conclusion, the results of this study show the antiobese
effects of PG and VN both in vivo and in vitro. PG, VN, and
PG-VN combination significantly reduced weight gain and
the fat pad weight in HF-induced obese mice. They also sig-
nificantly decreased lipid accumulation and the expressions
of two major adipogenesis factors, PPAR𝛾 and C/EBP𝛼, in
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3T3-L1 cells. In addition, PG-VNcombination had synergistic
effects compared with the mixture of the extract of PG and
VN on inhibition of PPAR𝛾 and C/EBP𝛼 expressions at lower
doses. These results show potential for a new pharmaceutical
antiobese therapy and at the same time point toward a
scientific basis for the usage of combinations in KM. Further
investigations on combinations of various herbs should be
carried out in future studies.
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Dangguijakyak-san (DJS), a famous traditional Korean multiherbal medicine, has been used to treat gynecological and neuro-
associated disease. Recent studies demonstrated that DJS has multiple bioactivities including neuroprotection. In the present
study, we were to investigate the effect of DJS and its mechanism in an in vitro and in vivo model of Parkinson’s disease (PD).
In primary mesencephalic culture system, DJS attenuated the dopaminergic cell damage induced by 1-methyl-4-phenylpyridine
toxicity, and it inhibited production of inflammatory factors such as tumor necrosis factor 𝛼 (TNF-𝛼), nitric oxide (NO),
and activation of microglial cells. Then, we confirmed the effect of DJS in a mouse PD model induced by 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP). In the pole test, DJS at 50mg/kg/day for 5 days showed increase of motor activity showing
shortened time to turn and locomotor activity compared with theMPTP only treated mice. In addition, DJS significantly protected
nigrostriatal dopaminergic neuron from MPTP stress. Moreover, DJS showed inhibition of gliosis in the substantia nigra pars
compacta. These results have therapeutic implications for DJS in the treatment of PD via anti-inflammatory effects.

1. Introduction

One of most common neurodegenerative diseases is Parkin-
son’s disease (PD), which is characterized pathologically by
the selective, irreversible loss of dopaminergic (DA) neurons
in the substantia nigra pars compacta (SNpc) and their
terminals in the striatum and clinically by bradykinesia,
resting tremor, rigidity, and disturbances in posture and gait
[1].

The initial factors that cause neuronal death remain
unclear. Studies have suggested that the pathology of PD
involves oxidative stress [2, 3], apoptotic mechanisms [4],
mitochondrial dysfunction [5], and the accumulation of toxic
protein [6, 7]. Other studies have shown that dopaminergic
neuronal death is related to inflammatory processes involv-
ing increases in inflammatory mediators, including tumor

necrosis factor-𝛼 (TNF-𝛼), interleukin-1𝛽, and interferon-𝛾
[8, 9], and the activation of glial cells [10]. Recent studies
have suggested that anti-inflammatory therapy might be an
effective therapeutic strategy for neuroprotection [11].

Dangguijakyak-san (DJS), also called Danggui-Shaoyao-
San (DSS) or Toki-shakuyaku-san (TJ-23), is a widely used
traditional Korean herbal medicine consisting of Paeoniae
Radix, Cnidium Rhizome, Alismatis Rhizoma, Angelicae
Gigantis Radix, Poria, and Atractylodis Rhizoma Alba. In
biological studies, DJS has hormone-like [12], antianemia
[13], and antihypertensive [14] effects. Also, DJS stimulated
progesterone production in rat luteal cells and luteal steroido-
genesis [15], improved the quality of life of postmenopausal
women in Korea [16], and improved motor activity after
peripheral facial nerve axotomy [17]. Additionally, studies
have revealed that DJS has neuro-associated actions; DJS
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attenuated cognition problems and had regulatory effects
on the central cholinergic nervous system in scopolamine-
treatedmice [18],DJS protected cortical neurons against amy-
loid 𝛽-induced neurotoxicity [19], and DJS improved cogni-
tive function and protected ultrastructure of brain cortex in
aged mice [20]. Moreover, DJS protected dopaminergic cells
from hydrogen peroxide and 6-hydroxydopamine-induced
neurotoxicity in vitro and against 1-methyl-4-phenyl-1,2,3,6,-
tetrahydropyridine- (MPTP-) induced damage in estrogen-
deprived mice by inhibiting oxidative stress such as reactive
oxygen species production and glutathione level depletion
and suppressing apoptosis through mitochondria-mediated
caspase pathway [21–23].

Based on those actions of DJS, we hypothesized that
DJS might be a potent neuroprotective agent in PD model.
However, the effect of DJS on neuroinflammation, one of
therapeutic target for PD, has not been investigated yet
in animal models. Therefore, we examined the protective
effect of DJS against 1-methyl-4-phenylpyridinium- (MPP+-)
induced neurotoxicity and explored its possible mechanisms
by measuring inflammatory factors in rat primary dopamin-
ergic cells. Then, we confirmed the protective effect of DJS in
a mouse model of PD by performing behavioral tests and a
histological analysis.

2. Materials and Methods

2.1. Materials. Minimal essential medium (MEM) and fetal
bovine serum (FBS) were purchased from Gibco Industries
(Auckland, New Zealand). Glucose, l-glutamine, parafor-
maldehyde (PFA), MPTP, MPP+, poly-l-lysine (PLL), 3,3-
diaminobenzidine (DAB), Griess reagent, sodium chloride,
sucrose, and phosphate-buffered saline (PBS)were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The rat tumor
necrosis factor-alpha (TNF-𝛼) ELISA kit was purchased from
Invitrogen (Carlsbad, CA, USA). Affinity-purified rabbit
anti-tyrosine hydroxylase (TH) polyclonal antibody, mouse
and rat anti macrophage-1 antigen integrin alpha M (MAC-
1) affinity-purified monoclonal antibody, and rabbit anti glial
fibrillary acidic protein (GFAP) affinity-purified monoclonal
antibody were obtained from Merck Millipore (Billerica,
MA, USA). Biotinylated anti-rabbit, anti-mouse, and anti-rat
antibodies, normal goat serum, and a standard avidin-biotin
peroxidase complex (ABC) kit were purchased from Vector
Laboratories (Burlingame, CA,USA).TheDJS extract was the
same as that used in previous studies [22, 23].

2.2. Primary Culture of Mesencephalic Dopaminergic Cells.
Cultures were prepared from the mesencephalons of gesta-
tional day 14 embryos from Sprague-Dawley rats, obtained
from Dae Han Biolink (Eumseong, Korea). The ventral
mesencephalonwas separated, dissected, pooled, dissociated,
and plated on 24-well plates with coverslips precoated with
PLL at a density of 1.5 × 105 cells per well. Cultures were
maintained in a humidified incubator in an atmosphere of
5% CO

2
in air at 37∘C in MEM with 6.0 g/L glucose, 2mM

glutamine, and 10% FBS. On the 6th day in vitro (DIV 6), the
mediumwas changed to serum-freeMEM, and the cells were
treated with DJS (0.04 or 0.2 𝜇g/mL) for 1 h and then stressed

with MPP+ (15𝜇M) for 23 h. Then, the cells were fixed with
4%PFA at room temperature for 30min.The cells were stored
in PBS at 4∘C for immunocytochemistry.

2.3. NO Assay. The accumulation of nitrite in the culture
supernatant was determined with a colorimetric assay using
Griess reagent (0.1% N-(1-naphthyl) ethylenediamine dihy-
drochloride, 1% sulfanilamide, and 2.5% H

3
PO
4
). Equal

volumes of culture supernatant and Griess reagent were
mixed and incubated for 10min at room temperature in the
dark.The absorbance at 540 nmwas determined spectropho-
tometrically (SpectraMax Gemini EM; Molecular Devices,
Sunnyvale, CA, USA). The NO concentration was deter-
mined from the sodium nitrite standard curve. Control cells
were treated in the same way without DJS andMPP+, and the
absorbances were expressed as percentages of the control.

2.4. TNF-𝛼 Assay. TheTNF-𝛼 assay was performed in accor-
dance with the manufacturer’s instructions. Briefly, 50𝜇L
of culture supernatant was mixed with 50 𝜇L of incubation
buffer. To all samples, 50 𝜇L of standard diluent buffer was
added. These samples were pipetted with 50𝜇L of biotin
conjugate, and the side of the plate was tapped gently to
mix it. The plates were incubated for 60min with a plate
cover at room temperature. After aspirating the liquid, all
wells were washed four times. Then, 100 𝜇L of streptavidin-
horseradish peroxide working solution was added and incu-
bated for 45minwith a plate cover at room temperature. After
aspiration and washing, 100 𝜇L of stabilized chromogen was
added to thewells.Theplateswere allowed to stand for 30min
at room temperature in the dark. Next, 100 𝜇L of stop solution
was added, and the side of the plate was tapped gently to mix
it.The plates were read using a spectrophotometer at 450 nm.
The standard smooth curve was plotted with fitting software
using a four-parameter algorithm, and the data are expressed
as standard rat TNF-𝛼 (pg/𝜇L).

2.5. Animals. Animal maintenance and treatment were car-
ried out in accordance with the Principles of Laboratory
Animal Care (NIH publication number 85-23, revised 1985)
and the Animal Care and Use Guidelines of Kyung Hee
University, Seoul, Korea. Eight-week-old male C57BL/6 mice
were purchased from Dae Han Biolink. The animals were
housed at an ambient temperature of 23 ± 1∘C and relative
humidity 60 ± 10% under a 12 h light/dark cycle and were
allowed free access to water and food.

2.6. Drug Administration. Animals were assigned to three
groups: (1) control (𝑛 = 9; intraperitoneal and intraoral
vehicle); (2) MPTP (𝑛 = 9; intraperitoneal MPTP plus
intraoral vehicle); and (3)MPTP+DJS (𝑛 = 9; intraperitoneal
MPTP plus intraoral DJS) groups. DJS dissolved in saline
was administered at 50mg/kg/day for 5 days. MPTP (base
form) in normal saline was injected at 20mg × 4/kg/day at
2 h intervals for the last day of DJS treatment.

2.7. Behavioral Test and Brain Tissue Preparation. Tomeasure
motor coordination, we performed the pole test the day after
the last MPTP injection.The mouse was placed head upward
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near the top of a vertical rough-surfaced pole (diameter
8mm, height 55 cm). The times it took for the mouse to
turn completely downward (time to turn; T-turn) and then
to reach the floor (locomotion activity time; T-LA) were
recorded, with a cut-off limit of 30 s. Then, mice were sacri-
ficed on the first and seventh days to quantify inflammatory
and dopaminergic factors, respectively. The mice were anes-
thetized with 50mg/kg Zoletil (intramuscularly) and rapidly
perfused transcardially with PBS, followed by 4% PFA in
0.1M phosphate buffer (PB). Then, the brains were removed
rapidly, postfixed in 4% PFA solution, and processed for
cryoprotection in 30% sucrose at 4∘C.The frozen brains were
cut into 30 𝜇m coronal sections using a cryostat microtome
(CM3000; Leica, Wetzlar, Germany). Finally, the tissues were
stored in storing solution containing glycerin, ethylene glycol,
and PB at 4∘C for immunohistochemistry.

2.8. Immunocytochemistry and Immunohistochemistry. Pri-
mary cells on cover slips and free-floating sections were
rinsed in PBS at room temperature before immunostaining.
They were pretreated with 1% hydrogen peroxide in PBS for
15min to remove endogenous peroxidase activity. Then, they
were incubated overnight at room temperature with a rabbit
anti-TH antibody (1 : 2,000 dilution) to detect dopaminer-
gic neurons, a mouse or rat anti-MAC-1 antibody (1 : 1000
dilution) to detect microglial cells, and a rabbit anti-GFAP
antibody (1 : 1000 dilution) to detect astrocytes. Next, they
were incubated with a biotinylated antisecondary IgG for
90min and then in ABC solution for 1 h at room temperature.
The peroxidase activity was visualized with DAB for 4min.
After every incubation step, the cells and tissues were washed
three times with PBS. Finally, the primary cells on cover
slips were mounted on gelatin-coated glass slides, air dried,
and photographed through a microscope (Axioskop 2; Carl
Zeiss, Göttingen, Germany). The free-floating brain tissues
were mounted on gelatin-coated slides, dehydrated, cleared
with xylene, and cover slipped usingHistomountmedium. To
quantify the effect ofDJS on themesencephalic dopaminergic
and microglial cells, TH- and MAC-1-immunopositive cells
were counted on at least four cover slips from independent
experiments for each condition. The effect of DJS on brain
tissues was quantified by counting the number of TH-
immunopositive cells in the SNpc at ×100 magnification
under a microscope. The TH-immunoreactivity in the stria-
tum (ST) was measured at ×40 magnification using a Stereo
Investigator (MBFBioscience,Williston,ND,USA).The anti-
inflammatory effects of DJS were visualized with MAC-1 and
GFAP-immunopositivity in the SNpc at ×400 magnification
under a microscope. Data are presented as percentages of
control group values.

2.9. Statistical Analysis. The data are expressed as means ±
standard errors of the mean (SEM). Data were analyzed by
one-way analysis of variance (ANOVA) followed by the least
significant differences (LSD) using SPSS 12.0 K for Windows
(SPSS, Chicago, USA). For all statistical analyses, 𝑃 < 0.05
was considered significant.

3. Results

3.1. DJS Protects Dopaminergic Cells against MPP+-Induced
Toxicity in Rat Primary Mesencephalic Culture System. To
investigate the effect of DJS on neuroprotection against
MPP+ toxicity in mesencephalic neuronal cells, we counted
dopaminergic cells. MPP+ neurotoxicity was defined as a
66.20% reduction in the survival rate compared with the
control group. Treatment with 0.04 and 0.2 𝜇g/m DJS L
increased the survival of dopamine cells to 85.05 and 90.25%,
respectively, compared with the control group (Figure 1).

3.2. DJS Inhibits Gliosis Induced by MPP+ in Rat Primary
Mesencephalic Culture System. To determine the protective
effect of DJS on MPP+-induced microglia activation, we
counted MAC-1-positive cells. Treatment with 15𝜇M MPP+
increased activemicroglia cells by 211.76% comparedwith the
control group, whereas treatment with 0.04 and 0.2 𝜇g/mL
DJS significantly inhibited it to 128.29 and 126.64%, respec-
tively, compared with the controls (Figure 2).

3.3. DJS Inhibits Neuroinflammation Induced by MPP+ in Rat
Primary Mesencephalic Culture System. To assess the pro-
tective effect of DJS on MPP+-induced neuroinflammation
involving NO and TNF-𝛼 production, Griess reagent and a
rat TNF-𝛼 ELISA kit were used, respectively. The incubation
of cells with 15𝜇M MPP+ increased NO production by
134.48% comparedwith the control group, whereas treatment
with 0.04 and 0.2𝜇g/mL DJS significantly decreased it to
119.37 and 118.44%, respectively, compared with the control
(Figure 3(a)). Additionally, treatment with MPP+ increased
the TNF-𝛼 level by 214.13% compared with the control,
whereas the 0.04 and 0.2 𝜇g/mL DJS treatments inhib-
ited TNF-𝛼 production by 158.57 and 152.63%, respectively
(Figure 3(b)).

3.4. DJS Protects Movement Impairment Induced by MPTP
in a Mouse Model of PD. To examine whether DJS could
relieve themotor symptoms in theMPTP-inducedmouse PD
model, we performed the pole test. In this test, the MPTP-
only treated group showed bradykinesia, with the time to
turn at the top (T-turn) and time to climb down (T-LA)
prolonged by 254.90 and 187.90%, respectively, compared
with the control. However, DJS treatment at 50mg/kg/day
for 5 days reduced this to 100.78 and 99.60%, respectively,
compared to the control (Figure 4).

3.5. DJS Protects Dopaminergic Neuronal Damage and Gliosis
Induced by MPTP in a Mouse Model of PD. The protective
effects of DJS on dopaminergic neurons in amouse PDmodel
induced by MPTP were also investigated. Seven days after
MPTP treatment, the number of TH-positive cell bodies in
the SNpc was decreased by 35.91%, and the optical density of
the TH-positive fibers in the STwas decreased by 41.45%.The
administration of DJS at 50mg/kg/day for 5 days protected
the nigrostriatal dopaminergic neurons, reducing loss by
49.69 and 84.89% in the SNpc and ST, respectively, compared
with the control (Figure 5). Additionally, we found that
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Figure 1: Protective effect of DJS against MPP+ neurotoxicity in primary mesencephalic cells. After cells were treated with DJS and 15𝜇M
MPP+, dopaminergic neurons were stained with a TH antibody. The number of TH-positive cells was counted (a) and the representative
images were shown (b). Scale bar = 100 𝜇m. Each column represents themean± SEM from four replications. Data are expressed as percentages
relative to the controls. ###𝑃 < 0.001 significantly different from the control group. ∗∗∗𝑃 < 0.001 significantly different from the MPP+ only
treated group.
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Figure 2: Inhibitory effect of DJS on MPP+-induced gliosis in primary mesencephalic cells. After cells were treated with DJS and 15𝜇M
MPP+, microglia cells were stained with aMac-1 antibody.The number of Mac-1-positive cells was counted (a), and the representative images
were shown (b). Scale bar = 200𝜇m. Each column represents the mean ± SEM from four replications. Data are expressed as percentages
relative to the controls. ###𝑃 < 0.001 significantly different from the control group. ∗𝑃 < 0.05 significantly different from the MPP+ only
treated group.

MAC-1- and GFAP-immunopositive cells were increased in
theMPTP only treated group, whereas theywere decreased in
the DJS treatment group (Figure 6). These results show that
DJS reversed the toxic effect of MPTP on neuronal cells by
inhibiting inflammatory factors.

4. Discussion

This study evaluated the neuroprotective effects of DJS
against MMP+/MPTP toxicity and the mechanism of the
effect.The treatment of DJS led to significant neuroprotection
of dopaminergic neurons against MMP+/MPTP-induced
stress and inhibited microglia activation and inflammatory
factor production in vitro and in vivo. To understand the

mechanism of therapy, it is important to study microglial
activation in the pathogenesis of PD. It has been reported
that activatedmicroglia cells actively participate in the patho-
genesis of MPTP-induced PD via the release of cytotoxic
factors [24]. We observed that exposure to MPP+ resulted
in a significant increase in the proinflammatory factors
MAC-1, NO, and TNF-𝛼 in the cultures and altered cell
morphology. The elevation of MAC-1, which is expressed
exclusively on microglia in the central nervous system, has
been reported in the MPTP model of PD [25]. Furthermore,
MAC-1 contributes to the MPP+/MPTP-induced reactive
microgliosis and progressive dopaminergic neurodegenera-
tion, so inhibiting microglial cells might constitute a novel
microglia-suppressive therapy for the treatment of PD [26].
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Figure 4: Inhibitory effect of DJS onMPTP-induced bradykinesia in a mouse model of PD. DJS at 50mg/kg/day for 5 days was administered,
and MPTP at 20mg/kg was injected four times at 2 h interval on the day of last DJS treatment. On the first day of MPTP injection, the pole
test was performed.The times to turn (T-LA) and the times to completely downward and to arrive at the floor (b) were recorded. Each column
represents themean± SEM from ten replications. Data are expressed as percentages relative to the controls. ###𝑃 < 0.001 significantly different
from the control group. ∗∗∗𝑃 < 0.001, ∗𝑃 < 0.05 significantly different from the MPTP only treated group.

In this study, DJS inhibited MAC-1 against MPP+-induced
gliosis. We performed a TNF-𝛼 assay to investigate whether
DJS exerts anti-inflammatory activity on mesencephalic
dopaminergic cells. TNF-𝛼 might damage dopaminergic
cells directly by activating an intracellular death pathway,
leading to the production of toxic amounts of NO [11]. The
NO levels were determined to assess the effects of DJS on
NO generation. Mesencephalic dopaminergic cells exposed
to MPP+ generated increased NO, whereas DJS treatment
significantly reduced this enhancement. The pathogenesis of
PD involves impairedmitochondrial function, inflammation,
and oxidative damage [27]. Free radicals such as reactive
oxidative species (ROS) and NO can cause oxidative damage,

which can attenuate microglia proliferation [28]. Further-
more, excessive NO production in the brain contributes to
the neuronal energy deficiency in PD [29]. In the primary
mesencephalic culture treatedwithMPP+,DJS attenuated the
loss of TH-positive neurons and decreased the generation of
MAC-1-positive cells, TNF-𝛼, and NO.

Furthermore, we performed the pole test to determine
the effect of DJS on the behavior symptoms of PD. We
used C57BL/6 mice, which are susceptible to MPTP toxicity
and are useful for studying the protective and compensatory
mechanisms of PD [30]. In the pole test, T-turn and T-
LA were prolonged significantly in the MPTP-treated mice,
whereas they were shortened significantly in the mice treated
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Figure 5: Protective effect of DJS on MPTP-induced dopaminergic neuronal damage in a mouse model of PD. DJS at 50mg/kg/day for 5
days was administered, and MPTP at 20mg/kg was injected four times at 2 h interval on the day of last DJS treatment. On the seventh day
of MPTP injection, dopaminergic neurons and fibers in the SNpc and the ST, respectively, were stained with a TH antibody. The number
of TH-positive cell bodies was counted (a), and the optical density of TH-positive fibers was measured (b). The representative images were
shown (c). Scale bar = 100 𝜇m. Each column represents the mean ± SEM from six replications. Data are expressed as percentages relative to
the controls. ###𝑃 < 0.001 significantly different from the control group. ∗∗∗𝑃 < 0.001, ∗𝑃 < 0.05 significantly different from the MPTP only
treated group.

with DJS before MPTP.The pole test is a measure of bradyki-
nesia and is very sensitive to nigrostriatal dysfunction [31, 32].
We also demonstrated that DJS can protect against behavior
problems in ovariectomized mice [23]. It was reported that
herbs containing Paeoniae Radix improved the movement
disorder [33]. As DJS contains Paeoniae Radix, DJS likely
inhibited the toxic effect of MPTP, that is, bradykinesia. DJS
improved behavior, which is in agreement with the findings
using the Morris water maze test and step-down passive
avoidance test [34].

In mice, the anti-inflammatory actions of DJS resulted
in a significant decrease in dopaminergic cell death induced
by MPTP. Activated microglia and reactive astrocytes to
a lesser extent are found in the area associated with cell
loss, possibly contributing to the inflammatory process by
the release of proinflammatory prostaglandins or cytokines
[31]. In the MPTP-treated mice, severe shrinkage of the cell
bodies and a decrease in dopaminergic cells and optical

density were observed in the SNpc and ST. By contrast, the
dopaminergic cells in the DJS mice remained intact. Addi-
tionally, MPTP increased striatal astrocytes and microglial
cells in the SNpc, whereas DJS treatment attenuated the two
markers of activated microglia. These results show that DJS
reversed the toxic effect of MPTP on neuronal cells in the
SNpc.

Our study showed thatDJS has a neuroprotective effect on
dopaminergic cells via anti-inflammatory effects. Recently,
it was reported that DJS has an antidiabetic effect via its
antioxidative properties [35]. Previously, we showed that
DJS protects against the glutathione decrease induced by
6-OHDAand inhibits ROS production [22].We also reported
that DJS has neuroprotective effects via antioxidant and
antimitochondria-mediated apoptotic effects [22, 23]. In this
study, we showed that the neuroprotective effect of DJS
could be attributed to the inhibition of MPTP-stimulated
microglial activation by inhibiting TNF-𝛼 andNO.Therefore,
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Figure 6: Inhibitory effect of DJS on MPTP-induced gliosis in a mouse model of PD. DJS at 50mg/kg/day for 5 days was administered, and
MPTP at 20mg/kg was injected four times at 2 h interval on the day of last DJS treatment. On the first day of MPTP injection, microglia and
astrocyte in the SNpc were stained with Mac-1 and GFAP antibodies, respectively, and the photographs were shown.

DJS has anti-inflammatory effects as well as antioxidant and
antiapoptotic effects.

These anti-inflammatory effects of DJS may be related
to the effects of each constituent herb. Angelicae Gigantis
Radix has been reported to have anti-inflammatory activity
and to inhibit the production of pro-inflammatory cytokines,
including TNF-𝛼, IL-6, and IL-8 [29]. Four compounds
isolated from Cnidium officinale inhibited COX-2 and iNOS
expressions in LPS-stimulated macrophages [27]. Paeoni-
florin, a main component of Paeoniae Radix, has been
reported to inactivate the inflammatory response by inhibit-
ing activation of the NF-𝜅 B pathway via the inhibition of I𝜅B
kinase activity [36]. The interactions of these effects might
result in the anti-inflammatory effect of DJS. PD has been
associated with many factors, including environmental tox-
ins, genetic factors, mitochondrial dysfunction, and oxidative
stress. Furthermore, neuroinflammation is recognized as a
major factor in the pathogenesis and treatment of PD [37].
DJS is a potential candidate for treating PD via multiple
mechanisms.

In conclusion, DJS significantly improved the movement
disorder inMPTP-inducedmice and protected dopaminergic
neurons. Additionally, an anti-inflammatory effect ofDJSwas
seen as the mechanism by which DJS treatment attenuated
the loss of dopaminergic cells. We believe that the anti-
inflammatory effect of DJS may be useful for treating PD
patients.
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Objective. The purpose of this study was to assess the efficacy and safety of Taeeumjowi-tang (TJ001) as well as to estimate obesity-
related factors.Methods. This was a 12-week trial with 5 visits. A total of 102 participants of both genders were randomized to either
TJ001 (𝑛 = 57) group or the placebo group (𝑛 = 55). Subjects were administered 7 g of either TJ001 or placebo 3 times a day.
The primary outcome was a rate of subjects who lost 5% or more of initial weight. Secondary outcomes included anthropometric
parameters, lipid profiles, and body fat composition. Results.The subject response rate of ≥5%weight loss compared to baseline was
similar in both groups, and no statistically significant difference was observed (𝑃 = 0.87). Changes in anthropometric parameters
were greater during the first 4 weeks in the treatment group (𝑃 < 0.0001). There were no significant changes in both within
groups and between groups for lipid profile and body fat composition. No adverse event was reported in either group. Conclusion.
Although the difference between the groups regarding a rate of subjects who lost 5% ormore of initial weight did not show statistical
significance, TJ001 appears to be beneficial in safely controlling weight.

1. Introduction

Obesity is defined as abnormal or excessive fat accumulation
that threatens health. Obesity not only leads to physical and
external complications but also causes various diseases, such
as cardiovascular disease, musculoskeletal disease, endocrin-
opathy, and psychological disease [1]. The World Health
Organization (WHO) considers obesity to be lifestyle-related

disease and calls for its management. A high prevalence of
obesity has become a global problem. If the current trend
continues, the obese population will be 700 million in 2015
and one-third of the world population in 2025. The most
recent Korean National Health and Nutrition Examination
Survey (KNHANES) found that 35.2% of male adults, 28.6%
of female adults, and 31.9% of adults aged over 19 were
overweight according to BMI calculations [2]. Westernized
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eating habits, such as an increased intake of fat, salt, and sugar,
have played a large part in the increasing number of obese
individuals in Korea.

Socioeconomic costs for obesity treatment in Korea were
estimated to be approximately 205 billionwon to 422.5 billion
won in 1998 [3], and in 2005, this treatment incurred direct
expenses of 177 billion won, an overhead cost of 715.2 billion
won, and a total cost of 1792.2 billion won, four times the cost
in 1998. The trend will continue with medical cost inflation
and with the increasing number of obese individuals.

Over a period ofmany years, numerousmedications have
been developed and used to treat obesity. However, most of
the drugs have been withdrawn because of serious adverse
effects [4]. Recently, sibutramine was withdrawn due to an
association with increased cardiovascular disease risk [5]. In
this context, a demand for novel treatments exists, and herbal
medicines have received considerable attention due to the
perception that they have no adverse effects.

Taeeumjowi-tang (TJ001) is a traditional Korean medi-
cine preparation for Tae-eumin exterior cold symptoms. It is
recorded in I Je-ma’s Donguisusebowon, which is consid-
ered to be the bible of Sasang constitutional medicine the-
ory. Taeeumjowi-tang works as a treatment for dyspepsia,
stuffiness and the sensation of fullness, diarrhea, and wind
stroke [1, 6]. Taeeumjowi-tang tonifies the exhale-dispersing
strength of the lung and represses the inhale-gathering
strength of the liver. It is used to treat obesity by inducing
weight loss throughmetabolic activation. Animal studies and
case reports have already demonstrated weight loss success
and the anorectic effect of Taeeumjowi-tang [7, 8]. Based on
these research results, Taeeumjowi-tang has been suggested
as an alternative treatment for obesity.The aims of the present
study were to examine estimates of obesity-related variables,
to obtain data to suggest an appropriate primary endpoint
and treatment period, and to assess the clinical efficacy and
safety of Taeeumjowi-tang as a viable treatment for obesity.

2. Methods

2.1. Study Design and Settings. This study was a 12-week
randomised, double-blind, and placebo-controlled clinical
trial conducted at four tertiary university hospitals in South
Korea. The study was approved by the institutional review
board (IRB) at the Catholic University of Korea Seoul St.
Mary’s Hospital, Dongguk University Ilsan Oriental Hos-
pital, Semyung University Oriental Medicine Hospital, and
Kyungwon Gil Oriental Medical Hospital. Subjects were
randomized by a web-based randomization program that
was developed by an independent biostatistician coded with
a block size of 4. The program was designed to ensure
concealment of the sequence as well as allocation to the
treatment and placebo groups in a 1 : 1 ratio for each site. The
research coordinator or the study staff assigned the subjects
after the randomization, and the pharmacist provided the
interventions to the subjects according to the randomization
number. All study participants including the subjects were
blinded to the group assignment. A sealed envelope copy
of the code was kept to CRO in case of emergency and for

the analysis. The study was conducted from December 2009
to June 2012, and the trial was registered in Current Con-
trolled Trials (ISRCTN87153759) [9].

2.2. Subjects. The subjects were recruited by advertising
on the bulletin board of each hospital. Written informed
consent was obtained from each subject prior to participa-
tion. The subjects were obese Koreans of both genders with
an age range of 18 to 65 years. In this trial, 102 subjects
with BMI ≥ 30 kg/m2 or BMI 27 to 30 kg/m2 with prop-
erly controlled hypertension, noninsulin-dependent diabetes
mellitus of fasting blood glucose <7.8mmol/L (140mg/dL),
properly treated hyperlipidemia, ≥236mg/dL total choles-
terol, or ≥150mg/dL triglycerides at the screening stage were
included. The exclusion criteria consisted of the following:
(1) endocrine disease except for type 2 diabetes mellitus; (2)
heart diseases; (3) uncontrolled hypertension; (4) malignant
tumor; (5) severe renal and liver disability; (6) history or
existence of neurological or psychological disease including
eating disorder; (7) use of medication affecting weight and
blood pressure within the past 3 months; (8) forbidden
treatments; (9) renal or hepatic disease; (10) inability to follow
instructions; (11) pregnant, planning a pregnancy but not in
agreement with proper contraception or lactating women.

2.3. Study Schedule. Thestudywas conductedwithin a 1-week
screening period followed by a 12-week treatment periodwith
a total of 5 visits. Baseline measurements were carried out
during the 1-week screening phase. After satisfying the inclu-
sion criteria, the subjects were equally randomized into either
the TJ001 group or the placebo group. Physical examinations
(body weight, BMI, and waist and hip circumferences, waist
and hip ratio (WHR)) were taken at every visit, throughout
the 12-week period for the efficacy assessment. Lipid profiles
(total cholesterol, low density lipoprotein cholesterol (LDL)
cholesterol, and triglycerides), body fat composition (total fat
area, visceral fat area, and subcutaneous fat area), C-reactive
protein, and self-assessment questionnaires weremeasured at
the 2nd and 5th visits.

Safety parameters were assessed by measuring changes in
vital signs, general physical examinations, blood and urine
test results, and self-reported symptoms.

The subjects were asked to record their diet in dietary
planners and to maintain s hypocaloric diet (1,500 kcal/day
for men and 1,200 kcal/day for women) during the course
of the trial. Subjects were instructed to maintain their
usual exercise but not to intensify their activities. Life style
management factors, such as dietary intake and exercise, were
recorded and counseled at every visit but were not strictly
controlled.

Subjects received either 7 g of TJ001 or placebo extracts
three times daily for 12 weeks. Both TJ001 and placebo
extracts were provided by HANPOONG Pharm & Foods Co.
Ltd (Jeonju-si, South Korea) produced by GoodManufactur-
ing Practice (GMP) facilities. The ingredients of TJ001 were
Semen Coicis 3.75 g, Semen Castaneae 3.75 g, Semen Raphani
2.5 g, Schisandrae Fructus 1.25 g, Liriopis tuber 1.25 g, Herba
Ephedrae 1.25 g, Radix platycodi 1.25 g, and Acori Tatarinowii
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Rhizoma 1.25 g. The placebo granules were identical to TJ001
in appearance, color, smell, and taste.

2.4. Screening. Body weight, height, waist and hip circum-
ference, demographic characteristics, measurements of vital
signs, medical and drug use history, smoking and drink-
ing status, general physical examination, laboratory tests,
electrocardiography, and pregnancy tests were included in
the screening. Blood samples were analyzed at the central
laboratory (Eone Reference Laboratory, Seoul, Korea).

2.5. Efficacy. The primary outcome was the rate of subjects
who lost 5% or more compared with baseline body weight.
The secondary outcomes were changes in body weight (kg),
body mass index (BMI, kg/m2), waist circumference (WC,
cm), hip circumference (HC, cm), waist/hip circumference
ratio (WHR), blood pressure (mmHg), lipid profile (total
cholesterol (TC, mg/dL), HDL cholesterol (mg/dL), LDL
cholesterol (mg/dL), and triglyceride (TG, mg/dL) levels. In
addition, body fat composition such as total fat area (TFA,
cm2), visceral fat area (VFA, cm2), and subcutaneous fat area
(SFA, cm2) was assessed by abdominal computed tomog-
raphy. Subject body weight was measured in light clothing
and without shoes. Weight and height were measured by a
balance scale with a movable headpiece rod in the standing
position to the nearest 0.1 cm and 0.1 kg, respectively. BMI
was estimated by dividing weight in kilograms by height
in square meters. Both WC and HC were recorded to the
nearest 0.1 cm with a plastic tape. The WC was measured
at the suprailiac line according to NIH protocol [10], and
the HC was measured at the horizontal level of the largest
part of the buttocks. Laboratory data (fasting plasma glucose
concentration (mg/dL) and C-reactive protein (CRP, mg/L)
were also included in the secondary outcomes. Korean
Obesity-relatedQuality of Life (KOQOL) andKorean version
of Eating Attitudes Test-26 (KEAT-26) questionnaires scores
were evaluated. All measurements were taken by well-trained
medical staffs by standard operating procedure (SOP).

2.6. Safety. Vital signs such as resting blood pressure, general
physical examinations, and laboratory data (AST, ALT, BUN,
and creatinine) were measured at every visit for the safety
assessments. Adverse events were reported to the case report
form regardless of their association with the intervention.

2.7. Statistical Analysis. All statistical analyses were done to
achieve a statistical power of 80%, and a 𝑃 value of <0.05
was considered statistically significant. The sample size was
calculated based on the null hypothesis that the rate of
subjects who lost 5% or greater of the baseline weight, that
is, the primary endpoint in the TJ001 group, would be higher
than that of the placebo group. As pilot studies have not been
conducted for TJ001, the 5% or greater responder rate of the
baseline weight in each group was set based on the other
reference literature [11]. Allowing for a 20% dropout rate, the
minimum sample size of 104 subjects with 52 subjects per
group was estimated for the study.

Both efficacy and safety outcomes were analyzed by an
intention-to-treat (ITT) analysis. All randomized subjects
with at least one visit after the administration of the interven-
tions were included in the ITT data set. Missing data were
handled by the last-value-carried-forward (LOCF) method.
Continuous variables were described as the mean ± SD, and
categorical variable such as gender was presented as percent-
ages.Thenormal distribution assumptionwas checked before
the analysis was conducted. Data were log transformed when
necessary.

As all data satisfied the normality assumption, the base-
line characteristics of the efficacy and safety outcomes were
compared by either Student’s 𝑡-test for continuous variables
or by the chi-square test (Fisher’s exact test if the expected
value was less than 5) for categorical data.

Efficacy parameters and vital signs were compared at
every visit for analysis between groups. Student’s 𝑡-test was
applied to assess the difference between groups, while the
paired 𝑡-test was used to examine differences within groups.
Repeatedmeasures ANOVAwas used to assess time by group
interaction in repeated measurements. ANCOVA was used
to evaluate all efficacy outcomes to determine whether the
between groups were significantly different at the end of the
study using baseline measures as a covariate.

Data were analyzed using the SPSS Statistic software,
version 19.0 for Windows (SPSS, Chicago, IL).

3. Results

3.1. Participant Flow. Participant flow is shown in Figure 1. A
total of 139 participants were assessed for eligibility, 21 were
disqualified, and 5 decided not to participate. One hundred
and thirteen subjects were randomized, 58 to the treatment
group and 55 to the placebo group. As one participant in the
treatment group had allergic dermatitis after randomization,
this subject was excluded from the ITT data set before
receiving the intervention. Thus, 55 individuals treated with
placebo and 57 treated with TJ001 were included in the ITT
analyses. After 12 weeks, 45 completed the trial in the placebo
group and 41 in the treatment group.

The baseline characteristics of the trial participants are
described in Table 1. Subjects between groups were not differ-
ent initially except for total cholesterol (𝑃 = 0.0180). Distri-
bution of gender was also not significantly different between
groups (𝑃 = 0.3842).

3.2. Efficacy Analysis

3.2.1. Primary Outcome. After the 12-week treatment period,
the rate of subjects who lost at least 5% of baseline was similar
in both groups with no statistically significant difference
(TJ001 group and placebo group, 21.1% and 18.2%, resp.,
𝑃 = 0.87, Figure 2). However, the subject rates of at least 3%
weight loss were significantly higher in the treatment group
compared with the placebo group (𝑃 = 0.01, Figure 2).

3.2.2. Secondary Outcomes: Anthropometric Measurements.
The mean weights at each time point are shown in Figure 3.
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Followup

Enrollment

Placebo group

Allocation

TJ001 group

Analysis (ITT)

Allocated to intervention (n = 55)
∙ Received allocated intervention (n = 55)

Assessed for eligibility 
(n = 139)

Excluded (n = 26)

∙ Not meeting inclusion criteria (n = 20)

∙ Declined to participate (n = 5)

∙ Other reasons
- Detection of systematic disease

at the screening stage (n = 1)

Randomized (n = 113)

∙ Completed (n = 45)

∙ Analysed (n = 55)

∙ Completed (n = 41)

∙ Analysed (n = 57)

Allocated to intervention (n = 58)

∙ Received allocated intervention (n = 57)

∙ Did not receive allocated intervention

∙ Attrition (n = 16)
∙ Attrition (n = 10)

- Lost to followup (n = 7)
- Lost to followup (n = 5)
- Protocol violation (n = 1) - Protocol violation (n = 3)

- Subject’s withdrawal (n = 6)
- Subject’s withdrawal (n = 3)

- Concurrent disease (n = 1)

- Adverse reaction (n = 1)

Figure 1: Disposition of the subjects in TJ001 trial.

Placebo group 0.673 0.424 0.182
TJ001 group 0.754 0.625 0.211
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Figure 2: Percentage of subjects who had 1%, 3%, and 5% or more
weight reduction (∗: statistically significant between groups, 𝑃 <
0.05).

The change patterns in BMI, WC, and HC paralleled those
in weight change in the two groups (not shown). Weight,
BMI,WC, andHC reductions for every 4thweekwere greater
during the first 4 weeks in the treatment group compared
with the other treatment period, showing a plateau between
the 4th and 8th weeks. This pattern was more definite in
the treatment group than in the placebo group. In contrast,
the weight loss in the placebo group did not proceed after
week 8.

A significant decrease in weight was observed in both
groups but was greater in the treatment group (−1.95 ±
3.35 kg, 𝑃 < 0.0001); however, it was not significant between
groups (Table 2).Thewithin-group changes in BMI,WC, and
HC were also significant in each group but not significant for
the between-group comparison. ForWHR, the within-group
changes were significant only in the treatment group (𝑃 =
0.0108). Repeated measures ANOVA results depicted that
there were no significant visit and group interaction (time ×
treatment, Table 2).

3.2.3. Secondary Outcomes: Lipid Profile, Body Fat Composi-
tion, andCRP. Therewere no significant changes bothwithin
groups and between groups in regards to lipid profile and
body fat composition (Table 3). Questionnaire scores were
also not statistically significant for both the within-group and
between-group assessments (not shown).

The distribution of Sasang constitution according to
the Questionnaire for the Sasang Constitution Classification
(QSCC) II in this study was as follows: 82 Tae-eum types, 2
So-yang types, 1 So-eum type, 1 Tae-yang type, and 20 unclas-
sified subjects.

3.3. Safety Analyses. Mean systolic and diastolic blood pres-
sure and creatinine were not different between groups at any
week nor were they different from the baselinemeasurements
within each group at the final visit of the study (Table 4).
Systolic blood pressure increased from baseline to week 8
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Table 1: Baseline characteristics of TJ001 trial subjects.

Group
𝑃 value∗Placebo group (𝑁 = 55) TJ001 group (𝑁 = 57)

mean ± S.D. mean ± S.D.
Age, year 38.8 ± 10.1 39.2 ± 9.5 0.8475
Anthropometric measurements

Height, cm 161.8 ± 9.2 160.8 ± 6.4 0.4998
Weight, kg 83.7 ± 14.4 82.2 ± 10.5 0.5458
BMI, kg/m2

31.9 ± 3.8 31.8 ± 2.6 0.8598
Waist circumference, cm 100.4 ± 9.5 99.6 ± 7.0 0.6259
Hip circumference, cm 110.4 ± 8.8 109.9 ± 6.0 0.7096
Waist-to-hip ratio (WHR) 0.91 ± 0.05 0.90 ± 0.05 0.6934

Lipid profile
Cholesterol

Total cholesterol, mg/dL 207.3 ± 36.8 191.7 ± 31.5 0.0180
LDL cholesterol, mg/dL 160.39 ± 36.57 146.43 ± 30.37 0.0300
HDL cholesterol, mg/dL 46.9 ± 9.9 46.1 ± 10.6 0.7161

Triglyceride, mg/dL 152.2 ± 87.2 134.6 ± 66.9 0.2352
Abdominal computed tomography (CT)

Total fat area (TFA), cm2
402.8 ± 153.9 392.5 ± 134.6 0.7676∗∗

Visceral fat area (VFA), cm2
118.2 ± 58.1 110.1 ± 47 0.5073∗∗

Subcutaneous fat area (SFA), cm2
283.6 ± 116.3 282.1 ± 103 0.9149∗∗

VFA/SFA 0.44 ± 0.21 0.40 ± 0.17 0.2524
C-reactive protein (CRP), mg/dL 0.19 ± 0.24 0.22 ± 0.36 0.6786∗∗

Questionnaires
KOQOL 33.7 ± 8.2 33.5 ± 6.8 0.8815
KEAT-26 13.5 ± 5.5 12.1 ± 4.8 0.1665

Energy intake, kcal/day 1859 ± 635.9 1823.1 ± 623 0.7671
Pulse, bpm 76.9 ± 9.3 75.3 ± 7.4 0.3072
Systolic blood pressure (SBP), mmHg 123 ± 13.9 122.7 ± 14.6 0.9175
Diastolic blood pressure (DBP), mmHg 77.8 ± 10.8 76.6 ± 9.2 0.5433
AST, IU/L 24.09 ± 10.97 27.86 ± 16.16 0.1395∗∗

ALT, IU/L 30.22 ± 23.55 28.91 ± 18.92 0.9326∗∗

BUN, mg/dL 13.39 ± 2.89 14.45 ± 10.42 0.8895∗∗

Creatinine, mg/dL 0.83 ± 0.17 0.78 ± 0.18 0.1415∗∗

Number of subjects (𝑛) 𝑛 (%) 𝑛 (%) 𝑃 value†

Gender
Male, 𝑛 (%) 10 (18.2%) 7 (12.3%) 0.3842
Female, 𝑛 (%) 45 (81.8%) 50 (87.7%)

S.D.: standard deviation; BMI: body mass index; LDL: low-density lipoprotein; HDL: high-density lipoprotein CT: computed tomography; KOQOL: Korean
Obesity-related Quality of Life, KEAT-26: Korean version of Eating Attitudes Test-26; BUN: blood urea nitrogen; AST: aspartate aminotransferase; ALT:
Alanine transaminase. ∗Continuous variables were analyzed by independent samples 𝑡-test. ∗∗𝑃 values after log transformed, as they did not satisfy normality
assumption. †Categorical variables were analyzed by chi-square test. 𝑃 < 0.05: considered statistically significant.

(Figure 4). However, after the 8th week, systolic blood pres-
sure decreased only in the treatment group. There was a
significant change in pulse observed in the placebo group
and in the between-group comparison (𝑃 = 0.0058 and 𝑃 =
0.018, resp.).

Although changes in AST in either group (placebo group
and treatment group 𝑃 = 0.0315 and 0.0003, resp.) and in
ALT in the treatment group were statistically significant (𝑃 =
0.0038) from baseline, they were not in the abnormal range.

All variables of subjects in both groups were in the clinically
normal range at end of the study.

3.4. Adverse Effects. One subject in the treatment group
developed allergic dermatitis before the administration of the
intervention. Therefore this can be ruled out as a potential
treatment-related adverse effect. In this trial, no adverse
effects were reported.
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Table 2: Analyses of anthropometric parameters.

Secondary outcomes
(Anthropometric parameters) Period

Group
𝑃
∗ (𝑃inter)Placebo group (𝑁 = 55) TJ001 group (𝑁 = 57)

Mean ± S.D. (𝑃intra) Mean ± S.D. (𝑃intra)

Weight, kg

Baseline 83.7 ± 14.4

—

82.2 ± 10.5

—

0.5458

—week 4 83.2 ± 14.8 80.9 ± 10.2 0.3272
week 8 82.7 ± 13.8 80.7 ± 10.3 0.3900
week 12 82.8 ± 15.1 80.3 ± 10.5 0.3080
Δ0–12 −0.88 ± 3.05 0.0371 −1.95 ± 3.35 <0.0001 — 0.0708
ANOVA visit X group interaction: 𝑃 = 0.0816

Body mass index (BMI),
kg/cm2

Baseline 31.9 ± 3.80

—

31.8 ± 2.60

—

0.8598

—week 4 31.6 ± 3.90 31.2 ± 2.60 0.5660
week 8 31.4 ± 3.90 31.2 ± 2.80 0.7407
week 12 31.4 ± 4.10 31.0 ± 2.80 0.5420
Δ0–12 −0.45 ± 1.17 0.0061 −0.75 ± 1.27 <0.0001 — 0.1680
ANOVA visit X group interaction: 𝑃 = 0.3703

Waist circumference (WC),
cm

Baseline 100.4 ± 9.50

—

99.6 ± 7.00

—

0.6259

—week 4 99.7 ± 9.60 97.6 ± 7.40 0.1932
week 8 98.6 ± 9.30 97.3 ± 7.70 0.3938
week 12 97.3 ± 11.70 96.3 ± 7.90 0.6056
Δ0–12 −3.09 ± 8.57 0.010 −3.29 ± 4.54 <0.0001 — 0.7665
ANOVA visit X group interaction: 𝑃 = 0.4725

Hip circumference (HC), cm

Baseline 110.4 ± 8.80

—

109.9 ± 6.00

—

0.7096

—week 4 109.8 ± 8.30 108.4 ± 5.70 0.3027
week 8 109.2 ± 8.40 108.1 ± 5.50 0.4026
week 12 108.6 ± 8.30 107.6 ± 5.70 0.4330
Δ0–12 −1.82 ± 3.48 0.0003 −2.35 ± 3.51 <0.0001 — 0.3183
ANOVA visit X group interaction: 𝑃 = 0.3456

Waist/hip ratio (WHR)

Baseline 0.91 ± 0.05

—

0.90 ± 0.05

—

0.6934

—week 4 0.91 ± 0.05 0.90 ± 0.05 0.4217
week 8 0.90 ± 0.04 0.90 ± 0.06 0.6775
week 12 0.90 ± 0.05 0.89 ± 0.05 0.4159
Δ0–12 −0.0073 ± 0.04 0.1307 −0.0114 ± 0.03 0.0108 — 0.4058
ANOVA visit X group interaction: 𝑃 = 0.7758

𝑃

∗: A 𝑃 value for between-group comparison at each visit and visit X group interaction using ANOVA.
(𝑃intra): A 𝑃 value for within-group comparison between baseline and 5th visit by paired 𝑡-test.
(𝑃inter): A 𝑃 value for between-group comparison after 12-week treatment using ANCOVA (baseline as covariate).
Δ0–12: Changes between baseline and the 5th visit (after 12-week treatment).
𝑃 < 0.05 were considered statistically significant.

3.5. Compliance. Overall compliance of treatment was 24%
with 70.7% in theTJ001 group and 81.8% in the placebo group.

4. Discussion

Up-to-date, safety, and efficacymatters are themain issues for
human weight controlling agents [12–14]. Among the many
efforts to evaluate the efficacy and safety of herbal antiobesity
agents [15, 16], this pilot study is the first randomized clinical
trial for Taeeumjowi-tang in the Korean population.

Because the beneficial effect of at least a 5% weight
reduction of baseline has been previously studied [17], we set

the rate of subjects who lost 5% ormore of baseline weight for
primary endpoint.

In this trial, groups did not achieved ≥5% weight reduc-
tion (18.2% and 21.1% in the placebo group and the TJ001
group, resp.). The difference between groups was only 2.9%,
which was not statistically significant (Figure 2). The weight
loss in both groups might be due to the large quantity of
the extracts that result in a decrease in food intake. This
result indicates that weight loss can be more efficient when
accompanied with a strict diet and exercise counseling. How-
ever, a 3% or greater reduction rate from baseline weight
is statistically significant between groups, suggesting that
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Table 3: Analyses of lipid profile, body fat composition, and CRP.

Secondary outcomes (lipid profile, body fat
composition, and CRP) Period

Group
𝑃
∗ (𝑃inter)Placebo group (𝑁 = 55) TJ001 group (𝑁 = 57)

Mean ± S.D. (𝑃intra) Mean ± S.D. (𝑃intra)
Lipid profile

Cholesterol

Total cholesterol, mg/dL Baseline 207.3 ± 36.8 0.1142 191.7 ± 31.5 0.0983 0.0180 0.8980
week 12 201.9 ± 39.6 187.2 ± 34.3 0.0374

HDL cholesterol, mg/dL Baseline 46.9 ± 9.90 0.8695 46.1 ± 10.6 0.7240 0.7161 0.2717
week 12 47.2 ± 10.9 45.9 ± 9.70 0.5249

Triglyceride, g/dL Baseline 152.2 ± 87.2 0.4709 134.6 ± 66.9 0.8306 0.2352 0.4977
week 12 143.3 ± 87.9 133.3 ± 64.5 0.4963

Body fat composition

Total fat area (TFA), cm2 Baseline 402.8 ± 153.9 0.2103 392.5 ± 134.6 0.1201 0.7105 0.5205
week 12 387.9 ± 134.2 383.4 ± 137.0 0.8601

Visceral fat area (VFA), cm2 Baseline 118.2 ± 58.1 0.4255 110.1 ± 47.0 0.2669 0.4252 0.6621
week 12 115.9 ± 58.5 105.4 ± 51.8 0.3253

Subcutaneous fat area (SFA), cm2 Baseline 283.6 ± 116.3 0.2898 282.1 ± 103.0 0.2582 0.9425 0.3767
week 12 272.1 ± 102.1 278.2 ± 105.2 0.7579

VFA/SFA Baseline 0.44 ± 0.21 0.3921 0.40 ± 0.17 0.5682 0.2524 0.8109
week 12 0.43 ± 0.21 0.39 ± 0.19 0.3055

C-reactive protein (CRP), mg/dL Baseline 0.83 ± 0.17 0.3766 0.78 ± 0.18 0.6834 0.1547 0.3731
week 12 0.85 ± 0.19 0.79 ± 0.19 0.0721

𝑃

∗: A 𝑃 value for between-group comparison at each visit and visit X group interaction using ANOVA.
(𝑃intra): A 𝑃 value for within-group comparison between baseline and 5th visit by paired 𝑡-test.
(𝑃inter): A 𝑃 value for between-group comparison after 12-week treatment using ANCOVA (baseline as covariate).
𝑃 < 0.05 were considered statistically significant.
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Figure 3: Changes in average body weight over time. Data are rep-
resented as the mean ± S.D. of weight at each week. The full squares
with a solid line indicate the herbal treatment (TJ001) group, and
the empty squares with a grey line depict the placebo group. No
statistically significant differences were found between the groups
at each week.
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squares with a solid line indicate the herbal treatment (TJ001) group,
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statistically significant differences were found between groups at
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Table 4: Safety analyses of TJ001.

Safety parameters Period
Group

𝑃
∗ (𝑃inter)Placebo group (𝑁 = 55) TJ001 group (𝑁 = 57)

Mean ± S.D. (𝑃intra) Mean ± S.D. (𝑃intra)
Blood pressure

Systolic, mmHg

Baseline 123.0 ± 13.9

0.5360

122.7 ± 14.6

0.9712

0.9175

0.3607week 4 122.9 ± 12.0 123.3 ± 11.7 0.8620
week 8 123.9 ± 10.6 125.9 ± 11.4 0.3451
week 12 124.1 ± 12.0 122.6 ± 11.6 0.5248
ANOVA visit X group interaction: 𝑃 = 0.4121

Diastolic, mmHg

Baseline 77.8 ± 10.8

0.9167

76.6 ± 9.20

0.4862

0.5433

0.7461week 4 76.2 ± 9.00 77.1 ± 8.10 0.5852
week 8 79.7 ± 16.20 78.8 ± 8.20 0.6966
week 12 77.9 ± 9.20 77.5 ± 7.60 0.7933
ANOVA visit X group interaction: 𝑃 = 0.75

Pulse, bpm

Baseline 76.9 ± 9.30

0.0058

75.3 ± 7.40

0.7718

0.3072

0.0184week 4 76.3 ± 7.70 76.3 ± 8.00 0.9851
week 8 75.5 ± 7.70 76.9 ± 7.60 0.3108
week 12 73.6 ± 7.20 75.6 ± 8.50 0.1743
ANOVA visit X group interaction: 𝑃 = 0.0475

AST, IU/L Baseline 24.1 ± 11.0 0.0315 27.9 ± 16.2 0.0003 0.1505 0.0544
week 12 22 ± 8.80 21.9 ± 12.3 0.9798

ALT, IU/L Baseline 30.2 ± 23.5 0.1236 28.9 ± 18.9 0.0038 0.7464 0.3573
week 12 27.3 ± 21.7 22.1 ± 13.5 0.1327

BUN, mg/dL Baseline 13.4 ± 2.90 0.1252 14.5 ± 10.4 0.2556 0.4616 0.7000
week 12 12.8 ± 2.60 12.7 ± 4.10 0.8953

Creatinine, mg/dL Baseline 0.83 ± 0.17 0.3766 0.78 ± 0.18 0.6834 0.1547 0.3731
week 12 0.85 ± 0.19 0.79 ± 0.19 0.0721

𝑃

∗: A 𝑃 value for between-group comparison at each visit and visit X group interaction using ANOVA.
(𝑃intra): A 𝑃 value for within-group comparison between baseline and 5th visit by paired 𝑡-test.
(𝑃inter): A 𝑃 value for between-group comparison after 12-week treatment using ANCOVA (baseline as covariate).
𝑃 < 0.05 were considered statistically significant.

the appropriate primary endpoint for herbal preparation
might be between a 3 and 5% reduction rates of initial weight.
However, reduction patterns were different in each group
(Figure 3). The weight, WC, and HC reductions were greater
during the first 4 weeks in the treatment group, with a plateau
between the 4th and 8thweek and a subsequent decrease after
8 weeks. In contrast, the plateau was seen after 8 weeks in the
placebo group.This pattern indicates that theweight reducing
effect of TJ001 might be beneficial for relatively short-term or
long-term use.Therefore, the appropriate treatment period of
TJ001 would be less than 4 weeks ormore than 12 weeks (long
term).

A total of 62.5% subjects in the treatment group reduced
at least 3% of their initial weight after 12 weeks, compared
with those in the placebo group (42.4%, Figure 2), and the
difference between the two groups was found to be statisti-
cally significant (𝑃 = 0.015). These results suggest that ≥3%
weight lossmight be an adequate primary endpoint for herbal
preparation for less than 12 weeks. In Korean Medicine,
obesity originates from the accumulation of body wastes
and the congestion of qi. While the mechanism of actions
of Taeeumjowi-tang is not fully understood, components of

Taeeumjowi-tang and circulating effects, such as fat oxidation
and thermogenic action, might promote weight reduction
and other responses, such as a decrease in waist and hip
circumference [12].

Ideally, any weight reducing agent should promote the
loss of body fat as well as body weight. However, regardless
of the reduction trend in the anthropometric parameters,
the differences in lipid profile and body fat composition
both within and between groups were not statistically signif-
icant (Table 3). The Korean Obesity-related Quality of Life
(KOQOL) and Korean version of Eating Attitudes Test-26
(KEAT-26) questionnaires also showed no statistical signif-
icance in both within and between groups. Additionally, the
Sasang distribution results suggest that obesity is diagnosed
predominantly in Tae-eum types (𝑛 = 82, 77.4%), which sup-
port the Sasang constitutional medicine theory that obesity
prevalence is higher in Tae-eum types than in the other three
constitutional types.

For safety-related parameters, although some parameters
such as AST and ALT were significant within the treatment
group, all observed changes in the variables were in the
clinically normal range. No significant adverse effects were
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reported in the present study. Some participants withdrew
themselves because of personal reasons but not due to treat-
ment-related side effects.

The limitations of this study are as follows. First, as previ-
ously described, the trial included both genders, whichmight
be a cause of heterogeneity, as the gender difference in weight
loss pattern and magnitude are well known [18]. However,
we could not perform subgroup analysis for gender because
the number of male subjects was too small (Table 1). Second,
a TJ001 efficacy assessment longer than 12 weeks could not
be performed because of the limited study budget. Therefore,
as these are relatively short-term results, it is unclear as to
whether weight loss can be maintained, that is, no trajectory
weight gain.

Third, the drop-out rate was exceeded in this study
(Figure 1). The main reason for the high drop-out rate was
lost to followup due to difficulty in managing subjects. The
medical staff mostly covered role of the clinical research
coordinator (CRC). This implies that the management of
subjects with sufficient clinical research staffs is one of the
major factors for controlling the drop-out rate.

Finally, the study was performed without strict lifestyle
management, which might affect weight control. To identify
true intervention effects, other variables, such as diet and
exercise, should be controlled.

The strengths of the study include the implication that
TJ001 is an effective treatment for weight control in the
Korean population and that the results of this trial can be
extended to other weight loss studies based on the measure-
ments of obesity-related variables.

5. Conclusion

In conclusion, despite the several limitations and lack of
statistical significance between the groups, the present study
identified the possibility of and trend for the safe weight
reducing effect of Taeeumjowi-tang. Additionally, results
from this study will offer preliminary data for large-scale
and precise antiobesity trials in the Korean population.
Furthermore, the efficacy and safety of relatively long-term
use needs to be validated.
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Individuals may perceive the concepts in Koreanmedicine pattern classification differently because it is performed according to the
integration of a variety of information. Therefore, analysis about individual perspective is very important for examining the cross-
sectional perspective state of Korean medicine concepts and developing both the clinical guideline including diagnosis and the
curriculum of Korean medicine colleges. Moreover, because this conceptual difference is thought to begin with college education,
it is worthwhile to observe students’ viewpoints. So, we suggested multivariate analysis to explore the dimensional structure of
Korean medicine students’ conceptual perceptions regarding phlegm pattern. We surveyed 326 students divided into 5 groups
based on their year of study. Data were analyzed using multidimensional scaling and factor analysis. Within-group difference was
the smallest for third-year students, who have received Korean medicine education in full for the first time. With the exception of
first-year students, the conceptual map revealed that each group’s mean perceptions of phlegm pattern were distributed in almost
linear fashion. To determine the effect of education, we investigated the preference rankings and scores of each symptom. We
also extracted factors to identify latent variables and to compare the between-group conceptual characteristics regarding phlegm
pattern.

1. Introduction

In westernmedicine, the physiology, pathology, and concepts
of disease are described using quantitative and objective
descriptive terms of molecular biology, histophysiology, and
natural science, whereas those of Korean medicine are
depicted in relatively abstract terms based on old Chinese
ideographic characters. Pattern classification, a unique diag-
nostic method of Korean medicine, is a significant holism-
based tool used to extract and integrate the sign and symp-
tom information of patients for diagnosis. However, pattern
classification terms are in fact abstractive because since
Huangdi’s Internal Classic, which is acknowledged as having
been written almost 2000 years ago, various terms of Korean
medicine have been created, disappeared, or slightly changed
by many medical groups. Therefore, practitioners could have

different images about the same pattern concepts, and it is
a challenging issue in professional education or in academic
discussion in Korean medicine.

Many studies have been conducted to overcome these
concept-related communication problems. For example, the
World Health Organization project to derive consensus
regarding the standardization of traditional medicine termi-
nology [1] and the development of ontology by the Korea
Institute of Oriental Medicine for medicinal materials based
on Korean medicine [2] are studies to render abstract con-
cepts more objective. In addition, there have been efforts
towards objectification of tongue diagnosis [3] and pulse
diagnosis [4] based on the use of diagnostic instruments.
Questionnaires have also been developed to diagnose several
patterns such as Yin-deficiency [5], phlegm pattern [6], food
accumulation, 7 emotions, overexertion and fatigue, static
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Table 1: Characteristics for participants.

First year Second year Third year Fourth year Fifth year
Total students 107 113 100 123 99
Refusal 57 65 24 23 15
Participants 50 48 76 100 84
Missing value records 4 7 8 6 7
Finally included records 46 41 68 94 77
Included records

Age, years (M ± SD) 21.1 ± 1.39 23.4 ± 4.76 23.0 ± 1.97 24.8 ± 3.48 25.4 ± 4.08
Male 25 25 38 63 49
Female 21 16 30 31 28
Response rate 43.0% 36.3% 68% 76.4% 77.8%

M: mean.
SD: standard deviation.

Table 2: Within-group distribution of conceptual perception of phlegm pattern.

Year of study First year Second year Third year Fourth year Fifth year 𝑃 value
Mean PD

𝑖𝑗

6.79a 6.65a 5.98b 6.43c 6.36c
<0.001

SD of PD
𝑖𝑗

1.57 2.34 1.18 1.43 1.26
Mean AD

𝑖

4.72 4.62 4.18 4.49 4.44 0.093
SD of AD

𝑖

1.24 1.19 0.92 1.12 1.00
SD: standard deviation.
𝑖, 𝑗: index of a student.
abcIndicators of the homogeneous subsets grouped by Dunnett’s 𝑇3 test.

blood, and subhealth [7] using modern statistical method-
ology such as factor analysis, principal component anal-
ysis, or structural equation. Data from diagnostic devices
or questionnaires, however, cannot present the correspond-
ing pathologic concept perfectly.Thus, a practitioner’s clinical
decision is still the most important, and the decision of
pattern classification generally comes from the conceptual
perception formed by the college education [8]. For these
reasons, it is necessary to measure the conceptual perception
of individuals, especially students. To evaluate it, a new tech-
nique would be helpful to describe and compare these invis-
ible conceptual perceptions.

Multidimensional scaling (MDS) is a statistical and visu-
alization method used to project multidimensional variable
objects into lower dimensions to analyze the association
between the objects. It can also model objects and evaluators
together in the same conceptual space, enabling analysis of
the between- or within-evaluator difference of perception.
There are two approaches in MDS. One is the similarity-ana-
lyzing method based on a similarity matrix, and the other is a
method for evaluating the objects and ideal point (or ideal
vector) simultaneously based on the preference matrix [9–
11]. MDS has mainly been applied to the field of marketing
to observe customer awareness and to conduct positioning
of new products and is used in education as well because it
visualizes the abstract perception of learners. Several studies
onmedical students have used this method to study students’
perception of physical symptoms [12], students’ personal and
professional development [13], students’ views on empathy

in medical education [14], and to visualize the dimensional
structure of medical students’ perceptions of diseases [15].
There have also been MDS studies on traditional medicine:
observation of the association between the cold and heat pat-
tern of traditional tongue diagnosis and the tongue coating
microbiome [16], and study of the similarity and dissimi-
larity of pattern analysis by physicians regarding patients’
tongue diagnosis information [17].Meanwhile, factor analysis
explains the structure of items, finding latent variables that
affect multivariable data. It is usually used when developing
questionnaires, such as verifying the construct validity of
a questionnaire and grouping variables according to latent
factors. Some studies have used factor analysis in traditional
medicine to study the attitudes and skills of Hong Kong
Chinese medicine practitioners towards computerization in
practice [18], the attitudes of Hong Kong Chinese medicine
practitioners to traditional Chinese medicine and western
medicine [19], the development of a stagnation questionnaire
[20], factor analysis of the symptoms of unstable angina [21],
chronic low back pain [22], dysfunctional uterine bleeding
[23], and efficiency study of the cold and heat pattern in
the symptoms of rheumatoid arthritis [24]. Nevertheless,
there have been no studies to evaluate and compare their
perceptions of concepts in Korean medicine.

Therefore, we conducted a study to evaluate and analyze
the individual concepts of phlegm pattern numerically and
visually and applied these methods to the Korean medicine
students. Using an internationally published phlegm pattern
questionnaire and the above mentioned methods, we could
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Table 3: Symptom preference for phlegm pattern diagnosis.

Symptom Ranking (score mean)
First year Second year Third year Fourth year Fifth year

Feeling heavy in the chest 1 (3.78) 5 (3.88) 4 (3.82) 3 (4.06) 8 (3.79)
Unclearness in the head∗1 2 (3.61)a 9 (3.46)a 3 (3.85)ab 5 (3.91)ab 5 (4.18)b

Feeling of foreign body in the throat∗2 3 (3.57)a 1.5 (4.07)ab 1 (4.32)b 2 (4.26)b 2 (4.27)b

Sputum∗2 4 (3.54)a 1.5 (4.07)ab 2 (4.28)b 1 (4.36)b 3.5 (4.22)b

Fatigue 5 (3.39) 11.5 (3.39) 13 (3.25) 12 (3.45) 10 (3.58)
Headache 6 (3.35) 10 (3.44) 10 (3.46) 14 (3.35) 14 (3.29)
Yellow face 7 (3.33) 16 (3.22) 18 (3.00) 16 (3.24) 20 (3.05)
Sickness∗2 8.5 (3.30)a 11.5 (3.39)a 5 (3.65)ab 4 (3.99)bc 3.5 (4.22)c

Indigestion∗1 8.5 (3.30)a 6 (3.78)b 9 (3.50)ab 7.5 (3.80)b 7 (3.88)b

Feeling of abdominal fullness∗1 10.5 (3.24)a 4 (3.95)b 8 (3.54)ab 7.5 (3.80)b 6 (3.90)b

Rumbling sound in the abdomen∗∗ 10.5 (3.24) 14 (3.29) 19.5 (2.91) 18.5 (3.18) 12 (3.40)
Dizziness∗2 12 (3.22)a 17 (3.20)a 7 (3.56)ab 6 (3.86)b 1 (4.42)c

Cough∗∗ 13 (3.17) 8 (3.51) 6 (3.60) 15 (3.31) 16.5 (3.14)
Shortness of breath 14.5 (3.15) 13 (3.32) 11 (3.38) 20 (3.12) 18 (3.12)
Feeling heavy in the limbs 14.5 (3.15) 22.5 (2.88) 21 (2.81) 21 (3.06) 22 (2.94)
Lumps∗1 16.5 (3.11)a 3 (3.98)b 12 (3.26)a 10.5 (3.46)ab 19 (3.08)a

Dark circles under the eyes∗∗ 16.5 (3.11) 15 (3.24) 15 (3.21) 17 (3.23) 9 (3.74)
Mucousy stool 18 (3.09) 21 (2.95) 19.5 (2.91) 18.5 (3.18) 21 (3.04)
Poor appetite∗∗ 19.5 (3.07) 19 (3.00) 14 (3.24) 9 (3.48) 11 (3.48)
Flank pain∗∗ 19.5 (3.07) 7 (3.59) 17 (3.03) 13 (3.39) 16.5 (3.14)
Startled by faint noise∗∗ 21.5 (2.89) 25 (2.59) 25 (2.29) 24 (2.54) 24 (2.55)
Joint pain∗∗ 21.5 (2.89) 18 (3.12) 16 (3.07) 10.5 (3.46) 13 (3.39)
Palpitation∗∗ 23 (2.87) 22.5 (2.88) 24 (2.41) 23 (2.76) 23 (2.87)
Tinnitus 24 (2.83) 20 (2.98) 22 (2.79) 22 (2.86) 15 (3.22)
Itching∗∗ 25 (2.59) 24 (2.73) 23 (2.51) 25 (2.28) 25 (2.40)
Symptoms of same ranking scored the median value.
Item that has statistically significant mean difference among groups by analysis of variance.
∗

𝑃 < 0.05/25 by the Bonferroni correction for the multiple comparisons.
∗∗

𝑃 < 0.05 for the exploratory analysis.
1Scheffe’s test for the post hoc multiple comparisons of the equal variance assumed data.
2Dunnett’s 𝑇3 test for the post hoc multiple comparisons of the unequal variance assumed data.
abcIndicators of the homogeneous subsets grouped by Scheffe’s test or Dunnett’s 𝑇3 test in a row.

compare the perceptive structure of the students’ concepts
regarding phlegm pattern and discuss the differences in the
educational aspects.

2. Materials and Methods

2.1. Subjects. We tried to perform a complete enumeration
survey of the first- to fifth-year students of the College of
Korean Medicine, Kyung Hee University, Seoul, Korea. The
College of KoreanMedicine teaches a 6-year course: students
are taught general education and introduction to Korean
medicine during the first and second years, while full Korean
medicine education begins in the third year. However, sixth
year students does not take any classes, they only do practice
in hospital. Thus, students from first to fifth year were
included in this study. Data were acquired during December

2012, which is the period in which each year of study finishes.
We provided proper gifts as rewards to encourage honest and
sincere responses. The students were requested to judge the
importance level of each symptom to diagnose phlegm pat-
tern according to 5-point Likert scale: 1, “very insignificant”;
2, “insignificant”; 3, “moderate”; 4, “significant”; 5, “very sig-
nificant.” Three hundred and sixty four students answered
the survey; the data of 38 students were excluded due to the
missing values. Finally, 326 students’ records were analyzed
out of 542 students in the whole school excluding sixth-year
students (60.1%). The characteristics for participants are
listed in Table 1.

2.2. Phlegm Pattern Questionnaire. Thephlegm pattern ques-
tionnaire was developed in 2011 to evaluate a patient’s phlegm
pattern score and consists of 25 items: 7 neuropsychologic,
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Table 4: Factor Loadings for the items of the phlegm pattern questionnaire responded by the first-year students.

Item Factor
1 2 3 4 5 6 7 8 9

Sputum 0.849 0.083 0.043 −0.180 0.004 −0.120 −0.255 0.132 0.201
Cough 0.847 −0.019 0.196 −0.092 −0.065 0.092 0.083 0.149 0.034
Feeling of foreign body in the throat 0.799 0.233 −0.053 0.226 −0.096 −0.149 −0.168 −0.041 0.076
Shortness of breath 0.626 0.116 −0.073 0.205 −0.055 0.156 0.512 −0.125 −0.104
Indigestion 0.130 0.840 0.105 −0.148 0.030 0.091 0.065 0.272 −0.008
Sickness 0.150 0.788 −0.071 0.226 −0.086 −0.268 0.035 −0.107 0.053
Lumps −0.035 0.605 −0.031 0.556 0.029 0.064 −0.198 0.037 0.244
Poor appetite −0.029 0.585 0.557 −0.013 −0.052 −0.009 0.186 0.179 0.064
Fatigue 0.042 −0.048 0.830 0.017 0.005 0.061 0.173 0.088 0.003
Feeling heavy in the limbs 0.030 0.052 0.793 0.050 0.194 −0.045 0.243 0.247 −0.151
Yellowish face 0.228 0.433 0.582 0.137 0.114 −0.124 −0.247 −0.227 −0.185
Tinnitus 0.025 0.012 −0.066 0.792 0.081 −0.067 0.299 0.097 −0.133
Dizziness 0.017 −0.038 0.243 0.703 0.017 0.442 0.085 −0.179 −0.212
Flank pain −0.385 0.283 0.183 0.453 0.367 −0.166 0.110 0.215 0.298
Itching −0.010 0.016 0.072 −0.121 0.880 −0.055 0.020 −0.198 −0.136
Joint pain −0.183 −0.112 0.104 0.097 0.811 0.190 −0.119 −0.001 0.234
Dark circle under the eyes 0.010 0.013 −0.006 0.221 0.735 0.152 0.237 0.221 −0.266
Headache −0.028 −0.008 0.080 0.183 0.051 0.866 −0.039 0.133 0.016
Unclearness in the head 0.015 −0.011 −0.083 −0.080 0.100 0.820 −0.127 −0.090 −0.005
Mucousy stool 0.148 0.304 0.203 0.411 −0.067 −0.458 −0.108 0.376 −0.023
Palpitation −0.028 0.118 0.235 0.262 0.084 −0.132 0.702 −0.006 −0.022
Startled by faint noise −0.235 −0.051 0.297 −0.025 0.022 −0.115 0.687 0.272 0.045
Rumbling sound in the abdomen 0.089 0.102 0.192 0.061 −0.014 −0.056 0.074 0.863 −0.019
Feeling of abdominal fullness 0.106 0.529 0.076 −0.081 −0.061 0.211 0.211 0.572 −0.313
Feeling heavy in the chest 0.218 0.067 −0.143 −0.142 −0.106 0.015 0.003 −0.093 0.878
Variance explained (%) 11.57 11.20 9.61 8.98 8.93 8.80 7.26 7.17 5.40
Symptoms with factor loading ≥0.4 are marked bold.

4 respiratory, 3 fatigue-related, 5 gastrointestinal, 4 derma-
tological, and 2 pain-related symptoms. The items of the
phlegm pattern questionnaire are presented in the Supple-
mentary Material (See Supplementary Material available
online at http://dx.doi.org/10.1155/2013/761497). Cronbach’s
alpha was 0.919 and the item-total correlations of all items
were >0.3 [6]. Structural validity was examined by factor
analysis with varimax rotation, and the first 6 factors
explained 58.9% of the total variance. According to the
receiver operating characteristic curve, the cut-off point was
calculated to be 5. At that level, the sensitivity was 83.78% and
the specificity was 83.33%.

2.3. Statistical Parameters and Analysis

2.3.1. Distance Matrix and Parameters. To perform MDS
analysis, the distance matrix between the subjects should be
calculated to present them in perceptual space. Some types of
distance are generally calculated according to the properties
of the data, and thus we used Euclidean distance to obtain the
distance matrix in this study

PD
𝑖𝑗
= √

25

∑

𝑛=1

(𝐴
𝑖𝑛
− 𝐴
𝑗𝑛
)
2

, (1)

PD
𝑖𝑗

is the Euclidean pair distance between 2 arbitrary
objects, 𝑖 and 𝑗. 𝐴

𝑖𝑛
is the response score of the 𝑛th question-

naire item by object 𝑖. Based on these PD
𝑖𝑗
values, we were

able to calculate the mean value of all pair distances using
the following equation, where 𝑁 is the number of students
of each year. We applied this equation to all 5 groups, which
were defined by the year of study

PD =
∑
𝑁

𝑖=1

∑
𝑁

𝑗=1

PD
𝑖𝑗

𝑁(𝑁 − 1) /2
. (2)

Separately, absolute distance (AD), a student’s perceptive
distance from the average point of the corresponding year
of study, was calculated using the following equation. 𝐴

𝑛

indicates the mean of the 𝑛th questionnaire item and 𝑖 is
the index of a student. The mean and standard deviation of
the AD were assessed.These calculations were performed for
each year of study

AD
𝑖
= √

25

∑

𝑛=1

(𝐴
𝑖𝑛
− 𝐴
𝑛
)
2

. (3)

2.3.2. MDS and Factor Analysis. MDS is a statistical and vis-
ualization method used to map a set of multivariable data to
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Table 5: Factor loadings for the items of the phlegm pattern questionnaire responded by the second-year students.

Item Factor
1 2 3 4 5 6 7

Unclearness in the head 0.815 0.026 0.039 0.036 0.159 −0.013 0.136
Headache 0.711 −0.065 −0.027 0.006 0.097 0.394 0.248
Lumps 0.705 0.289 −0.087 0.283 0.008 0.098 −0.335
Joint pain 0.703 −0.115 −0.101 0.357 0.222 0.067 0.071
Flank pain 0.641 0.357 0.268 0.060 −0.144 −0.106 −0.287
Feeling heavy in the chest 0.563 0.184 0.536 0.034 0.257 −0.331 −0.082
Feeling of abdominal fullness 0.400 0.808 0.019 0.069 −0.038 0.013 0.123
Indigestion −0.022 0.710 0.373 −0.129 −0.025 −0.046 0.240
Rumbling sound in the abdomen 0.023 0.617 −0.190 0.535 0.000 0.129 0.013
Sickness −0.159 0.584 0.172 −0.082 0.385 0.500 0.162
Poor appetite −0.228 0.460 0.424 −0.131 0.217 0.249 0.398
Startled by faint noise 0.081 0.107 0.855 0.138 0.063 0.276 −0.006
Palpitation 0.034 0.035 0.721 0.276 −0.183 0.310 0.034
Itching −0.003 −0.110 0.191 0.808 −0.021 −0.104 0.085
Dark circles under the eyes 0.238 0.090 −0.013 0.740 −0.154 0.199 −0.139
Yellowish face 0.425 −0.115 0.240 0.499 0.067 0.144 0.323
Mucousy stool 0.297 0.156 0.168 0.488 0.157 0.269 0.186
Sputum 0.212 0.060 −0.012 0.036 0.878 −0.090 −0.002
Cough 0.004 −0.328 0.047 −0.007 0.820 −0.086 0.228
Feeling of foreign body in the throat 0.154 0.241 0.005 −0.081 0.704 0.189 0.085
Tinnitus 0.026 0.056 0.275 0.092 −0.034 0.819 0.277
Dizziness 0.156 0.052 0.168 0.150 −0.007 0.810 −0.076
Feeling heavy in the limbs −0.011 0.118 0.004 0.015 0.113 0.135 0.809
Fatigue 0.230 0.176 −0.049 0.240 0.037 −0.023 0.733
Shortness of breath −0.144 0.091 0.461 −0.174 0.201 0.101 0.535
Variance explained (%) 14.513 10.606 9.835 9.819 9.819 9.375 9.315
Symptoms with factor loading ≥0.4 are marked bold.

a lower dimensional space for the convenience of intuitive
insight or understanding of the data. A 2- or 3-dimensional
model is typical because of the limitation of man’s spatial
perception. MDS is divided into two approaches: one to
visualize the similarity of the data, and the other to calculate
the ideal point or ideal vector additionally using preference
data. As we intended to present within- and between-group
similarity, we used the ALSCAL algorithm, a dimension-
lowering algorithm with conserving between-object dis-
tances. Factor analysis is a modern statistical method that
allows the determination of latent variables from directly
measurable variables. The Kaiser criterion was used and the
factors with eigenvalues ≥ 1.00 were retained. After principal
component extraction, varimax rotation was performed. All
statistical calculations were performed using SPSS Statistics
19 (SPSS Inc., Chicago, IL, USA) and Excel 2007 (Microsoft
Office Excel 2007; Microsoft, Redmond, WA, USA).

3. Results and Discussion

3.1. Within-Group and Between-Group Distribution of Con-
ceptual Perception of Phlegm Pattern. As shown in Table 2,

the mean within-group pair distance values of conceptual
perception of phlegm pattern in the Euclidean system were
5.98–6.79. Analysis of variance (ANOVA) revealed that sta-
tistically significant differences exist among the 5 groups
(𝑃 < 0.001). Dunnett’s T3 test, a post hoc analysis of
unequal-variance assumed data, was used to analyze the
homogeneous subgroups indicated in Table 2. First- and
second-year students belonged to one subset, and fourth-
and fifth-year students belonged to another subset. Third-
year students had a statistically narrow distribution in com-
parison with the other 4 groups. This means that some
consensus regarding phlegm pattern was formed among
third-year students possibly due to the beginning of full
Korean medicine education. The within-group conceptual
gap increased again from the fourth year. This may be owing
to the influence of the various Korean medicine classics
or various pattern classification systems, because Korean
medicine theories emphasize diagnostic points in a slightly
different manner. However, the distances were statistically
shorter than that of the first- or second-year students.

AD value, the mean distance from the average point
of each year of study, exhibited a similar tendency. As the
statistical significance was not revealed (𝑃 = 0.093), this
should be considered from the exploratory viewpoint.
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Table 6: Factor loadings for the items of the phlegm pattern questionnaire responded by the third-year students.

Item Factor
1 2 3 4 5 6 7 8

Feeling of foreign body in the throat 0.688 0.183 −0.285 −0.032 0.160 0.024 0.098 −0.085
Cough 0.686 −0.064 −0.081 −0.087 −0.210 −0.049 −0.052 0.338
Sputum 0.640 0.043 −0.171 −0.415 −0.180 0.110 0.071 0.227
Shortness of breath 0.639 0.141 0.104 0.449 0.004 −0.132 0.055 0.131
Feeling heavy in the chest 0.628 0.000 0.189 0.089 0.201 0.057 0.074 −0.288
Sickness 0.221 0.796 0.063 0.094 −0.045 −0.046 −0.192 −0.103
Indigestion 0.028 0.774 −0.081 −0.094 0.081 0.114 0.315 −0.127
Feeling of abdominal fullness 0.062 0.676 −0.248 −0.078 0.238 −0.017 0.411 −0.091
Poor appetite −0.109 0.634 0.306 −0.211 −0.016 0.152 −0.127 0.171
Feeling heavy in the limbs −0.167 −0.058 0.835 0.118 −0.055 0.131 0.113 −0.067
Fatigue 0.000 0.128 0.738 0.042 0.200 0.125 −0.075 −0.016
Palpitation −0.092 −0.003 0.227 0.727 0.024 0.062 −0.114 0.180
Startled by faint noise 0.118 −0.221 −0.052 0.712 0.186 0.225 −0.077 −0.202
Tinnitus 0.013 −0.059 −0.040 0.547 −0.116 0.542 0.193 0.032
Yellowish face −0.036 0.203 −0.154 −0.042 0.747 0.038 −0.086 0.012
Joint pain −0.006 −0.060 0.366 0.083 0.698 −0.016 −0.124 0.156
Flank pain 0.144 −0.119 0.444 0.156 0.567 −0.062 −0.105 0.130
Dark circles under the eyes −0.315 0.106 0.318 0.250 0.345 0.048 0.266 0.217
Unclearness in the head 0.033 0.011 0.164 0.015 0.046 0.850 −0.132 −0.051
Dizziness −0.231 0.101 0.132 0.355 −0.133 0.625 0.055 0.120
Headache 0.227 0.323 0.252 0.119 0.236 0.484 −0.142 0.366
Lumps 0.252 0.113 −0.184 −0.329 0.330 0.434 0.313 −0.135
Mucousy stool 0.164 −0.097 −0.026 −0.071 −0.187 0.052 0.794 0.008
Rumbling sound in the abdomen −0.069 0.358 0.099 0.000 −0.087 −.180 0.696 0.286
Itching 0.101 −0.168 −0.040 0.059 0.244 0.053 0.187 0.791
Variance explained (%) 10.421 10.337 8.951 8.654 8.285 8.147 7.259 5.524
Symptoms with factor loading ≥0.4 are marked bold.

Relative location of the 5 groups
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Figure 1: Between-group distribution of conceptual perception of
phlegm pattern.

Figure 1 illustrates a 2-dimensional model of the mean
points of phlegm pattern conceptual perception of the
5 groups according to the Euclidean distance matrix by
ALSCAL algorithm. The stress value of this model was

0.00545 and the 𝑅2 was 0.99978.This indicates that the good-
ness of fit of thismodel was very high.The important physical
value is the relative distance between 2 arbitrary points;
therefore, the 2 axes are physically meaningless. As shown
in the figure, the first- and second-year students are furthest
from the fifth-year students, and the distance between them
is very long. The second- to fifth-year students are aligned
in order in a relatively straight line. This figure expresses
that the conceptual gap between the fourth- and the fifth-
year students is small compared with that between the third-
and fifth-year students or between the second- and fifth-
year students. This also demonstrates that the conceptual
perception of phlegm pattern is not formed correctly in
the first and second year of study, but as the year of study
increases, the average perceptive distance of each group
from the fifth-year students’ perception decreases. In other
words, full Korean medicine education is believed to result
in the average conceptual perception of each year of study
resembling that of fifth-year students.

3.2. Symptom Preference for Phlegm Pattern Diagnosis accord-
ing to Year of Study. Figure 2 depicts the average score of
each questionnaire item according to year of study. A high
score meant “this symptom is very important for diagnosing
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Table 7: Factor loadings for the items of the phlegm pattern questionnaire responded by the fourth-year students.

Item Factor
1 2 3 4 5 6 7 8

Indigestion 0.713 −0.145 0.388 0.114 0.120 0.041 −0.110 0.048
Feeling of abdominal fullness 0.705 0.091 0.312 0.050 0.082 0.056 0.054 −0.050
Rumbling sound in the abdomen 0.669 0.359 −0.072 0.250 0.063 0.204 −0.067 −0.022
Sickness 0.607 −0.038 0.025 0.072 −0.001 −0.220 0.229 0.336
Startled by faint noise 0.047 0.866 −0.133 0.044 0.075 0.012 −0.153 0.060
Palpitation 0.077 0.834 −0.104 0.066 0.147 0.093 0.057 0.104
Tinnitus −0.045 0.613 0.281 −0.048 0.342 0.066 0.324 −0.092
Itching 0.034 0.437 0.353 0.381 −0.164 0.315 0.022 0.158
Feeling heavy in the limbs 0.175 −0.047 0.769 0.210 −0.136 0.186 0.048 0.102
Fatigue 0.251 −0.132 0.744 0.164 0.191 0.039 −0.038 −0.022
Poor appetite 0.509 −0.042 0.548 0.087 0.152 0.057 0.256 0.078
Shortness of breath 0.039 0.210 0.548 0.118 −0.011 −0.202 0.257 0.430
Dark circles under the eyes 0.128 0.181 0.180 0.762 0.192 −0.044 −0.060 0.034
Yellowish face 0.146 −0.121 0.248 0.726 0.061 0.181 −0.031 0.198
Lumps 0.233 0.087 0.161 0.525 −0.171 0.184 0.347 −0.036
Unclearness in the head 0.299 0.047 0.089 −0.081 0.747 0.127 −0.062 −0.056
Dizziness 0.112 0.280 0.031 0.037 0.730 −0.009 0.222 0.019
Headache −0.083 0.128 −0.020 0.315 0.678 0.155 −0.051 0.279
Mucousy stool 0.348 0.109 0.034 0.389 −0.453 0.284 0.093 −0.001
Flank pain −0.047 0.238 0.046 0.019 0.033 0.854 0.079 0.087
Joint pain 0.132 −0.036 0.121 0.194 0.143 0.762 0.199 0.094
Feeling of foreign body in the throat 0.022 0.103 0.115 0.020 0.026 0.064 0.828 −0.010
Sputum 0.080 −0.238 −0.065 0.001 0.074 0.430 0.670 0.201
Cough 0.036 0.100 0.043 0.226 0.053 0.168 0.074 0.804
Feeling heavy in the chest 0.165 0.021 0.278 −0.438 0.136 0.192 −0.094 0.563
Variance explained (%) 10.257 10.146 9.905 9.009 8.597 8.165 6.890 6.042
Symptoms with factor loading ≥0.4 are marked bold.

a patient as phlegm pattern.” According to Figure 2, the
difference of symptom importance becomes clearer as the
year of study increases.The score difference between themost
and least important symptoms was 2.01 (fifth-year students)
and 1.20 (first-year students). The difference between the
average scores of 5 most and 5 least important symptoms
was 1.50 (fifth-year students) and 0.77 (first-year students).
The difference had a tendency to increase with the year of
study. We may consider that the weight value of symptoms
differs largely based on the year of study; that is, some certain
symptoms are believed to be more important than others as
the year of study increases.

Table 3 lists the differences in preference of symptoms
according to year of study for phlegm pattern diagnosis.
ANOVA was used to test the statistical significance. Twenty-
five symptoms were tested as independent events; therefore,
we adjusted the alpha level as 0.05/25 by Bonferroni correc-
tion to compensate for accumulated alpha error. With this,
we could guarantee that the total alpha error < 0.05. At this
level, a statistically significant difference was observed for
the symptoms: “unclearness in the head,” “feeling of foreign
body in the throat,” “sputum,” “sickness,” “indigestion,” “feel-
ing of abdominal fullness,” “dizziness,” and “lumps.” Then,
we tested these symptoms again using Scheffe’s or Dunnett’s
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Figure 2: Symptom preference score for phlegm pattern diagnosis.
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Table 8: Factor loadings for the items of the phlegm pattern questionnaire responded by the fifth-year students.

Item Factor
1 2 3 4 5 6 7 8 9

Indigestion 0.832 0.030 0.172 −0.015 −0.100 0.032 −0.085 −0.054 0.077
Sickness 0.784 0.014 −0.190 0.038 0.046 −0.036 0.054 0.024 0.053
Feeling of abdominal fullness 0.743 0.102 0.180 0.069 −0.051 −0.014 −0.032 0.079 0.033
Rumbling sound in the abdomen 0.598 0.172 −0.083 0.024 0.400 0.092 −0.054 −0.316 −0.223
Poor appetite 0.571 −0.165 0.436 0.082 0.048 0.022 −0.155 0.194 0.027
Palpitation −0.073 0.850 −0.085 −0.031 −0.029 0.012 0.154 −0.235 0.148
Startled by faint noise 0.011 0.759 0.107 0.131 −0.053 0.001 0.095 0.027 0.153
Dark circles under the eyes 0.279 0.624 −0.054 0.223 0.010 −0.043 −0.173 0.298 −0.321
Dizziness 0.265 0.500 0.034 −0.030 −0.051 0.037 0.411 0.110 −0.395
Fatigue 0.025 0.124 0.877 −0.020 0.003 0.002 0.047 0.117 0.001
Feeling heavy in the limbs 0.145 −0.204 0.754 0.144 0.143 0.149 0.214 −0.203 0.054
Shortness of breath 0.309 0.396 0.495 −0.153 0.282 0.154 −0.235 −0.048 0.075
Lumps 0.076 −0.008 −0.056 0.830 0.176 0.075 0.027 0.154 −0.127
Yellowish face −0.087 0.244 0.060 0.729 −0.106 0.068 0.054 0.056 0.354
Mucousy stool 0.380 −0.017 0.163 0.497 0.058 0.078 −0.015 −0.299 −0.135
Cough −0.146 −0.059 0.191 −0.007 0.853 0.140 0.004 0.049 0.120
Sputum 0.132 −0.054 0.011 0.196 0.754 −0.248 −0.056 0.243 −0.165
Headache −0.076 0.006 0.186 −0.051 −0.136 0.790 0.095 0.030 −0.168
Joint pain 0.100 −0.019 −0.052 0.198 0.073 0.706 0.032 0.074 0.155
Itching 0.065 0.107 0.357 0.366 0.293 0.401 −0.050 −0.267 0.077
Unclearness in the head −0.165 0.013 0.178 0.136 −0.074 −0.057 0.797 0.079 0.125
Tinnitus −0.024 0.329 −0.089 −0.129 0.055 0.341 0.635 −0.029 0.022
Flank pain −0.048 0.033 0.160 0.102 0.020 0.386 −0.187 0.653 0.292
Feeling of foreign body in the throat 0.075 −0.058 −0.100 0.035 0.310 −0.059 0.275 0.645 0.005
Feeling heavy in the chest 0.162 0.147 0.053 0.021 −0.013 0.025 0.120 0.156 0.844
Variance explained (%) 12.367 9.733 8.846 7.417 7.358 6.854 6.218 5.962 5.783
Symptoms with factor loading ≥0.4 are marked bold.

T3 post hoc analysis based on the variance homogeneity
of the data. Homogeneous subsets were grouped by these
statistical methods. Symptoms with 𝑃 < 0.05 were also
indicated for exploratory consideration even though they
were unable to meet the adjusted 𝑃 value condition of under
0.002.

“Feeling of foreign body in the throat” and “sputum”
ranked highly in the average score and rank for all years of
study. Moreover, there was a tendency for these items to
score higher as the year of study increased. From this, we
believe that all students had the impression that phlegm
pattern is highly correlated with symptoms of the throat.
“Phlegm” directly indicates a secretion, that is, “sputum”.This
might have been the reason for the high preference for
“sputum” and “feeling of foreign body in the throat” in the
diagnosis of phlegm pattern. “Fatigue” scores were similar for
all years of study, but its ranking fell from the second year
onwards. This indicates that the students similarly preferred
this symptom, but came to believe that other symptoms were
more important in evaluating phlegm pattern as the year
of study increased. The scores and rankings for “sickness”
and “dizziness” showed a tendency to increase, especially
rapidly from the second to third year. Based on this, we may
believe that third-year students have been taught that these

symptoms are very important and featured in evaluating
phlegm pattern.

All years of study felt that “Feeling heavy in the limbs,”
“startled by faint noise,” “palpitation,” and “itching” were not
particularly important in phlegm pattern. Only the fifth-year
students registered a high preference for “dark circle under
the eye,” whilst its score and ranking by the first- to fourth-
year students were almost identically low.

There was a unique phase for “lumps,” where it was
scored and ranked very highly by the second-year students.
It is possible there had been a lecture or event that had
classified “lumps” as being very important and characterized
in phlegm pattern.The third- to fifth-year students registered
low scores and ranks for “lumps”; therefore, we believe that
only the second-year students had this experience, or that
the full Korean medicine education beginning in the third
year corrected this overestimated importance.

Symptoms that scored a mean value <3.0 were thought
to have “no or less significance” for evaluating or diagnosing
phlegm pattern. Seven symptoms were scored <3.0 at least
once by the third-, fourth-, or fifth-year students, and 3
symptoms were scored <3.0 in all of these 3 groups. We
excluded the first- and second-year students in this discus-
sion because they had not been taught full Korean medicine
yet. There are 2 possible reasons for the low mean values.
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Table 9: Factors of phlegm pattern questionnaire according to year of study and a previous study.

First year Second year Third year Fourth year Fifth year Study by Park et al.
[6]

Sputum, cough,
feeling of foreign
body in the throat,
shortness of breath

Sputum, cough,
feeling of foreign
body in the throat

Sputum, cough,
feeling of foreign
body in the throat,
shortness of breath,
feeling heavy in the
chest

Sputum, feeling of
foreign body in the
throat

Sputum, cough,
rumbling sound in
the abdomen

Sputum, cough,
feeling of foreign
body in the throat

Sickness, indigestion,
poor appetite, lumps
yellow face

Sickness, indigestion,
Poor appetite, feeling
of abdominal fullness,
rumbling sound in
the abdomen

Sickness, indigestion,
poor appetite, feeling
of abdominal fullness

Sickness, indigestion,
poor appetite, feeling
of abdominal fullness,
rumbling sound in
the abdomen

Sickness, indigestion,
poor appetite, feeling
of abdominal fullness,
rumbling sound in
the abdomen

Sickness,
indigestion, poor
appetite, feeling of
abdominal fullness,
rumbling sound in
the abdomen

Rumbling sound in the
abdomen, feeling of
abdominal fullness

Mucousy stool,
rumbling sound in
the abdomen, feeling
of abdominal fullness

Headache, unclearness
in the head, mucousy
stool(−)

Headache, join pain,
flank pain,
unclearness in the
head, lumps, feeling
heavy in the chest
feeling of abdominal
fullness

Headache,
unclearness in the
head, lumps,
dizziness, tinnitus

Headache,
Unclearness in the
head, dizziness,
mucousy stool(−)

Headache, joint pain,
itching

Tinnitus, dizziness,
flank pain, mucousy
stool

Tinnitus, dizziness,
sickness

Yellowish face, joint
pain, flank pain

Joint pain, flank pain,
sputum

Tinnitus, dizziness,
unclearness in the
head

Fatigue, feeling heavy
in the limbs, yellowish
face

Fatigue, feeling heavy
in the limbs,
shortness of breath

Fatigue, feeling heavy
in the limbs, flank
pain

Fatigue, feeling heavy
in the limbs,
shortness of breath
poor appetite

Fatigue, feeling heavy
in the limbs,
shortness of breath,
poor appetite

Fatigue, feeling
heavy in the limbs,
headache,
dizziness,
unclearness in the
head

Feeling heavy in the
chest

Feeling heavy in the
chest, cough,
shortness of breath

Feeling heavy in the
chest

Palpitation, startled by
faint noise

Palpitation, startled
by faint noise, feeling
heavy in the chest,
poor appetite

Palpitation, startled
by faint noise,
tinnitus, sputum(−),
shortness of breath

Palpitation, startled
by faint noise,
tinnitus, itching

Palpitation, startled
by faint noise, dark
circles under the eyes,
dizziness

Palpitation,
startled by faint
noise, tinnitus,
joint pain, flank
pain, shortness of
breath feeling,
heavy in the chest

Itching, Joint pain,
dark circles under the
eyes

Itching, yellowish
face, dark circles
under the eyes,
mucousy stool,
rumbling sound in
the abdomen

Itching

Dark circles under the
eyes, yellowish face,
lumps, feeling heavy
in the chest(−)

Yellowish face, lumps,
mucousy stool

Itching, lumps,
mucousy stool

Feeling of foreign
body in the throat,
flank pain

Dark circles under
the eyes, yellow
face

Only items with a factor loading ≥0.4 were extracted.
Factor order does not equal the order of variance explained.
(−) Factor loading is negative value.
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First, it is possible that education regarding these symptoms is
not conducted enough, although all 25 symptoms are almost
equally significant for diagnosing phlegm pattern according
to Park et al.’s study [6]. Second, it is also possible that, in
practice, these symptoms have less significance than other
symptoms for diagnosing phlegm pattern; thus, the teaching
process places less emphasis on them. Further studies should
be conducted to explain this phenomenon properly.

3.3. Factor Analysis. Tables 4, 5, 6, 7, and 8 present the factor
loadings and results of factor analysis regarding the response
of the phlegm pattern questionnaire according to the year of
study. The factors were constructed using items with a factor
loading ≥0.4 for the exploratory factor analysis.

Table 9 lists the extracted factors for the between-group
comparison. For the convenience of comparison, the factors
are listed with similar factors in a row regardless of their vari-
ance explained. The rightmost column contains the factors
extracted from the health information of existing patients by
Park et al. [6].

With the exception of the fourth-year students, “sputum”
and “cough” were grouped together by all years of study. Sim-
ilarly, with the exception of the fifth-year students, “feeling
of foreign body in the throat” and “sputum” were extracted
into the same factor. Hence, the students apparently consider
“sputum,” “cough,” and “feeling of foreign body in the throat”
as one factor, that is, a respiratory system problem. For all
years of study, “sickness,” “indigestion,” and “poor appetite”
were grouped together. We believe that this factor is digestive
system problem. For all years of study, “fatigue” and “feeling
heavy in the limbs” were grouped together. As these 2 symp-
toms are the typical symptoms of qi-deficiency pattern, one
of the Korean medicine pattern classifications, they exhibit a
high correlation.The fourth- and fifth-year students grouped
“poor appetite” with “fatigue,” “feeling heavy in the limbs,”
and “shortness of breath,” and these symptoms are also related
to qi-deficiency pattern. In other words, the fourth- and fifth-
year students consider “poor appetite” a symptom of qi-
deficiency pattern unlike the first- to third-year students.This
may be the effect of the full Korean medicine education.
Only the first-year students separated “feeling of abdominal
fullness” from “sickness” and “indigestion.” Perhaps these stu-
dents have not yet formed the concept of relating “feeling of
abdominal fullness” with the latter 2 symptoms as a digestive
system problem. All years of study perceived “headache” and
“unclearness in the head” as the same factor. “Palpitation” and
“startled by faint noise” also fell within the same factor for
all years of study. These 2 symptoms are known as symptoms
of the mind in Korean medicine and are treated with similar
prescriptions. Thus, this may have affected the students’
conceptual perception.

Generally, the factor analysis results of the students’ con-
ceptual perception are similar to that of Park et al.’s [6].
Accordingly, we may believe the students’ concept of phlegm
pattern has a similar dimensional structure containing the
manifesting pattern of symptoms in patients.

3.4. Limitation and Further Study. There are some limitations
in this study. First, it could not demonstrate the time effect

of education directly, because it was a cross-sectional study
focusing on a certain point of time, and not a time-series
study performed on the same group students from their
entry into college to advancing higher years of study. Second,
although the College of Korean Medicine of Kyung Hee
University is the biggest Korean medicine college in Korea,
it does not represent the dimensional structure of conceptual
perception of all Korean medicine students in Korea, as each
college possesses a certain amount of distinct educational
characteristics and curricula. Further studies of a long-term,
time-series study and comparison with students from other
colleges should be performed in the future. Then, how
the full Korean medicine education can affect the students’
perceptions over time can be identified more precisely.

4. Conclusion

In this study, we attempted to observe the perceptive char-
acteristics of Korean medicine students’ concepts of phlegm
pattern according to the year of study mainly by MDS
and factor analysis. We found that third-year-student group
had the narrowest within-group distribution of perceptions
regarding phlegm pattern. Moreover, we were able to observe
the difference in diagnostic preference regarding symptoms
between years of study. We could witness the apparent effect
of education from this study. Finally, by factor analysis, we
found that the extracted conceptual factors have similar
tendencies with a previously conducted clinical trial study.
We expect that this study lends critical meaning to the study
of the pattern classification system of Koreanmedicine and to
the study of the structure of conceptual perception in Korean
medicine students.
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Sasang constitutional medicine is a unique form of tailored medicine in traditional Korean medicine. Voice features have been
regarded as an important cue to diagnose Sasang constitution types. Many studies tried to extract quantitative voice features and
standardize diagnosis methods; however, they had flaws, such as unstable voice features which vary a lot for the same individual,
limited data collected from only few sites, and low diagnosis accuracy. In this paper, we propose a stable diagnosis model that has a
good repeatability for the same individual. None of the past studies evaluated the repeatability of their diagnosis models. Although
many previous studies used voice features calculated by averaging feature values from all valid frames in monotonic utterance like
vowels, we analyse every single feature value from each frame of a sentence voice signal. Gaussian mixture model is employed to
deal with a lot of voice features from each frame. Total 15 Gaussian models are used to represent voice characteristics for each
constitution. To evaluate repeatability of the proposed diagnosis model, we introduce a test dataset consisting of 10 individuals’
voice recordings with 50 recordings per each individual. Our result shows that the proposed method has better repeatability than
the previous study which used averaged features from vowels and the sentence.

1. Introduction

Sasang constitutional medicine (SCM) is a unique form of
tailored medicine in traditional Korean medicine. The origin
of SCM was started by Lee, a Korean medical doctor [1].
In SCM theory, human beings can be categorized into one
of the four Sasang constitutional (SC) types (Tae-Yang: TY,
Tae-Eum: TE, So-Yang: SY, and So-Eum: SE) according to
their inherited characteristics, such as temperament profile,
physiological and pathological features, susceptibility to par-
ticular diseases, and responses to drugs [2, 3]. In the principle
of SCM, treatment is to recover balance between hypoactive
organs and hyperactive organs, based on one’s constitution.
Therefore, determining one’s SC type is important and many
attempts have been made for standardization of SC diagnosis
[4–6].

Diagnosis using voice is one of the important parts in
SCM. The relation between SC types and voice is referred
in the literatures [1, 7]. TY type’s voice is resonant, clear,
and loud. It was derived from good respiratory organs. TE

types have a load baritone voice, which sounds thick, heavy,
and grave. SY types have clear, fast, and high-pitched voice.
They are talkative, hasty, and vigorous. SE type’s voice is
clam and easy. It sounds gentle, slow, and lively. Some of the
voice characteristics are described by using utterance quality
and style, but personality term is also used to depict voice
characteristics. Since the vague linguistic representation can
be understood differently to each oriental medicine doctor,
an objective and standardized voice diagnosis is needed.

To establish objective and scientific diagnosis of SC types,
many studies used computerized voice analysismethod. Early
studies focused on finding correlation between SC types
and various voice features such as fundamental frequency,
formants, and energy of voice signal [8–10]. In 2004, Park
and Kim found a significant difference between SE and SY
in formant frequency and formant bandwidth [11]. Their
result showed that SY voice was clearer than SE voice,
which was coincident with the SCM literatures. Kim et al.
developed a voice analysis system, namely, phonetic system
for Sasang constitution (PSSC), and applied it to investigate
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constitutional characteristics of Korean adult males and
females [12, 13]. They used pitch, amplitude perturbation
quotient, shimmer, octave, and energy as voice features.
Choi et al. studied characteristics of the Korean adult male
sound using PSSC with a sentence [14]. In 2009, Kang
et al. analysed 144 voice features from 5 vowels and one
sentence recorded from 473 people [15]. They developed
a constitutional classification method using support vector
machine; however, their classifier was able to apply correctly
in only limited voice data [16].

Although many studies existed, they were not sufficient
for practical use, because the diagnosis model was made by
using a limited number of data gathered in few sites. To
overcome the generalization problem, a set of large data,
collected from 23 different oriental clinics, were established
in the study of Do et al. [4]. They developed an integrative
SC analysis tool (SCAT) using four individual diagnosis
components: face, body shape, voice, and questionnaire.
They trained four individual diagnosis models using logistic
regression method, and the four models were combined into
a final integratedmodel.They evaluated the integratedmodel
to a test dataset which was not used in training stage, for con-
firming generalization ability. As a generalization test result,
the diagnostic accuracies of the integrated model were 64.0%
and 55.2% in themale and female patient groups, respectively.
The accuracies of the voice component were 39.9% and 37.5%
for male and female, respectively. Although the accuracies of
voice component were low, voice informationwas still helpful
to increase the performance of the integratedmodel. Another
research using the same voice data of Do et al. was carried
out by Kim et al. [5]. They employed linear discriminant
analysis as a classifier, and the training accuracies were 51%
and 47% for male and female, respectively. However, they
only provided the training result, which is generally higher
than generalization test result.

Most of the previous studies were tried to find voice
features that were strongly correlated to SC types and
developed SC classification model. A few weakly correlated
features were found, and different types of classifier were
developed; however, none of those studies mentioned the
diagnostic stability of their method. Because of the natural
variation in speech, diagnosis results can be different for
the same individual speaker. To reduce a lot of unsystematic
variation, speaker’s utterance should be constrained by a strict
standard operating procedure (SOP). Kim et al. studied about
developing SOP for extracting stable voice features that can
characterize individual’s voice quality consistently [17] and
also analysed stable voice features [18].

In this paper, we propose a method to improve stability
of voice-based SC diagnosis. All of large database, strict
SOP, stable voice features, and a robust classification method
are required to obtain stability of diagnosis. We use the
same voice data as in the previous study [4], since they are
known as the largest data containing patients’ SC type proved
by herbal remedy [19]. The proposed method uses only
sentence recordings, against many previous studies using
vowels or both vowels and sentences. Most of recent speaker
identification studies use words or sentences, rather than
vowels, since words or sentences are better to distinguish

each individual’s voice characteristics [20, 21]. Our results
also show that the detailed analysis using a sentence recording
has better repeatability in SC classification than the previous
approach [4], which used vowels and the sentence.

2. Materials and Methods

2.1. Voice Data for Sasang Constitution Diagnosis. Voice data
were collected from 23 oriental medical clinics. The patient
whose SC type was diagnosed to TY was excluded due to
its small sample size compared with other three SC types.
The total number of patients used in this study was 1,969,
ranging in age 15–60 years in both genders. The patients
did not suffer from any voice-related disease so that they
could speak naturally with their own voice quality. Their SC
type was examined by SCM practitioners, who had more
than five years of experience in clinical practice. A more
detailed procedure of data collection was described in Song
et al. [19]. Original database included face, body shape, and
questionnaire information; however, only voice data were
considered in this study.

Recording environment and procedure was strictly con-
trolled by an SOP. Environment noise kept below 40 dB
for low-noise recording. Recording room temperature was
controlled to 20∘C± 5∘C, and humidity kept to 40%± 5%.
Sound Blaster Live 24 bit External Soundcard and Sennheiser
e-835s Microphone with a microphone stand were equipped.
The distance between the patient and microphone was 4–
6 cm. Recording systems were controlled to avoid echoes of
voice or irregular resonance. Recording was saved as a wav
file with setting of mono 16 bit integer and 44.1 kHz sampling
frequency.

Voice data consisted of five vowels (/a/, /e/, /i/, /o/, and
/u/) and a sentence. The sentence was recorded twice. Since
the all patients were Korean, the sentence was also composed
of Korean words. As voice features should represent the
natural characteristics of patients in short recordings, the
patients were asked to pronounce their natural voice without
tension as possible. Before actual recording, an operator
instructed the patients about the recording contents and
allowed them to rest for 1 hour. Each vowel was uttered at
least 3 s.The sentence was uttered in their ordinary speed and
tones. In this paper, we used only sentence part to diagnose
constitution, and for comparison, the previous study [4] used
both five vowels and sentence.

2.2. Voice Feature Extraction. Figure 1 shows how voice
features are calculated from a voice signal. We should define
the size of a frame window, which is the minimum length
to process. Then, we can extract voice features in the frame.
After processing the current frame window, the same feature
extraction is applied to the next frame window. In this study,
the size of a frame windowwas 46.4ms, whichmapped to 211
audio samples in 44.1 kHz sampling frequency. Neighboring
frame windows were overlapped by 50%.

There exist more than a hundred valid frames in each
vowel or sentence. In the past studies, there were many
candidate voice features, such as fundamental frequency
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Figure 1: Frame window shift for extracting voice features for each frame.

(F0), formants, and jitter. Most of them were calculated by
averaging the feature values obtained from the all valid frames
in the voice signal. An averaged feature could be good for
monotonic utterance like a vowel. For example, F0 for a
vowel is calculated by averaging all F0 values from the valid
frames. The vowel utterance is monotonic, which means that
every single F0 value from each frame should be similar.
Therefore, averaging is appropriate for characterizing F0 for a
vowel. Most of the previously used features from a vowel are
averaged features, which may represent quality of the vowel
properly.

However, features from the vowel are not proper to
characterize individual’s stable voice quality. It can be easily
verified that words or sentences are more suitable for charac-
terizing individual’s stable voice quality in the most of recent
speaker identification application [20, 21]. To make a stable
diagnosis model, which has a good repeatability for the same
individual, we focus on the sentence rather than vowel. In
contrast to the features for vowel, averaged features are hardly
used for the sentence since the features vary a lot in many
frames. When averaging, we may lose useful information of
individual’s voice characteristics. Therefore, we analyse the
features from every single frame.

Let y
𝑖
be the feature vector extracted from the 𝑖th valid

frame. Then, we define the feature vector as follows:

y
𝑖
= [

x
𝑖

𝑡𝑠
𝑖

] , (1)

where 𝑡𝑠
𝑖
indicates the relative position of the 𝑖th frame

in all valid frames, and it has a range between 0 and 1.
When the feature vector comes from the first frame of the
sentence, the value of 𝑡𝑠

𝑖
is 0.The vector x

𝑖
is a column vector

of candidate voice features. We use Mel-frequency cepstral
coefficients (MFCCs) as the candidate voice features. MFCCs
are coefficients of the short-term power spectrum of a sound,
based on a linear cosine transform of a log power spectrum
on a nonlinear mel scale of frequency [22]. The mel scale
approximates the human auditory system’s response more
closely than the linearly spaced frequency bands. MFCCs are
widely used in speech and speaker recognition systems [23].
Total 12 MFCCs were used in our study.

Finally, feature vector y
𝑖
is a 13-dimensional vector, and

the total number of y
𝑖
is the same as the number of all valid

frames, which is usually more than a hundred for a sentence.
By defining the feature vector including relative position
of the frame, each feature vector contains not only voice

characteristics of a frame signal, but also the information
where the voice features come from. The feature vector was
extracted using C++ program combined with HTK [24].

Since the voice features showed nonlinear fluctuation
according to the age in general, a process to reduce the effect
of age was required. To eliminate the age effect to the voice
features, a standardization process was performed the same
as Do et al. [4]. All MFCCs were standardized by using their
moving averages and standard deviations derived from the
data within the length of age ±5 years for the specific age.

2.3. Gaussian Mixture Model-Based Classification. The prob-
lem of SC diagnosis is treated as three-class classification,
since TY type is usually excluded due to its rareness.
Many statistical pattern recognition methods were applied
to SC classification, such as logistic regression [4], linear
discriminant analysis [5], and support vector machine [16].
Althoughmany attempts weremade in the past, none of them
analysed the features from each frame separately.We propose
a detailed analysis method to deal with the features of each
frame using Gaussian mixture model (GMM). It is widely
used for speech analysis area, since it can effectively model
voice characteristics. GMM is denoted as

𝑝 (y | 𝜆) =
𝑀

∑

𝑗=1

𝑤
𝑗
⋅ 𝑔 (y | 𝜇

𝑗

,Σ
𝑗
) , (2)

where 𝜆 is one of the SC classes, 𝑀 is the total number of
Gaussianmodels,𝑤

𝑗
is theweight for the 𝑗thGaussianmodel,

and 𝑔(y | 𝜇
𝑗

,Σ
𝑗
) is Gaussian function with mean 𝜇

𝑗

and
covariance matrix Σ

𝑗
.

The basic idea of using GMM for SC classification is that
we put each Gaussianmodel along the time axis to cover each
part of the voice signal. Since we have to deal with a few
feature vectors from all valid frames, it is important to use
the relative position of each feature vector. In other words,
someone’s voice features extracted from a certain part of the
sentence should be compared to a model that is generated
by voice features extracted from similar parts. The feature
vector y

𝑖
has 12-dimensional MFCCs and relative position

information as the 13th element. Hence, eachGaussianmodel
in GMM is 13-dimensional, and we can display the location
of each Gaussian model along the time axis by using the 13th
element. Figure 2 shows that GMM covers each part of the
voice signal.

Since GMM is needed for each gender and SC type, total
6 groups of feature vectors extracted from training data are
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Figure 2: Gaussian mixture model along the time axis to cover each part of the voice signal.

prepared for making 6 GMMs. GMM is trained for each
feature vector group using EM algorithm [25]. In training
process, the feature vectors need to be assigned to one of
the Gaussian models as an initial assignment. The initial
assignment can be done by uniformly dividing the feature
vectors using the 𝑡𝑠

𝑖
value. For example, when the number

of Gaussian model is 15 (𝑀 = 15), the feature vectors are
extracted from the first 1/15 part of the sentence assigned to
the first Gaussian model. This is just for initial assignment,
and the assignment is automatically changed in learning
process.

After GMM for each SC class is trained, we follow the
basic maximum likelihood-based classification. Probability
that input recording falls into class of 𝜆 is calculated as
follows:

𝑝 (y | 𝜆) =
𝑁

∏

𝑖=1

𝑝 (y
𝑖
| 𝜆) . (3)

The total number of feature vectors is 𝑁, and the 𝑝(y
𝑖
|

𝜆) is calculated using (2) for each feature vector. Then, the
estimated probability for being in each SC type 𝜋

𝑘
can be

denoted as

𝜋
𝑘
=
𝑝 (y | 𝜆

𝑘
)

∑
3

𝑙=1

𝑝 (y | 𝜆
𝑙
)
. (4)

The index 𝑘 ∈ {1, 2, 3} indicates SC types, TE, SE, and SY,
respectively. Finally, let ℎ ∈ {1, 2, 3} be the predicted SC types;
then the classification rule for SC types using 𝜋

𝑘
is given by

ℎ = argmax
𝑘∈{1,2,3}

(𝜋
𝑘
) . (5)

This means that simply taking the class of maximum
probability is the final decision.

3. Experimental Results

3.1. GMM-BasedClassifier. Total 1,969 samples (1,263 females
and 706 males) were used to train GMMs. Since the voice
characteristics were different according to gender, GMMs
were separately trained for each gender. Total 6 GMMs,
representing 3 types of SC for each gender, were obtained.
Each model had 15 Gaussians to cover the voice signal of
a sentence. Table 1 shows the location of each Gaussian in
time axis by summarizing the mean value of 𝑡𝑠

𝑗
. The value of

𝑡𝑠
𝑗
indicates the relative position of the 𝑗th Gaussian model.

Table 1: Mean values of 𝑡𝑠
𝑗

in each Gaussian model.

No. of
Gaussian

Female Male
TE SE SY TE SE SY

1 0.050 0.046 0.035 0.062 0.064 0.065
2 0.133 0.149 0.127 0.116 0.109 0.109
3 0.172 0.179 0.177 0.170 0.178 0.187
4 0.279 0.268 0.235 0.225 0.227 0.214
5 0.332 0.283 0.307 0.296 0.279 0.279
6 0.421 0.338 0.396 0.407 0.332 0.339
7 0.502 0.412 0.432 0.459 0.417 0.416
8 0.526 0.524 0.582 0.529 0.488 0.478
9 0.590 0.592 0.590 0.590 0.591 0.549
10 0.660 0.654 0.655 0.691 0.645 0.637
11 0.687 0.694 0.721 0.773 0.649 0.700
12 0.694 0.731 0.794 0.798 0.817 0.774
13 0.820 0.819 0.814 0.832 0.837 0.823
14 0.926 0.922 0.923 0.885 0.932 0.896
15 0.981 0.978 0.979 0.894 0.980 0.937

For example, the first Gaussian in female TE has the relative
position value of 0.05. This means that the first Gaussian is
located in the first 5% part of the sentence, and input feature
vectors are extracted around 5% part of the sentence are
mainly judged by the first Gaussian.

Although the purpose of this study is to improve repeata-
bility of diagnosis, we shortly mention the accuracy of the
classifier. To make a fair comparison, we used the same test
dataset of previous study conducted by Do et al. [4]. The
accuracies of theGMM-based classifier were 41.3% and 39.3%
for male and female, respectively, which are slightly better
than Do et al. It should be noted that the accuracies of
voice diagnosis are still low and have to be improved further.
However, improvement of accuracy is not the main point of
this study. The proposed method has better repeatability (see
the next section) than the previous study while maintaining
the similar accuracy.

3.2. Diagnosis Repeatability Comparison. To evaluate the
repeatability of the SC classification, we gathered voice data
of 10 individuals. Total 50 recordings for each individual were
prepared with the same way of gathering the training data
explained in Section 2.1. It took more than a week to record
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Table 2: Comparison results of diagnosis stability between the previous study and the proposed method.

Subject

Do et al. [4] Proposed

Repeatability
(%)

Probability
mean

Probability
standard
deviation

Repeatability
(%)

Probability
mean

Probability
standard
deviation

1 68 0.561 0.098 100 0.460 0.016
2 76 0.632 0.119 100 0.434 0.039
3 100 0.732 0.090 98 0.406 0.027
4 54 0.500 0.059 100 0.397 0.025
5 98 0.735 0.112 100 0.451 0.031
6 100 0.672 0.090 70 0.381 0.020
7 84 0.603 0.100 82 0.362 0.013
8 56 0.567 0.082 76 0.381 0.013
9 70 0.689 0.130 90 0.384 0.019
10 76 0.629 0.140 100 0.408 0.017
Average 78.2 0.632 0.102 91.6 0.406 0.022

50 times for each individual, so that the recordings contained
the intrapersonal voice variations enough. We used this data
to compare the proposed method and the previous study
conducted by Do et al.

We tested the repeatability and probability values (mean
and standard deviation) as a measure of diagnosis stability.
Repeatabilitywas defined by the ratio of the number ofmajor-
ity decision to total number of tests. In every test, we also
obtained the probability value of the current decision, that
is, the maximum probability among 𝜋

𝑘
. Since the problem

of SC diagnosis is three-class classification, the maximum
probability is larger than 1/3. A stable classification has a high
percentage of repeatability and a low probability standard
deviation.

Table 2 shows the comparison results of diagnosis sta-
bility. For 10 individuals, the average repeatability of the
proposed method was 91.6%, which clearly showed better
repeatability than 78.2% of Do et al. And probability standard
deviation was 0.022, which was much lower than 0.102 of
Do et al. It means that the proposed method generated more
consistent results in 50 times classification test of the same
individual’s voice than the previous study. Interpretation of
the probability mean value might be controversial. However,
we think that a low probability mean value is more appropri-
ate, considering that the accuracy of the voice diagnosis is low
around 40%.

Some of subjects, such as subjects 6 and 8, had low
repeatabilities in ourmethod.The subject whose voice feature
vector is located close to decision boundary can have a low
repeatability, because a small change of the feature vector can
switch the final decision. In this case, the probability value
is also close to 1/3, which means that the decision has less
confidence. We may have a difficulty in determining one’s
constitution with high confidence when his/her voice does
not have clear constitutional characteristics. This can drop
the repeatability of diagnosis. However, even in this case, it
is good to have similar probability values in repeated tests
for the same subject. Our method shows stable diagnosis in

probability sense, having low probability standard deviations
even in low repeatability cases.

An improved repeatability is obtained from the proposed
method that analyses every single frame of the sentence. The
improvement is caused by not only analysis method but also
recording contents. Our approach uses only sentence rather
than both vowels and the sentence since the features from
vowels have relatively large variations for the same subject.
To examine the stability of each feature value itself, standard
deviations of feature values from the sentence and vowels are
summarized in Table 3. Some of the vowel features, used in
the study of Do et al., are compared to the sentence features in
this study. Table 3 shows that sentence features have smaller
standard deviations than vowels. Standard deviations of the
most sentence features are ranged from 0.2 to 0.7, while
standard deviations of many vowel features are larger than 1.
Therefore, stability of diagnosis with only sentence will out-
perform other cases, regardless of classification algorithms.

4. Discussion and Conclusions

In this study, a stable classification method for voice-based
Sasang constitutional diagnosis was proposed. In contrast
to the previous study, which used averaged features from
vowels and one sentence, the proposed method used MFCCs
extracted from the sentence only. Since we did not use
averaged features to avoid losing useful information of indi-
vidual’s voice characteristics, features from every valid frame
were required to be analysed separately. We defined a feature
vector that contained MFCCs and relative position of the
current frame in the voice signal.Therefore, the feature vector
represented both voice features and information about where
the features were extracted in time axis of the voice signal.
This technique was necessary to use the sentence instead of
the vowels, because the sentence included a variety of voice
features in each frame, which should not be averaged.

The proposed method employed GMM for detailed
analysis of every valid frame in voice signal. Each Gaussian
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Table 3: Standard deviations of feature values from the sentence and vowels.

Subject
1 2 3 4 5 6 7 8 9 10

Sentence features

MFCC1 0.290 1.287 0.535 0.414 0.333 0.317 0.432 0.269 0.395 0.245
MFCC2 0.292 0.358 0.270 0.407 0.356 0.353 0.363 0.391 0.264 0.290
MFCC3 0.325 0.597 0.302 0.350 0.635 0.413 0.511 0.205 0.313 0.259
MFCC4 0.246 0.200 0.223 0.434 0.286 0.180 0.448 0.322 0.260 0.139
MFCC5 0.451 0.320 0.352 0.423 0.479 0.309 0.708 0.470 0.288 0.280
MFCC6 0.213 0.292 0.199 0.227 0.258 0.240 0.428 0.523 0.329 0.160
MFCC7 0.336 0.287 0.428 0.266 0.341 0.294 0.311 0.278 0.262 0.307
MFCC8 0.340 0.346 0.257 0.289 0.269 0.293 0.303 0.347 0.258 0.204
MFCC9 0.268 0.399 0.279 0.521 0.374 0.307 0.480 0.420 0.362 0.211
MFCC10 0.359 0.279 0.284 0.461 0.387 0.412 0.381 0.485 0.286 0.193
MFCC11 0.251 0.334 0.304 0.412 0.375 0.411 0.432 0.410 0.251 0.235
MFCC12 0.329 0.380 0.178 0.325 0.590 0.398 0.669 0.278 0.265 0.313

Vowel features

aENG 0.069 0.878 0.208 0.417 0.394 0.129 0.912 0.244 1.549 1.659
aF1 0.634 0.336 0.453 0.380 0.282 0.552 0.489 0.652 0.366 0.346

aSHIM 0.848 1.030 0.875 1.167 1.094 1.094 2.843 2.195 1.448 0.749
eSHIM 1.127 1.397 0.986 1.555 0.873 1.120 2.870 3.048 1.393 0.541
iDTF0 5.234 7.824 1.775 9.167 3.757 4.080 10.320 6.106 9.598 6.307
iJITT 0.933 1.066 0.695 5.042 1.623 1.154 2.869 2.789 1.096 0.915
oDTF0 2.330 6.399 1.296 3.616 3.767 3.623 9.513 8.807 1.316 1.178
oPW 0.046 0.454 0.206 0.500 0.294 0.272 1.133 0.225 1.198 2.080
uF1 0.263 0.286 0.874 0.580 0.188 0.356 0.422 0.273 0.216 0.659

Vowel features, xENG (energy), xF1 (1st formant), xSHIM (shimmer), xDTF0 (average difference of pitch over the time interval), xJITT (jitter), and xPW
(power) were used in the study of Do et al. [4] x ∈ {a, e, i, o, u}.

probability model represented constitutional and individual
characteristics by covering each part of the sentence. An input
feature vector extracted from a certain part of the sentence
could be mapped to Gaussian models that were trained using
voice features extracted from similar parts of training data.
Ourmethod was compared to the previous study, which used
both vowels and the sentence. The proposed method had an
average repeatability of 91.6% in experimental results using 10
individuals’ voice recordings with 50 repeated tests per each
individual. The results showed that our method had better
repeatability than the previous study. It proved that using
features extracted from every valid frame was better than
using averaged features of all valid frames.

Averaged features could be good formonotonic utterance
like vowels. However, features from the vowels are not proper
to characterize individual voice quality. It can be easily
realized that most of speaker identification applications use
sentences, rather than vowels, since sentences are better to
distinguish each individual’s voice characteristics. Therefore,
we conclude that detailed analysis using every single feature
in each frame of the sentence, rather than using averaged
features, is helpful to improve stability of SC diagnosis.

The proposed method is a text-dependent voice diagno-
sis, which uses the predefined sentence, and the same sen-
tence must be used for both training and test stages equally.
The stability will vary greatly when a different sentence is
used in training and test stages. For future research, text-
independent voice diagnosis method is required, so that
subjects can speak freely to the system.
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Tinnitus patients suffer from not only auditory sensations but also physical, mental, and social difficulties. Even though tinnitus is
believed to be associated with the autonomic nervous system, changes in autonomic conditions in tinnitus patients are not receiving
much research attention. The aims of this study were to investigate the autonomic condition of tinnitus patients and to consider
Korean medicine in the treatment of tinnitus with an evidence-based approach. We performed a retrospective chart review and
compared the heart rate variability (HRV) parameters of 40 tinnitus patients (19 acute and 21 chronic) and 40 healthy controls.
In tinnitus patients, the power of the high frequency component and total power of the HRV significantly decreased (𝑃 < 0.05),
and the low frequency to high frequency ratio significantly increased (𝑃 < 0.05). There was no significant difference between the
acute and chronic patients. When comparing each group with the controls, there was a tendency that the longer the duration of
tinnitus was, the larger the observed HRV change was. In conclusion, tinnitus patients have vagal withdrawal and sympathetic
overactivity, and chronic tinnitus more strongly affects autonomic conditions than acute tinnitus. This study provides evidence for
Koreanmedical treatments of tinnitus, such as acupuncture and Qi-training, that cause modulation of cardiac autonomic function.

1. Introduction

Tinnitus is an auditory phantom sensation experienced when
no external sound is present [1]. Its prevalence in Korea
has been reported to be 10.5% of the non-noise-exposed
population and increases with age [2, 3]. Tinnitus can be
categorized according to the duration of the disease. Gener-
ally, acute tinnitus is defined as a condition lasting shorter
than three months, and chronic tinnitus is considered as
a condition lasting longer than three months [4]. Tinnitus
is also classified as subjective or objective. In most cases,
tinnitus is described as subjective, which cannot be heard
by anyone other than the patient [5]. Therefore, subjective
tinnitus was the focus of this study.

Patients who experience tinnitus often report associated
symptoms, such as emotional difficulties, sleep deprivation,
and interference with social interactions [6]. Additionally,
the annoyance of tinnitus is not correlated with the acoustic
characteristics, but there is a significant correlation with
psychological symptoms [7]. Although there are some man-
agement options for tinnitus and associated difficulties [8],
little high-level evidence exists regarding the efficacy and
specificity of the various options currently in use. Therefore,
the choice of treatment is now largely in the hands of the
individual clinician [9].

The autonomic nervous system (ANS) is a major factor
in the difference between simply perceiving tinnitus and
being distressed by it [10]. Heart rate variability (HRV) is
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a noninvasive quantitative and qualitative tool that can be
used to evaluate the function of the ANS. HRV studies should
enhance our understanding of the physiological phenomena
and diseasemechanisms of tinnitus. Also, these types of stud-
ies may be useful for selecting the most effective therapeutic
interventions [11].

There are prior studies regarding tinnitus and the auto-
nomic nervous system. One study reported that heart rate
variability (HRV) is suppressed and the sympathetic activity
of the ANS is predominant in tinnitus patients [12]. In
another study regarding tinnitus severity and neural activity,
tinnitus distress correlated positively with sympatheticmark-
ers and negatively with parasympathetic markers [13].

However, in previous studies, the number of patients
enrolled was small, and the data from control patients did not
compensate for age or sex. Also, few studies have evaluated
the acute and chronic effects of tinnitus on the ANS.The aims
of the present study were to investigate the clinical features of
the ANS in tinnitus patients and to define the relationship
between the duration of tinnitus and variations in the ANS.

2. Materials and Methods

2.1. Subjects

2.1.1. Tinnitus Patients. We performed a retrospective chart
review of patients with tinnitus who presented at the Depart-
ment of Otorhinolaryngology of Korean Medicine, Kyung
Hee University Hospital in Gangdong, Seoul, Republic of
Korea, from January 2008 to February 2012.

The eligibility criterion for inclusion was first-time
Korean adult outpatients presenting for treatment of sub-
jective tinnitus (both bilateral and unilateral). Exclusion
criteria were (1) the presence of disease known to affect
HRV (cardiovascular, endocrinologic, autoimmune, neuro-
logic, and psychiatric disorders, including alcoholism and
polytoxemia), (2) patients with a history of smoking, (3)
anticholinergic, antidepressant, or contraceptive pill use for at
least four weeks prior to the study, (4) hormone replacement
therapy, and (5) pregnancy.

2.1.2. Healthy Controls. The control group was comprised of
healthy people who presented for a health checkup at the
Health Promotion Center, Kyung Hee University Hospital
in Gangdong, Seoul, Republic of Korea, from March 2011 to
December 2011.

Inclusion criteria were (1) Korean adults who underwent
an overall health checkup and had a measured HRV and (2)
whose age and sex were matched with those of the tinnitus
patients. The exclusion criteria were the same as for the
tinnitus patients. After screening the healthy controls, we
extracted random samples equallymatched to the age and sex
distributions of the patient group.

2.2. HRV Analysis. Subjects removed any metal attachments
from their bodies and were seated on comfortable chairs
in a quiet room and then asked to relax for 15 minutes.
After the relaxation period, electrocardiography recording

Table 1: Interpretation of HRV parameters.

HRV parameter Interpretation
Total power of the HRV
spectrum (TP)

Total strength of ANS (overall
state of HRV)

Very low frequency component
(VLF) Sympathetic regulation

Low frequency component (LF) Both sympathetic and
parasympathetic activities

High frequency component (HF) Parasympathetic activity and
the frequency of respiration

Ratio of absolute LF to HF power
(LF/HF)

Sympathetic-parasympathetic
balance

was performed for 5 minutes and was then assessed by the
SA-3000P (Medicore Inc., Seoul, Republic of Korea).

The HRV spectrum contains three major components: a
very low frequency (VLF, below 0.04Hz), a low frequency
(LF, 0.04–0.15Hz), and a high frequency (HF, 0.15–0.4Hz).
Recommendations for interpretation of HRV parameters are
summarized in Table 1. The HRV was assessed on the basis
of the frequency domain measures performed with the use of
fast Fourier transformation [11, 14].

2.3. Statistical Analysis. SPSS 15.0 for Windows (SPSS Inc.,
Chicago, IL,USA)was used for datamanagement and statisti-
cal analysis. All continuous variables are expressed as mean ±
standard deviation (SD). Sex distribution was analyzed using
the Chi-square test, and age was evaluated by analysis of
variance (ANOVA). HRV variables that were not normally
distributed were log-transformed prior to statistical analysis
for parametric statistical analysis of nonnormally distributed
data by Duan’s smearing equation [15]. Transformed HRV
variableswere analyzed using an independent sample t-test or
one-way ANOVA between groups. If there were statistically
significant differences between groups in ANOVA, the post
hoc test was used to identify them. A 𝑃 value less than 0.05
was considered statistically significant.

3. Results

3.1. Subjects. In the tinnitus patient group, 79 patients were
screened, and, of these, 40 (19 acute and 21 chronic) were
included in the study.Themean ages of the acute and chronic
patients were 45.21±12.46 (SD) years and 47.81±15.87 (SD)
years, respectively.

In the healthy control group, we screened 2,114 people,
and 40 of these, aged 46.53 ± 14.23 (SD) years, were finally
selected as healthy controls. There were no significant differ-
ences in the age or sex distribution of the groups. Clinical
characteristics of the study participants are summarized in
Table 2.

3.2. HRV Parameters for Healthy Controls and Tinnitus
Patients. The mean values of the HRV measurements are
listed in Table 3. In the tinnitus patients, TP and HF were
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Table 2: Sex and age distributions of the study participants.

Variables Healthy controls (𝑛 = 40) Tinnitus patients
𝑃 value

Acute (𝑛 = 19) Chronic (𝑛 = 21)
Sex

Male 20 11 9 0.637
Female 20 8 12

Age, y (mean ± SD) 46.53 ± 14.23 45.21 ± 12.46 47.81 ± 15.87 0.848
Age subgroup

19–29 y 7 3 4
30–39 y 3 2 1
40–49 y 10 5 5
50–59 y 13 7 6
60–69 y 5 2 3
>70 y 2 0 2

Data are 𝑛 or mean ± SD. Sex distribution was evaluated using the Chi-square test. Age was evaluated by analysis of variance (ANOVA). Statistical significance
was set at a 𝑃 value < 0.05.

Table 3: HRV parameters for healthy controls versus tinnitus
patients.

HRV parameter Healthy controls Tinnitus patients 𝑃 value
TP (ms2) 7.49 ± 0.99 6.92 ± 1.14 0.020∗

VLF (ms2) 6.37 ± 0.92 6.09 ± 1.21 0.256
LF (ms2) 5.98 ± 1.19 5.54 ± 1.27 0.114
HF (ms2) 6.41 ± 1.19 5.13 ± 1.43 0.000∗∗

LF/HF 0.94 ± 0.11 2.48 ± 3.47 0.008∗∗

HRV data were log-transformed prior to statistical analysis.The values given
are the mean ± SD. Statistical significance was set at a 𝑃 value < 0.05, using
independent sample 𝑡-test. TP: total power; VLF: very low frequency; LF: low
frequency; HF: high frequency; LF/HF: ratio of absolute LF to HF power;
∗

𝑃 < 0.05; ∗∗𝑃 < 0.01.

lower, and the LF/HF was significantly higher than in con-
trols. However, VLF and LF were not significantly different
between the groups.

3.3. HRV Parameters for Healthy Controls and Acute and
Chronic Tinnitus Patients. The values of the HRV param-
eters, divided into acute and chronic tinnitus patients, are
summarized in Table 4. No significant differences were found
between the acute and chronic patients. When compared to
controls, only the HF was significantly decreased in acute
patients; however, in chronic patients, the HF was signifi-
cantly, decreased and the LF/HF was significantly increased.

4. Discussion

We investigated the autonomic condition in tinnitus patients
as compared with healthy controls, as well as the acute and
chronic effects of tinnitus on the ANS. Considering the dif-
ferences in autonomic conditions between tinnitus patients
(combined acute and chronic tinnitus patients) and healthy
controls, the TP and HF were significantly decreased, and

Table 4:HRVparameters for healthy controls and acute and chronic
tinnitus patients.

HRV
parameter Healthy controls Tinnitus patients

𝑃 value
Acute Chronic

TP (ms2) 7.49 ± 0.99 6.99 ± 1.23 6.86 ± 1.09 0.063
VLF (ms2) 6.37 ± 0.92 6.18 ± 1.32 6.01 ± 1.12 0.461
LF (ms2) 5.98 ± 1.19 5.52 ± 1.36 5.56 ± 1.22 0.288
HF (ms2) 6.41 ± 1.19a 5.31 ± 1.34b 4.97 ± 1.52b 0.000∗∗

LF/HF 0.94 ± 0.11a 1.85 ± 2.13a, b 3.05 ± 4.32b 0.007∗

HRV data were log-transformed prior to statistical analysis.The values given
are the mean ± SD. Statistical significance was set at a 𝑃 value < 0.05,
using analysis of variance (ANOVA). If there were statistically significant
differences between groups, the post hoc test (Duncan) was used to identify
themwith “a, b”. TP: total power;VLF: very low frequency; LF: low frequency;
HF: high frequency; LF/HF: ratio of absolute LF to HF power; ∗𝑃 < 0.05;
∗∗

𝑃 < 0.01.

the LF/HF was significantly increased in tinnitus patients. A
decreased TP could reflect a depressed state of the overall
HRV,which has also been reported in several diseases [11] and
stressful conditions [16]. A reduced HF can indicate reduced
parasympathetic activity. An increased LF/HF could be due
to either increased sympathetic autonomic modulation or
decreased parasympathetic activity [17]. In the current series,
the LF was nearly unchanged, but the HF was decreased in
tinnitus. Therefore, the increase of the LF/HF is mainly due
to reduction of parasympathetic activity, and this may cause
sympathomimetic symptoms to appear more dominant. This
result indicates that overall HRV and parasympathetic func-
tions are significantly depressed and sympathetic activity
is relatively predominant in tinnitus patients. This is in
agreement with a previous study reporting that overall HRV
is suppressed and that the activity of the sympathetic branch
of the ANS predominates in tinnitus patient [12]. However,
the results cannot be adequately compared to prior research
because studies on the relationship between tinnitus and
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autonomic condition are rare. Therefore, understanding that
tinnitus is a form of noise perception, we searched for studies
regarding noise and HRV and found interesting reports. Pre-
vious studies demonstrated reduced parasympathetic activity
when listening to a mechanical sound, as opposed to syn-
thesizer music or bird twitters, which have very different
frequency components [18]. Because the sound of tinnitus
is often a simple frequency, this may be consistent with the
results of the present study. In another study, sympathetic
activity was increased under exposure to acute noise [19],
similar to the current results.

When tinnitus patients were divided into acute and
chronic groups, there were no significant differences in HRV
parameters. When comparing each group with the controls,
in acute tinnitus patients, only the HF was significantly
decreased. However, in chronic tinnitus patients, HF was
significantly decreased, and the LF/HF was significantly
increased. This can be interpreted to mean that chronic
tinnitus has a stronger effect on changes in autonomic
conditions compared with acute tinnitus.

In Korean medicine, tinnitus patients are treated with
various modalities, such as acupuncture, herbal medicine,
counseling, and Qi-training [20–22]. Previous studies have
revealed that acupuncture at the Sishencong points and Qi-
training enhanced cardiac vagal and suppressed sympathetic
activities in humans [22, 23]. In a recent study, epifascial
acupunctural stimulation at CV17 also increased vagal activ-
ity, and the presence of a specific acupunctural point that
causes the modulation of cardiac autonomic function is
suggested [24].

There are several limitations of the current study.The cur-
rent study was controlled for age- and sex-related differences
but not variations in symptom severity. Also, the HRV data
were not measured at the same time of the day, so a circadian
variation of HRV cannot be excluded.

To our knowledge, this is one of only a few studies
regarding the effects of tinnitus on the autonomic condition.
The results of the current study should help to elucidate the
associated symptoms leading to a progressive deterioration
in quality of life for tinnitus patients and aid in selecting
proper Korean medical treatment options for alleviating the
accompanying symptoms.

5. Conclusions

According to the HRV analysis of tinnitus patients, we
conclude that tinnitus patients have significantly alteredHRV
parameters compared to healthy controls. Tinnitus reduced
parasympathetic activity and chronically induced sympa-
thetic overactivity. Chronic tinnitus had a stronger effect
on autonomic changes than acute tinnitus. These findings
provide evidence supporting Korean medical treatments for
tinnitus, including modalities such as acupuncture and Qi-
training, which enhance cardiac vagal and suppress sym-
pathetic activities in humans. The underlying mechanisms
and potential applications of Korean medicine for tinnitus
warrant further investigation.
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Saussurea lappa Clarke (SLC) has been used as a traditional medicine in Korea, China, and Japan for the treatment of abdominal
pain and tenesmus. Costunolide, a sesquiterpene lactone isolated from SLC, has diverse medicinal effects. However, the anticancer
effects of costunolide are still unclear in breast cancer. In this study, we demonstrate that costunolide suppresses tumor growth
and metastases of MDA-MB-231 highly metastatic human breast cancer cells via inhibiting TNF𝛼-induced NF-𝜅B activation.
Costunolide inhibited MDA-MB-231 tumor growth and metastases without affecting body weights in the in vivomouse orthotopic
tumor growth assays. In addition, costunolide inhibited in vitro TNF𝛼-induced invasion and migration of MDA-MB-231 cells.
Costunolide further suppressed TNF𝛼-induced NF-𝜅B signaling activation, resulting in a reduced expression of MMP-9, a well-
known NF-𝜅B-dependent gene to mediate breast cancer cell growth and metastases. Therefore, we conclude that SLC and its
derivative costunolide suppress breast cancer growth and metastases by inhibiting TNF𝛼-induced NF-𝜅B activation, suggesting
that costunolide as well as SLC may be promising anticancer drugs, especially for metastatic breast cancer.

1. Introduction

Most breast cancer is an epithelial tumor that develops from
mammary gland tissue and the inner lining of milk ducts
[1]. Metastatic breast cancer is not well cured by surgery,
radiotherapy, and chemotherapy [2–4]. Cancer metastasis is
the spread of tumor cells from an original site to distant
parts of the body. This event consists of multistep processes,
which includes tumor cell dissemination, extracellularmatrix
(ECM) degradation, tumor cell invasion into the ECM,
angiogenesis, and secondary metastatic tumor growth [5–7].
Interestingly, primary tumors metastasize to specific organs;
for example, aggressive breast cancers selectively metastasize
to lung, bone, and brain tissue. This organ tropism seems to
be related to different gene expression patterns [8–10].

TNF𝛼 is frequently detected in many human cancer
tissues including breast, ovarian, and renal cancers [11, 12].

In addition, tumor cells producing TNF𝛼 are correlated
with poor prognoses [11]. TNF𝛼 signaling activation through
TNF receptor leads to promoting a recruitment of adaptor
proteins and to activating signal cascades including NF-𝜅B
pathway [13, 14]. NF-𝜅B regulates diverse physiological and
pathological processes including development, metabolism,
inflammation, and tissue homeostasis by regulating expres-
sion of various genes. In particular, genes regulated by NF-
𝜅B play roles such as development, proliferation, survival,
and metastasis in cancer [15–17]. NF-𝜅B protein bound to
I𝜅B𝛼 in the cytoplasm is maintained as an inactive state [18].
In response to NF-𝜅B activation signals, IKK𝛼/𝛽 complex
is activated, resulting in phosphorylation of I𝜅B𝛼 on serine
residues 32 and 35. Phosphorylated I𝜅B𝛼 is then ubiqui-
tinated, and polyubiquitinated I𝜅B𝛼 is degraded through
proteasomal pathway. As a result, free NF-𝜅B translocates
from the cytoplasm to the nucleus and binds to specific DNA
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sequences to regulate expression of target genes, which are
related to tumor development and metastases [19–21].

The dried root of Saussurea lappa Clarke (SLC) has
transitionally been used as an ingredient in Korea, China and
Japan for the treatment of either abdominal pain or tenesmus.
Several earlier studies indicated that the root of SLC has
anticancer effect in gastric cancer cells [22, 23]. Costunolide
(C
15
H
20
O
2
), a sesquiterpene lactone that is a major com-

ponent of the root of SLC [24] has been reported to have
diverse effects such as anti-inflammatory [25], anti-viral [26],
and -fungal [27] effects. Furthermore, costunolide affected
anti various cancers includingmelanoma [28], intestinal [29],
leukemia [30], prostate [31], and breast cancers [32].

While anti-cancer effects of either SLC or costunolide
have been reported as mentioned befor, antimetastatic effects
of either SLC or costunolide on metastatic breast cancer
are still poorly understood. In this study, we found that
SLC and costunolide inhibit TNF𝛼-mediated breast cancer
cell migration and invasion by inhibiting NF-𝜅B activation,
thereby suggesting the antimetastatic property of costunolide
using highly metastatic MDA-MB-231 breast cancer cells.

2. Materials and Methods

2.1. Reagents and Cell Lines. Costunolide (molecular weight
of 232.32, purity > 99%, see Figure 2(a)) was purchased
fromWako (Wako Pure Chemical Industries, Osaka, Japan).
RPMI 1640, fetal bovine serum (FBS), antibiotic-antimycotic,
and phosphate-buffered Saline (PBS) were purchased from
Gibco-BRL (Rockville, MD, USA). EZ-western detection kit
was obtained from Daeillab (Daeillab service, Co., Seoul,
Korea). TNF𝛼was purchased fromR&Dsystems (Minneapo-
lis, MN,USA).

2.2. Preparation of Saussurea lappa Clarke (SLC) Extract
Saussurea lappa. Clarke was purchased from Omniherb
(Gyeong Buk, Korea). The 100 g of root of SLC was dipped in
1 L of 80% ethanol and sonicated by using an ultrasonicator
(Branson, MO, USA) for 30min at room temperature. The
sonicated extract was filtered through a 0.22mm filter and
concentrated. The ethanol extracts were dried in a 42∘C by
using a vacuum pump evaporator (Eyela, Tokyo, Japan). The
28.5 g of concentrated extract was dissolved in DMSO to
prepare a stock solution of 100mg/mL.The stock solutionwas
stored at −80∘C until use.

2.3. Cell Migration and Invasion. Cell migration was mea-
sured by wound healing assays. Cells were seeded in 6-well
plates and scratched with a 200𝜇L pipette tip. 24 hours
after treatments with Saussurea lappaClarke and costunolide,
migrated cell numbers were counted. For invasion assay, cells
were seeded in the upper chambers precoated with Matrigel
and treated with SLC and costunolide. Low chambers were
filled with 10% FBS or TNF𝛼-contained medium, and inva-
sive cells were stainedwith hematoxylin and eosin to visualize
and count. All experiments were performed in triplicate
and student’s t-test was performed to determine statistics.
𝑃 values below 0.05 and 0.001 were considered statistically

significant. All data was represented as the mean ± standard
deviation.

2.4. Immunofluorescence Assays. Immunofluorescence as-
says were used for p-NF𝜅B nuclear translocation in MDA-
MB-231 cell. After treatment with SLC and costunolide for
6 hours, cells were fixed with 4% paraformaldehyde for
15min and then permeabilized with 0.5% Triton X-100 for
10min. The cells were washed with PBS, blocked with 5%
FBS in PBS for 30min, and then incubated with anti-p-NF-
𝜅B antibody overnight at 4∘C and with anti-Alexa Fluor-488
secondary antibody (Invitrogen, Eugene, Oregon, USA) for
1 hour. Phalloidin (Sigma) and TO-PRO-3 (Invitrogen) were
used to contain F-actin and the nucleus, respectively. Images
were obtained with Olympus FV10i Self-Contained Confocal
Laser System.The object was 20x, and scale bars on the image
indicate 50𝜇m.

2.5. Luciferase Assays. Cells were seeded in 24-well plates
and NF-𝜅B-luc plasmid (Stratagene, La Jolla, CA, USA)
transfected in MDA-MB-231 cells by using Lipofectamine
reagent (Invitrogen, Carlsbad, CA, USA). Cells were treated
with SLC and costunolide for 6 hours, and then the luciferase
assays were done by using dual-luciferase reporter assay
(Promega, Madison, WI, USA). All transfections included
the RLTK-Luc (kindly provided by Sang Hoon Kim) for
transfection efficiency. All experiments were performed in
triplicate and student’s t-test was performed to determine
statistics. 𝑃 values below 0.05 and 0.001 were considered
statistically significant. All data was represented as the mean
± standard deviation.

2.6. Western Blot. Total protein (30 𝜇g) was separated by
SDS-PAGE. After electrophoresis, the proteins were trans-
ferred to a nitrocellulose membrane. The membrane was
blocked, incubated overnight at 4∘Cwith primary antibodies,
washedwith PBS-T (PBSwith 0.1%Tween-20), and incubated
with appropriate HRP-conjugated secondary antibodies at
room temperature for 1 hour. Immunoreactive protein was
developed using an EZ-western detection kit (Daeillab ser-
vice, Co., Seoul, Korea). Anti-MMP-9, -p-IKK, -IKK, -p-
I𝜅B, -I𝜅B, -p-NF-𝜅B, and -NF-𝜅B were purchased from Cell
Signaling (Danvers, MA, USA). Anti-Tubulin was purchased
from Sigma (Louis, MO, USA).

2.7. RNA Extraction and RT-PCR. Cellular total RNA was
extractedwithTRIzol reagent (Invitrogen).TheRNAconcen-
tration and purity weremeasured using a spectrophotometer.
cDNAwas synthesized from total RNA (1𝜇g) by reverse tran-
scription.The primer sequences and product size were as fol-
lows: MMP-9 (262 bp) forward: 5-CACTGTCCACCCCTC-
AGAGC-3, reverse: 5-GCCACTTGTCGGCGATAAGG-
3, GAPDH (300 bp) forward: 5-CGTCTTCACCACCAT-
GGAG-A-3, reverse: 5-CGGCCATCACGCCACAGTTT-
3. The products were checked by agarose electrophoresis
and analyzed using ChemiDoc imaging system (BioRad,
Hercules, CA, USA).
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Figure 1: SLC inhibits TNF𝛼-induced MDA-MB-231 cell migration and invasion by inhibiting NF-𝜅B activation. (a) Cell migration was
measured by wound healing assay. MDA-MB-231 cells were seeded and scratched, pretreated with SLC for 1 hour, and then exposed to TNF𝛼
for 24 hours. Cell migration was determined by counting cell numbersmigrated from the wound healing region. ∗𝑃 < 0.05. (b)MDA-MB-231
cells were seeded on the upper chambers and pretreated with SLC for 1 hour and then exposed to TNF𝛼 for 24 hours. Invading cells were
stained with hematoxylin and eosin, and the cell numbers were measured. ∗∗𝑃 < 0.001. (c) MDA-MB-231 cells were pretreated with SLC
for 1 hour, then exposed to TNF𝛼 for 6 hours, and stained with p-NF-𝜅B antibody. Phalloidin and TO-PRO-3 were for staining F-actin and
the nucleus, respectively. The object was 20x, and scale bars on the image indicate 50 𝜇m. (d) MDA-MB-231 cells were transfected with the
NF-𝜅B-dependent luciferase reporter, pretreated with SLC for 1 hour, and then exposed to TNF𝛼 for 6 hours. Luciferase assays were done by
using dual-luciferase reporter assay. All transfections included the RLTK-Luc for transfection efficiency. ∗𝑃 < 0.05. (e) MDA-MB-231 cells
were pretreated with SLC for 1 hour and then exposed to TNF𝛼 for 24 hours. MMP-9 protein was measured by western blotting. Tubulin was
used for the loading control.
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Figure 2: Costunolide inhibits TNF𝛼-induced MDA-MB-231 cell migration and invasion. (a) Structure of costunolide. (b) MDA-MB-231
cells were seeded and scratched. Treatment with costunolide for 24 hours and counted. ∗𝑃 < 0.05. (c) MDA-MB-231 cells were seeded on the
upper chambers and treated with costunolide in 0% serum. Low chamber filed with 10% serum. ∗𝑃 < 0.05. (d) Pretreated with costunolide
for 1 hour and then exposed to TNF𝛼 for 24 hours. Cell migration was determined by counting numbers of cells migrated from the wound
healing region. ∗𝑃 < 0.05. (e) MDA-MB-231 cells were seeded on the upper chambers and treated with costunolide. Low chamber filed with
TNF𝛼. ∗𝑃 < 0.001.

2.8. Gelatin Zymography Assay. Conditioned medium was
harvested, concentrated, mixed with nonreducing sample
buffer, and separated by SDS-PAGE electrophoresis contain-
ing 0.1% gelatin. After electrophoresis, the gel was washed
with washing buffer (2.5% Triton X-100 in reaction buffer)
and then incubated in reaction buffer (50mM Tris-HCl,
5mM CaCL

2
, 1 𝜇M ZnCl

2
, and pH 7.4) for 18 h at 37∘C. To

visualize, the gel was stained with Coomassie brilliant blue
R-250 and destained in 50% methanol, 40% distilled water,
and 10% acetic acid.

2.9. In Vivo Studies. Animal studies were approved by Kyung
Hee University Institutional Animal Care and Use Commit-
tee (KHU-IACUC). Six-week-old nude (Nu/Nu) mice were
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Figure 3: Costunolide inhibits TNF𝛼-induced NF-𝜅B pathway in MDA-MB-231 cells. (a) MDA-MB-231 cell were treated with costunolide
for indicated time periods.Whole lysates were analyzed by western blotting with anti-pIKK, -IKK, -pI𝜅B𝛼, -I𝜅B𝛼, and Tubulin. (b) Cells were
fractionated into cytoplasmic and nuclear compartment and western blotting for NF-𝜅B. Tubulin and LaminB were used as loading control.
(c) MDA-MB-231 cells were treated with TNF𝛼 and cotreated with TNF𝛼 and costunolide for 15 to 30min. Whole lysates were analyzed by
western blotting with anti-pIKK, -IKK, -I𝜅B𝛼, and Tubulin. (d) MDA-MB-231 cells were pretreated with costunolide for 1 hour, then exposed
to TNF𝛼 for 6 hours, and stained with p-NF-Κb antibody. Phalloidin and TO-PRO-3 were for staining with F-actin and nucleus, respectively.
The object was 20x, and the scale bars on the image indicate 50 𝜇m.

purchased from Oriental Science and injected orthotopically
into the 4th mammary fat fads with MDA-MB-231 cells (1 ×
106 resuspended in a 1 : 1 mixture of PBS and growth factor-
reduced matrigel (BD Biosciences, San Jose CA, USA)). A
day after tumor cell injection, 20𝜇M of costunolide was
injected into the mammary fat fads three times a week for
30 days. Tumor volumes were measured using calipers and
calculated using the following formula: tumor volume (cubic
millimeters) = width2 × length/2. In addition, body weight
was monitored.

2.10. Immunohistochemistry. Tumors were fixed with 4%
formaldehyde for further analyses. Tumor tissues were
embedded in paraffin, dissected with 5𝜇m, and deparaf-
finized in 100% xylene and ethanol series (100%, 95%,and
70%). Heat-induced antigen retrieval was 10mM sodium
citrate buffer for 5min. Endogenous peroxidase was blocked
with peroxidase blocking reagent containing 3.5% hydro-
gen peroxide. Nonspecific antigen was blocked with serum

containing PBS followed by incubation with human ki-67
(5 𝜇g/mL) (Abcam, MA, USA) and MMP-9 antibody (1 : 100)
(Cell Signaling, Beverly, MA, USA) overnight at 4∘C. It was
incubated with biotin-labeled rabbit antibody for 1 hour
at room temperature and incubated with ABC and DAB
buffer substrate. Sections were visualized with DAB and
hematoxylin, mounted, and analyzed using a bright field
microscope. The object was 20x, and the scale bars on the
image indicate 10 𝜇m.

2.11. Statistics. Data were shown as the means and standard
deviations. 𝑃 values less than 0.05 in the two-tailed Student’s
t-test or one-way ANOVA were considered statistically sig-
nificant.

3. Results

3.1. Saussurea lappa Clarke Suppresses TNF𝛼-Induced Breast
Cancer Cell Migration and Invasion via an Inhibition of NF-𝜅B



6 Evidence-Based Complementary and Alternative Medicine

0

2

4

6

N
on

e

TN
F 𝛼

TN
FR

I

TN
FR

I +
 C

TL

TN
F 𝛼

 +
 C

TL

∗∗ ∗∗

N
F-

𝜅
B-

de
pe

nd
en

t r
ep

or
te

r a
ct

iv
ity

 (f
ol

d)
 

(a)

Immunoblot

Zymography

MMP-9 (secreted form)

MMP-9 (cell)

Tubulin

GAPDH

MMP-9

MMP-9

RT-PCR

CTL+
TNF𝛼

−−

(b)

Figure 4: Costunolide inhibits TNF𝛼-induced NF-𝜅B activity and MMP-9 expression. (a) MDA-MB-231 cells were transfected with the
NF-𝜅B-dependent luciferase reporter, pretreated with costunolide for 1 hour, and then exposed to TNF𝛼 for 6 hours. In addition, after
cotransfected with TNFRI and NF-𝜅B-dependent luciferase reporter, treated with costunolide for 6 hours. Luciferase assay were done by
using dual-luciferase reporter assays. All transfections included the RLTK-Luc for transfection efficiency. ∗∗𝑃 < 0.001. (b)MDA-MB-231 cells
were pretreated with costunolide for 1 hour and then exposed to TNF𝛼 for 6 hours. MMP-9 expression was analyzed by RT-PCR, western
blotting, and zymography.

Activation. Because TNF𝛼 expression is abundant in tumor
microenvironment, and its expression is correlated with poor
prognoses [14, 15], we investigate effects of Saussurea lappa
Clarke (SLC) on highly metastatic MDA-MB-231 cells. In
normal culture condition, SLC treatment (50𝜇g/mL) inhib-
ited MDA-MB-231 cell migration (data not shown). Next,
TNF𝛼 increased the MDA-MB-231 cells migration compared
to nontreated cells, and 50 𝜇g/mL of SLC suppressed TNF𝛼-
inducedMDA-MB-231 cells migration by approximately 63%
(Figure 1(a)). In addition, 50𝜇g/mL of SLC significantly
inhibited TNF𝛼-induced cell invasion (Figure 1(b)). Next, to
clarify the mechanism of SLC to inhibit cell migration and
invasion, we performed the immunofluorescence assays to
examine NF-𝜅B pathway. As shown in Figure 1(c), TNF𝛼
induced nuclear translocation of phosphorylated NF-𝜅B,
which was blocked by SLC. In the luciferase assay, SLC inhib-
ited TNF𝛼-induced NF-𝜅B-dependent transcriptional activ-
ity (Figure 1(d)). Accordingly, 50𝜇g/mL of SLC suppressed
TNF𝛼-inducedmRNAandprotein expression ofMMP-9 that
is well known as NF-𝜅B-dependent gene (Figure 1(e)). Thus,
our data indicate that SLC inhibits TNF𝛼-induced highly
metastaticMDA-MB-231 humanbreast cancer cellmigration,
invasion, and NF-𝜅B activation.

3.2. Saussurea lappa Clarke-Derived Costunolide Suppresses
Cell Migration and Invasion in Breast Cancer Cells. Since
Costunolide (C

15
H
20
O
2
) is a major component of SLC

[22], we examined whether SLC-derived costunolide inhibits
metastatic properties of breast cancer cells. Costunolide
(20𝜇M) blocked cells migration in normal serum conditions
by approximately 45% (Figure 2(a)). Next, to examine cos-
tunolide effect on cells invasion, MDA-MB-231 cells were
seeded in the upper chambers precoated with matrigel and

treated with costunolide in 1% serum contained media, and
the low chambers were filled with 10% serum contained
media. As shown in Figure 2(b), a treatment of breast cancer
cells with 20𝜇M of costunolide for 24 hours reduced cells
invasion.

Next we performed experiments to determine whether
costunolide inhibits TNF𝛼-induced cells migration and inva-
sion. 20𝜇Mof costunolide suppressed TNF𝛼-inducedMDA-
MB-231 cell migration by approximately 62% (Figure 2(c)).
In addition, whereas TNF𝛼 increased an invasiveness of
MDA-MD-231 cells by approximately five folds, costuno-
lide significantly inhibited TNF𝛼-induced cell invasion by
approximately five folds (Figure 2(d)).

3.3. Costunolide Inhibits NF-𝜅B Pathway in Breast Cancer
Cells. Next we examined costunolide effect on NF-𝜅B signal-
ing pathway in MDA-MB-231 cells. As shown in Figure 3(a),
costunolide inhibited phosphorylation of IKK and I𝜅B𝛼,
resulting in blocking I𝜅B𝛼 degradation in a time-dependent
manner. Accordingly, a treatment of the MDA-MB-231 cells
with costunolide inhibited the nuclear translocation of p65
NF-𝜅B subunit (Figure 3(b)).

Next, in order to examinewhether costunolide suppresses
TNF𝛼-induced NF-𝜅B pathway, we stimulated cells with
TNF𝛼 for 15 to 30min in the presence or absence of
costunolide. As shown in Figure 3(c), TNF𝛼-induced IKK
phosphorylation was prolonged until 30min, which was
blocked by costunolide. Furthermore, while TNF𝛼 induced
I𝜅B degradation, costunolide slowly recovered I𝜅B𝛼 expres-
sion at 15min.

To confirm costunolide suppression of NF-𝜅B nuclear
translocation, we performed immunofluorescence assay
using the anti-pNF-𝜅B antibody. As shown in Figure 3(d),
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Figure 5: Costunolide inhibits orthotopically tumor growth and metastasis. (a) 1 × 106 MDA-MB-231 cells were orthotopically injected in
nude mice (𝑛 = 5/group). Costunolide was injected into the mammary fat fad and repeated every three days for 30 days. Tumor volumes
were measured using calipers. Tumor volume (cubic millimeters) = width2 × length/2. (b) Body weight measured three times a week. (c)
Tumor tissues were stained with hematoxylin and eosin. Photo images were taken at 20x magnification. (d) Tumor tissues were stained with
anti-ki-67 antibody. (e) Tumor tissues were stained with anti-MMP-9 antibody. The object was 20x, and, scale bars on the image indicate
10𝜇m.
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tunolide inhibits TNF𝛼-induced breast cancer cell migration and
invasion by inhibiting NF-𝜅B activity.

NF-𝜅B was observed in the cytosol of the cells treated
with costunolide. Thus, our data indicate that SLC-derived
costunolide inhibits NF-𝜅B pathway.

3.4. Costunolide Inhibits NF-𝜅B Transcriptional Activity and
MMP-9. To confirm the inhibition of NF-𝜅B pathway by
costunolide, we performed the transcriptional activation of
NF-𝜅B by using the luciferase assay. As shown in Figure 4(a),
costunolide reduced TNF𝛼-induced NF-𝜅B transcriptional
activation by 5-fold inMDA-MB-231 cells.We next examined
whether costunolide affects upstream of IKK in TNF𝛼-
induced NF-𝜅B pathway, MDA-MB-231 cells were cotrans-
fected with NF-𝜅B reporter gene and TNFRI and then cul-
tured in the presence or absence of costunolide. Costunolide
reduced TNFRI-induced NF-𝜅B transcriptional activity by
approximately 2.5-fold in MDA-MB-231 cells (Figure 4(a)).

It is known that MMP-9 is regulated by NF-𝜅B, and
the promoter region of MMP-9 gene contains binding sites
for NF-𝜅B. Thus, we examined whether costunolide inhibits
MMP-9; we checked MMP-9 by using RT-RCR, western
blot, and zymography. As shown in Figure 4(b), Costuno-
lide inhibited TNF𝛼-induced MMP-9 mRNA, protein, and
enzyme activity, when cells were treated with costunolide for
24 hours.

3.5. Costunolide Inhibits Tumor Growth and Metastasis. To
examine costunolide effect on breast cancer growth and
metastases in vivo, MDA-MB-231 cells were orthotopically
injected into the 4th mammary fat fads. A day after tumor

cell injection, costunolide at 20𝜇M was injected into the
mammary fat fad three times a week for 30 days. In addition,
tumor volume and body weight of mice were also measured
three times a week. As shown in Figure 5(a), costunolide
reduced tumor volume (𝑃 = 0.007628), and no significant
weight loss in mice treated with either costunolide or vehicle
was observed (Figure 5(b)).When tumor tissues were stained
with hematoxylin and eosin, we found that tumor cohort
treated with costunolide compared to that with control
was well differentiated (Figure 1(c)). In addition, tumor and
organ (lung and liver) tissues were stained with anti-ki-67.
Costunolide, compared to control reduced ki-67 positive cell
in tumor, lung, and liver (Figure 1(d)). When tumor tissues
were stained with MMP-9 antibody, costunolide inhibited
a number of MMP-9 positive cells (Figure 1(e)). Thus, our
data indicate that costunolide inhibits tumor growth and
metastasis.

4. Discussion

TNF𝛼-induced NF-𝜅B pathway is a well-known molecular
target for cancer therapy. Tumor cells released NF-𝜅B-
dependent MMPs by NF-𝜅B-mediated TNF𝛼 production
of immune cells in tumor microenvironment [33]. In this
study, we found that Saussurea lappaClarke-derived costuno-
lide suppressed TNF𝛼-induced MDA-MB-231 breast cancer
cell migration and invasion by inhibiting NF-𝜅B activity
(Figure 5(c)). Thus, SLC as well as costunolide appears to be
useful for treating highly metastatic breast cancer.

Matrix metalloproteinases (MMPs), a family of zinc-
dependent endoproteinase is necessary for extracellular
matrix (ECM) degradation amongmetastasis process. MMPs
also affect many biological processes such as normal tissue
remodeling, wound healing, angiogenesis, embryogenesis,
and many diseases including cancer, atheroma, and arthritis
[34]. MMP-9 is frequently overexpressed in many cancers
and correlates with poor prognosis and survival in can-
cer patients [35–37]. In addition, MMP-9 is important for
tumor metastasis by cleaving basement membranes, which
allows migratory phenotype cells to be more invasive and
motile [38–40]. MMP-9 is regulated by stimulators (phorbol
12-myristate 13-acetate, PMA; transforming necrosis factor
alpha, TNF𝛼; growth factor, UV; and stress) and transcription
factors (nuclear factor kappaB; NF-𝜅B and activator protein-
1; AP-1) [39, 40]. In addition, MMP-9 is important for tumor
metastasis by cleaving basement membranes, which allows
migratory phenotype cells to be more invasive and motile.
Thus, TNF𝛼-inducedMMP-9 expression viaNF-𝜅B is impor-
tant for cancer growth and metastasis. In our study, TNF𝛼-
induced cell migration and invasion were inhibited by either
SLC or costunolide. SLC and costunolide suppressed TNF𝛼-
induced NF-𝜅B translocation to nucleus and transcriptional
activity. In addition, costunolide specifically inhibited IKK
phosphorylation and I𝜅B𝛼 degradation. Those inhibitions
further reduced NF-𝜅B-dependent MMP-9 expression. As
a result, costunolide suppressed in vivo tumor growth and
metastasis.

This study concludes that (a) SLC suppresses TNF𝛼-
induced MDA-MB-231 cell migration and invasion by
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inhibiting NF-𝜅B-dependent MMP-9 expression, (b) SLC-
derived costunolide inhibited serum or TNF𝛼-induced
MDA-MB-231 cell migration and invasion, (c) costunolide
inhibited TNF𝛼-induced NF-𝜅B translocation resulting from
the suppression phosphorylation and I𝜅B𝛼 degradation (d)
costunolide blocked TNF𝛼-induced NF-𝜅B transcription
activity and TNF𝛼-induced MMP-9 expression, and (e)
costunolide decreased in vivo tumor growth and metastasis
without weight loss (Figure 6). In sum, we provide evidence
that the anti-cancer effect of both SLC and its component
costunolide on MDA-MB-231 result from the inhibition of
TNF𝛼-induced NF-𝜅B activation. Therefore, SLC-derived
costunolide could be useful for treating highly metastatic
breast cancer growth and metastases.
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[21] H. Häcker and M. Karin, “Regulation and function of IKK and
IKK-related kinases,” Science’s STKE, vol. 2006, no. 357, p. re13,
2006.

[22] S. G. Ko, H.-P. Kim, D.-H. Jin et al., “Saussurea lappa induces
G2-growth arrest and apoptosis in AGS gastric cancer cells,”
Cancer Letters, vol. 220, no. 1, pp. 11–19, 2005.

[23] S.-G. Ko, S.-H. Koh, C.-Y. Jun, C.-G. Nam, H.-S. Bae, andM.-K.
Shin, “Induction of apoptosis by Saussurea lappa and Pharbitis
nil on AGS gastric cancer cells,” Biological and Pharmaceutical
Bulletin, vol. 27, no. 10, pp. 1604–1610, 2004.

[24] A. Robinson, T. V. Kumar, E. Sreedhar et al., “A new sesquiter-
pene lactone from the roots of Saussurea lappa: structure-
anticancer activity study,” Bioorganic and Medicinal Chemistry
Letters, vol. 18, no. 14, pp. 4015–4017, 2008.

[25] C. A. L. Kassuya, A. Cremoneze, L. F. L. Barros et al.,
“Antipyretic and anti-inflammatory properties of the ethanolic
extract, dichloromethane fraction and costunolide from Mag-
nolia ovata (Magnoliaceae),” Journal of Ethnopharmacology, vol.
124, no. 3, pp. 369–376, 2009.

[26] H.-C. Chen, C.-K. Chou, S.-D. Lee, J.-C. Wang, and S.-F. Yeh,
“Active compounds from Saussurea lappa Clarks that suppress
hepatitis B virus surface antigen gene expression in human
hepatoma cells,” Antiviral Research, vol. 27, no. 1-2, pp. 99–109,
1995.

[27] D. E. Wedge, J. C. G. Galindo, and F. A. Maćıas, “Fungicidal
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To introduce and determine the clinical benefits of a detoxification program that combines fasting with fluid therapy for refractory
cases of severe atopic dermatitis (AD), we performed a retrospective chart review of inpatients with AD from March 2010 to
February 2012 at the Department of Ophthalmology, Otorhinolaryngology and Dermatology of Korean Medicine in the Kyung
Hee Medical Center. Patients were treated with the detoxification program, which combined fasting with fluid therapy, and herbal
medicine, herbal wet wrap dressings, or acupuncture treatment when clinically necessary.The primary outcome was the SCORAD
total index. The secondary outcome was the pruritus visual analogue scale (VAS) score in SCORAD as evaluated by a trained
dermatology specialist. Among the 130 inpatients that have done detoxification, 7 patients met the inclusion criteria. The mean
total SCORAD scores significantly decreased from 64.67 ± 11.72 to 26.26 ± 11.01 (𝑃 = 0.018) after the detoxification program.
There was also a significant decrease in VAS score for pruritus from 8.00 ± 1.16 to 2.57 ± 0.98 (𝑃 = 0.016) between admission
and discharge. We suggest that fasting with fluid therapy as a complementary and alternative treatment method may provide some
benefits for patients with refractory cases of severe atopic dermatitis.

1. Introduction

Atopic dermatitis (AD) is a chronic relapsing inflammatory
skin condition with extensive pruritus, erythema, excoria-
tions, and scaly skin lesions [1]. Westernized medicine has
conventionally used a combination of emollients, corticos-
teroids, antibiotics, calcineurin inhibitors, UV phototherapy,
and systemic immunomodulating therapies like cyclosporine
and interferon gamma-1b [1, 2]. Long-term conventional
treatments for AD are occasionally difficult because of the
chronic, recurrent nature of AD; thus, there is an increasing
need to find better therapies that haveminimal side effects [2,
3]. Lately, traditional Chinese medicine (TCM) with natural
herbs and acupuncture has been regarded as a new therapy for
AD that could minimize the use of corticosteroids and their
side effects. However, TCM also has some problems, as some
patients with severe AD who are refractory to conventional
therapy developed significant side effects to TCM.

Detoxification, a part of complementary and alternative
medicine, is described as working by releasing “toxins” from

the body contaminated by metabolites and environmental
toxins or by overindulgence and an insalubrious lifestyle [4].
Among the various methods for detoxification, fasting has an
inhibitory effect on allergic dermatitis in experimentalmouse
models [5–7]. Furthermore, a clinical study has suggested a
positive relationship between weight loss through repeated
short-term fasting and symptom improvement in patients
with AD [8]. Based on these previous studies, we applied the
detoxification program, which combined fasting with fluid
therapy, to refractory cases of severe AD.

The aim of this study was to introduce and evaluate the
clinical benefits of this detoxification program on AD by
performing a retrospective chart review of inpatients with
severe AD.

2. Methods

2.1. Patients. We conducted a retrospective chart review
of inpatients who have done detoxification program from
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March 2010 to February 2012 at the Department of Ophthal-
mology, Otorhinolaryngology and Dermatology of Korean
Medicine in the Kyung Hee Medical Center in Seoul and
then selected refractory cases of severe AD. Eligibility criteria
for inclusion were (1) a diagnosis of AD according to the
UK Working Party’s Diagnostic Criteria [9], (2) an age of
18 to 40 years, (3) admission required because of refractory
pruritus or lifestyles that could exacerbate symptoms, and
(4) a Scoring AD (SCORAD) index greater than 50. Verbal
informed consent was obtained from each patient. Data was
stored to safeguard confidentiality in password protected
computer. Only one investigator had access to harvested
patient data and when no longer needed data would be
destroyed.

This study was approved by the Institutional Review
Board of Kyung Hee Oriental Medical Center (IRB approval
number KOMCIRB 2013-02).

2.2. Outcome Measurement. Primary outcome was the SCO-
RAD total index at each admission and discharge day.
Secondary outcomes were the pruritus self-assessment score
changes of AD-related itching/scratching at each admission
and discharge day, adverse changes in daily vital signs (BP,
pulse, and temperature), and peripheral blood glucose level.

2.3. Adverse Events and Safety Monitoring. All unpredictable
adverse events related to the detoxification program were
reported to two Korean medical doctors (KMD and one
medical doctor (MD) in the Department of East and West
Integrated Medicine. Safety was assessed by the reporting of
clinical laboratory tests, vital signs, and adverse events. Clin-
ical laboratory tests, including AST/ALT, BUN/creatinine,
red blood cell (RBC) count, white blood cell (WBC) count,
hemoglobin, hematocrit, mean cell volume (MCV),mean cell
hemoglobin (MCH), mean cell hemoglobin concentration
(MCHC), number of platelets, and number of differentiated
cells, were determined at each admission and discharge day.
Vital signs of inpatients were checked with monitoring of
adverse events (nausea/vomiting, fatigue, allergic reaction,
and any adverse events related to the detoxification program)
three times a day.

2.4. Intervention

2.4.1. Fasting. The detoxification program consists of three
stages: (1) very low-calorie diet, (2) fasting, and (3) convales-
cence (Figure 1). On admission to the hospital, we confirmed
that the detoxification program was appropriate for the
patients with atopic dermatitis through examinations like
blood tests or electrocardiograms. Before the fasting stage,
patients were prescribed a very low-calorie diet for three
meals. At that time, we recommended that patients take a
vermicide to empty the intestines. If a patient did not have
a bowel movement before the fasting stage, we administered
an enema or prescribed herbal medicine to help with bowel
movements. After a very low-calorie diet for three meals,
no food was given to inpatients for three meals during the

fasting stage. After the fasting stage, we again prescribed a
very low-calorie diet for threemeals. Twodays before hospital
discharge, we prescribed a general diet in order to examine
the skin condition of patients to assess for signs like itching
or scaling after being exposed to a general diet.

2.4.2. Fluid Therapy. From the day of admission to two days
before discharge, we supplied about one liter of fluid per day
(normal saline solution) to inpatients. If a patient complained
of severely dry skin, it was possible to increase the amount
of fluid. We examined the patients when fluid therapy was
stopped.

2.4.3. Herbal Medicine and Acupuncture Treatment. We pre-
scribed herbal medicine (types of decoction, ointment, or
wet wrap dressing) or acupuncture treatment if necessary.
Usually, acupuncture treatment was provided twice per day
at acupuncture points both sides of LI4, LI11, SP10, SP6, and
LR3 to control the skin inflammation of AD patients. The
herbal medicine was a decoction of plant material, including
Rehmannia glutinosa, Angelica gigas, Paeonia japonica, Cnid-
ium officinaleMakino, Sophora flavescens Solander ex Aiton,
and Spirodela polyrhiza. We decocted 0 to 12 grams of each
plant material with purified water as a daily dose according
to patient progress. This daily dose was administered three
times a day after each meal. We also used a decoction of
plant material for the herbal wet dressings, including Aloe
vera. Four or five layers of sterilized gauze were hydrated
sufficiently with the decoction and were applied immediately
to the AD lesions for 15 minutes. Herbal wet dressings were
applied once or twice per day according to symptom severity.
We applied the herbal medicine for AD only during the
very low-calorie diet stage, not during the fasting stage. If
some patients were sensitive, we did not apply acupuncture
treatment to them during the fasting stage.

2.5. Statistical Analysis. Analyses were performed using SPSS
version 17.0 for Windows. Data are presented as mean ±
standard deviation (SD). The statistical calculation for
Wilcoxon signed-rank test, a nonparametric method, was
performed for the mean change of the SCORAD total index
and the pruritus self-assessment score changes of AD-related
itching/scratching between admission and discharge because
assumptions of normality were violated. All differences were
considered significant at 𝑃 < 0.05.

3. Results

3.1. Patients. Among the 130 inpatients that have done
detoxification, a total of 7 patients were included in this study
(Figure 2). Clinical characteristics of patients on admission
day are summarized in Table 1. The mean age of the 7
inpatients was 24 years (range 19–30). Hospitalization lasted
an average of 9.29 days (range 7–15). Serum immunoglobulin
E level was an average of 4934 IU/mL (range 18–14000).
Eosinophil count was an average of 854.29 cells/mcl (range
130–1700). Antistreptolysin O titer level was an average of
183.29 IU/mL (range 101–284).
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1st 2nd 3rd 4th 5th 6th 7thAdmission
day

Diet General
diet

General
diet

Soft diet Soft dietLiquid
diet

Liquid
diet

NPO

Fluid therapy

HM + AT

Figure 1: Flow chart of hospitalization program combining very low-calorie diet and fluid therapy. Abbreviation: HM, herbal medicine
(decoction, ointment, or wet wrap dressing type); AT, acupuncture treatment; NPO, nothing per os.

Total inpatients (n = 130)

Inpatients with skin disease (n = 20)

Excluded

Excluded

Urticaria (n = 7)

Postzoster neuralgia (n = 3)

Acne (n = 2)

Pityriasis rubra pilaris (n = 1)

Vasculitis (n = 1)

Pruritus (n = 1)

Guttate psoriasis (n = 1)

Enrolled inpatients (n = 7)

Inpatients with atopic dermatitis (n = 10)

Pompholyx; dyshidrosis (n = 2)

Dermatitis; unspecified (n = 2)

Nondetoxification program (n = 3)

Figure 2: Flow chart of subjects’ inclusion process.

3.2. Primary and Secondary Outcomes. The primary out-
come, which was the SCORAD total index at each admission
and discharge day, significantly decreased from 64.67 ± 11.72
(extent: 45.14 ± 29.32/intensity: 11.86 ± 1.95) to 26.26 ±
11.01 (extent: 34.14 ± 25.77/intensity: 5.57 ± 2.07) (𝑃 =
0.018). There was also a significant decrease in a secondary
outcome, the pruritus self-assessment score changes of AD-
related itching/scratching, from 8.00 ± 1.16 to 2.57 ± 0.98
(𝑃 = 0.016) between admission and discharge day (Figure 3).

3.3. Safety Evaluation. No adverse events were reported.
Mean levels in systolic and diastolic blood pressure, respira-
tory rate, heart rate, and body temperature were similar at
all measurement times. Also, clinical laboratory tests were
similar between admission and discharge day.

4. Discussion

AD, especially when unmanageable, can be distressing and
can reduce quality of life. Quick and effective treatments are
necessary. Unfortunately, conventional treatments, whether
western medicine or TCM, often fail to relieve symptoms of
AD [10]. Therefore, we modified previous studies of fasting
and developed the detoxification program, which combined

fasting and fluid therapy, for inpatients with refractory cases
of severe AD.

Fasting for a certain period of time can eliminate
body waste, diminish gastrointestinal irritation, and refresh
digestive and respiratory organs. In particular, inhibition of
gastrointestinal irritation helps repair the mucous membrane
and blocks any supply of unwholesome food, which can
be allergens, for a certain period of time [11]. However,
during the fasting stage, moisture and electrolytes can be
lost. Accordingly, fluid therapy is needed to replenish the
body with moisture and electrolytes [12]. A 0.9% hypertonic
solution has some benefits because it is distributed first
to the extracellular space. Although there is no scientific
evidence on the pathophysiology, a large amount of fluid
supply promoted recovery of postoperative or burn patients
[13].

To apply detoxification to patients, careful attention is
required in the following cases: (1) patients with gastric acid
control disorders, (2) patients with hypoglycemia accompa-
nied by vertigo or cold sweats, (3) patients with constipation,
and (4) patients with anemia.

The typical period of detoxification is usually 7 days. If
necessary, the period can be longer or shorter than 7 days, but
the fasting state should not be longer than 3 consecutive days.
Sidedishes have to be supplied to patients 1 or 2 days after a
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Table 1: Patient summary.

Case Age Gender Other atopy Duration (unit: days) Western
medicine HM type AT Serum

IgE
Eosin
count

ASO
titer

Hospitalization VLCD
Program

Fluid
therapy

1 19 Male
AR, AC, and
food allergy

(crab)
7 7 4 None Decoction +

ointment Yes 1680 240 116

2 30 Male AR, AC, and
asthma 7 7 4 None Decoction +

ointment Yes 14000 1340 273

3 20 Female AR 12 8 5 Topical
steroid

Decoction +
ointment +
wet wrap
dressing

Yes 475 1510 284

4 22 Male
AR, food
allergy

(soybean)
8 8 4 None Decoction +

ointment Yes 460 None 106

5 29 Male ND 15 12 5 None

Decoction +
ointment +
wet wrap
dressing

Yes <18 130 202

6 25 Male Food allergy 8 8 4

No
response
to topical

and
systemic
steroid
therapy

Decoction +
ointment +
wet wrap
dressing

Yes 391 1700 101

7 23 Female SD 8 8 4 None Decoction +
ointment Yes 2400 210 201

∗AR: allergic rhinitis; AC: allergic conjunctivitis; ND: nummular dermatitis; SD: seborrheic dermatitis; VLCD: very low calorie diet; HM: herbal medicine;
AT: acupuncture treatment; IgE: immunoglobulin E; ASO: antistreptolysin O.
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Figure 3: The mean change of SCORAD index and VAS score for pruritus after the detoxification program.

low-calorie diet not immediately after finishing fasting. Also,
to calculate the fluid supply for patients, urinary and skin loss
of water must be considered [14]. Although there were no
cases in this study, based on experience in clinical practice,
the symptoms of patientswithAD, such as night-time itching,

can be aggravated during the third very low-calorie meal
or second fasting meal. However, these symptoms improve
after about two to three days.Therefore, we should explain to
patients that symptoms related to AD can deteriorate during
the period of about seven days after the fasting diet. We also
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have to explain to patients that symptoms related to AD can
worsen if unwholesome foods, which can be allergens, are
introduced after discharge from the hospital.

In experimental animal studies, fasting protected or
diminished the distress level of autoimmune disease and
allergy [5–7]. In clinical studies, fasting [15] and a low-
calorie diet [16] have been reported to be effective in patients
with rheumatoid arthritis. A review study found that one
randomized trial concluded that weight loss may have some
benefits for relieving asthma in overweight and obese patients
[17]. Other studies indicated that fasting and DR can protect
the increase of allergen-specific IL-4-producing T cells and
suppress the allergic reaction [5] and in humans can amelio-
rate T-cell function [18].

A low-energy diet reduced inflammatory symptoms and
oxidative damage in patients with AD [19]. A positive rela-
tionship between weight loss through short-term fasting and
symptom improvement in patients with AD has also been
reported [8]. These results are consistent with our findings
after the detoxification program, which combined fasting
with fluid therapy, for inpatients with AD.

However, there are still few data about fasting and fluid
therapy in patientswithAD.Numerouswell-designed clinical
studies, such as randomized controlled studies, are needed
to acquire definite evidence on the effects of detoxification
programs for inpatients with refractory cases of severe AD.

5. Conclusions

In this study, fasting with fluid therapy was effective for
inpatients with refractory AD compared to conventional
therapeutic modalities. The detoxification program, which
combined fasting with fluid therapy, may be used as a novel
treatment in refractory cases of severe AD.
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We sought to determine the cartilage repair capacity of WIN-34B in the collagenase-induced osteoarthritis rabbit model and in
progenitor cells from subchondral bone. The cartilage protective effect of WIN-34B was measured by clinical and histological
scores, cartilage area, and proteoglycan and collagen contents in the collagenase-induced osteoarthritis rabbit model. The efficacy
of chondrogenic differentiation of WIN-34B was assessed by expression of CD105, CD73, type II collagen, and aggrecan in vivo
and was analyzed by the surface markers of progenitor cells, the mRNA levels of chondrogenic marker genes, and the level of
proteoglycan, GAG, and type II collagen in vitro. Oral administration of WIN-34B significantly increased cartilage area, and this
was associated with the recovery of proteoglycan and collagen content. Moreover, WIN-34B at 200mg/kg significantly increased
the expression of CD105, CD73, type II collagen, and aggrecan compared to the vehicle group. WIN-34B markedly enhanced the
chondrogenic differentiation of CD105 and type II collagen in the progenitor cells from subchondral bone. Also, we confirmed
that treatment with WIN-34B strongly increased the number of SH-2(CD105) cells and expression type II collagen in subchondral
progenitor cells. Moreover, WIN-34B significantly increased proteoglycan, as measured by alcian blue staining; the mRNA level of
type II 𝛼1 collagen, cartilage link protein, and aggrecan; and the inhibition of cartilage matrix molecules, such as GAG and type II
collagen, in IL-1𝛽-treated progenitor cells. These findings suggest that WIN-34B could be a potential candidate for effective anti-
osteoarthritic therapy with cartilage repair as well as cartilage protection via enhancement of chondrogenic differentiation in the
collagenase-induced osteoarthritis rabbit model and progenitor cells from subchondral bone.

1. Introduction

Osteoarthritis (OA) is a degenerative joint disease charac-
terized by degradation and loss of articular cartilage, hyper-
trophic bone changes with osteophyte formation, and sub-
chondral sclerosis [1, 2].The disease results from homeostatic
imbalance between matrix synthesis and degradation of joint
tissue [3].

Currently, the subchondral bone is recognized as a key
factor in normal joint protection and chondrogenic differen-
tiation. Subchondral bone has been shown to exert important
shock absorbing and supportive function. Subchondral bone
can decrease the joint load and supplies nutrients to cartilage.
Moreover, researchers believe that factors produced locally
by subchondral bone tissue seep through the bone-cartilage
interface [4]. These changes then lead to reactivation of the
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secondary ossification centre and a decrease in cartilage
thickness [5]. Cartilage defects that extend to the subchondral
bone exhibit some ability to repair via the formation of neo-
cartilage [6], probably due to the release of bone marrow-
derived stem cells from the underlying subchondral bone [7].

OA has traditionally been seen as a primary articu-
lar cartilage disorder. However, recent observations have
demonstrated that both early-stage increased remodeling
and bone loss, and late-stage slow remodeling and sub-
chondral densification are important components of the OA
pathogenesis [8]. In addition, subchondral bone is thought
to play a key role in OA pathogenesis. Subchondral bone
changes in OA are potentially both a result and a cause of
cartilage loss. Subchondral bone stiffness may decrease its
viscoelastic properties and produce a loss of shock absorbing
capacity, which in turn causes significant mechanical load
and breakdown of the overlying cartilage [9]. Cartilage
damage may in turn negatively influence the subchondral
bone, thus perpetuating a pathogenic circle in the OA joint.
Consequently, modulation of subchondral bone remodeling
may become an attractive approach for OA treatment.

Current strategies for OA treatment include decreas-
ing joint pain and stiffness, improving joint function, and
delaying surgery. Commonly prescribed OA medications
include nonsteroidal anti-inflammatory drugs, analgesics,
locally administered corticosteroids, and viscosupplementa-
tion, which provide only symptomatic relief and eventually
result in the need for surgical intervention [10]. Until now,
effective agents have not been found that significantly prevent
progression of disease and aid recovery of tissue damage.
The search continues for reliable therapeutic agents that
influence subchondral bone remodeling and establish their
potential role as disease-modifying OA drugs (DMOADs).
These agents include antiresorptives (estrogens, selective
estrogen receptor modulators, bisphosphonates, calcitonins,
and osteoprotegerin and blocking RANKL antibodies), bone-
forming agents (parathormone and teriparatide), and antios-
teoporotic agents with dual mechanism of action (strontium
ranelate) [11]. However, there are still no DMOADs currently
available to patients that can prevent disease progression and
reverse the damage caused by OA [12].

To develop a novel antiosteoarthritis drug, we investi-
gated the cartilage protection, analgesia, and anti-inflamma-
tion properties of 200 medicinal herbs used clinically for
their anti-inflammatory and analgesic properties in tradi-
tional medicine. WIN-34B, a compound extracted from two
herbs, the flowers of Lonicera japonica Thunb and roots of
Anemarrhena asphodeloides BUNGE, was initially isolated
through a comprehensive screening process.We standardized
WIN-34B for quality control according to a previous report
[13] and analyzed themajor compounds ofWIN-34Bwith the
aim of standardizing its practical use and aiding in medicinal
development.Data from several previous studies indicate that
WIN-34B exhibits excellent analgesic and anti-inflammatory
properties in the experimental models [13] and did not cause
toxicity or gastric injury when orally administered to rats
[14]. Also, WIN-34B showed that anti-inflammatory effect is
mediate by reducing inflammatory mediators and regulating
MMPs, ADAMTSs, and TIMPs via I𝜅B-𝛼 and MAP kinases

signal pathways in IL-1𝛽-stimulated human OA fibroblast-
like synoviocytes [15]. Furthermore, WIN-34B has cartilage
protective effects in osteoarthritis human cartilage explants
culture and chondrocytes [16]. These results suggest that
WIN-34B could be a potential candidate for effective antios-
teoarthritic therapy with cartilage protective properties and
without toxicity instead of existing OA treatment. However,
little is known about the effects ofWIN-34B on chondrogenic
differentiation.

In this study, we investigated the effects of WIN-34B on
cartilage protection and chondrogenic differentiation in the
collagenase-induced osteoarthritis rabbit model and progen-
itor cells from subchondral bone.

2. Materials and Methods

2.1. Preparation of WIN-34B Extract and Standardization.
The dried flowers of Lonicera japonica and the dried root of
Anemarrhena asphodeloides from Song Lim Pharmaceutical
Company (Seoul, Republic of Korea) were purchased and
identified by the Korea Pharmaceutical Trading Association
(Seoul, Republic of Korea). Voucher specimens of Lonicera
japonica Thunb. (no. OA-LOJ-15) and Anemarrhena aspho-
deloides Bunge (no. OA-ANA-11) were analyzed by HPLC
analysis and deposited in the Central Research Institute,
WhanIn Pharm. Co. Ltd. (Suwon, Republic of Korea).

WIN-34B was prepared by extracting a mixture of 2 kg
of dried Lonicera japonica flowers and 1 kg of Anemarrhena
asphodeloides root (2 : 1, w/w) with 10 L of 50% (v/v) ethanol
for 4 h at 85∘C. After the extracted solution was filtered and
evaporated in vacuo, the resulting concentrate was dissolved
in 225mL distilled water and partitioned with 195mL n-
butanol. The n-butanol layer was evaporated in vacuo and
lyophilized for complete removal of the residual solvent,
resulting in a 7% yield of 11 g brown powder.We standardized
WIN-34B for quality control according to a previous report
[13], which we then analyzed by HPLC to find the standard
compounds, mangiferin and chlorogenic acid.

2.2. In Vivo Study

2.2.1. Animals. Male New Zealand white rabbits (2.8–3.0 kg,
nine to tenweeks) were obtained from the animal experimen-
tal center at Kyung Hee University Hospital (Seoul, Republic
of Korea) and individually housed with water and food
available ad libitum.The room was light/dark (08:00–20:00 h
light, 20:00–08:00 h dark) controlled and kept at 21–24∘C.
All experiments were conducted according to the “Guiding
Principles for the Care and Use of Laboratory Animals”
and all procedures approved by the Animal Care and Use
Committee of Kyung Hee University Medical Center.

2.2.2. Induction of Collagenase-Induced Osteoarthritis and
Drug Treatment. Rabbits aged nine to ten weeks and weigh-
ing 2.8–3.0 kg at the start of the experiment (day 1) were
anesthetized with an intramuscular injection of 0.5mg/kg
tiletamine-zolazepam (Zoletil50, Virbac, France).The shaved
right knee joints of all rabbits were intra-articularly injected
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with either 250𝜇Lof 4mg/mL collagenase solution (Clostrid-
ium histolyticum type II, 425 units/mL enzyme activity) or
saline (control group).The same collagenase injection proce-
dure was applied once more on day 4 according to methods
described in Mankin [17]. Following the initial injection of
collagenase (day 1), the rabbits were divided into groups
(𝑛 = 10 per group). For four weeks, the vehicle groups were
orally treatedwith 20mLdistilledwater and the experimental
groups were orally treated with WIN-34B (100, 200, and
400mg/kg), joins (ETCP, SK chemicals, 400mg/kg), cele-
brex (CEL, Pfizer, 100mg/kg), and glucosamine (Gluco-Hcl,
Sigma, 1500mg/kg) on a daily basis using a feeding catheter
(DJ2-284, Dae jong Ins. Korea).

2.2.3. Macroscopic Scoring of Stiffness. Stiffness was classi-
fied by movement, swelling, and reddening of knees. Each
characteristic was subclassified as mild, moderate, and severe
compared to the control group. The examination was per-
formed by two independent observers who were blinded to
the treatment groups.

2.2.4. Quantification of Global Histologic Score. After four
weeks, the rabbits were sacrificed for histological examina-
tion. The right knee joints were then dissected and fixed
in 10% phosphate-buffered formalin for two days, then
decalcified in Calci-Clear Rapid solution (National Diag-
nostics, Atlanta, USA) for ten days, and then embedded
in paraffin. Standard frontal sections of 5𝜇m were stained
with hematoxylin and eosin (H&E) in the cartilage. Cartilage
degradation features were analyzed using the scoring system
developed by Colombo et al. [18] and modified by Kikuchi
et al. [19]. The following six parameters were quantified: loss
of superficial layer, erosion of cartilage, fibrillation and/or
fissures, loss of stainable proteoglycan, disorganization of
chondrocytes, and loss of chondrocytes. Each item was first
graded from 1 to 4 (minimum to maximum damage) and the
global histologic score was calculated as the total sum of each
of the six parameters. All measurements were performed on
the medial part of the tibial plateau, which is the region most
affected by collagenase, and the femur condyle in the knee
joint.

2.2.5. Quantification of Cartilage Area. All specimens were
analyzed under bright-field microscopy (Axiovert 200, Carl
Zeiss, Germany), and images were captured using a CCD
camera (Axiocam MRc5, Carl Zeiss, Germany). The area of
cartilage was measured in the whole of cartilage in the knee
joints (100x magnification). All sections were evaluated by
two independent observers blinded to the treatment groups.
The results of these evaluations were then statistically ana-
lyzed.

2.2.6. Quantification of Proteoglycan by Safranin O Staining
and Collagen by Masson’s Trichrome Staining. These sections
were also stained with Safranin O for detection of proteogly-
can loss andMasson’s trichrome for measurement of collagen
in the cartilage. Cartilage depletion was indicated visually
by diminished Safranin O staining and Masson’s trichrome

staining and was measured automatically with a Biocom
microscope and AxioCam camera (Carl Zeiss, Germany).
The proteoglycan content or collagen ratio of the cartilage
was approximated by quantifying the staining intensity of
the histologic sections [20, 21]. Intensity was measured in
both the superficial and deep zone of the cartilage (100x
magnification), and the ratio was calculated by dividing
the Safranin O staining intensity (SOI) and the Masson’s
trichrome staining intensity (MTI) in the superficial zone by
the SOI andMTI in the deep zone. All sectionswere evaluated
by two independent observers blinded to the treatment
groups.The results of these evaluations were then statistically
analyzed.

2.2.7. Immunohistochemical Staining. Deparaffinized sec-
tions were pretreated with chondroitinase ABC (1U/mL;
SIGMA, St. Louis,MO, USA) at 37∘C for 30min.The endoge-
nous peroxidase was blocked with 3% H

2
O
2
in PBS at room

temperature for 20min and incubated in normal goat serum
at room temperature for 30min. Immunodetection of type
II collagen was performed by raising a new polyclonal rabbit
antibody (5 𝜇g/mL; MP Biomedicals Inc., CA, USA) against
the six amino-acid sequence (EKGPDP) of the C telopeptide
of type II collagen at 4∘C overnight. Rabbit anti-aggrecan
antibody (10𝜇g/mL; Affinity BioReagents, Golden, CO,USA)
was used to evaluate the aggrecan at 4∘C overnight. Rabbit
anti-CD105 antibody and rabbit anti-CD73 antibody (Santa
Cruz Biotechnology, CA, USA) were treated to detect mes-
enchymal stem cells. After reaction of the biotinylated rabbit
antibodies against goat immunoglobulin G (IgG) (DAKO,
Glostrup, Denmark) at room temperature for 30min, the sec-
tionswere reactedwith horseradish peroxidase-labeled strep-
tavidin (DAKO) at room temperature for 15min. The color
was developed with 3,3-diaminobenzidine tetrahydrochlo-
ride (DAB) in 50mmol/L of Tris-HCl, pH 7.6, 0.15mol/L
of NaCl, containing 0.05% Tween. Counterstaining was per-
formed with hematoxylin. As a control, sections were reacted
by replacing the first antibodies with nonimmune goat IgG
(DAKO) at room temperature for 2 h before the immunos-
taining.

2.3. In Vitro Study

2.3.1. Isolation and Cultivation of Progenitor Cells from Rabbit
Subchondral Bone. Subchondral bone was obtained from the
knee joint of NewZealand white rabbit. To harvest progenitor
cells from rabbit subchondral bone, bone was cut into
small fragments, washed with phosphate buffered saline, and
partially digested for 4 h at 37∘C using 256U/mL type I colla-
genase (Sigma-Aldrich, St Louis, MO, USA).The supernatant
was discarded and the remaining fragments were placed in
culture flasks and cultured in DMEM medium (Gibco-BRL,
now part of Invitrogen Corporation, Carlsbad, CA, USA)
containing 10% heat-inactivated FBS and an antibiotic mix-
ture (100 units/mL penicillin base and 100 𝜇g/mL strepto-
mycin) at 37∘C in the humidified atmosphere. This medium
was replaced every 2 days until cells were observed in the Petri
dishes. At this point, the culture medium was replaced with
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freshmedium containing 10%FBS until confluence. Cells that
reached 80%–90% confluence were passaged using trypsin-
EDTA in PBS (0.05% v/v, Gibco-BRL) and expanded into
plates as passage 1. Medium was exchanged every 3 days.

2.3.2. Flow Cytometry Analysis of Progenitor Cells and Chon-
drogenic Differentiation of Progenitor Cells from Rabbit Sub-
chondral Bone. Mesenchymal progenitor cells from passage
2 of subchondral bone were washed in PBS/0.2% BSA and
stained with fluorescence-isothiocyanate- (FITC-) conju-
gated mouse anti-human CD73, CD90, and CD45 (BD
Biosciences, San Diego, CA, USA) phycoerythrin- (PE-)
conjugated anti-human CD105(SH-2), the activated leuko-
cyte cell adhesion molecule (ALCAM, CD166), CD34, and
CD11b (BD Biosciences, San Diego, CA, USA) for 15min
on ice. For indirect staining, cells were incubated 30min
with either mouse anti-human STRO-1 or rabbit anti-human
type II collagen (Col II)-IgG, washed with PBS/0.2% BSA,
and stained with FITC-conjugated anti-mouse IgG (DAKO,
Hamburg, Germany) for STOR-1 and PE-conjugated anti-
rabbit IgG for Col II for 30min at 4∘C.

Mesenchymal progenitor cells frompassage 2 of subchon-
dral bone were seeded in 6-well plates at a concentration of
5 × 105cells/cm2. After 24 h, cells were treated or nontreated
with WIN-34B (10𝜇g/mL) and cultured for 7 days and 14
days. Cells were stained with CD45 FITC/CD105 PE or CD45
FITC/Col II PE for 30min at 4∘C. Cells were analyzed on
FACScan (BD Biosciences, San Diego, CA, USA) using Cell
Quest software (BD Biosciences San Diego, CA, USA).

2.3.3. Induction of Chondrogenic Differentiation in IL-1𝛽-
Stimulated Progenitor Cells of Rabbit Subchondral Bone. Mes-
enchymal progenitor cells from passage 2 were trypsinized
(passage 3), and 2 × 105 cells in 1mL standard media
were centrifuged at 1000 rpm in 15mL polypropylene. After
overnight culture, media was changed to chondrogenic
induction media. Chondrogenesis was induced by chondro-
genic medium (high glucose DMEMmedium supplemented
with antibiotic mixture, 1% FBS, 50𝜇g/mL ascorbic acid-2-
phosphate, 0.35mMproline, 1% ITS+, 10 ng/mL transforming
growth factor-𝛽3 (TGF-𝛽3) [22]. Pellet of cells were treated
with 5 ng/mL IL-1𝛽 (R&D Systems,Minneapolis, USA) in the
absence or presence for 1 h and then added WIN-34B (1, 10
and 20𝜇g/mL). The medium was changed three times per
week, and cells were maintained for up to 7 days.

(1) Histological Analysis of Alcian Blue Staining. Chondro-
genic differentiation was histologically assessed by embed-
ding micromasses in OCT compound and freezing, and
cryosectioning at a thickness of 7𝜇m. Sections were stained
with alcian blue, pH 1.0 (Rowley Biochemical, Danvers, MA,
USA) to show proteoglycans.

(2) Colorimetric Analysis of GAG and Type II Collagen. GAG
levels in the culture medium at seven days from onset of cul-
ture were determined by the amount of polyanionic material
reacting with 1, 9-dimethylmethylene blue. Twentymicroliter
samples weremixedwith 100 𝜇L of DMB reagents (48mg/mL

DMB, 40mM glycine, 40mM NaCl, 10mM HCl, pH 3.0)
for 30min at room temperature and quantified by measuring
the absorbance at 590 nm (Spectramax, Molecular Devices,
Sunnyvale, CA, USA). All measurements were performed
in quadruplicate. Quantification was performed using a
standard curve of chondroitin 6-sulfate from shark cartilage
(Sigma) in the range of 0–35 𝜇g/mL. Type II collagen levels
were determined using the Sircol Collagen Assay (Biocolor
Ltd., Valley Business Center, Northern Ireland). The culture
medium at seven days from onset of culture was reacted with
Sirius red dye containing sulfonic acid for 30min at room
temperature. The amount of type II collagen was calculated
by measuring the absorbance at 540 nm and comparing that
value to the standard concentration curve (0–200𝜇g/mL).

(3) Analysis of Real-Time Quantitative Reverse Transcription-
Polymerase Chain Reaction (qRT-PCR). Total RNA was iso-
lated using TRIzol reagent according to the manufacturer’s
protocol. Reverse transcription was performed by M-MLV
Reverse Transcriptase (TaKaRa Biotechnology) according to
the manufacturer’s specifications. Briefly, first-strand cDNA
was synthesized at 37∘C for 1 h in 20𝜇L reaction mixture
using 1𝜇g isolated mRNA. Real-time PCR (qRT-PCR) was
carried out in a 25 𝜇L volume container with SYBR Green
PCR Master Mix (Roche Diagnostics). The template source
was either 5 ng cDNA or purified DNA standard. The fol-
lowing primer sequences were used to amplify the type
II 𝛼1 collagen, type I 𝛼1 collagen, cartilage link protein,
and aggrecan (Table 1). 𝛽-actin was amplified as an internal
control to standardize mRNA levels. Relative expression of
the target genes in the study samples was obtained using the
difference as calculated by the comparative threshold (𝐶

𝑡
)

method. The cycle of threshold (𝐶
𝑇
) for each sample was

averaged and normalized to GAPDH. The results were then
analyzed by comparativeΔΔ𝐶

𝑇
method (2(−ΔΔ𝐶𝑇)) for relative

quantification of gene expression.

2.4. Statistical Analysis. Data were expressed as mean ±
SEM Differences among groups were analyzed by one-way
ANOVA. In the case of two groups, a Student’s 𝑡-test was used.
Statistical significance was assessed at 𝑃 < 0.05.

3. Results

3.1. Effects of WIN-34B on Stiffness and Cartilage Loss in the
Collagenase-Induced Osteoarthritis Rabbit Model. Adminis-
tration of WIN-34B dose dependently reduced knee stiffness
in one week after treatment compared to the vehicle. In
contrast, there was no significant improvement of stiffness
in the CEL, ETCP, and Gluco-Hcl (Figure 1(a)). After three
weeks, CEL at 200mg/kg and ETCP at 400mg/kg reduced
these symptoms when compared to the vehicle. WIN-34B
exhibited some mild changes such as structure or chondro-
cyte loss (Figure 1(b)). Morever, WIN-34B at 100, 200, and
400mg/kg led to 1.8-, 2.0-, and 1.9-fold increases in cartilage
area, respectively, compared to vehicle (Figure 1(c)). WIN-
34B at 200 and 400mg/kg significantly decreased cartilage
degradation of the tibial plateau (2.3- and 2.4-fold) and femur
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Table 1: Primers of targeted genes.

mRNA Primers Annealing Tm (cycle)

Type II 𝛼1 collagen Fw: 5-AAC ACT GCC AAC GTC CAG AT-3 58∘C (32)
Rv: 5-CTG CAG CAC GGT ATA GGT GA-3

Type I 𝛼1 collagen Fw: 5-TGA CCT CAA GAT GTG CCA CT-3 58∘C (32)
Rv: 5-GGG AGT TTC CAT GAA GCC-3

Cartilage link protein Fw: 5-GCG TCC GCT ACC CCA TCT CTA-3 55∘C (32)
Rv: 5-CTC TAA GGG CAC ATT CAC TT-3

Aggrecan Fw: 5-GAG GTC GTG GTG AAA GGT GT-3 58∘C (32)
Rv: 5-GTG TGG ATG GGG TAC CTG AC-3

GAPDH Fw: 5-GCT CTC CAG AAC ATC ACT CCT GCC-3 58∘C (30)
Rv: 5-CGT TGT CAT ACC AGG AAA TGA GCT T-3

Fw: forward; Rv: reverse; GAPDH: glyceraldehyde-3-phosphate dehydrogenase Tm: temperature.

condyle (1.8- and 2.2-fold), respectively, compared to the
vehicle. Moreover, tibial plateau and femur condyle change
tended to be higher in the WIN-34B at 200 and 400mg/kg
compared to other experimental groups (CEL, ETCP, and
Gluco-Hcl) (Figure 1(d)).

3.2. Effects of WIN-34B on Cartilage Protection in the
Collagenase-Induced Osteoarthritis Rabbit Model. Cartilage
protective effects ofWIN-34Bwere also evaluated by Safranin
O staining for detection of proteoglycan loss and Masson’s
trichrome staining for measurement of collagen in the car-
tilage. In the normal, proteoglycan and collagen contents
preserved in the knee joints, but not resulting in a marked
loss of proteoglycan and collagen in the collagenase-induced
knee joints (Figures 2(a) and 2(c)). WIN-34B at 100, 200, and
400mg/kg increased the ratio of SOI (1.8-, 2.1-, and 2.0- fold)
and MTI (2.2-, 4.2-, and 3.7-fold), respectively, compared to
the vehicle. This ratio was also significantly higher in the
WIN-34B at 100, 200, and 400mg/kg compared to other
experimental groups (CEL, ETCP, and Glugo-Hcl) (Figures
2(b) and 2(d)).

3.3. Effects ofWIN-34B on Chondrogenic Differentiation in the
Collagenase-Induced Osteoarthritis Rabbit Model. According
to immunohistochemical analysis, WIN-34B at 200mg/kg
enhanced the expression of positive cells for CD105 (16.6-
fold), CD73 (9.0-fold), type II collagen (13.1-fold), and aggre-
can (7.9-fold) compared to cartilage area of vehicle (Figures
3(a) and 3(b)). Also, treatment with WIN-34B at 200mg/kg
enhanced the expression of CD105 (2.6-fold) and CD73 (2.7-
fold) in the subchondral bone zone (Figures 3(c) and 3(d)).

3.4. Effects of WIN-34B on Chondrogenic Differentiation of
Progenitor Cells from Rabbit Subchondral Bone. Expended
progenitor cells showed typical cell surface antigens of
mesenchymal stem and progenitor cells (Figure 4(a)). The
antigens CD73, SH-2, CD90, and CD166 were present in
progenitor cells from rabbit subchondral bone. Cells were
positive for CD73 (44%), SH-2 (2–6%), CD90 (39%), CD166
(27%), and STRO-1 (31%). A population of cells were minor-
ity positive for SH-2, and negative for the hematopoietic

antigen CD34 as well as for the leukocyte common antigen
CD45 and macrophage antigen CD11b (Figure 4(a)). We also
investigated the in vitro effects of WIN-34B on chondrogenic
differentiation of progenitor cells derived from rabbit sub-
chondral bone using flow cytometry analysis. The surface
antigen for SH-2 was increased by 39% at 7 days and 52% at 14
days of culture in chondrogenic medium, and the expression
of type II collagen was enhanced by 8–11% at 7 days and
14 days (Figure 5(b)). WIN-34B at 10 𝜇g/mL increased the
number of SH-2 cells (96% and 98%) and expression of type II
collagen (23% and 19%) at 7 days and 14 days after cultivation,
respectively (Figure 4(b)).

3.5. Effects ofWIN-34B on Chondrogenic Differentiation of IL-
1𝛽-Treated Progenitor Cells fromRabbit Subchondral Bone. To
evaluate the effects of WIN-34B on the chondrogenic differ-
entiation of IL-1𝛽-treated progenitor cells, cells were cultured
in high-density pellets of chondrogenic conditions and added
WIN-34B at 1, 10, and 20𝜇g/mL. According to histological
analysis, IL-1𝛽-treatment of subchondral progenitor cells led
to an 8.0-fold reduction in proteoglycan expression compared
to the control. However, treatmentwithWIN-34B at 1, 10, and
20𝜇g/mL led to 3.2-, 6.0-, and 9.7-fold increases, respectively,
compared to the IL-1𝛽-treated subchondral progenitor cells
(Figure 5(a)). The level of chondrogenic markers was deter-
mined by qRT-PCR. IL-1𝛽 significantly decreased the mRNA
expression of type II 𝛼1 collagen, cartilage link protein, and
aggrecan. However, WIN-34B dose dependently increased
the level of type II 𝛼1 collagen, cartilage link, and aggrecan
compared to IL-1𝛽-treated cells (Figure 5(b)). Moreover,
WIN-34B dose dependently reduced the degradation ofGAG
and type II collagen induced by IL-1𝛽 compared to IL-1𝛽-
treated cells (Figure 5(c)).

4. Discussion

In this study, we investigated the effects of WIN-34B on
cartilage protection and chondrogenic differentiation in the
progress of OA. First, in the collagenase-induced osteoarthri-
tis rabbit model, we evaluated the stiffness and cartilage loss
to assess the effects of WIN-34B on disease progression.
Cartilage protective effect was confirmed by determining
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Figure 1: Effects of WIN-34B on disease progression in the collagenase-induced arthritis rabbit model. Right knees of rabbits were intra-
articularly injected with collagenase on days 1 and 4. 100mg/kg, 200mg/kg, and 400mg/kg WIN-34B; 200mg/kg CEL; 400mg/kg ETCP
or 1500mg/kg Gluco-Hcl were orally administered for four weeks. (a) Stiffness (b) Hematoxylin-Eosin stained sections of knee joints from
the normal, vehicle, WIN-34B 100mg/kg, WIN-34B 200mg/kg, WIN-34B 400mg/kg, CEL 200mg/kg, ETCP 400mg/kg, and Gluco-Hcl
1500mg/kg. (c) Cartilage area and (d) histopathologic scores evaluated at the tibial plateau and femur condyle in animals with collagenase-
induced arthritis. Values are the mean ± SEM. #𝑃 < 0.05 and ###

𝑃 < 0.001 compared to the normal group, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗

𝑃 < 0.001 compared to the vehicle group. Two independent experiments were performed with similar results.
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Figure 2: Effects of WIN-34B on cartilage protection in the knees of collagenase-induced arthritis rabbits. (a) Representative Safranin O
stained sections of knee joints from the normal, vehicle, WIN-34B 100mg/kg, WIN-34B 200mg/kg, WIN-34B 400mg/kg, CEL 200mg/kg,
ETCP 400mg/kg, and Gluco-Hcl 1500mg/kg group. (b) Proteoglycan content, expressed as a ratio, was calculated by dividing the Safranin
O staining intensity (SOI) in the superficial zone (SOI-S) by SOI in the deep zone (SOI-D). (c) Representative Masson’s trichrome stained
sections of knee joints from the normal, vehicle, WIN-34B 100mg/kg, WIN-34B 200mg/kg, WIN-34B 400mg/kg, CEL 200mg/kg, ETCP
400mg/kg and Gluco-Hcl 1500mg/kg group. (d) Collagen content, expressed as a ratio, was calculated by dividing the Masson’s trichrome
staining intensity (MTI) in the superficial zone (MTI-S) byMTI in the deep zone (MTI-D). Values aremean± SEM. #𝑃 < 0.05 compared to the
normal group, ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared to the vehicle group. Two independent experiments were performed with similar results.

proteoglycan and collagen contents. Chondrogenic capacity
of WIN-34B was assessed by the expression of CD105,
CD73, type II collagen, and aggrecan using the immuno-
histochemical analysis. Second, we evaluated the expression
of mesenchymal stem cell-related cell surface antigen to
assess the chondrogenic induction of progenitor cells from
subchondral bone by WIN-34B treatment in chondrogenic
medium.The cartilage protective and chondrogenic capacity
of WIN-34B was assessed by alcian blue staining of proteo-
glycan, the mRNA levels of chondrogenic maker genes, and
the degradation of GAG and type II collagen in IL-1𝛽-treated
progenitor cells from rabbit subchondral bone.

Oral administration of WIN-34B resulted in a significant
reduction of general clinical and histological scores. Also,
WIN-34B significantly inhibited cartilage loss, as determined
by measuring the proteoglycan and collagen. However,
histopathology grading showed that CEL and Gluco-Hcl had
no protective effect on cartilage, and ETCP resulted in signif-
icantly degraded cartilage in the femur condyle, but not the
tibial plateau.These results suggest thatWIN-34B ismarkedly

more effective against cartilage destruction than the selective
COX-2 inhibitor, ETCP, and Gluco-Hcl in the collagenase-
induced osteoarthritis rabbit model. Our previous in vitro
data on WIN-34B has shown cartilage protective effects
through the regulation of matrix proteinases (aggrecanases
andMMPs/TIMPs), inflammatorymediators (PGE2,NO, IL-
1𝛽, and TNF-𝛼), and the MAPK pathways in osteoarthritis
human cartilage explants culture and chondrocytes [15].
These results support the safety and therapeutic usefulness of
WIN-34B for development as an OA treatment.

The ultimate goal of OA treatment is cartilage protection
and repair but is not yet clear. Although, various surgical
methods have been proposed to regenerate articular cartilage,
including bone marrow stimulation [23], mosaicplasty [24],
and autologous chondrocyte implantation [25], each of them
has some disadvantage such as degeneration of repaired
tissue, limitation of large defects, and long-term risk of devel-
oping OA [26].

There have been many reports of new DMOAD can-
didates with strong cartilage protective and chondrogenic
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Figure 3: Effects of WIN-34B on chondrogenic differentiation in the knees of collagenase-induced arthritis rabbits. (a) Representative
immunostained stained sections of cartilage from knee joints of animal in the normal, vehicle, and WIN-34B 200mg/kg group. Lane 1:
rabbit anti-CD105 antibody stained sections, lane 2: rabbit anti-CD73 antibody stained sections, lane 3: rabbit-anti-type II collagen (Col II)
antibody stained sections, lane 4: rabbit-anti-aggrecan antibody stained sections. (b) Intensity of positive stained area of anti-CD105, anti-
CD73, anti-type II collagen, and anti-aggrecan by immunostaining in the cartilage zone of knee joints. (c) Representative immunostained
stained sections of subchondral bone from the knee joints of animals in the normal, vehicle, and WIN-34B 200mg/kg groups. Lane 1: rabbit
anti-CD105 antibody stained sections, lane 2: rabbit anti-CD73 antibody stained sections. (d) Intensity of positive stained area of anti-CD105
and anti-CD73 in the subchondral bone zone of knee joints. Values are themean± SEM. ##𝑃 < 0.01 compared to the normal group, ∗∗𝑃 < 0.05
and ∗∗∗𝑃 < 0.01 compared to the vehicle group. Two independent experiments were performed with similar results.

activities. Antiresorptive agents, such as estrogens, and other
bisphosphonates (BP) have been shown to have a chon-
droprotective function and a favorable effect in stopping OA
progression in animal models [27–33]. Recently, selective
estrogen receptor modulators (SERMs) have also demon-
strated similar positive effects inOA treatment [27].However,
results from clinical trials using these drugs have been
contradictory [34]. Bone-forming agents such as PTH (1–
34) inhibited the terminal differentiation of human articular
chondrocytes in vitro and reduced the progression of cartilage
damage in a model of papain-induced OA in rats [35]. Stron-
tium ranelate is an agent with dual mechanisms of action

on bone metabolism, exerting antiresorptive and new bone
forming effects [36]. However, there are few studies on the
use of PTH (1–34) and strontium ranelate in animal models
of OA, somore research need to be carried out.Therefore, it is
reasonable to assume that drugs affecting subchondral bone
remodeling may have a prominent role as DMOADs. While
various attempts have been made to develop DMORDs, the
results have been unsatisfactory regarding the effects and
safety of these drugs [37].

Progenitor cells of subchondral bone were expected to be
an alternative for cartilage repair of OA. Many researchers
agree with the importance of subchondral bone healing in
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Figure 4: Effects ofWIN-34B on chondrogenic differentiation of progenitor cells from rabbit subchondral bone. (a) Surface marker profiling
of progenitor cells using flow cytometry. Cells were positive for CD73, SH-2, CD90, CD166, and STOR-1, and negative for CD45, CD34, and
CD11b. (b) Chondrogenic induction of progenitor cells from subchondral bone cultured by WIN-34B treatment in chondrogenic medium.
Progenitor cells from passage 2 of subchondral bone were seeded in 6-well plates at a concentration of 5 × 105cells/cm2. After 24 h, cells were
treated or nontreated with WIN-34B (10𝜇g/mL) and cultured for 7 days and 14 days. Each of the three samples was measured for profiling
markers.
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Figure 5: Effects of WIN-34B on chondrogenic differentiation of IL-1𝛽-stimulated progenitor cells from rabbit subchondral bone. (a)
Histological analysis of WIN-34B by alcian blue staining of chondrogenic differentiation in IL-1𝛽-treated progenitor cells. Control, IL-1𝛽,
WIN-34B 1 𝜇g/mL, WIN-34B 10 𝜇g/mL, and WIN-34B 20𝜇g/mL after 7 days of culture in chondrogenic differentiation media. Magnified
view (×100). (b) Dose response ofWIN-34B on themRNA expression of chondrogenicmarkers. Chondrogenic differentiation of subchondral
progenitor cells that were incubated for seven days with 1, 10, and 20𝜇g/mL of WIN-34B in the presence of IL-1𝛽. qRT-PCR was then
performed for type II 𝛼1 collagen, cartilage link protein, and aggrecan. (c) Inhibitory effects of WIN-34B on GAG and type II collagen
degradation on chondrogenic differentiation of IL-1𝛽-stimulated subchondral progenitor cells. GAG and type II collagen degradation are
shown as a cumulative release into the culture medium. Values are the mean ± SEM. ###𝑃 < 0.001 compared to the control group. ∗𝑃 < 0.05,
∗∗∗

𝑃 < 0.001 compared to the IL-1𝛽 group. Data were obtained from at least three independent experiments.
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the surgical and drug treatment of OA [38, 39]. Studies have
attempted to find an effective combination of antigens in
order to isolate a pure population ofmesenchymal progenitor
cells fromvarious tissues [40]. One of these studies found that
the coexpression of CD105 and CD73 could be sufficient in
the adult human bonemarrow cells [41]. Recently, micromass
culture has been widely used to evaluate the chondrogenic
potential of mesenchymal progenitor cells. Mesenchymal
progenitor cells from human bone marrow increased the
expression of type II and type X collagen in micromass
culture [42]. Several studies reported that progenitor cells
of human subchondral bone promoted the chondrogenic
maker genes such as type II collagen, aggrecan, cartilage link
protein, and cartilage oligomeric matrix protein [43–45]. In
our study, WIN-34B increased the significant expression of
CD105 and CD73 in the subchondral bone of collagenase-
induced osteoarthritis rabbit model. Moreover, type II colla-
gen and aggrecan fully recovered from damage by WIN-34B
at 200mg/kg.WIN-34B at 10 𝜇g/mL increased the number of
SH-2 cells and expression of type II collagen in subchondral
progenitor cells. Furthermore, WIN-34B strongly induced
proteoglycan, type II 𝛼1 collagen, cartilage link protein,
and aggrecan and reduced the degradation of GAG and
type II collagen in the IL-1𝛽-treated subchondral progenitor
cells. Therefore, we suggest that WIN-34B strongly induced
chondrogenic differentiation by the induction of typical
mesenchymal stem cell related cell surface antigenCD105 and
CD73, and the enhancement of chondrogenicmarkers type II
collagen and aggrecan in vivo and in vitro.

In summary, it was shown that WIN-34B exerted car-
tilage protection and chondrogenic differentiation in the
collagenase-induced osteoarthritis rabbitmodel and progeni-
tor cells from subchondral bone by stimulating chondrogenic
differentiation of progenitor cells derived from subchondral
bone. These results suggest that WIN-34B has potential
for a new disease-modifying osteoarthritis drug (DMOAD)
candidate in OA treatment.
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Mesenchymal stem cells have the capacity for self-renewal and under appropriate stimulation give rise to osteogenic, adipogenic,
and chondrogenic lineages. To advance the clinical use of stem cell therapy, such as stem cell transplantation, it is important to
find substances that promote endogenous stem cell proliferation and differentiation. We investigated whether medicinal herbs
have the potential to promote stem cell proliferation and differentiation, using a cell cycle analysis and differentiation assay. We
found that Aconiti Lateralis Preparata Radix (ALR) promoted the proliferation rate of mouse bonemarrowmesenchymal stem cells
(mBMMSCs) up to 122.24% compared to untreated cells. Fluorescence-activated cell sorter analysis showed that the percentage of
cells in the G2/M phase increased to 17.33% in ALR-treated cells compared to 5.65% in normal cells. Signaling pathway analysis
indicated that this was mediated through the extracellular signal-regulated kinase 1/2 pathway. A differentiation assay showed
that ALR induced differentiation of mBMMSCs into an osteogenic lineage 2 weeks after treatment, whereas traditional osteogenic
induction medium treatment did not promote differentiation for 3 weeks. This osteogenic differentiation was signaled by the
bone morphogenetic protein-2/Smad-dependent Runx2 pathway. We found that ALR could promote mBMMSC proliferation and
differentiation into the osteogenic lineage.

1. Introduction

Adult stem cells are involved in the repair of tissue and in
maintaining a balance between stem cell and differentiated
cell populations by asymmetrical cell division [1]. Although
adult stem cell populations are found in most adult tissue,
the bone marrow is an ideal source of stem cells because it
is easily accessible and can be used for cell and gene therapy
[1, 2]. Mesenchymal stem cells (MSCs) are derived from bone
marrow and represent a heterogeneous cell population of
spindle-shaped cells that are characteristically adherent to
plastic in culture [3]. MSCs have been isolated and cultured
from many species including mice, rats, cats, dogs, rabbits,
pigs, and baboons, albeit with varying success and with the
expression of varied surface markers. MSCs have also been
found to give rise to differentiated stromal cells belonging

to the osteogenic, chondrogenic, adipogenic, myogenic, and
fibroblastic lineages [4].

Some cytokine and growth factors involved in mitogen-
activated protein kinase (MAPK) signaling are known to
enhance MSC proliferation. Platelet-derived growth factor
(PDGF) and fibroblast growth factor 2 (FGF2) have been
known to enhance proliferation through c-Jun N-terminal
kinase (JNK) signaling [5]. In addition, basic fibroblast
growth factor (bFGF) is known to stimulate human bone
marrowmesenchymal stem cell proliferation via extracellular
signal-regulated kinase 1/2 pathway (ERK1/2). However, nei-
ther PDGF-BB nor bFGF-induced proliferation affects the
osteogenic differentiation potential [6].

Cytokines and growth factors have important roles in
stages ranging from self-renewal to differentiation; however,
the molecular mechanisms involved in these processes are
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still largely unknown and have practical limitations [7]. Fur-
thermore, little is known about the involvement of medicinal
herbs in the proliferation and differentiation of bone marrow
mesenchymal stem cells.The involvement of a signal pathway
that regulates proliferation and differentiation of MSCs by
medicinal herbs in bone marrow has not been reported. A
recent study has reported that Aconiti Ciliare Tuber extract
promotes hair follicle morphogenesis by the activation of
Wnt/𝛽-catenin signaling to stimulate bulge stem cells [8].

The aim of the present study was to examine the possi-
bility of ALR inducing proliferation and/or differentiation of
mouse bone marrow mesenchymal stem cells (mBMMSCs)
to replace the function of growth factors and cytokines and to
elucidate the signaling pathways involved in these processes.
To identify the effects of ALR on MSCs, we performed cell-
and cell cycle-analysis, immunoblotting, immunohistochem-
istry, and differentiation assays.

2. Materials and Methods

2.1. Preparation of ALR Extract. ALR was purchased from
WonkWang Herbal Drug Co. Ltd. (Seoul, Korea). We boiled
250 g of dried ALR in 5 L of water for 2 h at 100∘C. The
suspension was filtered and evaporated under reduced pres-
sure. The yield of extraction was 17.1% (42.8 g). The filtrates
were lyophilized and kept at 4∘C. Before each experiment,
dried extracts were dissolved in distilled deionized water
(Millipore, Bedford, MA, USA) and vortexed for 2min at
room temperature.

2.2. Analysis ALR Sample Using Liquid Chromatography-
Tandem Mass Spectrometry (LC-MS/MS). Stock solution of
reference standards, aconitine, and benzoylaconine were
prepared in 100% methanol at a concentration of 1mg/mL.
Theworking solutions forMS analysis were prepared in 100%
methanol at a concentration of 1000 ng/mL. For standard
curve, six calibration standards (at 10, 50, 100, 200, 500, and
1000 ng/mL)were analyzed. LyophilizedALR extract was dis-
solved as 100𝜇g/mL in 100%methanol.The solution was sep-
arated by centrifugation at 2500 rpm for 15min. The super-
natant clear extract was filtered through 0.45𝜇m membrane
filter prior to LC/MS/MS determination. Chromatography
was performed on a liquid chromatography system (Agilent
Technologies, CA, USA). A 500 𝜇L aliquot of diluted ALR
was injected into a 100mm × 2.1mm Atlantis DC18 column
(Waters, USA). Mobile phases A and B consisted of 0.1%
aqueous formic acid and acetonitrile, respectively.The elution
followed a linear gradient of 5–95% for 20min at a flow
rate of 0.3mL/min. QTRAP 3200 mass spectrometer system
(ABSCIEX,MA, USA) operated in positive ionizationmodes
was used in this study and processed multiple reactions
monitoring (MRM) scanning. Mass spectrometer tuning
parameters were optimized for each analyte by injecting a
standard solution (0.001mg/mL) and validated with several
flow rates ranging from 0.1 to 0.5mL/min. The mobile phase
contains acetonitrile in water, adding 0.1% (v/v) formic acid.
Under the optimized condition for positive mode, nitrogen
was used as drying gas, 10 Lmin−1, and nebulizer gas, 50 psi,

while the voltage of ion spray in source was set at 5000V and
the gas temperature was 400∘C.

2.3. Isolation of BMMSCs. Mouse stromal cells were isolated
according to the methods of Nadri et al. [9], with some mod-
ification ion. Bone marrow cells were obtained by flushing
the femurs and tibias of 8- to 12-week-old male C57BL/6
mice with Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco-BRL, Grand Island, NY, USA) supplemented with
15% fetal bovine serum (FBS, Gibco-BRL, Grand Island,
NY,USA), 100U/mL penicillin, and 100 𝜇g/mL streptomycin.
Single-cell suspensions were prepared from clumps of bone
marrow by resuspending the cells using a mounted 26-
gauge needle syringe and passing them through a 70 𝜇m cell
strainer (Falcon, Becton Dickinson and Company, Heidel-
berg, Germany). The cells were cultured in DMEM with
15% FBS, 100U/mL penicillin, and 100 𝜇g/mL streptomycin
on 0.1% gelatin-coated 10 cm dishes at 37∘C in a humidified
atmosphere of 5% CO

2
. After 3 days, nonadherent cells were

removed, and adherent cells were expanded until 90% con-
fluent (6 to 7 days). All animal procedures were performed in
accordance with institutional guidelines.

2.4. Sorting of Sca-1-Positive and CD45-Negative BMMSCs
Using Magnetic-Activated Cell Sorting (MACS). Enrichment
of Sca-1-positive (+) BMMSCs was achieved by an MACS
system (Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many). Following the third sorting passage, BMMSCs were
incubated with phycoerythrin-(PE) conjugated anti-CD45
antibody (Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many) for 10min at 4∘C and washed with MACS buffer
(phosphate-buffered saline (PBS) supplemented with 0.5%
BSA and 2mMEDTA). Anti-PEmicrobeads (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) were then incubated
for 10min at 4∘C and washed once again with MACS buffer.
The samples were passed through an MACS column in a
Miltenyi magnet. The CD45 (−) BMMSCs were incubated
with fluorescein isothiocyanate-(FITC) conjugated anti-Sca-
1 antibody (Miltenyi Biotec) for 10min at 4∘C and then
washed with MACS buffer. Anti-FITC microbeads (Miltenyi
Biotec) were then incubated for 10min at 4∘C and again
washed with MACS buffer. Samples were passed through
an MACS column in a Miltenyi magnet and the Sca-1 (+)
BMMSCs were eluted from the column by washing with the
MACS buffer. The cells were stained with FITC-conjugated
rat anti-mouse Sca-1, CD11b, and PE-conjugated rat anti-
mouse CD105 (Miltenyi Biotec) at a concentration of 2𝜇g/mL
at 4∘C for 30min. The cells were pelleted, washed twice with
PBS, and fixed with 70% EtOH in PBS. Cells were analyzed
with flow cytometry using a fluorescence-activated cell sorter
(FACS) caliber flow cytometer (B&D Biosciences, Cell Quest
software, San Jose, CA, USA).

2.5. BMMSCs Differentiation Assays. The potential for iso-
lated cells to differentiate into osteogenic and adipogenic lin-
eages was examined. For osteogenesis, the cultured cells were
incubated in osteogenic conditioning medium as described
previously [10]. Briefly, DMEM was supplemented with
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10mM 𝛽-glycerol phosphate (Sigma-Aldrich Co., St. Louis,
MO, USA), 50 𝜇g/mL ascorbate-2-phosphate (Sigma-Aldrich
Co.), and 10−7M dexamethasone (Sigma-Aldrich Co.). The
culture medium was changed twice per week for up to 3
weeks. The cells were fixed with methanol for 10min at room
temperature and stained with Alizarin red (pH 4.0) for 5min.
Von Kossa staining was used for bone nodule formation. For
adipogenesis, the cultured cells were incubated in adipogenic
mediumDMEMsupplementedwith 50𝜇g/mL indomethacin
(Sigma-Aldrich Co.), 10−7M dexamethasone, and 50 𝜇g/ mL
ascorbate-2-phosphate. The culture medium was changed
twice per week for up to 3 weeks. The cells were then fixed
in methanol for 45min and stained with Oil Red O (Sigma-
Aldrich Co.).

2.6. RNA Isolation and RT-PCR. One milliliter of phenozol
was added to 1 × 106 cells, and total RNA was isolated
according to the total RNA extraction kit protocol (INTRON
Biotechnology, Seoul, Korea). First, strand cDNA synthe-
sis was performed with 5 𝜇g of total RNA using MMLV
reverse transcriptase and oligo-dT primer for 1 h at 42∘C.
Subsequently, PCR amplification was performed using a
modified method from that previously described [11]. The
sequences of osteocalcin primers were as follows: 5-GAC-
CATCTTTCTGCTCACTCTG-3 as forward primer and 5-
GTGATACCATAGATGTTTGTAG-3 as reverse primer.
The sequences of lipoprotein lipase primers were as follows:
5-GAGGACACTTGTCATCTCATTC-3 as forward primer
and 5-CCTTCT TATTGGTCAGACTTCC-3 as reverse
primer, whereas for the mouse 𝛽-actin, 5-ACCGTGAAA-
AGATGACCCAG-3 and 5-TACGGATGTCAACGTCAC-
AC-3 were used. PCR products were separated on a 1.5%
agarose gel, visualized using ethidium bromide and the
i-MAX gel image analysis system (CoreBioSystem, Seoul,
Korea), and then analyzed with Alpha Easy FC software
(Alpha Innotech, San Leandro, CA, USA).

2.7. Cell Viability and Proliferation Assays. Cell prolifer-
ation was determined using an MTT assay. We starved
mBMMSCs for 24 h and then treated them with ALR (1,
10, and 100 𝜇g/mL). After 24 h, the medium was removed
and the cells were incubated with the MTT to measure the
metabolic activity. Spectrophotometric analysis at 450 nm
was performed using a microtiter plate reader (Molecular
Devices, Sunnyvale, CA, USA) to measure the metabolic
activity.

2.8. Proliferating Cell Nuclear Antigen (PCNA) Detection. For
PCNA detection, treated mBMMSCs were fixed and per-
meabilized in cold methanol, washed three times, and then
blocked for 1 h at room temperature in a DMEM-based
buffer containing 5% FCS. Samples were washed and incu-
bated overnight with the antibody against PCNA. Following
incubation, the cells were washed three more times and
incubated for 4 h with goat anti-mouse Alexa 488 antibody
(excitation 488 nm, emission 519 nm). For nuclei detection,
the cells were incubated for 5min with propidium iodide (PI)
(3.75 𝜇g/mL, excitation 540 nm, emission 630 nm). Imaging

was performed using an Olympus BX-61 fluorescent micro-
scope.

2.9. Cell Cycle Analysis. For the cell cycle analysis, mBMM-
SCs in starvation medium were incubated with ALR and
various inhibitors for 24 h. The cells were harvested, washed
with cold PBS, resuspended in PBS, and fixed in cold ethanol
(70%) overnight at 4∘C. The cell pellets were washed with
ice cooled PBS, collected by centrifugation, and incubated
at 37∘C for 30min in a 0.5𝜇g/mL RNase and PI solution
(10 𝜇g/mL). Fluorescence emitted from the PI-DNA complex
was quantified after excitation of the fluorescent dye using a
FACS (B&D Biosciences, Cell Quest software).

2.10. Western Blotting. Growth-arrested preconfluent
mBMMSCs were incubated with various inhibitors and ALR
for the indicated times. Cells were washed with PBS and
lysed in a cell lysis buffer (Promega, Madison, WI, USA).
The total cell lysates were separated using SDS-PAGE and
were transferred to polyvinyl difluoride (PVDF) membranes
(Millipore). The membranes were blocked with 5% skim
milk and were washed with PBS-T buffer (PBS in 0.1% Tween
20). The membranes were blotted with primary antibodies:
antiphosphoERK, antiphospho-p38 (Cell Signaling Technol-
ogy, Beverly, MA, USA), antiphospho-Smad1/5 (Cell Sig-
naling Technology), anti-ERK, anti-p38, anti-Runx2 (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), and anti-
𝛽-tubulin (Santa Cruz Biotechnology). The blots were
treated with appropriate secondary antibodies conjugated
with horseradish peroxidase (Santa Cruz Biotechnology) and
were then visualized by an enhanced chemiluminescence
system (Amersham Biosciences, London, UK).

2.11. Statistical Analysis. Statistical analysis was performed
using GraphPrism 4.0.3 software (GraphPad Software, Inc.,
San Diego, CA, USA). Data from MTT assay was presented
using the mean, standard deviation (SD), and analyzed by
the statistical software SPSS, version 12.0 (SPSS, Chicago, IL,
USA).

3. Result

3.1. Detection and Quantification of ALR Indicator Compound
Using LC-MS/MS. To identify and confirm the indicative
compounds of ALR, 100𝜇g of lyophilized ALR was analyzed
using an LC/MS/MS method. The MRM acquisition for
benzoylaconine was detected at 105.1 with a retention time at
6.62min (Figure 1(a)), but aconitine was not detected from
100 𝜇g/mL of ALR extract. The result showed that 100 𝜇g/mL
of ALR extract contained 1.43 ng/mL of benzoylaconine
(Figure 1(b)).

3.2. mBMMSCs Isolation and Characterization. To isolate
and characterize the mBMMSCs, magnetic bead separa-
tion was carried out as described above. After negative
and positive selections of bone marrow-derived cells with
CD45 and Sca-1, collected cells were immunophenotyped
for the detection of different mBMMSC surface antigens.
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Figure 1: LC-MS/MS chromatograms of analytes in ALR extract. (a) Reference standards, aconitine, and benzoylaconine of ALR were
detected at corresponding retention times. (b)Detection of indicative compound from 100𝜇g/mL of ALR extract. LC/MS/MS analysis showed
that ALR extract contained benzoylaconine.

Cells were positively stained with FITC-conjugated rat anti-
mouse Sca-1 and PE-conjugated rat anti-mouse CD105. Cells
were also negatively stained with FITC-conjugated rat anti-
mouse CD11b. The expressions of CD105, CD11b, and Sca-
1 were characterized using FACS analysis. FACS analysis
revealed that 97.06 and 90.10% of the selected cells expressed
CD105 and Sca-1, respectively, (Figure 2(a)). Analysis of
CD11b expression in cultured cells indicated that the level

of its expression was 0.22%, which means that there was no
contamination of hematopoietic cell lineage (Figure 2(a)).

To confirm the isolation of mBMMSCs, we examined
the differentiation potential of mBMMSCs into multiple cell
lineages.The BMMSCs were readily differentiated into osteo-
cytes and adipocytes by culturing in appropriate induction
media. In osteogenic cultures, nodule-like structures, which
were stained with Alizarin red, were observed after 3 weeks



Evidence-Based Complementary and Alternative Medicine 5

1.73%

90.10%

0.00%
Sca-1

FL1-H

FL
2-

H

10
4

10
3

10
2

10
1

10
0

10
4

10
3

10
2

10
1

10
0

1.37%

98.07%

0.34%

CD11b

FL1-H

FL
2-

H
10

4

10
3

10
2

10
1

10
0

10
4

10
3

10
2

10
1

10
0

FL1-H

FL
2-

H

10
4

10
3

10
2

10
1

10
0

10
4

10
3

10
2

10
1

10
0

FL1-H

FL
2-

H

10
4

10
3

10
2

10
1

10
0

10
4

10
3

10
2

10
1

10
0

0.22%8.17%

97.06% 1.04%

1.89%

CD105Untreated

0.00%

99.95%

0.00% 0.02%

0.03%

(a)

Alizarin red

Von Kossa 

Untreated Differentiation (day 21)

Osteocalcin

𝛽-Actin

𝛽-Actin

Lipoprotein
lipase

Untreated Differentiation (day 21)

Oil red O 

Untreated differentiation 

Untreated differentiation 

(b)

Figure 2: mBMMSC isolation and characterization using FACS analysis of surface markers and multilineage mesenchymal stem cell
differentiation. (a) FACS analysis using positive (CD105, Sca-1) and negative (CD11b) selections. (b) The differentiation of mBMMSCs cells
examined at 21 days following treatment shows the stimulation of osteogenesis and adipogenesis. Left panel: cells were stained with Alizarin
red and von Kossa to identify osteogenic differentiation. To recognize adipogenic differentiation, lipid vesicles were stained with Oil Red:
magnification, 40x. Right panel: mRNA levels of osteoblast- and adipocyte-specific markers such as osteocalcin and lipoprotein lipase were
analyzed using RT-PCR.

of induction (Figure 2(b)). For the detection of calcium-
phosphate deposits, a typical phenomenon for bone cells,
osteogenic cultures were stained by the vonKossamethod. As
a result, cells showed calcium phosphate deposits equivalent
to those observed in osteoblast cells. Likewise, after 2 to 3
weeks of mBMMSCs culture, the adipocytes were stained
with Oil Red O. Adipose droplets were visible in adipogenic
inductive medium (Figure 2(b)).

To further demonstrate the differentiation potential of
mBMMSCs into multiple cell lineages, we analyzed the
expression of osteoblast- and adipocyte-specific markers
using RT-PCR. Expression levels of osteocalcin, an osteoblast
specific marker, were elevated, and the lipoprotein lipase
gene, an adipocyte-specific marker, was expressed in differ-
entiation cells following 21 days of induction.

3.3. ALR Enhances mBMMSCs Proliferation through Progres-
sion of the Cell Cycle. The effects of ALR on the proliferation
of mBMMSCs were determined from cell growth kinetics
with anMTT assaymeasuring themetabolic activity of viable
cells. Growth-arrested mBMMSCs cultured in a starvation
medium for 24 h prior to the experiment were incubated for
24 h with ALR. ALR activated cell proliferation; specifically,
10 𝜇g/mL ALR-treated cells increased by 122.24 ± 8.78%
when compared with untreated cells (𝑃 < 0.01, Figure 3(a)).
This suggests that ALR enhances the proliferation rate of
mBMMSCs.

To further confirm the proliferating effects of ALR using
cell cycle analysis, we examined the activity of PCNA, a pro-
tein that participates in DNA replication. Cells were grown in
amedium treatedwithALR (100𝜇g/mL, 24 h) in the presence
or absence of SB202190 and PD98059, inhibitors of p38,
and ERK1/2, respectively. Cells were then incubated with the

fluorescent DNA binding dye, PI, for nuclear staining (red)
and with an antibody directed against PCNA (green). ALR
increased the level of PCNA staining compared to untreated
cells, indicating that ALR activates BMMSC proliferation
as observed in bFGF-treated cells (Figure 3(b)). Treatment
with bFGF as a positive control is known to induce cell
proliferation by activating the ERK1/2 pathway in many cell
types. Pretreatment with SB202190 and PD98059 decreased
the expression level of PCNA compared to cells treated
with ALR alone. Taken together, from the FACS analysis,
ALR promoted proliferation (G2/M) in mBMMSCs, whereas
untreated cells remained in the G1 phase of the cell cycle
(Figure 3(c)). Pre-treatment of mBMMSCs with PD98059
impaired this proliferation, inducing a G1 arrest as was
also seen in treatment with SB202190. These results suggest
that ALR enhances mBMMSC proliferation throughout the
cell cycle by promoting pathways such as ERK1/2 and p38
cascades, which appear to be implicated in the G1 to S and
S to G2/M switches.

3.4. ALR Activated mBMMSC Proliferation through the
ERK1/2 Pathway. To elucidate the signaling events triggered
by ALR treatment in mBMMSCs, western blot analyses were
carried out. Growth-arrested mBMMSCs were incubated
with ALR for 5, 10, and 30min in the presence of PD98059
(30 𝜇M, 2 h) prior to their incubation.Whole cell lysates were
then immunoblotted using phospho-ERK1/2 antibodies. As
shown in Figure 4, ALR treatment increased phosphoryla-
tion of ERK1/2, while ALR treatment in the presence of
inhibitors led to decreased phosphorylation of ERK1/2. At
the same time, growth-arrested mBMMSCs were incubated
with ALR for 5, 10, and 30min in the presence of SB202190
(30 𝜇M, 2 h) prior to their incubation.Whole cell lysates were
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Figure 3: (a)The effect of ALRon the growth ofmBMMSCs. “Normal” represents PBS-treated cells, columns represent themean± SD (𝑛 = 3),
and ∗ indicates that the mean is significantly different from the control value (∗∗𝑃 < 0.01). (b) Proliferating cell nuclear antigen (PCNA)
immunoreactivitymeasurements. Cells are stained with either anti-PCNA antibodies (green) or propidium iodide (red) for nuclear detection.
Overlay images of both stains are also presented. bFGF was used as a positive control. All images were obtained using 20x magnification in
an Olympus BX-61 fluorescent microscope. (c) The effect of ALR on the progression of mBMMSCs cell cycle. Results are the mean of three
independent experiments.

immunoblotted using total p38 and phospho-p38 antibodies,
but there was no change in the expression level of either
protein (Figure 4). These results suggest that ALR activates
the proliferation of mBMMSCs through the ERK1/2 pathway.

3.5. ALR Promoted Differentiation of mBMMSCs into the
Osteogenic Lineage. An important feature of mBMMSCs
is their ability to differentiate into osteoblasts, chondrob-
lasts, and adipocytes. To examine whether ALR affected the

osteogenic and adipogenic differentiation capacities of the
cells, mBMMSCs were treated with ALR (100𝜇g/mL) for 3
weeks and were examined once per week. Both the Alizarin
red and von Kossa assays showed a strong induction of
mBMMSCs into the osteogenic lineage by ALR treatment.
As shown in Figures 5(a) and 5(b), ALR induced osteogenic
differentiation after 2 weeks of treatment, whereas induction
by osteogenic medium did not begin for 3 weeks. In the adi-
pogenic differentiation assay, lipid vacuoles were stained with
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2 h).

Oil Red. Induction showed adipogenic differentiation at the
end of 3 weeks; however, ALR treatment did not induce
adipogenic lineage differentiation even after 3 weeks.

3.6. Signaling Pathway for ALR Stimulated Osteogenic Dif-
ferentiation. To identify the signaling pathway that triggers
the osteogenic differentiation of mBMMSCs by ALR, BMP-
2/Smad andWnt pathways were examined. For this, mBMM-
SCs were treated with either ALR (100𝜇g/mL) or osteogenic
induction medium for 21 days. The BMP-2/Smad signal
pathway was activated and Runx2 protein expression was
increased by ALR treatment in osteogenic differentiation.
Whole cell lysates were immunoblotted using phospho-
Smad1/5, phospho-𝛽-catenin, and Runx2 antibodies. As a
result (Figure 6(a)), ALR treatment led to the increased
phosphorylation of Smad1/5, while treatment with both ALR
and osteogenic induction medium had no effect on the phos-
phorylation of Smad1/5. Phosphorylation of 𝛽-catenin was
also increased by osteogenic induction medium treatment.
However, ALR treatment decreased the phosphorylation of
𝛽-catenin. Subsequently, Runx2 protein levels were increased
by ALR treatment and were decreased when treated with
both ALR and osteogenic induction medium, when com-
pared with untreated mBMMSCs (Figure 6(b)).These results
suggest that ALR activates osteogenic differentiation through
BMP-2/Smad-dependent Runx2 signaling pathway.

4. Discussion

The aim of this study was to investigate the effect of ALR on
mBMMSC proliferation and differentiation and to elucidate

the signaling pathways involved in these processes. ALR has
been widely used for the improvement of symptoms such as,
heart failure, inflammation, pain and diarrhea for thousands
of years in Korea, China and Japan, but the toxicity of the
ALR has been the subject of controversy in safety as medic-
inal herb. Major toxic ingredients were identified as some
kinds of diester diterpenoid-type Aconitum alkaloids such as
aconitine andmesaconitine [12]. Some processing techniques
such as pressure-steaming were known to reduce the toxicity
of Aconitum alkaloids, because alkaloids can hydrolyze the
highly toxic diester-diterpene aconitum alkaloids to com-
pounds of much lower toxicity such as benzoylaconine,
benzoylmesaconine, benzoylhypaconine, and aconine [13].
LC/MS/MS results in this study showed that 100 𝜇g/mL of
ALR extract contained about 1.43 ng/mL of benzoylaconine,
one of an indicative compound of ALR. However, aconitine
was not detected fromALR extract.This could be interpreted
in part by the hydrolysis of aconitine into other compounds
during ALR extract preparation which includes the boiling
step to extract active compounds. At least in cellular level,
this was further confirmed through cell viability and cell cycle
progression analysis. As shown in Figure 3, ALR did not show
any cytotoxicity on mBMMSC growth and proliferation.

Bone marrow-derived adherent cell layers are composed
of heterogeneous cells, including fibroblasts, hematopoi-
etic progenitor cells, macrophages, endothelial cells, and
adipocytes [9].The purification ofmBMMSCs has beenmore
difficult than that of other species due to lack of specific
surface markers for MSCs and the unwanted growth of non-
MSCs in cell cultures [7, 9]. A more homogenous population
ofMSCs can be acquired after the third passage with frequent
medium changes, in the absence of molecular markers [14,
15]. For successful MSC transplantation, it is important to
obtain an established homogeneous MSC purification tool
using surface markers [16].

Bone marrow was harvested from C57BL/c and main-
tained as described in the Materials and Methods section.
During the in vitro expansion of mBMMSCs, cell morphol-
ogy changed gradually from a fibroblast-like spindle shape
to more flattened- and enlarged-shaped cells that were more
homogeneous.Themousemesenchymal stem cells expressed
CD34, CD44, Sca-1, and Vcam-1 antigens (markers) but not
CD11b andCD45.Therefore, themagnetic-activated cell sort-
ing (MACS)methodwas used for the selection ofmBMMSCs
using positive (Sca1) and negative surface (CD11b) markers
at passage 3, followed by confirmation with Sca-1-positive
and CD11b-negative cells (Figure 2(a)) [9, 17]. The differen-
tiation of mBMMSCs was confirmed by staining methods
for both osteogenic and adipogenic lineage differentiations
(Figure 2(b)).

MSCs can be applied in regenerative therapies such as the
treatment of graft-versus-host disease and in cell therapies for
their lack of strong immunogenicity [18]. AlthoughMSCs are
an appropriate tool in cell-based therapies, clinical applica-
tion of MSCs is currently limited by the low number MSCs
available for transplantation [19]. Thus, many researchers
have been searching for a way to improve cell proliferation
and/or differentiation by experimenting with various types of
growth factors, despite the obscure molecular mechanisms of
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Figure 5: In vitro osteogenic and adipogenic differentiations of mBMMSCs by ALR. (a) Osteogenic cultures with Alizarin red staining for
the detection of nodule-like structures; (b) osteogenic cultures stained with von Kossa for the detection of calcium-phosphate deposits; (c)
adipogenic cultures stained with Oil Red for the detection of adipose droplets. Original magnification is 20x.

cell expansion. In this study, ALR promoted the proliferation
of mBMMSCs. To detect mBMMSC proliferation by ALR
treatment, we examined PCNA, a protein that participates
in DNA replication. Results showed that ALR increased the
level of positively stained PCNA when compared to that of
untreated cells. In addition, the G1-to-S phase progression
mechanismwas found to be essential for cell cycle regulation.
We performed a cell cycle analysis to examine the cell
cycle transition in the ALR-treated proliferating cells. Results
showed that ALR-treated cells expressed elevated G2/M
progression compared to untreated cells.

To further understand ALR’s effect on the cell cycle pro-
gression of mBMMSCs, the signaling pathways responsible
for cell cycle progression were investigated. MAPK pathways
are a continuative protein kinase cascade that regulates cell
proliferation, differentiation, inflammatory response, and
apoptotic cell death [20]. The ERK pathway (A-Raf, B-Raf,

Raf-1 MEK1, and 2 ERK1/2) is activated by mitogens and
growth factors, and activated ERK is translocated to the
nucleus. Translocated ERK regulates transcription factors,
changing gene expression to promote growth, differentiation,
or mitosis. The p38 pathway is stimulated predominately
by UV irradiation, heat shock, high osmotic stress, lipopol-
ysaccharide, protein synthesis inhibitors, proinflammatory
cytokines environmental stress, and inflammatory cytokines
[21, 22]. In our results, ALR activated ERK1/2 phosphoryla-
tion in mBMMSCs but did not activate p38. These results
strongly suggest that ALR enhances the proliferation of
mBMMSCs though activating ERK1/2 pathway.

In terms of differentiation, ALR induced mBMMSCs dif-
ferentiation into the osteogenic lineage, but not into the
adipogenic lineage. Glucocorticoids, such as dexamethasone,
are known to promote osteoblastic differentiation in vitro and
to regulate the expression of osteoblast typifying genes such as



Evidence-Based Complementary and Alternative Medicine 9

p-smad1/5

Osteogenic medium

𝛽-Tubulin

+− +−

− ++−ALR (100𝜇g/mL)

p-𝛽-catenin

(a)

Osteogenic medium

𝛽-Tubulin

Runx2

+− +−

− ++−ALR (100𝜇g/mL)

(b)
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Runx2, ALP, and osteocalcin inMSCs. Also, endogenous glu-
cocorticoids have been found to differentiate MSCs through
osteogenesis inmouse bonemarrow [23]. Our results demon-
strate that ALR promoted the differentiation of mBMMSCs
into osteogenic lineage 2 weeks following treatment, as
opposed to the osteogenic inductionmedium (including dex-
amethasone), which did not lead to differentiation for 3
weeks.

The regulation of osteoblast differentiation plays an
important role in BMP-2 signaling and Wnt signaling path-
ways. In BMP-2 signaling, BMP-2 activates Smad1/5 and
Smad4 and induces Runx2 expression. Subsequently, gene
expression related to osteogenesis differentiation is promot-
ed, as observed in the homeobox gene,mshhomeobox homo-
logue 2, or Osterix [24]. Wnt signaling has two different
pathways, canonical and noncanonical pathway. The Wnt
signal is transduced through Frizzled and Lrp5/6 and sta-
bilizes 𝛽-catenin for translocation into the nucleus and for
regulation of the expression of target genes. Wnt1, Wnt2, and
Wnt3 induce alkaline phosphatase activity in mesenchymal
cell lines. It has been reported that canonical Wnt 𝛽-catenin
and BMP signaling induce osteogenic differentiation [24].
According to our results related with signaling pathways
involved in osteogenic differentiation, ALR treatment for 3
weeks enhanced the phosphorylation of Smad1/5 without
any effects on the Wnt/𝛽-catenin pathway. Overall, Runx2

expression in ALR-treated cells increased in undifferentiated
cells. However, the expression level of Runx2 was reduced
in dexamethasone-induced osteogenic differentiation, and𝛽-
catenin expression was activated by dexamethasone. Simi-
larly, the cotreatment ofmBMMSCswithALR andosteogenic
induction medium showed decreased expression of Runx2.

Runx2, also known as Cbfa1, Osf2, AML3, and PEBP2𝛾A,
is a critical transcriptional factor in osteoblast differentiation
and bone formation [25]. However, in terms of the signaling
pathways involved in Runx2-mediated osteogenic differen-
tiation, it has been suggested that FHL2, an LIM-domain
protein with 4.5 LIM domains, interacts with 𝛽-catenin to
increase Runx2 expression and to induce the osteogenic dif-
ferentiation ofmesenchymal stem cell [26]. However, Phillips
et al. demonstrated that glucocorticoid-induced osteogenic
differentiation decreased the phosphoserine levels associated
with Runx2 and that exogenous Runx2 can antagonize the
effect of dexamethasone [23, 25]. Thus, one explanation for
our results is an antagonistic effect of dexamethasone and
ALR-cotreated cells in regard to Runx2 expression.

In conclusion, this study demonstrated that after 2 weeks
of treatment, ALR induced osteogenic differentiation and
increased both cell proliferation and osteogenic differentia-
tion inmBMMSCs, processes mediated by the BMP-2/Smad-
dependent Runx2 signal pathway. Although the molecular
mechanism of ALR action in stem cell regulation, growth,
and differentiation requires further study, this study is an
important step in overcoming the limitations to stem cell
therapy in clinical uses such as transplantation, in vitro
expansion, and endogenous induction of MSC proliferation
and differentiation. Moreover, ALR may be considered as a
medicinal herb for the treatment of bone-related diseases
such as osteoporosis and osteopenia.
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Background. The use of acupuncture for cosmetic purposes has gained popularity worldwide. Facial cosmetic acupuncture (FCA)
is applied to the head, face, and neck. However, little evidence supports the efficacy and safety of FCA. We hypothesized that FCA
affects facial elasticity by restoring resting mimetic muscle tone through the insertion of needles into the muscles of the head, face,
and neck.Methods. This open-label, single-arm pilot study was implemented at Kyung Hee University Hospital at Gangdong from
August through September 2011. Participants were women aged 40 to 59 years with a Glogau photoaging scale III. Participants
received five treatment sessions over three weeks. Participants were measured before and after FCA.The primary outcome was the
Moire topography criteria. The secondary outcome was a patient-oriented self-assessment scale of facial elasticity. Results. Among
50 women screened, 28 were eligible and 27 completed the five FCA treatment sessions. A significant improvement after FCA
treatment was evident according to mean change in Moire topography criteria (from 1.70 ± 0.724 to 2.26 ± 1.059, 𝑃 < 0.0001). The
most common adverse event was mild bruising at the needle site. Conclusions. In this pilot study, FCA showed promising results as
a therapy for facial elasticity. However, further large-scale trials with a controlled design and objective measurements are needed.

1. Introduction

With extended life expectancy, beauty and skin health are
important factors in perceived quality of life. Currently,
numerous interventions are offered for skin rejuvenation and
anti-skin aging including treatments for facial wrinkles, facial
muscle tone, and elasticity. Recently, cosmetic acupuncture
has been introduced as an intervention for skin rejuvenation
[1].

Facial cosmetic acupuncture (FCA) is the use of acupunc-
ture on the head, face, and neck for cosmetic purposes. Sev-
eral different types of FCA are currently practiced, and many
possible mechanisms underlying these techniques have been
proposed, including increasing or balancing qi, balancing
internal Zang Fu organs, increasing blood flow by inserting

needles at certain acupoints [2], and increasing muscle tone
[3].

However, little evidence addresses the efficacy and safety
of FCA. A recent case report describes the increased water
and oil content of facial skin after FCA [4]; otherwise, there
is only an introductory [1, 2] or non-English article [3].
To explore whether FCA has effects on facial elasticity, we
designed an open-label, single-armpilot study using themost
frequently practiced FCA technique in Korea.

2. Participants and Methods

2.1. Ethics Approval. This study was performed in accordance
with the International Committee on Harmonization Good
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Figure 1: Facial cosmetic acupuncture applied in this study.

Clinical Practice guidelines and the revised version of the
Declaration of Helsinki. The trial protocol was approved
by the Institutional Review Board of Kyung Hee University
Hospital at Gangdong (KHNMC-OH-IRB 2011-007).Written
informed consent was obtained from all participants prior to
enrollment, and participants were given ample time to decide
about participating before signing the consent form.

2.2. Participant Recruitment and Inclusion/Exclusion Criteria.
Participants were recruited by advertisements on bulletin
boards at Kyung Hee University Hospital at Gangdong.
Included were (a) women; (b) aged 40 to 59 years; (c) with
a Glogau photoaging scale III [5]. We excluded individuals
who (a) had dermabrasion, deep skin peels, laser resurfacing
(ablative or nonablative), botulinum toxin, filler injection, or
topical steroid treatment within the 6 months immediately
prior to study entry; (b) had obvious skin disease or a history
of chronic skin disease; (c) had a keloidal or hypertrophic scar
tendency; or (d) were pregnant or breastfeeding. No other
treatment for facial elasticity was permitted during the study
period.

2.3. Study Protocol. This study was an open-label, single-arm
pilot study at Kyung Hee University Hospital at Gangdong
from August through September 2011. Five sessions of FCA
treatment were given over three weeks. All participants
received FCA twice a week for the first two weeks, then once
a week for the last week, with three to four days between
sessions. Participants were assessed based on changes in the
Moire topography criteria [6].

2.4. Acupuncture Procedure. Acupuncture was applied
(Figure 1) according to the Standards for Reporting
Interventions in Clinical Trials of Acupuncture (STRICTA)
[7].

(1) Acupuncture rationale

(a) A single practitioner inserted acupuncture nee-
dles into muscles of the face, head, and neck.

(b) All participants received the same FCA treat-
ment at every treatment session.

(2) Needling details

(a) The total number of insertions per treatment
ranged from approximately 100 to 110.

(b) The practitioner inserted acupuncture needles
at the insertion, origin, belly and/or margin of
(i) head muscles including the temporalis and

epicranial aponeurosis;
(ii) neck muscles including the sternocleido-

mastoid;
(iii) upper facial muscles including the fron-

talis, procerus, corrugator supercilii, and
orbicularis oculi;

(iv) midfacial muscles including the auricula-
ris, nasalis, levator labii superioris alaeque
nasi, levator labii superioris, zygomaticus
minor, and zygomaticus major;

(v) lower facial muscles including the orbic-
ularis oris, risorius, depressor labii inferi-
oris, depressor anguli oris, mentalis, and
platysma.

(c) The depth of needle insertion varied with skin
thickness and subcutaneous fatty tissue at the
insertion site.

(d) The practitioner did not use any specific nee-
dling technique. However, the practitioner tried
to insert needles into the contraction of muscles
fibers over themuscle insertions, origins, bellies,
and/or margins of muscles.

(e) Needles were retained for ten minutes.
(f) The practitioner used an acupuncture treatment

aid, AcuPro (NEO Dr.), and stainless steel fine
needles (0.2 × 15mm, 0.25 × 30mm) to reduce
pain and to shorten treatment time (Figure 2).

(3) Treatment regimen

(a) All participants received five sessions FCA over
the 3-week treatment period.

(b) All participants received FCA twice a week for
the first two weeks, and then once a week for the
last week.

(4) Other components of treatment

(a) No other treatmentswere given and participants
were askednot to receive any other treatment for
facial elasticity during the study period.

(b) All participants received FCA with an interval
of three to four days between sessions.
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(a) (b)

Figure 2: AcuPro and stainless steel fine needles used in this study.

(a) (b)

Figure 3: Criteria for evaluating Moire topography.

2.5. Outcome Measurements. Outcomes were measured
before and after the five sessions of FCA.

2.6. Primary Outcome. The primary outcome was a change
in the Moire topography criteria after treatment compared
with baseline. We generated contour lines on the face using
a Moire topography system and took pictures with a digital
camera Ixus750 (Canon, Tokyo, Japan). A single independent
evaluator read the contour lines near the cheek and the
perioral region in the printed digital image and graded the
images based on theMoire topography criteria (Figure 3) [6].

2.7. Secondary Outcomes. A patient-oriented self-assessment
scale of facial elasticity was performed with the same fre-
quency as the primary measurements. Participants assessed
their degrees of the facial elasticity using a 10 cm vertical line
visual analog scale (VAS). The scale was marked at the top
with “most severe condition,” with the bottom labeled “fine
condition.”

2.8. Safety. The Institutional Review Board of Kyung Hee
University Hospital at Gangdong reviewed the protocol,
monitored patient safety, and investigated any adverse events
independently of the investigators.

2.9. Statistical Analysis. All primary analyses were based on
an intention-to-treat (ITT) population. End-of-study analy-
seswere performedusing the last observation carried forward
for participants who did not complete the study. Patient

characteristics were summarized using descriptive statistics.
The nonparametric Wilcoxon signed-rank test was used for
assessing clinical improvement. SPSS 15.0 forWindows (SPSS
Inc., Chicago, IL, USA) was used for data management and
statistical analysis. A 𝑃 value less than 0.05 was considered
statistically significant.

2.10. Quality Control. Before starting the trial, the acupunc-
ture practitioner was trained and had been administering
FCA at a clinic of Kyung Hee University Hospital at Gang-
dong for over a year. The investigator who assessed the
outcomes received thorough training in assessing Moire
topography.

3. Results

3.1. Participants. Of 50 participants screened, 28 were eli-
gible for the study, 27 completed the five sessions of FCA
treatment, and one dropped out because of pain after the
first FCA treatment. The mean age was 50.04 ± 6.07 (range:
40–59) years, and all participants were Asian females with a
Glogau photoaging scale III (Figure 4).

3.2. Primary Outcome. The primary outcome was mean
change in Moire topography criteria from baseline to the end
of the study in the ITT population. The Moire topography
changed significantly (𝑃 = 0.0001) after FCA treatment
(Table 1). Of the 27 participants who underwent all five
sessions, 12 exhibited no change, while 15 showed a positive,
single-level improvement (Table 2).
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Assessed for eligibility (n = 50)

Excluded (n = 22)
∙ Not meeting inclusion criteria (n = 21)
∙ Declined to participate (n = 1)

Enrolled (n = 28)

∙ Completed the five sessions of FCA (n = 27)
∙ Discontinued FCA after first FCA (because of pain) (n = 1)

Analysed (n = 28)
ITT analysis

Received FCA (n = 28)

Figure 4: Progression of participants through the study.

Table 1: Mean change in Moire topography.

Before FCA
(𝑛 = 28)

After FCA
(𝑛 = 28) 𝑃 value

Moire topography criteria 1.70 ± 0.724 2.26 ± 1.059 0.0001∗

Data are mean ± standard deviation of percent change (95% confidence
interval).
∗Statistically significant difference, 𝑃 < 0.05.

Table 2: Changes in Moire topography for participants who com-
pleted the study.

Negative change after FCA (𝑛) 0
No change after FCA (𝑛) 12
Single level improvement after FCA (𝑛) 15
Total (𝑛) 27

Table 3: Mean change in patient self-assessment of skin elasticity.

Before FCA
(𝑛 = 28)

After FCA
(𝑛 = 28) 𝑃 value

Patient self-assessment
Elasticity scale 6.15 ± 1.562 4.81 ± 1.942 0.006

Data are mean ± standard deviation of percent change (95% confidence
interval).

3.3. Secondary Outcomes. Mean changes in a patient self-
assessment of skin elasticity showed no significant differences
(Table 3).

3.4. Safety Evaluation. Themost commonly reported adverse
event that was clearly attributable to FCA treatment was mild

bruising (20/140 treatment sessions; 14.28%) at the needle site.
Only one participant dropped out because of pain.No adverse
events of scarring, nerve damage, or lengthy recovery periods
were observed.

4. Discussion

This clinical open-label, single-arm pilot study investigated
the efficacy and safety of FCA on facial elasticity. FCA has
been increasing in use and popularity but few introductory
articles [1, 2] were available until Donoyama et al. reported in
2012 on increased water and oil content for facial skin after
cosmetic acupuncture [4].

Several different types of FCA are practiced. Recently, in
Korea, clinicians have used FCA to enhance facial elasticity
by restoring restingmimeticmuscle tone by inserting needles
into head, face, and neckmuscles. Louarn et al. [8] conducted
an MRI study on changes in the contour of facial mimetic
muscles in patients of different ages. They found that facial
mimetic muscles gradually straighten and shorten with age
as a result of increased resting muscle tone. Based on these
findings, we hypothesized that FCA could be used to improve
facial elasticity with needles inserted into the muscles of the
head, face, and neck, resulting in restored muscle tone.

Different methods for measuring facial elasticity range
from manual examination to direct visualization. Moire
topography is an optical measurement that does not require
direct contact and allows high-precision visualization of
facial shape in three dimensions, similar to a contourmap [9].
Moire topography is used in studies of facial palsy, zygomatic
fractures [10], facial morphology, and facial plastic surgery
[11]. The Moire topography criteria were developed by Ahn
et al. [6] for measuring facial elasticity. Moire topography
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criteria show a very high correlation with age and the
Cutometer, which evaluates skin elasticity.

In this study, we found that participants who underwent
five FCA treatment sessions showed an improvement of about
0.5 by Moire topography. FCA also improved scores on a
patient self-assessment of elasticity, but the changes were not
significant. These results suggested that FCA improved facial
elasticity in women aged 40 and 59 years with a Glogau
photoaging scale III.

This study had several limitations. It is an open-label,
single-arm pilot design. The sample size was small with no
control group, and the trial duration was short compared
to the actual clinical environment. For example, in the
Cosmetic/Derma Clinic of Kyung Hee University Hospital
at Gangdong, an FCA treatment course is generally eight
treatment sessions over 4 weeks. The Moire topography
criteria are an ordinal scale with wide intervals. The scale
might not detect small changes and is highly dependent on
the evaluator’s judgment.

However, in spite of these limitations, this study could be
helpful in providing clinicians with procedural details about
FCA and could be the basis of future investigations aimed
at elucidating the possible mechanisms of FCA including
restoration of resting mimetic muscle tone. A larger study
with a controlled design using different objective outcomes
measure could be warranted.
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Cancer cells acquire anticancer drug resistance during chemotherapy, which aggravates cancer disease. MDR1 encoded from
multidrug resistance gene 1 mainly causes multidrug resistance phenotypes of different cancer cells. In this study, we demonstrate
that JNK1/2 activation by an extract from the root of Morus alba L. (White mulberry) reduces doxorubicin-resistant MCF-7/Dox
cell viability by inhibiting YB-1 regulation of MDR1 gene expression. When MCF-7 or MCF-7/Dox cells, where MDR1 is highly
expressed were treated with an extract from roots or leaves ofMorus alba L., respectively, the root extract from themulberry (REM)
but not the leaf extract (LEM) reduced cell viabilities of both MCF-7 and MCF-7/Dox cells, which was enhanced by cotreatment
with doxorubicin. REM but not LEM further inhibited YB-1 nuclear translocation and its regulation of MDR1 gene expression.
Moreover, REMpromoted phosphorylation of c-JunNH2-terminal kinase 1/2 (JNK1/2) and JNK1/2 inhibitor, SP600125 and rescued
REM inhibition of bothMDR1 expression and viabilities in MCF-7/Dox cells. Consistently, overexpression of JNK1, c-Jun, or c-Fos
inhibited YB-1-dependentMDR1 expression and reduced viabilities inMCF-7/Dox cells. In conclusion, our data indicate that REM-
activated JNK-cJun/c-Fos pathway decreases the viability ofMCF-7/Dox cells by inhibiting YB-1-dependentMDR1 gene expression.
Thus, we suggest that REMmay be useful for treating multidrug-resistant cancer cells.

1. Introduction

MDR1 (also called P-glycoprotein or ABCB1) encoded from
a multidrug-resistant gene,MDR1 (or ABCB1), mainly medi-
ates multidrug resistance by an efflux of drugs [1–4]. Thera-
peutic approaches for treating cancer in clinics are hampered
by MDR1-induced multidrug resistance [3–8]. Multidrug
resistance of cancer cells acquired by MDR1 expression
involves a transcriptional activity of Y-box binding protein 1
(YB-1) [9–15]. Doxorubicin-resistant MCF-7/Dox cells were
constructed by consecutive treatment of doxorubicin (or
adriamycin) [1]. This cell line highly expressing MDR1 is
resistant to various anticancer drugs including doxorubicin,
paclitaxel, vincristine, and etoposide, thereby being used

widely for deciphering multidrug-resistant mechanisms in
vitro [16].

It has been revealed that c-Jun NH2-terminal kinase 1/2
(JNK1/2) regulates MDR1 expression via c-Jun in multidrug-
resistant gastric and pancreatic cell lines [17]. Likewise,
JNK1/2 mediated hypoxia-induced MDR1 expression in
HOP62 nonsmall lung cell carcinoma cell line [18]. In
addition, AP-1 negatively regulated YB-1-mediated MDR1
gene expression in MCF-7/Dox cell line [19]. In MCF-7
cells, MDR1 promoter activity was also negatively regulated
by c-Fos [20]. Those findings suggest that JNK1/2-mediated
signaling inhibits YB-1-dependent MDR1 gene expression
and causes a loss of multidrug-resistant phenotype to anti-
cancer drugs. Furthermore, it is recently found that MDR1
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silencing reduced the proliferation of multidrug-resistant
cancer cells [21]. Therefore, while the inhibition of MDR1
channel function allows chemotherapeutic agents to be accu-
mulated in the cells, the suppression of MDR1 expression
itself is also likely to be enough to attenuate multidrug-
resistant cancer cell growth.

Parts of Morus alba L. (white mulberry) including roots
and leaves have been widely used in the traditional medicine
for curing symptoms such as diabetes, edema, eczema, ane-
mia, bleeding, dry constipation, fever, sore throat, headache,
muscle aches and pain, and itching [22]. Recently, extracts
from Morus alba L. have been revealed to affect cancer
disease. REM caused apoptotic cell death of different types
of cancer cells such as K562 and B380 human leukemia cells
and B16 mouse melanoma cells [23]. Albanol A isolated from
REM also induced apoptotic cell death of human leukemic
HL-60 cells [24]. Likewise, LEM inhibited neuroblastoma
cells [25]. 2-Arylbenzofuran derivatives isolated from LEM
also showed cytotoxicity on different cancer cells: A549
(human lung cancer cells), BEL7402 (human liver cancer
cells), BGC823 (human gastric cancer cells), HCT8 (human
colon cancer cells), and A2780 (human oophoroma cells)
[26]. Chalcone derivatives from LEM also showed cytotox-
icity in HCT-8 and BGC823 [27]. In addition, lectin purified
from LEM caused apoptotic cell death of both MCF-7 breast
cancer cells and HCT-15 human colon cancer cells [28, 29].
Thus, REM, LEM, and their chemical components appear to
have anticancer effects. However, it is unclear whether those
have anticancer effect even in multidrug-resistant cancer
cells.

In this study, we examined whether REM or LEM affects
drug-resistant cancer cells. Our data present here that REM
but not LEM reduces the viability of MCF-7/Dox cells highly
expressing MDR1. This REM effect was due to JNK1/2 inhi-
bition of YB-1-dependent MDR1 expression in multidrug-
resistant cells.Thus, our present study provides knowledge for
a role of REM against drug-resistant cancers.

2. Materials and Methods

Extract preparation, chemicals, and cell culture. Extracts from
Morus alba L. (REM and LEM) were prepared by and
obtained from Hanpoong Pharmaceutical Company (Jeonju,
Korea) following the good manufacturing practices (GMP)
procedures. In brief, herbs were boiled with 80% ethanol
at 100∘C, and filtered extracts were then concentrated and
dried by vacuum at 60∘C. The dried powers were lyophilized
and then dissolved in distilled water. To qualify REM and
LEM,HPLC analyses were performed byHanpoong Pharma-
ceutical Company (Jeonju, Korea). MCF-7 and MCF-7/Dox
cells were routinely cultured in DMEMwith 10% fetal bovine
serum and 1% antibiotics. For transient transfections, cells
were transfected with mixtures of DNAs with Lipofectamine
2000 reagents (Invitrogen). SP600125, SB203580, PD98059,
and LY294002 were obtained from Sigma.

Cell viability. Cells were cultured in 96-well plates and
subjected to the Cell Proliferation assays (Promega). Cells

were treated with the extracts for 72 hours and then subjected
to the assays. All experiments were performed in triplicate.
Data were represented by mean ± standard deviation. 𝑃
values lower than 0.05 in Student’s 𝑡-tests were considered
statistically significant.

RT-PCR, Western Blot and Immunocytochemistry. Total
RNAs were extracted with TRIzol (Invitrogen). Syntheses
of cDNA were routinely performed by MMLV reverse
transcriptase and random primers. PCR to detect MDR1
mRNA was then performed. GAPDH was used for an
internal control. Primers used are as follows: 5-AAT-
CCCATCACCATCTTCCA-3 (GAPDH forward primer)
and 5-TGGACTCCACGACGTACTCA-3 (GAPDH reverse
primer). Protein was obtained by cell lysis with RIPA buffer,
and total 30 𝜇g of protein was loaded onto 6 to 10%
SDS-PAGEs. Antibodies for pAKT, AKT, pERK1/2, ERK1,
pJNK1/2, JNK1, pp38MAPK, p38MAPK, YB-1, and MDR1
were obtained from Cell Signaling. As an internal control,
𝛼-tubulin or actin was used. For the immunoprecipitation
assays, anti-YB-1 or anti-JNK1/2 antibody was used. 50 𝜇L of
protein A/G bead slurry and 2 𝜇g of the appropriate antibody
were mixed with 200𝜇g of protein. 30 𝜇g of protein was
loaded as an input. For the nuclear fractionation, cells were
lszed with buffer A (10mM HEPES, 1.5mM MgCl

2
, 10mM

KCl, 0.5mM DTT, and 0.05% NP-40), and then the super-
natants were used for the cytosolic fractions.The pellets were
mixed with buffer B (5mM HEPES, 1.5mM MgCl

2
, 0.2mM

EDTA, 0.5mM DTT, and 26% glycerol) and 300mM NaCl
and homogenized with 20 full strokes in Dounce homog-
enizer on ice. After centrifugation, the supernatants were
used for the nuclear fractions. For the immunocytochemistry,
cells were fixed with 4% formaldehyde, permeabilized with
0.5% Triton X-100, incubated in phosphate buffered saline
containing 10% FBS, and then incubated with the anti-YB-
1 antibody (Cell Signaling) and Alexa Fluor-488 goat anti-
rabbit IgG antibody (Invitrogen). For the counter staining,
phalloidin (Sigma) and TOPRO-3 (Invitrogen) were used to
detect actin (especially, F-actin) and the nucleus. The object
was 20x, and scale bars in the image indicate 50 𝜇m.

Rhodamine 123 Efflux Assay. Cells were treated with the
extracts for 30 hours and incubated for another 1 hour with
1 𝜇g/mL of the rhodamine 123. Accumulation of Rhodamine
123 in cells was analyzed by flow cytometry.

Chromatin Immunoprecipitation (ChIP) Assays. To ana-
lyze YB1 interaction with MDR1 promoter region, we per-
formed ChIP assays according to the manufacturer’s proce-
dures (Abcam). Briefly, nuclear fractions from the cells fixed
with 1% formaldehyde were sonicated, and then anti-YB-1
antibody (Cell Signaling) was used for chromatin immuno-
precipitation. For the positive control, anti-histone H3 anti-
body provided from themanufacturer (Abcam)was used. For
the negative control, bead-only samples were used according
to the manufacturer’s procedure. YB-1-bound DNAs were
then amplified with primers for MDR1 promoter region and
GAPDH primers as the internal control. Data were obtained
by normalizing ddCT from real-time PCR. The values
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indicate the mean ± standard deviation from the experi-
ments done in triplicate. 𝑃-value below 0.05 was considered
statistically significant. ChIP primers used are as follows:
YB-1 binding sites on MDR1 promoter, 5-CAGTAGTGA-
AGCTGTAGGAC-3, 5-ATCAGAACTTGCTGTTCTGC-
3, GAPDH 5-AATCCCATCACCATCTTCCA-3, and 5-
TGGACTCCACGACGTACTCA-3.

Luciferase Assays. Cells were transfected with MDR1-luc
plasmid (pMDR1-1202, Addgene plasmid 37627) [30] and
subjected to the luciferase assays (Promega). Extracts were
treated for 6 hours. All experiments were performed in
triplicate, and Student’s 𝑡-test was performed to determine
statistics. 𝑃 value below 0.05 was considered statistically
significant. All data were represented as the mean ± standard
deviation.

3. Results

3.1. REM but Not LEM Reduces Cell Viabilities of MCF-
7 and MCF-7/Dox. We first examined both mRNA and
protein levels ofMDR1, a keymediator ofmultidrug-resistant
phenotype, in MCF-7 and MCF-7/Dox cells. MCF-7/Dox
cells resistant to doxorubicin expressed MDR1 mRNA and
protein, while MCF-7 cells did not (Figure 1(a)). Thus, we
next examined whether our herbal extracts, REM and LEM,
affect viabilities of MCF-7 and MCF-7/Dox cells. REM but
not LEM reduced MCF-7 cell viability in a dose-dependent
manner (Figure 1(b), left). In addition, REM at 100 𝜇g/mL
also decreased MCF-7/Dox cell viability by approximately
30% (Figure 1(b), right).

Thus, we further examined whether a combinatorial
treatment of doxorubicinwithREMorLEMcauses a decrease
of cell viability. Doxorubicin (Dox) alone strongly reduced
the viability of MCF-7 cells, and its combination with various
concentrations of REM or LEM appeared to more reduce it
when higher concentrations of REM or LEM was combined
(Figure 1(c), left). In MCF-7/Dox cells, REM at 100 𝜇g/mL,
when combined with 1 𝜇g/mL of doxorubicin, decreased the
viability by approximately 50% (Figure 1(c), right). However,
we could not observe any reduction of multidrug-resistant
cell viability in a combined treatment of doxorubicin with
LEM. Subsequently, the MCF-7/DOX cells were treated with
various concentrations of doxorubicin (10−3 to 1𝜇g/mL) in
the presence or absence of either 100𝜇g/mL of REM or
LEM. When combined with doxorubicin at 1𝜇g/mL, REM
at 100 𝜇g/mL but not LEM more reduced the viability by
approximately 27%.

3.2. REM-Induced JNK1/2 Activation Inhibits MDR1 Expres-
sion. To decipher REM-mediated intracellular signaling
pathways on MCF-7/Dox cells, MAPKs, and AKT, proteins
known for cell proliferation and survival were examined.
While REM and LEM did not alter phosphorylation of AKT
and ERK1/2 in MCF-7/Dox cells, both extracts increased
phosphorylation of p38MAPK. Furthermore, REM but not
LEM increased JNK1/2 phosphorylation of (Figure 2(a)).
Thus, REM is likely to selectively regulate JNK1/2 phospho-
rylation.

As JNK1/2 has been revealed to regulateMDR1 expression
[17], we next examined whether REM affects MDR1 expres-
sion inMCF-7/Dox cells via JNK1/2. WhenMCF-7/Dox cells
were treated with 100 𝜇g/mL of either REM or LEM for 24
hours, REM but not LEM reduced mRNA and protein levels
of MDR1 (Figure 2(b)). Thus, we further examined whether
REM affects MDR1 expression in a transcription level. MCF-
7/Dox cells were transfected with MDR1-luc construct and
then treated with REM or LEM for 6 hours. While LEM did
not affect MDR1 promoter-mediated luciferase activity, REM
reduced it by approximately 70% (Figure 2(c)). In addition,
REMbut not LEM increased accumulation rate of rhodamine
123 in the cells (Figure 2(d)).

When MCF-7/Dox cells were pretreated with JNK1/2
inhibitor, SP600125, prior to REM treatment, REM inhibi-
tion of MDR1 expression was rescued by JNK1/2 inhibition
(Figure 2(d)). Furthermore, JNK1/2 inhibition also rescued
REM inhibition of MDR1 promoter activity (Figure 2(e)),
indicating that REM-mediated JNK1/2 activation is likely
important for the inhibition of MDR1 expression.

3.3. REM Inhibits YB1-Dependent MDR1 Expression. We next
examined if REM inhibits nuclear translocation of YB-1, a
key transcription factor regulating MDR1 gene expression.
MCF-7/Dox cells were treated with LEM or REM for 6 hours
and then examined a localization of endogenous YB-1 in the
cells. Although YB-1 was diffusely found in the cells, it mostly
localized in the nucleus. While LEM treatment did not affect
YB-1 localization pattern, REMdisrupted nuclear localization
of YB-1 (Figure 3(a)).

Accordingly, to examine if REM inhibits YB-1 interac-
tion with MDR1 promoter, we performed the chromatin
immunoprecipitation assays with the anti-YB-1 antibody.
Our data from the chromatin immunoprecipitation assays
showed that REM but not LEM inhibited YB-1 binding onto
MDR1 promoter region (Figure 3(b)), which indicates that
REM inhibits YB-1 interaction with MDR1 promoter.

Thus, we further examined if REM effect wasmediated by
inhibiting transcriptional activity of YB-1.WhenMCF-7/Dox
cells were cotransfected with MDR1-luc and YB-1 and then
treated with REM for 6 hours, REM treatment reduced YB-1-
induced luciferase activity (Figure 3(c)).

3.4. REM-Activated JNK1/2 Inhibits YB-1-Dependent MDR1
Expression. Thus, we examined whether JNK1/2 inhibition
rescues REMreduction of YB-1-dependentMDR1 expression.
In the luciferase assays, SP600125 blocked REM inhibition of
YB-1-dependentMDR1 promoter activity (Figure 4(a)).Thus,
we further examined whether JNK1/2 signaling to c-Jun/c-
Fos mediates REM inhibition of YB-1-dependent MDR1
expression. In the luciferase assays, we found that overexpres-
sion of JNK1, c-Jun, or c-Fos significantly reduces basal and
YB-1-dependent MDR1 promoter activity (Figure 4(b)).

So, we further examined whether JNK1/2 directly inhibits
YB-1 transcriptional activity by repressing YB-1 nuclear
translocation. In our immunoprecipitation assays with
anti-YB-1 antibody, we found that REM causes pJNK1/2
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Figure 1: REM reduces cell viabilities of MCF-7/Dox cells. (a) MDR1 mRNA and protein levels were examined in MCF-7 and MCF-7/Dox
cells. GAPDH and tubulin were used as internal controls. (b–d) MCF-7 and MCF-7/Dox cells were treated with the indicatives for 72 hours
and then subjected to the MTT assays. The experiments were performed in triplicate, and 𝑃-value less than 0.05 (marked with asterisks, ∗)
was considered statistically significant.
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Figure 2: REM-induced JNK1/2 activation inhibits MDR1 expression. (a) Cells were treated with 100𝜇g/mL of either LEM or REM for 15
minutes. Tubulin was detected as an internal control. (b) Cells were treated with the indicatives for 24 hours, and then MDR1 mRNA and
protein levels were examined. GAPDH and actin were used as internal controls. (c) To analyze the MDR1 promoter activities, MCF-7/Dox
cells were transfected with MDR1-luc construct for 24 hours and then treated with the indicatives for another 6 hours. The luciferase assays
were performed in triplicate, and 𝑃 value less than 0.05 (marked with an asterisk, ∗) was considered statistically significant. (d) MCF-7/Dox
cells were treated with the indicatives for 30 hours and then incubated with rhodamine 123 for another 1 hour. Rhodamine 123 accumulation
rate was analyzed by flow cytometry. (e) Cells were pretreated with SP600125 for 30 minutes and then treated with 100𝜇g/mL of REM. 24
hours after treatment, MDR1 mRNA and protein levels were examined. GAPDH and tubulin were used as internal controls. (f) To examine
MDR1 promoter activities, MCF-7/Dox cells were transfected with MDR1-luc construct for 24 hours and then treated with REM for another
6 hours. SP600125 was treated 30 minutes before REM treatment. The luciferase assays were performed in triplicate and 𝑃-value less than
0.05 (marked with an asterisk, ∗) was considered statistically significant.
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Figure 3: REM inhibits YB-1-dependent MDR1 expression. (a) YB-1 localization. Cells were stained with anti-YB-1 antibody (green),
phalloidin (red), and TOPRO-3 (blue) to visualize YB-1 intracellular localization, actin, and nucleus. Scale bars, 50 𝜇m. The objective, 20X.
(b) MCF-7/Dox cells were treated with the indicatives for 6 hours and then fixed with 1% formaldehyde. Fragmented DNAs were incubated
with the appropriate antibodies, and then PCR was routinely performed. GAPDH was used as an internal control. Relative values of YB-1
enrichment normalized by ddCT were obtained by experiments performed in triplicate. 𝑃-value less than 0.05 (marked with an asterisk, ∗)
was considered statistically significant. (c) MCF-7/Dox cells were cotransfected with MDR1-luc and YB-1 constructs for 24 hours and then
treated with the indicatives for another 6 hours. Assays were performed in triplicate, and 𝑃 value less than 0.05 (marked with an asterisk, ∗)
was considered statistically significant.

interaction with YB-1 in the cytosol and a reduction of YB-
1 level in the nucleus, while YB-1 is distributed in both the
cytosol and nucleus of the untreated cells (Figure 4(c)).Thus,
our data indicate that REM-induced JNK1/2 activation may
lead to malfunction of YB-1 through a direct interaction in
the cytosol.

3.5. REM-Activated JNK1/2 Reduces Viabilities of Multidrug-
Resistant Cells. Our serial data hypothesize that REM-
activated JNK1/2 inhibition of YB-1-dependent MDR1
expression may result in the reduction of cell viability. Thus,
we further examined whether REM inhibits the viability
of cells overexpressing YB-1. When cells were transfected
with YB-1 and treated with REM for 48 hours, YB-1

overexpression itself did not significantly alter cell viability.
However, REM reduced the viability of cells overexpressing
YB-1 by approximately 61 % (Figure 5(a)).

So, we next examined whether JNK1/2 inhibition rescued
REM reduction of cell viabilitypagebreak When cells were
pretreated with SP600125 for 30 minutes and then treated
with REM for another 48 hours, REM did not affect cell via-
bility. Furthermore, a combination of REMwith doxorubicin
also did not affect the viability of the cells pretreated with
SP600125 (Figure 5(b)).

As REM activation of JNK1/2 reduced MDR1 expres-
sion level, we further examined whether JNK1/2 affects cell
viability.WhenMCF-7/Dox cells were transiently transfected
with JNK1, c-Jun, or c-Fos and then subjected to the MTT
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Figure 4: REM activation of JNK inhibits YB-1-dependent MDR1 expression. (a-b) MCF-7/Dox cells were transfected with MDR1-luc and
constructs indicated for 24 hours. REM ± SP600125 was treated for 6 hours. Assays were performed in triplicate, and 𝑃 value less than
0.05 (marked with an asterisk, ∗) was considered statistically significant. (c) YB-1 interaction with pJNK1/2. Cytosolic and nuclear proteins
were immunoprecipitated with anti-YB-1 antibody. The immunoprecipitants and input proteins were then blotted with the antibodies for
pJNK1/2, YB-1, JNK1, and actin. Asterisks indicate heavy chains from the immunoprecipitation. Quantitative analyses of protein interactions
were performed using the Image J software.

assays, the overexpression of JNK, c-Jun, or c-Fos reduced the
viabilities by approximately 30% to 50% (Figure 5(c)).

4. Discussion

Multidrug resistance of cancer cells results in poor prognoses.
MDR1 expression upon a treatment of chemotherapeutic
agents gains that phenotype [5, 8, 31, 32]. In this study, we pro-
vide knowledge that REM, the extract from white mulberry

roots, reduces the viabilities of multidrug-resistant MCF-
7/Dox cells by inhibiting YB-1-dependent MDR1 expression
via JNK1/2 activation.

Inhibitions of drug efflux function of MDR1 have
been issued in treatment of multidrug-resistant cancer cells
expressing MDR1. In our study, REM reduced both MCF-7
and MCF-7/Dox cells, which were enhanced by doxorubicin
addition. This additive effect is likely due to REM reduction
of MDR1 expression, as this reduced MDR1 level causing
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Figure 5: REM-induced JNK reducesMCF-7/Dox cell viability. (a) Cells were transfectedwithYB-1 and treatedwith REM48hours.TheMTT
experiments were performed in triplicate. N.S. indicates no significance in statistics. ∗, 𝑃 < 0.05. (b) Cells were pretreated with SP600125 for
30minutes and then treated with REM alone or REMplus doxorubicin for another 48 hours.TheMTT assays were done in triplicate. (c) Cells
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REM treatment activates JNK1/2, which blocks YB-1 nuclear translocation and induces c-Jun/c-Fos inhibition of YB-1-dependent MDR1
expression. Thus, REM results in the decrease of multidrug-resistant cancer cell viability with a loss of multidrug-resistant phenotype.

doxorubicin accumulation in the cells (Figure 5(d)). Further-
more, REM-induced JNK1/2 pathway caused the reduction
of MDR1 expression and cell viability, which was rescued
by SP600125 but not by SB203580, PD98059, and LY294002
(data not shown). Consistently, we found that MCF-7/Dox
cell viability was reduced by overexpression of JNK1, c-Jun, or
c-Fos. Recently, it has been found that MDR1 silencing with
MDR1 shRNA reduces multidrug-resistant tumor cell prolif-
eration [21], which indicates that a direct inhibition of MDR1
expression could be another option for treating multidrug-
resistant cancer cells. Thus, the activation of JNK1/2 pathway

to inhibit MDR1 expression is likely to be another option for
treating multidrug-resistant cancer cells. In our preliminary
cytotoxicity studies, multidrug-resistant leukemic cells were
also sensitive to REM. Furthermore, REM repressed YB-1
transcriptional activity for MDR1 expression in those cell
types (data not shown). Accordingly, REM but not LEMmay
affect viabilities of different types of drug-resistant cancer
cells. Meanwhile, REM protected doxorubicin-induced cell
death ofH9c2 cardiacmyoblast cells [33].Thus, it is likely that
REM effectively kill drug-resistant cancer cells with no or less
side effect of doxorubicin in vivo.
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JNK1/2 has been shown to negatively regulate different
types of multidrug-resistant cancer cells such as multidrug-
resistant EPG85-257RDB gastric cancer cells and EPP85-
181RDB pancreatic cancer cells [17]. JNK1/2 activity was also
negatively correlated with MDR1 expression in hepatocarci-
noma cell lines [34]. Consistently, photosensitizer pheophor-
bide a based photodynamic therapy induced the apoptosis
multidrug-resistant R-HepG2 cells via JNK1/2 activation [35].
Similarly, JNK1/2 activation by PSC833, a cyclosporine ana-
logue, inhibited MDR1 expression in doxorubicin-resistant
SK-MES-1/DX1000 lung cancer cell line [36]. It was recently
shown that JNK1/2 involves DKK-3 in the apoptosis of
MCF-7/Dox cells [37]. In addition, JNK1/2-mediated c-Jun
activation inhibited MDR1 expression in multidrug-resistant
K562/A02 cells [38]. Furthermore, c-Fos inhibited MDR1
expression in MCF-7 cells [20]. Thus, our data that REM-
induced JNK1/2 inhibits MDR1 expression and multidrug-
resistant cell viability is relevant to recent findings. How-
ever, JNK1/2 mediated hypoxia-induced MDR1 expression
in HeLa cells [39]. Likewise, COX2-mediated JNK1/2-c-
Jun activation appears to contribute multidrug resistance of
HCT8/V colorectal cancer cells [40]. Therefore, it is likely
that JNK1/2 regulation of multidrug-resistant cancer cells
is dependent on mechanisms acquiring multidrug-resistant
phenotype. Thus, the effect of REM remains to be tested
in particular mechanisms such as hypoxia-induced MDR1
expression. Nevertheless, our findings here strongly suggest
that REM regulation of JNK1/2 inhibits YB-1-dependent
MDR1 expression in multidrug-resistant cancer cells.

In this study, we first provide evidence that REM acti-
vation of JNK1/2 reduces multidrug-resistant cancer cells by
targeting YB-1-dependent MDR1 expression. Nevertheless,
remains functions of REM againstmultidrug-resistant cancer
cells in the in vivo experiments to be verified. Traditional
medicines have long been used, suggesting that prescriptions
based on traditionalmedicinesworkwell in particular disease
conditions. However, we still do not know what chemical
components in REM uniquely play roles for JNK1/2 inhi-
bition of YB-1-dependent MDR1 expression in multidrug-
resistant cancer cells. Thus, it is required to understand the
exact biochemical andmolecularmechanisms bywhich REM
works againstmultidrug-resistant cancer cells.That effort will
improve the quality of traditional medicines with view of
biomedical sciences.

5. Conclusion

This study demonstrates that REM but not LEM causes the
reduction of multidrug-resistant cancer cell viability by JNK
inhibition of YB-1-dependent MDR1 expression. Although
we still explore to find the active chemical compounds that
make the unique REM function against multidrug-resistant
cancer cells, our study is expected to provide knowledge for
REM effect against cancer disease.
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Objective. The objectives were to show the feasibility of a wireless microelectromechanical system inertial measurement unit
(MEMS-IMU) to assess the time-domain characteristics of cervical motion that are clinically useful to evaluate cervical spine
movement.Methods. Cervical spine movements were measured in 18 subjects with wireless IMUs. All rotation data are presented
in the Euler angle system. Amount of coupling motions was evaluated by calculating the average angle ratio and the maximum
angle ratio of the coupling motion to the primary motion. Reliability is presented with intraclass correlation coefficients (ICC).
Results. Entire time-domain characteristics of cervical motion were measured with developed MEMS-IMU system. Cervical range
of motion (CROM) and coupling motion range were measured with high ICCs. The acquired data and calculated parameters had
similar tendency with the previous studies. Conclusions. We evaluated cervical motion with economic system using a wireless IMU
of high reliability. We could directly measure the three-dimensional cervical motion in degrees in realtime. The characteristics
measured by this system may provide a diagnostic basis for structural or functional dysfunction of cervical spine. This system
is also useful to demonstrate the effectiveness of any intervention such as conventional medical treatment, and Korean medical
treatment, exercise therapy.

1. Introduction

Musculoskeletal disorder is one of the most suitable fields
which Koreanmedicine interventions such as acupuncture or
moxibustion can be applied to. Although a myriad of studies
have been conducted on the efficacy and effectiveness of com-
plementary and alternative medicine to the acute or chronic
musculoskeletal disorders [1–5], studies on the evaluation
tools for musculoskeletal motion are very rare. Among the
various motions, in particular, cervical motion is biome-
chanically and neurophysiologically complex and depends
on various nonskeletal conditions such as muscular, neuro-
muscular, proprioceptive, and perceptional conditions [6]. By

observing cervical range of motion (CROM) and coupling
motion, which occurs on the secondary planes relative to
the primary plane, we can examine the stability of the
cervical function [6–13]. They are also believed to reflect
central nervous motor control strategy [14]. CROM and
cervical coupling motion have been studied as important
elements to diagnose pathological disorders such as clinical
instability due to degeneration, disease, or trauma [6, 7, 10,
15, 16]. But, most studies have only measured the maximum
coupling motion angles and did not assess the time-domain
characteristics, despite their importance.

A motion capture and analysis device is necessary to
analyze the time-domain motion characteristic of a subject.
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These measurements traditionally relied on the naked eye,
goniometers, inclinometers, and potentiometers; thus, inac-
curacies and limitations have existed [17, 18]. But, with highly
developed technology, many studies have been attempted
with more accurate devices, such as optoelectronic devices
[19, 20], electromagnetic field systems [7], or ultrasonic
devices [21, 22]. However, these instruments have some
disadvantages. First, they require additional space to fix trans-
mitters and receivers in several strictly calculated spots [20].
Second, these devices require a postmeasurement process
to interpolate the data or an error-adjusting system because
of disturbance or perturbation of signal by obstacles, and
this makes it impossible to acquire real-time data, which is
one of the most important disadvantages [23]. Third, these
devices are too expensive to be used in clinics or hospitals, as
they require several types of transmitters and receivers [24].
Furthermore, the transmitters and receivers can be a physical
burden to subjects due to their size and mass.

Many studies have been conducted on body-attached
inertial measurement units (IMU) to solve these disadvan-
tages. An IMU is a complex-sensor device consisting of a
few accelerometers, gyroscopes,magnetometers, andKalman
filters [25–27].The IMUallows for an easy analysis of rotation
movement because it provides the rotation matrix directly,
whereas other instruments should calculate the rotation
matrix from the absolute coordinates, so the IMU has been
used mainly for animation, game design, or in the gait
analysis field. The IMU had initial limitations for measuring
minute movements of the human body because of its large
size, mass, and wired condition [24, 28–30]. But, size and
mass have been reduced dramatically to a few cubic millime-
ters and a few grams with the development of the micro-
electromechanical system (MEMS) technology, and it is now
possible to measure minute movements without disturbance
and to obtain precise human body motion data [31–33]. After
the IMUwas used for motion analysis, many studies about its
validity [34, 35], and reliability [23, 36, 37] in comparisonwith
optoelectronic electromagnetic, and ultrasonic instruments
were published. Furthermore, the IMU has become more
convenient to use after combining the technology with radio
frequency (RF) or Bluetooth wireless systems.

The aim of this study is to show the feasibility of the
IMU as a measurement device for analyzing CROM and
cervical coupling motion by reporting cervical motion time-
domain characteristics in healthy subjects judged by the
Neck Disability Index (NDI) questionnaire. We also defined
and calculated some parameters to assess cervical motion
stability. Previous studies have reported the feasibility of the
IMU to measure CROM [38, 39], and other studies have
reported couplingmotion using the electromagnetic tracking
system [14, 40], but few or no study has attempted tomeasure
and analyze cervical motion time-domain characteristics
with a wireless IMU.

2. Methods

2.1. Equipment. Two wireless IMU modules (model
EBIMU24G, E2BOX, Seoul, Republic Korea) and one RF

receiver (model EBRF24G3CH, E2BOX) were used to
measure cervical motion. This IMU module is very small
(32mm × 21mm × 6.5mm), and its mass is 7.85 g with a
lithium polymer battery attached. The module consists of
a 2.4GHz ISM band wireless transceiver and nine MEMS
sensors (three gyroscopes, three accelerometers, and
three magnetometers), with nine degrees of freedom. The
sensitivities of the sensors are 250–2000 dps (gyroscope),
2–8 g (accelerometer), and 1.3–8.1 gauss (magnetometer).
The static accuracy is <0.5∘, and dynamic accuracy is <2∘
according to the 2012 datasheet provided.

2.2. NDIQuestionnaire. NDI is an adaptation of theOswestry
Low Back Pain questionnaire and consists of ten items,
including items for evaluating pain, sleep quality, work ability,
driving, and daily living ability. A high score indicates high
neck function disability. Test-retest reliability for the NDI is
0.89 [41].

2.3. Subjects. Eighteen healthy volunteers were recruited
(eight males, eleven females; age, 25–35 years; mean age
27.44 ± 1.89). The subjects were limited to the no- or
mild-disability groups as scored by the NDI questionnaire.
Subjects were excluded if they had undergone a recent
cervical operation or had a disease that could disturb cervical
movements. Subjects with 0–4NDI scores were allocated to
the no-disability group, and subjects with 5–14NDI scores
were allocated to the mild-disability group. The mean NDI
score of the subjects is 5.65, and the standard deviation is
3.52.The subjects were recruited via advertisements at Kyung
Hee University, Oriental Medicine Hospital. This study was
approved by the Institutional Review Board of Kyung Hee
University, Oriental Medicine Hospital, and all procedures
were conducted after informed consent was provided.

2.4. Procedure. Subjects were seated on a fixed chair and
cervical movement was measured using two wireless MEMS-
IMUs at a sampling frequency of 20Hz. One sensor was
placed on the center of the forehead, and the other was placed
on the upper one-third point between the suprasternal notch
and the xiphoid process. The sensors were fixed with Velcro
straps. The sensor located on the forehead measured head
motion, and the other sensor was used to compensate for
body trunk movement. Device installation is presented in
Figure 1.

After instructed to gaze forward naturally, the subjects
were instructed to perform three parts of the test. The first
part was an exercise. They were instructed how to rotate
their heads on three rotation planes such as the transverse
plane for left and right axial rotation, the sagittal plane for
extension and flexion, and the coronal plane for left and
right bending. Subjects were told that all motions should
be performed with an almost fixed speed and to rotate or
tilt their head as much as possible. The second part was the
natural test. Subjects were asked to perform a very natural
motion without thinking about adjusting their motion. The
last part was the neutral test. Subjects were asked to try not
to create a coupling motion, but to move with their head
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Axial rotation

Flexion/extension
Laternal
bending

IMU number 1

IMU number 2

Figure 1: Inertial measurement unit installation and axis presenta-
tion.

strictly adjusted. All motions were repeated five times. The
subjects were asked to close their eyes during all procedures
to remove visual stimulation or auto orientation cues. The
sequence of tests and movements were fixed, and verbal
instructions were recored once and replayed by a computer
system for removing the bias induced by instructors. Data
were recorded automatically throughout the testing via an RF
wireless system. Calibration was performed before each test
and measurement.

2.5. Data Analysis. Cervicalmotion data were acquired using
Lab VIEW 2010 (National Instruments Inc., Austin, TX,
USA) in Euler form for the physical intuitiveness of the Euler
angle coordinate system.The sequence of Euler angles is roll-
pitch-yaw. All statistical calculations were performed using
SPSS Statistics 19 (SPSS, Inc., Chicago, IL, USA).

Data from the sensor attached to the thorax were used
to compensate for head movements. We normalized the data
along the time axis and calculated the area under curve to
estimate the amount of motion. We also calculated intraclass
correlation coefficients (ICCs) of CROM and maximum
angle of coupling motion by using analysis of variance
(ANOVA) to assess reliability of the measurement system.

3. Results

3.1. The Cervical Motion Time-Domain Characteristics of One
Subject. Figure 2 shows an example of the cervical motion
time-domain characteristics on the natural test. The three
curves in the graph are each Euler angle components.The red
curve in Figure 2(a) indicates extension and flexion on the
sagittal plane, which are primary motions, and the blue and
green curves indicate rotation on the coronal and transverse
planes, which are the coupling motions in this case. The
colored curves in Figures 2(b) and 2(c) represent the same
motions as shown in Figure 2(a). Positive values indicate flex-
ion, right lateral bending, and right axial rotation, whereas
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Figure 2: An example of three-dimensional cervical motion pat-
terns described in the Euler rotation coordinates. (a) Measurement
when extension and flexion are primary motions. (b) Measurement
when lateral bending is primary motions. (c) Measurement when
axial rotations are primary motions. Positive values represent
flexion, right side bending, and right axial rotation.

negative values indicate extension, left lateral bending, and
left axial rotation. As shown in Figure 2(a), this subject shows
right axial rotation and right lateral bending of about 20
degrees during an extension, whereas almost no rotation or
side bending during a flexion. He shows large and complex
coupling movement during side bending (Figure 2(b)) but
shows little coupling motion of under 10 degrees during axial
rotation (Figure 2(c)).

3.2. CROM and Maximum Coupling Motion. Similar to
traditional instruments, this system can measure the CROM
and maximum coupling motion angle. Table 1 shows the
means and standard deviations of the measured CROMs on
the natural and neutral tests. We can observe a tendency that
the CROMs on the neutral test are less than the CROMs on
the natural test.The calculated ICCs of measuring CROM are
high (>0.95). The maximum coupling motion angles on the
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Table 1: Cervical range of motion on the natural test and the neutral test.

Plane Movement Natural test (∘) Neutral test (∘)
Mean ± SD ICC (95% CI) Mean ± SD ICC (95% CI)

Sagittal
Total 116.70 ± 17.26 0.98 (0.96–0.99) 106.76 ± 20.33 0.99 (0.97–1.00)

Extension 57.23 ± 8.80 0.97 (0.93–0.99) 52.75 ± 9.25 0.95 (0.90–0.98)
Flexion 58.48 ± 11.83 0.98 (0.96–0.99) 54.02 ± 13.46 0.98 (0.97–0.99)

Coronal
Total 89.42 ± 10.11 0.97 (0.95–0.99) 83.69 ± 13.79 0.99 (0.98–1.00)
Left 44.15 ± 6.72 0.97 (0.93–0.99) 42.17 ± 7.33 0.98 (0.96–0.99)
Right 45.28 ± 4.97 0.98 (0.95–0.99) 41.52 ± 7.11 0.98 (0.97–0.99)

Transverse
Total 143.29 ± 17.02 0.99 (0.97–0.99) 134.87 ± 22.43 0.98 (0.97–0.99)
Left 69.67 ± 10.87 0.99 (0.97–0.99) 64.89 ± 11.74 0.98 (0.96–0.99)
Right 73.62 ± 10.81 0.99 (0.97–0.99) 69.98 ± 13.99 0.99 (0.98–1.00)

SD: standard deviation; ICC: intraclass correlation coefficient; CI: confidence interval.

Table 2: Maximum angle of coupling motions on the natural test and the neutral test.

Primary Coupling Natural test (∘) Neutral test (∘)
Mean ± SD ICC (95% CI) Mean ± SD ICC (95% CI)

Extension Lateral bending 7.50 ± 4.93 0.95 (0.90–0.98) 5.79 ± 3.60 0.97 (0.93–0.99)
Axial rotations 8.44 ± 4.56 0.94 (0.88–0.98) 6.52 ± 2.75 0.83 (0.65–0.94)

Flexion Lateral bending 7.63 ± 5.56 0.98 (0.97–0.99) 5.61 ± 3.08 0.94 (0.87–0.98)
Axial rotations 7.89 ± 4.31 0.97 (0.94–0.99) 6.18 ± 2.63 0.86 (0.70–0.95)

Left bending Extension and flexion 13.14 ± 6.22 0.95 (0.90–0.98) 9.93 ± 4.86 0.96 (0.93–0.99)
Axial rotations 12.21 ± 5.78 0.93 (0.85–0.97) 12.35 ± 5.71 0.95 (0.90–0.98)

Right bending Extension and flexion 7.72 ± 3.25 0.90 (0.78–0.96) 6.22 ± 2.74 0.93 (0.86–0.97)
Axial rotations 14.92 ± 6.86 0.97 (0.94–0.99) 14.19 ± 7.34 0.97 (0.95–0.99)

Left rotation Lateral bending 7.59 ± 4.20 0.97 (0.94–0.99) 5.59 ± 3.12 0.95 (0.91–0.98)
Extension and flexion 7.38 ± 3.78 0.96 (0.92–0.98) 6.40 ± 3.05 0.94 (0.88–0.98)

Right rotation Lateral bending 7.09 ± 3.31 0.97 (0.94–0.99) 6.34 ± 3.58 0.96 (0.92–0.99)
Extension and flexion 7.52 ± 3.32 0.97 (0.93–0.99) 6.22 ± 3.52 0.96 (0.91–0.98)

SD: standard deviation; ICC: intraclass correlation coefficient; CI: confidence interval.

two tests are presented in Table 2with their ICCs.The average
ICC ofmeasuring couplingmotion on the natural test is 0.96,
and that on the neutral test is 0.94.

3.3. Average Angle Ratio and Maximum Angle Ratio of Cou-
pling Motion. We set up a parameter, amount of motion,
as area under curve. We can calculate the average angle
ratio of coupling motion to the primary motion with this
amount of motion. This concept is shown in Figure 3. The
amount of motion was thought to be proportional to the
area under curve from the initial position to the maximum
angle because returning from the maximum rotation point
is affected by the previously occurred coupling motion. After
the area was calculated, it was normalized along the time axis
for adjusting the duration difference in eachmeasurement. By
normalization along the time axis, we obtained the average
coupling motion angle and calculated the average angle ratio
of coupling motion to the primary motion.The average angle
ratio andmaximumangle ratio of couplingmotion are shown
in Table 3.

4. Discussion

4.1. Measurements with theWireless IMU System. We design-
ed and constructed a wireless IMU system to measure cer-
vical motion to overcome the physical, time, and economic
disadvantages of prior instruments [20, 23, 24].The objective
of this study was to demonstrate the feasibility of this wire-
less IMU system to evaluate stability and describe cervical
motion. Tables 1 and 2 show the ICCs of this measurement
system. The ICCs of the CROM measurements are >0.97
except for one case, and those of the coupling motions
are >0.90 except for two cases. This indicates the high
reliability of this measurement system and this methodology
to measure the cervical motions. ICCs of the coupling
motion measurement are generally slightly less than those
of the CROMmeasurements. This could mean that coupling
motions cannot be controlled strictly, or a little fluctuation of
couplingmotionmay be occurred in every trial. Nevertheless,
the reliability of this system is still high.

Previous studies reported the ICCs of prior instruments.
ICC values were>0.791 formeasuringCROMandwere>0.40
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Table 3: Average angle ratio and maximum angle ratio of coupling motions on the natural test and the neutral test.

Primary Coupling AAR (mean ± SD) MAR (mean ± SD)
Natural test Neutral test Natural test Neutral test

Extension Lateral bending 0.09 ± 0.05 0.09 ± 0.06 0.13 ± 0.09 0.11 ± 0.07

Axial rotations 0.14 ± 0.09 0.13 ± 0.07 0.15 ± 0.08 0.13 ± 0.06

Flexion Lateral bending 0.10 ± 0.06 0.09 ± 0.04 0.12 ± 0.08 0.10 ± 0.05

Axial rotations 0.12 ± 0.07 0.12 ± 0.09 0.13 ± 0.06 0.12 ± 0.06

Left bending Extension and flexion 0.27 ± 0.13 0.22 ± 0.13 0.30 ± 0.14 0.24 ± 0.12

Axial rotations 0.29 ± 0.16 0.16 ± 0.11 0.28 ± 0.12 0.30 ± 0.13

Right bending Extension and flexion 0.16 ± 0.09 0.29 ± 0.15 0.17 ± 0.07 0.15 ± 0.07

Axial rotations 0.34 ± 0.18 0.37 ± 0.25 0.34 ± 0.16 0.35 ± 0.19

Left rotation Extension and flexion 0.09 ± 0.06 0.08 ± 0.04 0.11 ± 0.06 0.08 ± 0.04

Lateral bending 0.11 ± 0.06 0.12 ± 0.09 0.10 ± 0.05 0.10 ± 0.05

Right rotation Extension and flexion 0.09 ± 0.05 0.08 ± 0.04 0.09 ± 0.04 0.09 ± 0.04

Lateral bending 0.13 ± 0.08 0.12 ± 0.09 0.10 ± 0.05 0.09 ± 0.06

SD: standard deviation; AAR: average angle ratio; MAR: Maximum angle ratio.

0 1 2 3 4 5 6 7 8 9 10 11 12

Lateral bending
Extension and flexion
Axial rotations

A
ng

le
 (d

eg
)

80

60

40

20

0

−20

−40

−60

−80

Time (s)

Initial point

Maximum rotation point

Amount of motion

Figure 3: Amount of motion as area under curve. The amount of
rotation is defined as the area under curve from the initial point
to the maximum rotation point. This area was used to calculate the
average angle of coupling motion. Positive values represent flexion,
right side bending, and right axial rotation. In this case, there is little
coupling motion in flexion.

for measuring coupling motions using a three-dimensional
electromagnetic motion tracking device [13]. In some cases,
almost all ICC values were <0.75 when coupling motion was
measured using a three-dimensional electromagneticmotion
tracking device [40]. ICCs using the three-dimensional

kinematic method were reported >0.74 [42]. A study that
measured CROMs with a wired IMU reported ICCs of 0.79–
0.99 [38]. Comparing the ICCs of the IMU systems and the
prior instruments, the test-retest reliability of the IMU system
is relatively very high whether wired or wireless condition.
This shows the potential possibility of a wireless IMU system
in measuring and evaluating stability or function of the
various musculoskeletal joint systems.

4.2. Parameters to Analyze the Time-Domain Characteris-
tics. CROM is one of the most well-investigated physical
parameter [9] and measuring CROM is important clinically
[7, 43]. Additionally, the coupling motion behavioral pattern
is also clinically important to diagnose disorders such as
degeneration, disease, trauma, or dislocation [6–13]. CROMs
in healthy subjects were measured in our study (Table 1), and
there is a similar tendency with the previous studies [6, 40].
This result may suggest the possibility of high concurrent
validity of this system.

Previous studies reported only maximum values of cou-
pling motion and did not discuss the entire pattern or the
time-domain characteristics of coupling motion. Discussion
about the entire coupling motion pattern is essential, because
the starting point, increasing slope, average coupling angles,
and its fluctuation also have clinical information that which
muscles are recruited, which nerves are activated, and what
pattern the motor control is fulfilled in. The time-domain
characteristics of coupling motion can give qualitative and
clinical clues about these questions. For example, if coupling
motions simultaneously occur with the primary rotation, this
case has clinically obvious difference from the case that cou-
plingmotions occur after some primary rotation or especially
near the maximum point of the primary rotation. But if only
maximum angles of coupling motions are reported, the two
different cases cannot be distinguished. Likewise, amount of
the coupling motion must be considered with amount of the
primary motion, because cases of same amount of coupling
motion with different maximum range of primary motions
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must be discussed separately. Cervical movement with more
primary ROM in normal range can be understood to have
better function or motor control strategy than one with less
primary ROM in case that those two have the same amount
of coupling motion.

We defined and calculated amount of motion with area
under curve to consider the time-domain characteristic
including rotation angle and time duration. In addition, to
consider the primary motion amount, we defined average
angle ratio as the ratio of average coupling motion angle
to average primary motion angle. Therefore, one primary
motion has two angle ratios according to the two secondary
planes (Table 3). Average angle ratios of the coupling motion
are large when the primary motion is lateral bending. Maxi-
mum angle ratios in primary lateral bending are approximate
30%, and those in primary axial rotations are approximate
10%. These values resemble the results of the previous study
that used the prior instruments [10, 44].

4.3. Clinical Values of Evaluating the Coupling Motion. Cou-
pling motion generally occurs in healthy subjects, because
one motion recruit various muscles. For example, the rectus
capitis posterior major, oblique capitis inferior and superior,
and splenius muscles are recruited as intrinsic rotators when
rotating the head, and the sternocleidomastoid, scalene,
upper trapezius, and levator scapular muscles are recruited as
extrinsic rotators. Among these, sternocleidomastoidmuscle,
anterior and middle scalene muscles act as extrinsic flexor
muscles. Similarly, the upper trapezius and levator scapular
muscles are also extrinsic extensor muscles. So, flexion or
extension can occur simultaneously during axial rotation,
according to the central nervous system motor control
strategies. Coupling motion on the neutral test reflects these
inevitably integrated muscle movements because subjects
intended to make rotations strictly on only one plane in
neutral test. Excessive or distorted couplingmotion can occur
in asymptotic subjects, who have no clinical symptom such as
pain or ROM limitation, because the coupling motion can be
a protective postural strategy to avoid pain [14].

We should not directly diagnose muscle or nerve prob-
lems only using the amount of coupling motion. Instead, we
could observe the entire cervical motion with this measure-
ment system, and by doing so, we could calculate parameters
including time-domain information and consider the entire
curve for diagnosing diseases or observing progress. A direct
correlation between coupling motion pattern and specific
musculoskeletal or nervous problem can be estimated if the
coupling motion patterns are analyzed by pattern analysis or
other data-mining methods, or if imaging studies such as X-
ray, computed tomography, or magnetic resonance imaging
are combined with this system.

This technique can also be applied to various joint
systems, which enables clinicians or physical therapists to
evaluate various joint functions, to examine the effect of clin-
ical interventions including complementary and alternative
medical treatments, and to preventively care for patients by
correcting movement habits. If the proper biofeedback sys-
tems are combinedwith this real-time evaluation, therapeutic

approach can bemade in themusculoskeletal or neurological
rehabilitation fields.

4.4. Limitations. We used the NDI index to include only
the no- and mild-disability group, but this questionnaire
has limitation of being unable to filter out pain-avoidance
by creating excessive or limited cervical coupling motion.
Although other studies reported an age effect on cervical
motion [44, 45], we could not reproduce this effect because
the subjects were 25–35 years of age.

5. Conclusion

We developed a measurement system using a wireless IMU
to evaluate cervical motion quantitatively and qualitatively.
Using this system, we were able to measure CROM and
coupling motion in real time, so we could observe the entire
characteristics of the coupling motions. We calculated the
average angle ratios and maximum angle ratio of coupling
motions to evaluate the time-domain motion characteristics.
These parameters may provide accurate rotation movement
data and diagnostic basis for structural or functional dysfunc-
tion of the cervical spine with further studies. High test-retest
reliability, the resemblance of the results with the previous
studies, and the economic advantages of this system may
present the potential utility of this system in many aspects.
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In the present study, the effect of CP-001, a standardized herbal mixture of Houttuynia cordata, Rehmannia glutinosa, Betula
platyphylla, and Rubus coreanus, on cytochrome P450 (CYP) enzyme-mediated drug metabolism was investigated in vitro to
evaluate the potential for herb-drug interactions. CP-001 was tested at concentrations of 1, 3, 10, 30, and 100𝜇g/mL. A CYP-
specific substrate mixture was incubated with CP-001 in human liver microsomes, and the metabolites generated by each CYP-
specificmetabolic reaction weremeasured by liquid chromatography-tandemmass spectrometry. CP-001 seemed to slightly inhibit
some CYP isozymes, but the IC

50

values for all CYP isozymes were greater than 100 𝜇g/mL. Furthermore, CP-001 did not exhibit
time-dependent CYP inhibitory activities, indicating that it does not act as a mechanism-based inactivator of CYP enzymes. In
conclusion, the effects of CP-001 on CYP isozyme activities were negligible at the concentrations tested. Therefore, the likelihood
of herbal mixture-drug interaction is considered minimal.

1. Introduction

Herbal medicines are increasingly being used as alternative
medicines worldwide. Consequently, it is very likely that
some patients will take herbalmedicines in combinationwith
prescription or conventional medications, which may lead to
unexpected adverse effects caused by herb-drug interactions.
There may be many mechanisms underlying various herb-
drug interactions, but the representative mechanism is an
alteration of the absorption, metabolism, or clearance of
coadministered drugs by the herb. Many herbs can induce or
inhibit drug metabolizing enzymes such as cytochrome P450
(CYP450), altering the pharmacokinetics of the coadminis-
tered drugs and subsequently reducing their pharmacological
effects or causing toxicity [1, 2]. For these reasons, evaluations
of herb-drug interactions associated with drug metabolizing

enzymes are necessary to ensure the safety of the concomitant
use of herbal medicines.

CP-001 is a standardized herbal mixture of Rehmannia
glutinosa, Houttuynia cordata, Rubus coreanus, and Betula
platyphylla. R. glutinosa has traditionally been used to treat
hemostasis, activate blood circulation, and improve kidney
function in East Asian countries [2]. It has been reported that
R. glutinosa has antiallergy effects [3] and anti-inflammatory
functions [4–6]. H. cordata has been used to treat inflam-
matory diseases in traditional oriental medicine, and it has
been reported to possess several pharmacological activities
such as anti-inflammatory, antiviral, and anticancer effects
[7–9]. R. coreanus is a type of raspberry, the fruits of which
have traditionally been used for the treatment of asthma and
allergy in Asian countries and have anti-inflammatory and
antioxidative activities.
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Table 1: Information on the CYP-specific substrates used and the metabolites monitored in this study.

P450 isozyme Marker substrate Concentration Metabolites monitored Q1/Q3
CYP 1A2 Phenacetin 40𝜇M Acetaminophen 152.1/110.1
CYP 2A6 Coumarin 2.5 𝜇M 7-OH-Coumarin 162.9/106.9
CYP 2D6 Dextromethorphan 5𝜇M Dextrorphan 258.3/157.1
CYP 2C9 Diclofenac 10𝜇M 4-OH-Diclofenac 312.2/230.9
CYP 2C19 (±)-Mephenytoin 160𝜇M 4-OH-Mephenytoin 235/150.1
CYP 3A4 Midazolam 2.5 𝜇M 1-OH-Madazolam 343.1/325.1
Internal standard Terfenadine 472.4/436.4

Recently, in our pharmacological assay, CP-001 exhibited
a synergistic therapeutic effect on atopic dermatitis (AD).
This herbal mixture is currently under development as a
therapeutic agent for the treatment of AD. Therefore, a
preclinical evaluation of potential herb-drug interactions was
required. In this study, the effects of CP-001 on CYP450-
mediated drug metabolism was evaluated to predict the
CYP450-related herb-drug interactions.

2. Materials and Methods

2.1. Chemicals and Reagents. CP-001 was provided by
Hanpoong Pharm & Foods Co., Ltd. (Jeonju, Rebiblic
of Korea). CP-001 was standardized to contain 1.25%
catalpol, 0.26% quercitrin, and 0.42% ellagic acid. Pooled
human liver microsomes were purchased from BD Gen-
test (Woburn, MA, USA). Glucose-6-phospate, 𝛽-NADP+,
glucose-6-phospate dehydrogenase, phenacetin, coumarin,
diclofenac, mephenytoin, dextromethorphan, midazolam,
furafylline, methoxsalen, sulfaphenazole, ticlopidine, quini-
dine, ketoconazole, and terfenadine were obtained from
Sigma Chemical Co. (St. Louis, MO, USA). Formic acid
was purchased fromMerck (Darmstadt, Germany). All other
solvents used were of HPLC grade and were purchased
from J. T. Baker (Phillipsburg, NJ, USA). Distilled water
was prepared using a MilliQ purification system (Millipore,
Billerica, MA, USA).

2.2. CYP Inhibition Assay. The CYP inhibition assay was
performed with 0.5mg/mL human liver microsomes in a
final incubation volume of 0.2mL. The incubation mixtures
consisted of various concentrations of CP-001 (1, 3, 10, 30,
and 100𝜇g/mL in methanol), an NADPH-generating system
(NGS) containing 0.1M glucose-6-phosphate, 10mg/mL 𝛽-
NADP+, and 1.0U/mL glucose-6-phosphate dehydrogenase
and a substrate mixture (Table 1) in 0.1M potassium phos-
phate buffer (pH 7.4). The incubation mixture was incubated
at 37∘C without NGS for 5min and then continuously incu-
bated for 30minwithNGS in awater bath.Well-known selec-
tive CYP inhibitors were tested as positive controls (10 𝜇M
furafylline for CYP1A2; 20𝜇M methoxsalen for CYP2A6;
50𝜇M sulfaphenazole for CYP2C9; 20𝜇M ticlopidine for
CYP2C19; 50 𝜇M quinidine for CYP2D6; 5 𝜇M ketoconazole
for CYP3A4). After the incubation, the reaction was stopped
by adding 400 𝜇L of 0.1% acetic acid containing 4𝜇L of an
internal standard solution (16 𝜇M terfenadine in DMSO).

To test the possibility of mechanism-based inactivation,
0.5mg/mL human liver microsomes was preincubated with
various concentrations of CP-001 (1, 3, 10, 30, and 100 𝜇g/mL)
in 0.1M potassium phosphate buffer (pH 7.4) for 30min in
the presence of NGS. After the preincubation, the substrate
mixture was added, and the solution was continuously incu-
bated for 30min.The rest of the procedure was performed as
described previously.

2.3. Sample Preparation. The incubation mixtures were
passed through activated Sep-Pak C

18
cartridges (96-well

OASISHLB extraction cartridge,Waters,Milford,MA,USA).
The cartridges were activated with methanol (1mL) and 0.1%
acetic acid in distilled water (2mL). After sample loading,
the cartridges were washed twice with 1mL 0.1% acetic acid
in distilled water and eluted with 1mL methanol. After the
evaporation of the eluates under nitrogen gas, the residue
was redissolved in 100𝜇L of reconstitution buffer (0.1%
formic acid in distilled water : acetonitrile = 85 : 15), and 5 𝜇L
aliquots were subjected to liquid chromatography-tandem
mass spectrometry (LC-MS/MS).

2.4. LC-MS/MS Analysis. The LC-MS/MS system consisted
of an Agilent 1260 series binary pump HPLC system (Agilent
Technologies, Palo Alto, CA,USA) and anAgilent 6460 triple
quad mass spectrometer (Agilent Technologies, Palo Alto,
CA, USA) equipped with an electrospray ionization (ESI)
source. A Fortis C

8
column (2.1mm × 100mm, 5𝜇m; Fortis

Technologies Ltd., Cheshire, England, UK) was used for the
separation. The column temperature was maintained at a
constant 40∘C using a thermostatically controlled column
oven.The HPLCmobile phases consisted of 0.1% formic acid
in distilled water (A) and 90% acetonitrile in 0.1% formic acid
(B). A gradient program was used for the HPLC separation
with a flow rate of 0.2mL/min. The solvent composition
was initially set at 15% B, gradually increased to 85% Bover
3min, and maintained for 1.5min, and then the column
was reequilibrated for 3.5min. The entire column eluent was
introduced directly into themass spectrometer. Nitrogen was
used both as the nebulizing gas at 20 psi and as the drying gas
at a flow rate of 10 L/min at 300∘C.Themass spectrometer was
operated in positive ion mode. Multiple reaction monitoring
(MRM) detection was employed. The precursor-product ion
pairs (Q1/Q3) used in MRMmode were presented in Table 1.
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Table 2: The effects of CP-001 on the CYP enzyme activities without preincubation.

P450 isozyme
Remaining activities (% of control)

IC50CP-001 (𝜇g/mL)
1 3 10 30 100

CYP1A2 101.6 116.1 87.5 95.6 78.3 >100
CYP2A6 83.9 81.4 85.4 88.8 94.2 >100
CYP2D6 84.5 90.1 88.1 80.4 75.2 >100
CYP2C9 122.0 130.1 93.6 111.5 108.0 >100
CYP2C19 79.4 87.1 81.8 76.8 62.0 >100
CYP3A4 87.8 96.1 86.3 88.8 85.2 >100

Table 3: The effects of CP-001 on the CYP enzyme activities with preincubation.

P450 isozyme
Remaining activities (% of control)

IC50CP-001 (𝜇g/mL)
1 3 10 30 100

CYP1A2 111.4 98.8 79.3 83.5 70.6 >100
CYP2A6 116.1 106.8 104.9 101.5 96.9 >100
CYP2D6 107.3 109.6 129.2 109.3 98.7 >100
CYP2C9 83.7 96.8 75.5 76.4 69.8 >100
CYP2C19 117.5 109.7 106.3 94.2 75.1 >100
CYP3A4 111.6 109.9 102.3 89.9 75.7 >100

3. Results and Discussion

The inhibitory effects of CP-001 on CYP-specific metabolic
activities were evaluated in human liver microsomes. The
assay system was tested with well-known selective inhibitors
of CYP isozyme (positive controls). The remaining activity
of the CYP isozymes after the treatment of each selective
inhibitor was as follows: 5.0% for CYP1A2 (furafylline);
8.2% for CYP2A6 (methoxsalen); 5.3% for CYP2C9 (sul-
faphenazole); 12.7% for CYP2C19 (ticlopidine); 2.5% for
CYP2D6 (quinidine); and 4.5% for CYP3A4 (ketoconazole).
All the inhibitors selectively inhibited the correspondingCYP
marker activity. When CP-001 was evaluated at concentra-
tions of 1, 3, 10, 30, and 100 𝜇g/mL, CP-001 showed minimal
inhibitory effects on all CYP isozymes tested (Table 2), with
estimated IC

50
values above 100𝜇g/mL, although the enzyme

activity of CYP2C19 was slightly inhibited in a concentration-
dependentmanner.WhenCP-001 was tested after preincuba-
tion with human liver microsomes, the extent of inhibition
on several CYP isozyme activities was somewhat different,
but the IC

50
values were all above 100 𝜇g/mL (Table 3),

comparable to those without pre-incubation. Therefore, CP-
001 is considered to have negligible effects on CYP-mediated
drug metabolism as a mechanism-base inhibitor as well as a
competitive inhibitor.

There have been several reports on the effects of the
herbs contained in CP-001 on CYP catalytic activities [10–12].
Regarding H. cordata, decreases in the activities of CYP1A1,
CYP2C11, and CYP2E1 were observed in 24 h oxidized frying
oil-fed rats after feeding with a diet containing H. cordata
[10]. However, this study was not conducted to evaluate the
herb-drug interaction but rather to evaluate chemopreventive

potential as those CYP enzymes could be involved in the
activation of precarcinogens or other chronic diseases. R.
glutinosawas reported to inhibit CYP1A2,CYP2C9,CYP2D6,
CYP2E1, and CYP3A4 in vitro in a concentration-dependent
manner, but significant inhibition was only observed at a
relatively high concentration (1mg/mL), which is difficult to
reach in a clinical setting [11]. There was a report on the
effects of R. coreanus on CYP3A activity, but the effect was
not so considerable [12].The effects of B. platyphylla on CYP-
mediated drug metabolism have not yet been reported.

In conclusion, we have evaluated the inhibitory potential
of CP-001 on human CYP enzyme activities in vitro as a
part of preclinical ADME studies.The present results indicate
that CP-001 may not interact with coadministered drugs by
modulating CYP-mediated metabolism. However, the results
of in vitro tests are not necessarily consistent with in vivo
findings. Therefore, continuous monitoring of herb-drug
interactions along with pharmacokinetics studies may be
required through subsequent clinical stages.
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Objective. The objective of this study was to investigate the effect of a holistic intraoral appliance (OA) on cervical spine alignment
and subjective symptom severity. Design. An observational study on case series with holistic OA therapy. Setting. An outpatient
clinic for holistic temporomandibular joint (TMJ) therapy under the supervision of the Pain Center, CHA Biomedical center, CHA
University. Subjects. Ambulatory patients presenting with diverse chief complaints in the holistic TMJ clinic.Main Measures. Any
immediate change in the curvature of cervical spine and the degree of atlantoaxial rotation was investigated in the images of simple
X-ray and computed tomography of cervical spine with or without OA. Changes of subjective symptom severity were also analyzed
for the holistic OA therapy cases. Results. A total of 59 cases were reviewed. Alignment of upper cervical spine rotation showed an
immediate improvement (𝑃 < 0.001). Changes of subjective symptom severity also showed significant improvement (𝑃 < 0.05).
Conclusion. These cases revealed rudimentary clinical evidence that holistic OA therapy may be related to an alleviated symptom
severity and an improved cervical spinal alignment. These results show that further researches may warrant for the holistic TMJ
therapy.

1. Introduction

Temporomandibular disorders (TMDs) are not only a poten-
tial cause of nondental pain in the orofacial region such as
the temporomandibular joint (TMJ) [1], but they may con-
tribute to various symptoms, including neck pain, depression,
chronic fatigue, sleep disorders, decreased productivity, and
mooddisorder [2]. Among theseTMD-associated symptoms,
coexistence of neck or head pain and TMDs is very common
[3]. The close correlation of TMDs with cervical spine
disorders has been reported by several researches [4–7]. One
study reported that patients who have TMDs report neck
symptoms more frequently than patients who do not have

TMDs. At the same time, patients who have neck pain report
more signs and symptoms of TMD than those who have no
neck pain [8]. Cervical spine disorders were reported in 71%
of the TMD patients group and only 40% of the non-TMD
group [9]. Limitations in the upper cervical region (C0–C3
level) were reported to be present significantly more in the 31
TMD patients than in the 30 controls [10].

Although there has been a debate about the exact role of
intraoral appliances (OA) in management of TMDs, OA can
be used as one of the important therapeutic modalities for
TMD or related disorders [11]. Several studies have shown
that functional disturbances in the cervical vertebrae were
significantly reduced through acting upon the muscles of the
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mouth and jaw with OA or other TMD treatments [12, 13],
although another study using radiographic and photographic
findings reported no significant change in head and neck
posture after intraoral splint use [14]. OA has been one of the
main modalities of holistic TMJ therapy with a perspective
of balance in the nervous system and whole-body structure
[15, 16]. This study aimed to investigate an effect of OA on
subjective symptom severity and cervical spine alignment in
holistic TMJ therapy cases.

2. Materials and Methods

2.1. Subjects and Design. This study was designed as a within-
subject prepost comparison observational study with one
group. Ambulatory patients who newly visited the outpatient
clinic of holistic TMJ therapy were prescribed with their
first OA, volunteered to participate in this study, provided
an informed consent, and were asked to receive radiologic
assessment twice: once with OA and once without OA.
Patients may be included if they showed somatic dysfunction
in the region of TMJ with manifestations of tissue texture
abnormality, asymmetry, restriction ofmotion, or tenderness,
or showed positive sign on applied kinesiology-type manual
muscle testing in relation to TMJ. Those patients have been
considered as possible candidates for holisticOA therapy [15].
Positive sign on manual muscle testing means a response of
change in isometric muscle contraction in relation to a touch
to the skin of TMJ area. Chief complaint of patients may vary
significantly.This studywas performed under the supervision
of Pain Center, CHA Biomedical center, CHA University,
during the period from December 2006 to November 2007
(Table 1). Records were analyzed for 59 outpatient cases (27
females, 32 males). Mean age was 35.2 (SD 13.3). The study
protocol was approved by the institutional review board of
the CHA university (IRB no. 08-32).

2.2. Intervention: Holistic Intraoral Appliance Therapy. An
OA was individually fabricated and fitted on the spot. OA
fabrication was based on the so-called functional cere-
brospinal therapy (FCST), originally developed by one of the
authors of this paper (Young J. Lee) [15]. As an impression
material, vinyl polysilane was used (Exafine putty type, GC
Corporation, Japan). On trial-and-error basis, the height and
shape of anOAwas gradually adjusted for the very individual
under examination with continuous monitoring of changes
in sign/symptom manifestations, somatic dysfunction, or
manual muscle testing. The final height and shape of OA
in a given session of treatment was determined on the spot
based on the immediate improvement of somatic dysfunction
or manual muscle testing (Figure 1) [15]. Thus fabricated OA
was intraorally fitted on the spot.The OA thus fabricated was
periodically applied by the patient in daily life, as long as
symptomatic improvement was maintained. At a follow-up
visit, the previous OA might be discarded and a new one be
fabricated.

2.3. Radiologic Examination. A CT scan and simple X-
ray of cervical spine were taken twice: without application

Table 1: General characteristics of the patients.

No. (%)
Gender

Male 32 (54.2%)
Female 27 (45.8%)

Chief complaints
Pain disorder 33 (55.9%)
Temporomandibular joint pain 9 (15.3%)
Neck pain 8 (13.6%)
Headache 6 (10.2%)
Others 10 (16.9%)
Idiopathic torticollis 9 (15.3%)
Others 17 (28.8%)

Duration of symptoms (years)
0–2 20 (33.9%)
2–4 15 (25.4%)
4–10 12 (20.3%)
10–16 8 (13.6%)
16–22 2 (3.4%)
22–38 2 (3.4%)

Outpatient treatment
Period (months)∗ 1.5 ± 1.7 (0.1–8.1)
No. of treatments∗ 20.7 ± 33.4 (3–229)

∗Data are presented as mean ± SD (range).

Figure 1: Custom-made intraoral appliance used for holistic tem-
poromandibular therapy.

of the OA, followed by with application of the OA. Any
significant change in the alignment of the occiput-atlas axis
or the cervical spine was explored in relation to the OA.
Examination was done within several days (maximum 3
days) after prescribing the first OA for the participant. The
patients assumed a supine position facing straight ahead
during the examination procedure. The degree of rotational
misalignment between the atlas and the axis was measured
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according to the method of Patijn et al. [17]. Absolute degree
of the rotation misalignment between the atlas and the axis
was compared in relation to the OA. The patient assumed an
erect posture facing straight ahead (paralleling the bite line
to the floor) for the lateral X-ray imaging. Degree of lordosis
of the cervical spine was measured according to the Cobb
technique [18]. The entire CT scan and X-ray imaging were
performed by the same radiologist with the same method for
all the cases.

2.4. Subjective Symptom Severity. The symptom severity data,
which were repeatedly documented by the method of a
visual analogue scale (VAS) ranging from 0 to 10, where 10
represents unbearable discomfort and 0 represents no dis-
comfort, were additionally reviewed. The VAS severities on
the first and last visit were analyzed as a measurement of the
clinical picture of the participants without any assumption of
direct correlation between cervical alignment and symptom
severity.

2.5. Statistical Analysis. Statistical comparisons were per-
formed using SPSS statistical software (version 17 for Win-
dows, SPSS Inc.). Degree of rotational misalignment and
severity of subjective symptoms were compared using the
Wilcoxon signed-ranks test. Values were presented as mean
± standard deviation with a significance level of 0.05.

3. Results

3.1. Immediate Changes in Rotational Misalignment Following
Use of the Intraoral Appliance. Rotational misalignment in
upper cervical spine showed immediate change in 72.4% of
the patients. Predominant change was decreased in rotational
misalignment after OA’s use (𝑃 < 0.01). When grouped
according to type of the change, 62.1% of the patients showed
a 2.8-degree decrease (Figure 2), and 10.3% of the patients
showed a 2.7-degree increase (Table 2).

3.2. Immediate Changes in Cervical Lordosis Following Use of
the Intraoral Appliance. Degree of cervical lordosis showed
immediate change in 80.0% of the patients. When grouped
according to type of the change, 38.2% of the patients showed
a 5.1-degree decrease, and 41.8% of the patients showed a 5.5-
degree increase (Table 3).

3.3. Changes in the Severity of Subjective Symptoms. The
patients showed improvement in the severity of subjective
symptoms such as neck pain and chronic fatigue (Table 4,
Figure 3) after a mean treatment period of 1.5 months with
20.7 treatments (Table 1).

4. Discussion

In this study, we found that immediate change in cervical
alignment seems to be related with an OA therapy: the
degree of rotational misalignment between the atlas and axis
was reduced. In addition to that, the participants showed
an improvement in subjective symptom severities after 1.5

months, even though this change may not be associated
with the OA therapy. Wearing an intraoral appliance seemed
to accompany reduced degree of cervical lordosis in those
with greater-than-average degrees of lordosis or increased
degree of cervical lordosis in those with lesser-than-average
degrees of lordosis, coming closer to the average degree of
lordosis. However, the average degree of lordosis was not
different between the two conditions. We cannot exclude the
possibility that these changes in cervical lordosis may just
reflect a random variation or the statistical phenomenon of
regression to the mean.

Positive relationship between TMD and cervical spine
was reported in previous reports [4, 6]. Although the rela-
tionship betweenTMDandhead andneck posture or cervical
spine alignment has not been shown clearly [5, 19], clinical
or muscular aspects of such relationship may not be so
ambiguous, considering increased muscular fatigability of
cervical extensor muscles in TMD patients [20] and close
correlation between TMD and spinal pain in clinical practice
[7]. Increased or decreased lordosis of cervical alignment
may be related to increased stress or vulnerability to stress in
cervical spine [21–23]. In this study, we found that wearing
the intraoral balancing appliance appeared to be related
to such change in cervical alignment that increased or
decreased cervical lordosis turning into a close-to-average
angle of lordosis. This may be related to decrease in stress or
vulnerability to stress of cervical spine. It is suggested that the
change into more close-to-average lordosis from decreased
lordosis, rather than from increased lordosis, may be more
closely related to stress reduction considering that flexion
deformity and decreased lordotic curve is a well-described
type of aberration in cervical curvature [23].

The close correlation of TMD with cervical spine dis-
orders has been reported previously, and there are several
explanations in terms of biomechanical, neuroanatomical,
and neurophysiological aspects for these close relations
[24]. Neurophysiologically, there is convergence and central
excitatory connection between the trigeminal nerve and the
trigeminocervical nucleus. For example, afferent input from
neck muscles and the cervical spine results in masticatory
muscle contraction through the excitation of motor neurons
in the trigeminal nerve [25, 26]. Experimental trapezius
muscle painwas observed to spreadmost often to the infraau-
ricular zone and was also accompanied by a temporary
reduction ofmouth opening [27].While sensory information
from trigeminal primary afferent neurons descends down to
C2-C3 and even C6 [28–30], experimentation has shown that
electrical stimulation of the infraorbital nerve, a branch of the
trigeminal nerve, activates interneurons in the ventral horns
of C1 toC4, readily exciting neckmusclemotoneurons [31]. In
the case of TMD, transmission of nociception from the TMJ
by means of the auriculotemporal nerve, the posterior trunk
of the mandibular nerve, to the spinal tract of the trigeminal
nerve, the trigeminocervical nucleus, and the motoneurons
of the cervical spine is the one mechanism through which
TMD causes cervical pain and muscle tension changes [32].
Biomechanically, the temporomandibular system and cervi-
cal spine behave as one functional unit. Thus, not only could
changes in head posture result in cervical spine dysfunction,
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(a) (c) (e)

(b) (d) (f)

Case 1 Case 2 Case 3

Figure 2: Exemplary CT image of 3 patients. Comparison shows an immediate change in the degree of rotational misalignment in the atlas
while wearing the oral appliance. (a), (c), and (e) CT image while not wearing the oral appliance. (b), (d), and (f) CT image while wearing
the oral appliance. Lines drawn over figures (e) and (f) indicate ameasuring method of atlas rotation angle with a line passing the anterior
border of foramen transversarium of the atlas.

Table 2: Immediate change in degree of rotational misalignment between C1 and C2 vertebrae on a computed tomography image.

No. (%)∗ Degree of the rotational misalignment Immediate change
Without an intraoral appliance With an intraoral appliance

Groups based on type of the change
Decrease 36 (62.1) 6.1 ± 5.0 3.3 ± 4.1 −2.8 ± 2.0∗∗∗

No change 16 (27.6) 2.4 ± 2.2 2.4 ± 2.2 0
Increase 6 (10.3) 2.7 ± 2.1 5.3 ± 3.5 2.7 ± 2.7∗∗

Total 58 (100.0) 4.7 ± 4.5 3.3 ± 3.6 −1.4 ± 2.5∗∗∗
∗There were missing data in one case. Values are presented as number (%) or mean ± SD.
∗∗

𝑃 < 0.05, ∗∗∗𝑃 < 0.001 by Wilcoxon signed-rank test.

Table 3: Immediate change in degree of cervical lordosis calculated by Cobb technique on a simple X-ray image.

No. (%)∗ Mean ± SD
Without an intraoral appliance With an intraoral appliance Degree of change

Groups based on the type of the change
Decrease 21 (38.2) 45.3 ± 11.4 40.5 ± 11.0 −5.1 ± 3.7∗∗

No change 11 (20.0) 41.6 ± 3.32 41.6 ± 3.3 0
Increase 23 (41.8) 35.8 ± 10.4 41.4 ± 11.4 5.5 ± 4.7∗∗

Total 55 (100.0) 40.6 ± 12.0 41.1 ± 11.4 0.4 ± 6.1
∗There were missing data in four cases. Values are presented as number (%) or mean ± SD.
∗∗

𝑃 < 0.001 by Wilcoxon signed-rank test.
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Table 4: Frequent subjective symptom groups and treatment ses-
sions of each group.

Subjective symptoms No. (%)∗ Treatment sessions
Neck pain 39 (70.9) 18.4 ± 20.5
Chronic fatigue 17 (30.9) 21.6 ± 19.3
Headache 14 (25.5) 16.4 ± 23.7
Temporomandibular joint pain 13 (23.6) 15.0 ± 14.3
Shoulder pain 11 (20.0) 6.9 ± 3.6
Temporomandibular joint noise 11 (20.0) 30.8 ± 66.2
Chronic dyspepsia 8 (14.5) 19.3 ± 17.5
Cervical dystonia 8 (14.5) 51.8 ± 75.2
Low back pain 8 (14.5) 19.3 ± 20.1
∗There were missing data in four cases. Values are presented as number (%)
or mean ± SD.
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Figure 3: Severity of subjective symptoms compared between initial
and last visits. TMJ: temporomandibular joint. ∗𝑃 < 0.05, ∗∗𝑃 <
0.01, ∗∗∗𝑃 < 0.001 by Wilcoxon signed-rank test.

but cervical spine movement could also result in changes
in TMJ movement [33]. With forward head posture, the
posterior cervical muscles are shortened isometrically, while
the anterior submandibular muscles are stretched to cause
retrusive forces on the mandible [34]. Increase in the vertical
dimension of the resting mandible was reported to occur
with an increase in the angle of habitual head posture and
a decrease in the retrusion of the mandible [35]. Simul-
taneous functional movements in the temporomandibular,
atlantooccipital, and cervical spine joints were also reported
[36]. Several studies have shown that functional disturbances
in the cervical vertebra were significantly reduced by acting
upon the muscles of the mouth and jaw as a result of OA or
other TMD treatments [12, 13]. The successful correction of
unbalanced TMJ position is suggested to be dependent on the
health of the cervical and other spine musculature as well as

the head position [37, 38]. And OA can possibly reduce the
loading inside the TMJ by reducing the intensity of muscle
activity or shifting the condylar loading area [39].

This study adopted aCT scanning and simpleX-ray imag-
ing for analysis of the cervical spine alignment. For analysis of
the positioning of the cervical spinal curve in individuals with
TMD, many studies have evaluated cervical spine alignment
using cephalometric X-rays. However, evaluation based upon
cephalometric X-rays has some limitations, such as artificial
positioning.The lateral cervical spine X-ray is also difficult to
interpret due to head tilt. In the present study, X-rays were
taken with individuals in a natural standing position, with no
modifications of the cervical curve. In spite of the reported
interexaminer and intraexaminer reliability [40, 41], there
exist possible limitations of plain radiography [42–44], which
can be overcome using CT assessment. An axial CT through
the upper cervical spine demonstrates the rotated position
of the atlas on the axis and associated forward or backward
displacement of the atlas [45].

There has been debate about the exact role of OA in
the management of TMDs, although many types of OA
have been used for over 50 years to treat TMDs. In the
last 20 years, changes in the pathophysiology of TMDs
from simple mechanical and structural concepts to complex
neurophysiologic concepts have forced a reconsideration of
traditional idea about using OA [46]. But the OA may
still be a valuable adjuvant modality in the management
of TMDs [11]. There are various OA designs, such as the
flat plane stabilization appliance (Michigan splint) [47], the
traditional anterior bite plane appliance, the minianterior
appliances [48], the anterior repositioning appliance [49],
the neuromuscular appliances [50], the posterior bite plane
appliances [51], and the hydrostatic appliance [52].

The indication of anOA therapy in this study was not that
of the conventional TMD criteria. The indication includes
any of the somatic dysfunction signs or positive applied
kinesiology-style manual muscle testing, which may actually
be said as including even any functional (nonpathologic)
imbalance in the TMJ and nearby muscles or static posture
or joint movement trajectory. Wemay not tell that the partic-
ipants in this study belong to TMD. However, the objective
of this study was to explore any relationship between OA
therapy and cervical alignment, not the effect on TMD.
And we tried to make an approach to OA therapy from
perspectives of complementary and alternative medicine
rather than the more strict conventional TMD concept or
OA therapy. So, we adopted a new type of OA therapy that
is developed in the Republic of Korea and is applied for
diverse chief complaints with a functional imbalance in the
TMJ region from perspectives of balance enhancing in the
nervous system [15, 16, 53]. The design of this OA reflects
mixed concepts of the flat plane stabilization appliance and
neuromuscular appliances.

This study is an observational study on case series without
control group. This limitation prevents definite comparison
or inference. Further investigation adopting controlled study
andmore rigid design is warranted.This study only evaluated
the immediate change of cervical alignment in relation to an
application of OA in one group. So we cannot state definitely
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any correlation between such a change of cervical alignment
and the clinical symptom change. However, the immediate
cervical alignment change observed in this studymaywarrant
further investigation into the correlations between the TMJ,
OA, subjective symptoms, and cervical alignment. Future
studies may also be needed to investigate the dynamic
relationship between the cervical spine and TMDs [53].
In order to clarify the dynamic relationship between the
movements of the cervical spine and neck muscles and the
mandibular opening or closing and masticatory muscles, the
complex dynamics of TMJ and the cervical spine need to be
analyzed through the use of reliable clinical instrumentation.
Through such studies, clinical application of OA therapies
will be developed as a therapy with an evidence base.

This kind of holistic TMJ balancing approach is based
on Yin-yang’s balance concept as an application of meridian
balance concept [15]. It was originally developed in Korean
medicine in the 1990s [54]. TMJ posture is adjusted with
intraoral TMJ balancing appliance that was tailormade based
on verification using such functional assessments as palpa-
tion on meridian-muscular system, applied kinesiology, and
functional neurological examination [15]. Postural training
of TMJ using intraoral TMJ balancing appliance may lead
to positive whole-body response. Unlike previous reports
on episodic cases treated with this holistic approach [55],
this study analyzed cases series in which diverse chief com-
plaints are distributed from pain to dyspepsia with additional
analysis on possible mechanism of this holistic approach,
a close linkage between TMJ postural intervention and
change in upper cervical alignment. However, it is unclear
if this treatment keeps prolonged effects. Further studies are
warranted to convince the effect of intraoral appliance for
therapeutics.

In conclusion, this study revealed a significant correlation
between OA in holistic TMJ therapy and an immediate
change of cervical spine alignment and symptom severity.
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Descurainia sophia has been traditionally used in Korean medicine for treatment of diverse diseases and their symptoms, such as
cough, asthma, and edema. Our previous results showed that ethanol extract of the seeds ofD. sophia (EEDS) has a potent cytotoxic
effect on human cancer cells. In this study, we reveal the molecular events that are induced by EEDS treatment in A549 human lung
cancer cells. The dose-dependent effect of EEDS on gene expression was measured via a microarray analysis. Gene ontology and
pathway analyses were performed to identify functional involvement of genes regulated by EEDS. From gene expression analyses,
two major dose-dependent patterns were observed after EEDS treatment. One pattern consisted of 1,680 downregulated genes
primarily involved inmetabolic processes (FDR< 0.01).The second pattern consisted of 1,673 upregulated genes primarily involved
in signaling processes (FDR < 0.01). Pathway activity analyses revealed that the metabolism-related pathways and signaling-related
pathways were regulated by the EEDS in dose-dependent and reciprocal manners. In conclusion, the identified biphasic regulatory
mechanism involving activation of signaling pathways may provide molecular evidence to explain the inhibitory effect of EEDS on
A549 cell growth.

1. Introduction

Public health statistics indicate that neoplastic disease (com-
monly referred to as cancer) is a leading cause of death in the
Republic of Korea, wheremore than 142 cancer-related deaths
per 100,000 people occurred in 2011 (http://kostat.go.kr).
Although awide-range of anticancer drugs that target cancer-
related molecules have been developed, the five-year relative
survival rate of cancer patients, especially those with
lung cancer, has not improved significantly (http://www.can-
cerresearchuk.org/cancer-info/cancerstats/survival/common-
cancers/). This disappointing clinical outcome may be a
consequence of the multifactorial nature of cancer and the
acquisition of drug resistance by tumor cells [1, 2]. For these
reasons, anticancer chemotherapy is now shifting from
mono-substance therapy to combination therapy [3–5].
Extracts of medicinal herbs represent promising sources of
novel multi-substance anticancer drugs [3].

Descurainia sophia (L.) Webb ex Prantl (Flixweed) is
widely distributed in northeastern China and belongs to
the family Brassicaceae (Cruciferae). In traditional Korean
medicine (KM), the seeds of D. sophia have been used for
the treatment of diverse diseases and their symptoms, such
as cough, asthma, and edema [6]. According to the results
of previous studies, D. sophia possesses biologically active
secondary metabolites, such as cardiac glycosides [7], sulfur
glycoside [8], nor-lignan [9], and lactones [10]. In our in
vitro cytotoxic pre-screening system, the ethanol extract of
D. sophia seeds (EEDS) displayed potent cytotoxicity against
diverse human cancer cells. In addition, cytotoxic (helvetico-
side) and anti-inflammatory (quercetin and syringaresinol)
active constituents were isolated from the EEDS [6].

Although the therapeutic constituents we identified in the
EEDS have been well-characterized, the diverse composition
of herbal extracts makes it difficult to elucidate their exact
molecularmechanisms.Moreover, considering that a number
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of genes regulated by herbal extracts exert combined effects
on various biological pathways, it is important to study the
effects of herbal extracts at the genomic and molecular levels
rather than at the individual gene level. Recent advances in
the multi-target/multi-substance therapeutic approach have
underscored the importance of using high-throughput analy-
ses to identify the therapeutic mechanisms of complex drugs,
such as herbal extracts [11]. Therefore, in the present study,
wemeasured the in vitro anti-proliferative effects of the EEDS
on human lung cancer cells and developed a gene expression
profile using a microarray analysis. Dose-dependent analyses
of the microarray data revealed that biological functions
associated with signal transduction, such as apoptosis, were
significantly elevated after EEDS treatment.

2. Materials and Methods

2.1. Plant Materials. The dried seeds of D. sophia were pur-
chased from the Kwangmyungdang Medicinal Herbs Co.
(Ulsan, Republic of Korea) and identified by Dr. Go Ya Choi,
Basic Herbal Medicine Research Group, Herbal Medicine
Research Division, Korea Institute of Oriental Medicine,
Republic of Korea. A voucher specimen (KIOM-CRC-5) was
deposited at the Cancer Research Center, Herbal Medicine
Research Division, Korea Institute of Oriental Medicine,
Republic of Korea.

2.2. Preparation of EEDS. The dried seeds (9.0 kg) of D.
sophiawere ground and extracted bymaceration (40 L of 80%
EtOH for 48 h, 3 times) at room temperature. The combined
extracts were filtered through Whatman filter paper (No. 2,
Whatman International, Maidstone, UK) and concentrated
using an EYELA rotary evaporation system (20 L, Tokyo
Rikakikai, Tokyo, Japan) at 40∘C to yield a two-phase extract
(766.1 g), which consisted of an upper oil phase and a lower
solid phase. The oil phase did not affect the proliferation
of A549 cells. Therefore, we did not test the oil phase for
further studies. The solid lower extract (535.7 g) was dried in
aWiseVen vacuum oven (WOW-70, Daihan Scientific, Seoul,
Republic of Korea) at 40∘C for 24 h prior to use. The dried
solid ethanol extract, that is EEDS, was dissolved in 100%
dimethylsulfoxide (DMSO, Sigma, St Louis, MO, USA) at a
concentration of 20mg/mL and stored at −80∘C.

2.3. Cell Lines andCulture Conditions. All human lung cancer
cell lines, including the A549 cells, and the IMR-90 normal
lung fibroblast cells used in this study were obtained from the
American Type Culture Collection (ATCC, Manassas, VA,
USA). All cells, with the exception of IMR-90 (DMEM), were
grown in RPMI1640 (Invitrogen, Carlsbad, CA, USA) that
had been supplemented with 10% (v/v) fetal bovine serum
(FBS) (Invitrogen), 100U/mL of penicillin, and 100𝜇g/mL of
streptomycin (Invitrogen) in 5% CO

2
humidified air at 37∘C.

2.4. Cell Proliferation Assays. Cell viability was quantified
in a 96-well tissue culture plate using the Ez-Cytox cell
proliferation assay kit (Daeil Lab Service, Seoul, Republic
of Korea), as previously described [12]. Briefly, 5 × 103

cells were seeded on culture plates containing 100𝜇L/well of
culture medium. After 24 h, the cells were exposed to various
concentrations of the EEDS andmaintained for the indicated
time periods.Themaximum concentration of DMSO vehicle
was 0.5% (v/v). Following drug treatment, the cells were
washed with phosphate-buffered saline (PBS) to minimize
the interference of the EEDS with the Ez-Cytox reaction.
Color development in the Ez-Cytox solution by live cells
was monitored at 450 nm using the Emax microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

2.5. Colony Forming Assays. A549 cells were seeded on 6-
well culture plates at a density of 200 cells/well and grown for
24 h. The cells were exposed to various concentrations of the
EEDS or the vehicle control for 72 h.The culturemediumwas
removed, and after a briefwashwith PBS, the cells were grown
for 10 days in fresh medium that did not contain the EEDS.
After a brief washwith ice-cold PBS, the cells were fixed using
an ice-cold neutralized 4% (w/v) paraformaldehyde solution
(Biosesang, Seongnam, Republic of Korea) for 10min. After
removing the fixation solution, the colonies were stainedwith
a 0.05% (w/v) crystal violet (Sigma) cell staining solution
for 30min. The free crystal violet solution was removed, and
the cells were washed two times with tap water. The stained
colonies were photographed, and the number of colonies was
manually counted.

2.6. FACS Analysis. Apoptotic cell death was determined
using the fluorescein isothiocyanate (FITC)-Annexin V
apoptosis detection kit (BD Biosciences, San Jose, CA, USA)
according to the manufacturer’s instruction. In brief, A549
cells were seeded on 6-well culture plates at a density of
2 × 10

5 cells/well. After 24 h, cells were exposed to EEDS
(0 or 20𝜇g/mL) for the indicated time periods. Cells were
harvested, washed two times with ice-cold PBS, and resus-
pended in 100 𝜇L of 1x binding buffer. Then, 5𝜇L of FITC-
Annexin V and 5 𝜇L of propidium iodide (PI) solution were
added to the cells, and the mixture was incubated at room
temperature for 15min in the dark. After addition of 400𝜇L
of 1x binding buffer, the cells were analyzed by flow cytometry
(FACSCalibur, BD Biosciences).

2.7. Microarray Experiment. Total RNA from A549 cells
that had been treated with either the EEDS or the vehi-
cle control was prepared using the Easy-Spin total RNA
extraction kit (iNtRON Biotechnology, Seoul, Republic of
Korea) in accordance with the manufacturer’s instructions.
Before performing the microarray experiment, the quality of
the isolated total RNA was confirmed by electropherogram.
RNA integrity number (RIN) = 9.8–10.0, OD

260/280
(>2.0),

and OD
260/230

(>2.2) were determined (see Supplementary
Figure 1 and Supplementary Table 1 of the Supplementary
Material online at http://dx.doi.org/10.1155/2013/584604), as
previously described [13], by Genomictree, Inc. (Daejeon,
Republic of Korea). Total RNA was amplified and labeled
using the Low RNA Input Linear Amplification kit PLUS
(Agilent Technologies, Santa Clara, CA, USA) and then
hybridized to a microarray (Agilent Human whole genome
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44K,Agilent Technologies) containing approximately 44,000
probes (∼21,600 unique genes), in accordance with the
manufacturer’s instructions. The arrays were scanned using
an Agilent DNAMicroarray Scanner.

2.8. Semiquantitative PCR (qPCR). Single-stranded cDNA
was synthesized from 1𝜇g of total RNA using the SuperScript
III first-strand synthesis system (Invitrogen) according to the
manufacturer’s instruction. The concentration of cDNA was
quantified using the ND-1000 NanoDrop spectrophotometer
(Thermo Scientific, Wilmington, DE, USA), and 100 ng of
cDNA was used as a template for semi-qPCR reaction.
The PCR products were analyzed by 1.5% agarose gel elec-
trophoresis. The information of primer sequences and PCR
reaction conditions are summarized in the Supplementary
Table 3.

2.9. Dose-Dependent Microarray Analyses. The raw signal
intensities were obtained using Agilent Feature Extraction
Software (Agilent Technologies). Array elements with signal
intensities below 1.4-fold of the local background were elim-
inated, and then the remaining elements were normalized
using the quantile method [14]. After averaging the ratio of
duplicated spots, the expression ratios were hierarchically
clustered using the CLUSTER program (http://rana.lbl.gov/).
The short time series expression miner (STEM) program,
which was originally developed for the temporal analysis of
gene expression [15], was used to identify dose-dependently
expressed genes. The statistical significance of the resultant
expression pattern was calculated as a false discovery rate
(FDR) using 1,000 random permutations.

2.10. Public Microarray Dataset. The publically available
microarray dataset with accession number of GSE4573,
archived in the Gene Expression Omnibus (http://www.ncbi
.nlm.nih.gov/geo), was used in the present study [16]. The
dataset was composed of 130 squamous lung carcinoma
tissues with survival information. We normalized the probe
intensities of each array using the quantile method [14].
After averaging multiple probes, genes that were associated
with survival were selected using BRB ArrayTools (version
4.2.1, http://linus.nci.nih.gov/BRB-ArrayTools.html), which
compute a statistical significance for each gene using a
Cox proportional hazard regression model with a univariate
permutation test number of 10,000.

2.11. Gene Ontology (GO) Analyses. The Functional Annota-
tion Tool of DAVID [17] and the High-Throughput GoMiner
algorithm [18] were used for simple and dose-dependent
GO analyses, respectively. Only the list of genes was used
for DAVID, while both the list of genes and the expression
ratios were applied as inputs for the GoMiner. In both
cases, the 𝑃 value of each GO-term was calculated using
Fisher’s exact test. For adjustments of multiple comparisons,
the Benjamini-Hochberg procedure was used for DAVID
[17]. For the GoMiner analysis, a random sampling-based
FDR was calculated from 1,000 iterations. The resultant
significant GO-terms from the GO analysis were entered

into the REVIGO program to construct a network structure
composed of nonredundant subsets of GO terms, where the
distance between GO terms was measured based on the
semantic similarity [19].

2.12. Pathway Analyses. A pathway enrichment analysis
based on Fisher’s exact test was performed using DAVID
[17]. As with GO analysis, significantly enriched pathways
were identified from an input list of genes and statistically
adjusted using FDR. For a more systematic pathway analysis,
we conducted a Signaling Pathway Impact Analysis (SPIA)
[20], which identifies pathways relevant to the experimental
conditions using a list of differentially expressed genes and
their expression ratios combined with signaling pathway
topology. By randomly bootstrapping the pathway topology
(𝑛 = 3,000), two statistical measurements, 𝑃NDE and 𝑃PERT,
were calculated, which measure the overrepresentation of
input genes in a pathway and the abnormal perturbation
of a specific pathway, respectively. The global 𝑃 value (𝑃G)
calculated from 𝑃NDE and 𝑃PERT was used as the selection
criteria for significant pathways.

The pathway analysis methods outlined above primarily
focused on the identification of enriched pathways using
differentially expressed genes. We then measured dose-
dependent changes in pathway activity by calculating a linear
combination of the logarithmic value of the expression of all
of the genes in each pathway, with a weight of 1. When the
genes acted as repressors, the weight was multiplied by −1.
The measured activities were normalized and hierarchically
clustered. The statistical significance for each pathway was
estimated using the random permutation-basedmethod (𝑛 =
1, 000) [21] in which the FDR was determined by comparing
the activity values with randomly permutated values. Only
pathways with an FDR below 0.05 were included in the
clustering analysis. The pathway information used in the
present study was obtained from the Kyoto Encyclopedia of
Genes and Genomes (KEGG, http://www.genome.jp/kegg/)
database.

2.13. Pathway SimilarityMatrix. Pathway similarity wasmea-
sured based on the number of common genes between
pathways. Briefly, amatrix of the number of common genes in
distinct pathways was constructed and the relative similarity
was measured using the Jaccard algorithm [22] in which the
fraction of common genes between two pathways was used
to calculate similarity. Therefore, the absence of a common
gene in two pathways was not considered in measuring simi-
larity. Finally, the relative similarity matrix was hierarchically
clustered, and the pathway activity values obtained by linear
combinations of the expression ratio, as described above,
were merged into a similarity matrix.

3. Results

3.1. Cytotoxic Effects of the EEDS onHumanLungCancer Cells.
To determine the cytotoxic effects of the EEDS, A549 human
lung cancer cells were exposed to increasing concentrations
of the EEDS or the vehicle control for indicated time periods.
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Figure 1: Cytotoxic effect of EEDS on A549 human lung cancer cells. (a) A549 was exposed to increasing concentrations (0–100𝜇g/mL) of
EEDS for various time periods (24–96 h). Cell viability was determined based onmitochondrial enzyme activity as described in theMaterials
and Methods section. The relative cell growth at each drug dose was calculated by comparison with the vehicle control (0𝜇g/mL of EEDS,
0.5% DMSO) treatment. (b) A549 cells were exposed to increasing concentrations (0–20 𝜇g/mL) of EEDS for 72 h and then incubated for an
additional 10 days in the absence of EEDS (upper panel). Colonies stained with crystal violet were counted and expressed as relative survival
(%) compared to the vehicle control (0.5%DMSO) treatment (lower panel). All data are presented as themean± S.D. of triplicate experiments.
The differences between the vehicle control and treated groups were determined using Student’s t-test. ∗∗∗𝑃 < 0.001. (c) Representative FITC-
Annexin V/PI scatter plots for A549 cells following the EEDS treatment. A549 cells were exposed to EEDS (0 or 20𝜇g/mL) for 12 h or 24 h,
and then subjected to FACS analysis of FITC-Annexin V and PI.
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Table 1: IC50 of EEDS in human lung cancer cell lines.

Cell lines NCI60 panel Disease Drug expose (h) IC50

EEDS (𝜇g/mL) Dox (𝜇M)a

A549 Yes Lung cancer

24 3.72 ± 1.12 n.d.
48 2.81 ± 0.19 0.04 ± 0.00
72 2.15 ± 0.01 n.d.
96 2.59 ± 0.16 n.d.

NCI-H23 Yes Lung cancer 48 6.60 ± 0.18 0.22 ± 0.04
NCI-H226 Yes Lung cancer 48 13.18 ± 0.77 0.33 ± 0.04
NCI-H460 Yes Lung cancer 48 8.08 ± 0.01 0.31 ± 0.04
IMR-90 — Normal lung 48 10.54 ± 0.79 0.40 ± 0.04
aDox, doxorubicin, was included as a reference anticancer drug [12].

As shown in Figure 1(a), the EEDS efficiently inhibited A549
cell growth in a dose-dependent manner.Three other human
lung cancer cell lines (NCI-H23, NCI-H226, and NCI-H460)
and the IMR-90 normal human lung fibroblast cell line were
also exposed to increasing concentrations of the EEDS for
48 h. The half maximal inhibitory concentrations (IC50s) of
the EEDS against different cells lines were calculated and are
summarized in Table 1. Among the tested cell lines, A549
(2.81 ± 0.19 𝜇g/mL) cells were the most sensitive, while NCI-
H226 (13.18±0.77 𝜇g/mL) and IMR-90 (10.54±0.79 𝜇g/mL)
were relatively resistant to EEDS. We also performed colony
forming assays to determine whether the EEDS could affect
the tumorigenic ability of A549 cells. The results indicated
that treatment with 5 and 20𝜇g/mL of the EEDS for 72 h
completely inhibited colony formation from single cells,
whereas cells treated with the vehicle control (0 𝜇g/mL of
EEDS, 0.5% DMSO) were able to form colonies (Figure 1(b),
upper panel). Relatively lower colony numbers were observed
in A549 cells treated with a low concentration of the EEDS
(1.25 𝜇g/mL) (Figure 1(b), lower panel). In order to eluci-
date how EEDS can inhibit cell proliferation, we assessed
apoptotic cell death of A549 cells following EEDS treatment.
Relative to the vehicle control, the percentage of A549 cells
undergoing early (Annexin V positive and PI negative) and
late (Annexin V positive and PI positive) apoptotic cell death
was increased after 24 h treatment of 20 𝜇g/mL of EEDS.
Taken together, these data suggest that the EEDS can inhibit
cell proliferation and reduce the tumorigenicity of A549 cells
through induction of apoptotic cell death. We selected A549
cells that had been treated with the EEDS for further analyses
of gene expression profiling.

3.2. Gene Expression Profiles. The overall pattern of gene
expression in A549 cells after EEDS treatment is shown
in Figure 2(a). Two subgroups of genes that were upregu-
lated and downregulated in dose-dependent manners were
identified. To obtain more quantitative analysis, we applied
a dose-dependency analysis to the gene expression values.
In accordance with the clustering profile of the genes, two
significantly different patterns (Down- and Up-patterns)
were observed (FDR < 0.001). The Down-pattern consisted
of 1,680 genes that were downregulated in a dose-dependent
manner, and the Up-pattern consisted of 1,673 genes that
were upregulated in a dose-dependent manner. Expression

plots of the two patterns are presented in Figure 2(b). The
top 20 genes that displayed the greatest amount of varia-
tions in each pattern are listed in Table 2. In addition, the
expression ratios for all of the genes included in Figure 2(a)
are indicated in Supplementary Table 2. The results of the
expression chip analysis were validated using semi-qPCR
reactions of 10 selected genes displaying UP- and Down-
patterns (Figure 2(c)).

3.3. Prognostic Implications. We investigated whether dose-
dependent alteration in gene expression is implicated in
clinical outcomes of lung cancer. First, using publically
available lung cancer data (GSE4573), we identified survival-
related genes (log-rank 𝑃 value < 0.05). We then examined
the relationship between these prognostic genes and UP-
or Down-pattern genes. As shown in Table 3, 48 Down-
pattern and 50 Up-pattern genes were among the survival-
related genes identified from lung cancer patients. Among
the 48Down-pattern genes, 32Down-pattern genes displayed
high-hazard ratios (>1), and 16 genes displayed low-hazard
ratios (<1). However, there were a greater number of Up-
pattern genes with low-hazard ratios (26 genes) than those
with high-hazard ratios (24 genes). Although this reciprocal
distribution of genes was marginally significant (𝑃 value of
0.069 in Fisher Exact test), considering that genes with high-
hazard ratios were downregulated, while genes with low-
hazard ratios were upregulated, we hypothesized that EEDS
treatment may enhance antitumorigenic effects.

3.4. GO Analysis. To identify the biological function of the
two patterns, a GO analysis was performed. The Down-
pattern gene set was enriched with metabolic GO terms,
including cofactor biosynthesis, heterocycle biosynthesis,
and nitrogen compound biosynthesis. In contrast, signaling-
related GO terms, including transcription regulation, protein
kinase regulation, and apoptosis regulation, were enriched in
the Up-pattern gene set. The top 10 statistically significant
categories of GO terms (FDR < 0.01) are shown in
Table 4 (for the full list of enriched GO terms, please see
Supplementary Table 4).

3.5. Profiling of GO Terms. The simple GO analysis con-
sidered only genes included in the Down- or Up-pattern
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Table 2: Top 20 list of genes mostly down-regulated or up-regulated by EEDS.

Down-pattern Up-pattern

Symbol EEDS (𝜇g/mL) Symbol EEDS (𝜇g/mL)
1.25 5 20 1.25 5 20

CSRP2BP −1.35
∗

−3.05 −6.16 HBEGF 0.86 1.58 4.44
SCARA5 −0.28 −2.58 −5.71 C7orf53 2.86 2.73 4.46
HOXB13 −0.66 −2.42 −5.06 SERPINE1 1.54 3.50 4.59
FOXS1 0.12 −2.40 −4.92 CD274 2.59 3.23 4.60
SNORA12 −2.24 −4.44 −4.91 NOG 1.16 3.91 4.67
RIMBP3 −2.00 −2.74 −4.89 PER1 2.22 1.52 4.68
ST6GAL1 −1.82 −2.20 −4.88 ARC 0.78 1.69 4.79
DACT2 −2.47 −4.08 −4.87 GADD45B 1.23 1.95 4.82
TMEM37 −1.42 −4.37 −4.85 LTB 1.37 4.06 4.85
EEF2K −1.55 −2.50 −4.84 FOS 1.25 0.52 4.87
GPRIN2 −2.57 −3.41 −4.79 DDIT3 1.66 2.78 4.90
SALL2 −2.08 −4.10 −4.76 C3orf52 1.04 2.26 4.96
CBR3 −1.56 −3.26 −4.57 MAFF 1.62 2.70 5.07
FANCF −1.30 −1.88 −4.56 IL8 2.94 4.52 5.55
CCR7 −0.58 −1.72 −4.47 PPP1R15A 1.42 2.61 5.59
C5orf58 −0.90 −1.72 −4.38 LOC387763 3.52 4.33 5.67
VAV3 −0.91 −3.48 −4.36 ATF3 1.02 2.49 5.69
C14orf93 −0.64 −2.00 −4.31 EGR2 0.11 0.72 6.46
NTHL1 −0.57 −2.05 −4.31 FOSB 1.36 3.75 7.85
VASH1 −1.31 −3.69 −4.28 EGR1 1.44 4.10 10.02
∗Fold induction represents log

2

expression ratio of gene compared with that of control.

gene sets. To identify dose-dependent changes in GO terms,
all differentially expressed genes were considered in the
analysis. As shown in Figure 3(a), most GO terms were
altered by treatment with the highest EEDS concentration
tested (20𝜇g/mL; FDR < 0.01). Consistent with the results
of the simple GO analysis, the major functions altered were
associated with apoptosis and signaling processes.

The enriched GO categories included redundant terms,
however, and it was therefore necessary to remove duplicate
terms. We used the REVIGO program to obtain nonre-
dundant GO terms (FDR < 0.01) that were altered by
EEDS treatment and to measure the functional relationship
of these terms in the network structure. Figure 3(b) shows
that signaling-related GO terms, including apoptosis, the
MAPK cascade, protein kinase regulation, and phosphoryla-
tion regulation, were connected with each other as a cluster,
suggesting an interrelationship of biological processes after
EEDS treatment in A549 cells.

3.6. PathwayAnalyses. In addition to theGOanalysis, we also
examined the functional changes induced by EEDS treatment
by performing pathway analyses. Enriched pathways (FDR <
0.01) identified from the Down- and the Up-pattern gene sets
are listed in Table 5. Although only the base excision repair
pathway (KEGG 03410) and pentose phosphate pathway
(KEGG 00030) were significantly enriched in the Down-
pattern gene set, signaling-related pathways, including the
MAPKpathway (KEGG4010), the apoptosis pathway (KEGG

4210), the p53 pathway (KEGG 4155), and the TGF-beta
pathway, were enriched in the Up-pattern gene set. The list
and positions of the Up- or Down-pattern genes in the
pathways are depicted in Supplementary Figure 2. For more
systematic analyses of the pathways, we conducted SPIA
pathway analyses, which calculate a 𝑃 value for a pathway
based on random perturbations to the pathway network
topology. In the Down-pattern gene set (Figure 4(a)), only
the sulfur relay system pathway (KEGG 4211) was significant
(𝑃G < 0.01), whereas in theUp-pattern gene set (Figure 4(b)),
the MAPK pathway (KEGG 4010), the apoptosis pathway
(KEGG 4210), the p53 pathway (KEGG 4155), and the TGF-
beta pathway were significant (𝑃G < 0.01). These results
are consistent with those of the simple pathway enrichment
analysis (Table 5). We also obtained similarly enriched path-
ways using the combined Down- and Up-pattern gene sets
(Figure 4(c)).

3.7. Pathway Activity Analyses. Sequential changes in path-
way activities based on the EEDS treatment dose were mea-
sured using a linear combination of the expression values of
all genes in each pathway. Twomajor subclusters of pathways
were grouped based on the statistically significant (FDR <
0.01) similarity of pathway activities (Figure 5(a)). Sub-
cluster 1, which is composed of pathways with activities that
decreased in a dose-dependent manner, is associated with
several metabolism-related pathways. Sub-cluster 2, which
is composed of pathways with activities that increased in a
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Table 3: Clinical association of Down- or Up-pattern genes regulated by the EEDS with survival from lung cancer.

Down-pattern Up-pattern
Symbol Fold induction∗ 𝑃 value∗∗ Hazard ratio∗∗ Symbol Fold induction 𝑃 value Hazard ratio
HMBS −2.06 0.00225 1.41 YPEL5 1.99 0.000577 0.62
GMPPA −2.80 0.00283 1.46 MNT 1.56 0.00344 1.42
CD79A −1.27 0.00431 0.72 GGA3 1.11 0.00421 1.40
HSPA12A −1.18 0.00759 1.43 MGC29506 1.00 0.00471 0.72
RUNX3 −1.19 0.00818 0.71 CHD7 1.63 0.00763 1.49
RBKS −1.17 0.0123 1.47 ERCC6 1.52 0.00887 1.37
LRRC20 −2.88 0.0132 1.47 SSBP2 1.61 0.0122 0.72
RNF144A −1.37 0.0136 0.75 NUFIP1 1.41 0.0129 1.33
C11orf60 −1.30 0.0148 1.36 CLK3 1.04 0.0159 1.37
BCS1L −1.12 0.0149 1.32 PPP1R13L 2.74 0.0160 1.35
CHST12 −2.05 0.0155 0.75 TNFSF9 1.92 0.0162 1.34
CRYBB2P1 −1.09 0.0172 0.75 DDX52 1.80 0.0163 1.36
APITD1 −2.35 0.0176 1.35 FAM108B1 1.33 0.0192 0.73
AP1G2 −1.62 0.0177 1.39 ZMYM5 1.23 0.0203 1.32
ALDH3B1 −1.77 0.0185 1.36 PTPRH 1.89 0.0217 1.34
AUTS2 −1.89 0.0210 0.74 BTG2 3.33 0.0231 0.74
NIPSNAP1 −1.64 0.0229 1.29 ARHGEF15 1.52 0.0233 1.3
LCMT1 −1.69 0.0240 1.29 SPATA2L 1.68 0.0244 1.30
HERC6 −1.18 0.0250 0.75 PRKRIP1 1.56 0.0245 0.76
DYRK4 −1.21 0.0261 0.77 KIFC1 1.47 0.0247 1.32
TPD52L1 −1.30 0.0262 1.35 RUNX1 2.83 0.0247 1.32
VPS33B −1.05 0.0274 1.32 GOLGA8A 2.02 0.0249 0.72
DHRS1 −1.83 0.0280 1.28 ABL1 1.15 0.0254 0.76
WDR61 −1.26 0.0292 1.32 CRABP2 2.34 0.0258 0.75
PYGL −1.62 0.0314 1.31 DDIT3 4.91 0.0260 1.34
MKS1 −1.08 0.0316 1.29 IP6K2 2.19 0.0273 0.76
VASH1 −4.29 0.0336 0.77 LOC729806 1.2 0.0275 1.36
MRPL46 −1.52 0.0338 1.29 ELL 2.63 0.0284 0.79
APBA2 −2.56 0.0340 0.75 TRAF4 1.00 0.0294 1.39
LARGE −2.96 0.0341 0.76 SEMA7A 1.16 0.0297 1.31
IMP3 −1.40 0.0354 1.28 PRNP 1.51 0.0303 0.75
AAAS −1.55 0.0354 0.78 GADD45A 4.03 0.0314 0.76
TGIF1 −1.41 0.0359 1.26 GLIPR1 1.94 0.0330 0.77
C11orf80 −1.03 0.0363 1.32 PAPOLG 1.93 0.0331 0.75
AGAP11 −1.51 0.0387 1.33 ZNF484 2.81 0.0336 1.36
CCR7 −4.47 0.0390 0.78 RAP2C 1.46 0.0336 0.76
RRBP1 −1.05 0.0395 0.77 MED1 1.25 0.0389 1.24
CDC123 −1.09 0.0422 1.29 HERPUD1 1.01 0.0392 0.79
REEP4 −1.48 0.0433 1.28 DDR2 1.11 0.0404 0.79
PFKFB1 −1.40 0.0433 0.78 PLK4 1.59 0.0417 1.30
ZNF839 −2.28 0.0440 1.3 CDC42SE1 2.29 0.0417 0.76
CCDC53 −1.88 0.0460 0.80 AOC2 1.09 0.0430 1.29
RDX −1.22 0.0466 1.29 RUNX2 1.80 0.0438 1.29
EIF2B3 −2.05 0.0470 1.27 SFRS12IP1 1.81 0.0451 0.76
PAAF1 −1.81 0.0471 1.35 INPP1 1.40 0.0456 0.76
PITPNC1 −1.39 0.0483 1.29 MCAM 1.57 0.0458 0.79
ATIC −1.31 0.0492 1.27 LTB 4.85 0.0470 0.77
DDX28 −1.63 0.0498 1.28 ZCCHC10 1.13 0.0480 0.79

SP2 1.59 0.0489 0.79
PTHLH 2.81 0.0499 0.79

∗Fold induction represents log
2

expression ratio of gene at treatment with 20𝜇g/mL of EEDS.
∗∗Log-rank 𝑃 value and hazard ratio were measured in Cox-proportional hazard regression model performed in public lung cancer data [16].
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Figure 2: Dose-dependent gene expression by EEDS treatment in A549 cells. (a) Approximately 5,400 differentially expressed genes with a
fold ratio greater than 2 or less than 0.5 (for up- and down-regulation, resp.) compared to the vehicle control group in at least one sample were
clustered hierarchically. Columns and rows represent individual samples and genes, respectively.The expression ratio color scale ranges from
red (high) to green (low), as indicated by the scale bar. Genes exhibiting statistically significant dose-dependent alterations were identified
via the STEM program (FDR < 0.001). (b)The Down-pattern is composed of 1,680 genes and the Up-pattern is composed of 1,673 genes. (c)
Data acquired from expression chip analysis was confirmed by semi-qPCR. Ten selected genes displaying Up- (↑) and Down- (↓) patterns
were amplified using gene specific primers. 𝛽-actin and GAPDH were used as loading controls.

dose-dependent manner, is associated with signaling-related
pathways as well as immune- and disease-related pathways.
To identify the relationship between the statistically signifi-
cant pathways, we constructed a similaritymatrix of pathways
based on component genes and pathway activities. As shown
in Figure 5(b), subgroups of pathways were clustered based
on the similarities of their component genes. Among them,
one large subgroupwas composed of signaling- and immune-
related pathways. The full list of pathways is presented in
Supplementary Figure 3. The pathway activities, depicted
on a diagonal line or “Activity” on the right panel, indicate
that pathways clustered in a subgroup have common levels
of activity. For example, the signaling- and immune-related
pathways that clustered in the same subgroup show similarly
increased activities, suggesting that the interconnection of
these diverse pathways may be involved in the response
mechanism of A549 cells to EEDS treatment.

4. Discussion

Our previous study demonstrated that the EEDS is cytotoxic
to human cancer cell lines and that a cardiac glycoside (hel-
veticoside) is an active cytotoxic constituent of the EEDS [6].
In accordance with our previous work, the EEDS significantly
inhibited cell growth and tumorigenicity in A549 human
non-small cell lung carcinoma cells through induction of
apoptotic cell death (Figure 1). Although the major cyto-
toxic constituent (helveticoside) of the EEDS was previously
identified, the cellularmechanism underlying the therapeutic
effects of the EEDS was not. One of the main limitations
in elucidating the therapeutic mechanism of whole extracts
is the complexity of the biological processes affected by
the diverse components of extracts. Therefore, it is difficult
to reveal the biological pathways associated with herbal
drug treatment using a conventional approach based on the
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0.010

FDR

Function
GO: 0090066 regulation of anatomical structure size
GO: 0042310 vasoconstriction
GO: 0043069 negative regulation of programmed cell death
GO: 0043066 negative regulation of apoptosis
GO: 0006916 anti-apoptosis
GO: 0002237 response to molecule of bacterial origin
GO: 0060548 negative regulation of cell death
GO: 0071900 regulation of protein serine threonine kinase activity 
GO: 0010212 response to ionizing radiation
GO: 0000165 MAPKKK cascade
GO: 0016481 negative regulation of transcription
GO: 0051172 negative regulation of nitrogen metabolic process 
GO: 0045934 negative regulation of nucleic acid metabolic process
GO: 0001558 regulation of cell growth
GO: 0045859 regulation of protein kinase activity
GO: 0043549 regulation of kinase activity
GO: 0042325 regulation of phosphorylation
GO: 0019220 regulation of phosphate metabolic process
GO: 0051338 regulation of transferase activity
GO: 0051174 regulation of phosphorus metabolic process
GO: 2000113 negative regulation of cellular macromolecule biosynthetic process
GO: 0010558 negative regulation of macromolecule biosynthetic process
GO: 0031327 negative regulation of cellular biosynthetic process
GO: 0009890 negative regulation of biosynthetic process
GO: 0010629 negative regulation of gene expression
GO: 0030178 negative regulation of  Wnt receptor signaling pathway
GO: 0006284 base-excision repair
GO: 0000122 negative regulation of transcription from RNA polymerase II promoter
GO: 0000079 regulation of cyclin-dependent protein kinase activity 
GO: 0023014 signal transmission via phosphorylation event
GO: 0007243 intracellular protein kinase cascade
GO: 0042558 pteridine-containing compound metabolic process 
GO: 0090090 negative regulation of canonical Wnt receptor signaling pathway 
GO: 0035468 positive regulation of signaling pathway
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transduction
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(b)

Figure 3: Distribution of GO terms altered by EEDS treatment in A549 cells. (a) GO terms associated with differentially expressed genes
that had a fold ratio greater than 2 or less than 0.5 (for up- and down-regulation, resp.) were analyzed at each dose of EEDS using the High-
Throughput GoMiner tool. Columns represent individual samples, and rows represents statistically significant GO terms (FDR < 0.01). The
positions of signaling-related pathways are colored red. Statistical significance is represented by a gray color gradient, as indicated by the
scale bar. (b) A network composed of all nonredundant statistically significant GO terms (FDR < 0.01) after EEDS treatment (20𝜇g/mL) was
constructed using the REVIGO program.The size and color density of each GO term are proportional to its statistical significance, and edge
thickness represents the relatedness between two nodes.

analysis of a handful of genes. In general, administration of
herbal drugs induces or represses a large number of genes
across the whole genome. In the present study, roughly 5,400
genes (approximately 25% of all genes) were found to be
differentially expressed following EEDS treatment, as shown
in Figure 2(a). Given that treatment with 20𝜇g/mL of the
EEDS significant inhibited cell growth, we also investigated
whether the genes regulated by the EEDS are involved in cell
growth signaling functions.

Among the differentially expressed genes, two statisti-
cally significant patterns of gene expression were observed
(Figure 2(b)). The functional segregation of the two gene
expression patterns was then validated in two manners.
First, we investigated the clinical associations of the two
patterns by comparing the gene sets with survival-related
genes that were obtained from a public lung cancer dataset.
Interestingly, there was a tendency for high-risk genes in
lung cancer to be more heavily distributed in the Down-
pattern gene set (32 versus 16), while low-risk genes were
more heavily distributed in the Up-pattern gene set (26
versus 24), with marginal statistical significance (𝑃 value of

0.069). Although the number of genes that were common
to the Up- or Down-pattern gene sets and survival-related
genes was small, our results suggest that the EEDS could
be effective in prolonging survival by inhibiting high-risk
genes and activating low-risk genes. Second, differences in
functional involvement between the Down-pattern and Up-
pattern gene sets weremeasured using GO and pathway anal-
yses. For example, genes grouped in the Down-pattern gene
set, which exhibited dose-dependent decrease in expression,
were involved in heterogeneous functions, such as metabolic
processes or the base excision repair pathway, while genes
in the Up-pattern gene set were predominately associated
with cell growth signaling functions (Figure 4 and Table 5).
Previous reports indicated that energy metabolism involving
the pentose phosphate pathway can regulate lung cancer
cells [23] and polymorphisms in the base excision repair
pathway are related to lung cancer risk [24] and canmodulate
the effectiveness of chemotherapy in lung cancer patients
[25]. Cell growth-related pathways including the MAPK
pathway (KEGG 4010), the apoptosis pathway (KEGG 4210),
the p53 pathway (KEGG 4155), and the TGF-beta pathway
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Table 4: Top 10 GO terms associated with Up- and Down-patterns by EEDS treatment.

GO ID GO terms 𝑃 value∗ FDR∗∗

Down-pattern
GO:0051188 Cofactor biosynthetic process 9.26𝐸 − 08 2.57𝐸 − 04

GO:0051186 Cofactor metabolic process 1.79𝐸 − 07 2.49𝐸 − 04

GO:0018130 Heterocycle biosynthetic process 8.03𝐸 − 07 7.42𝐸 − 04

GO:0044271 Nitrogen compound biosynthetic process 6.15𝐸 − 06 4.25𝐸 − 03

GO:0006399 tRNA metabolic process 1.65𝐸 − 05 9.12𝐸 − 03

Up-pattern
GO:0045449 Regulation of transcription 4.21𝐸 − 26 1.55𝐸 − 22

GO:0006350 Transcription 3.75𝐸 − 21 6.91𝐸 − 18

GO:0006355 Regulation of transcription, DNA-dependent 3.11𝐸 − 14 3.82𝐸 − 11

GO:0051252 Regulation of RNA metabolic process 3.78𝐸 − 14 3.49𝐸 − 11

GO:0006357 Regulation of transcription from RNA polymerase II promoter 2.05𝐸 − 13 1.51𝐸 − 10

GO:0042325 Regulation of phosphorylation 2.03𝐸 − 11 1.25𝐸 − 08

GO:0051173 Positive regulation of nitrogen compound metabolic process 2.39𝐸 − 11 1.26𝐸 − 08

GO:0045859 Regulation of protein kinase activity 2.44𝐸 − 11 1.12𝐸 − 08

GO:0019220 Regulation of phosphate metabolic process 2.68𝐸 − 11 1.10𝐸 − 08

GO:0051174 Regulation of phosphorus metabolic process 2.68𝐸 − 11 1.10𝐸 − 08

∗

𝑃 values were calculated using Fischer’s test.
∗∗FDR corrections were calculated using the Benjamini-Hochberg procedure in DAVID program [17].
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Figure 4: Pathways altered by EEDS treatment in A549 cells. Statistically significant pathways in (a) the Down-pattern, (b) the Up-pattern,
and (c) the combined Down- and Up-patterns were analyzed by implementing the SPIA program. The horizontal or vertical axis represents
the overrepresentation of a pathway (𝑃NDE) or the perturbation of a pathway (𝑃PERT), respectively. Red or blue dotted lines represent the
Bonferroni- or FDR- corrected thresholds of significance (1%), respectively, for each axis value. Red and blue circles are significant pathways
after Bonferroni and FDR correction (1%) of the global 𝑃 values (𝑃G), respectively. A list of pathways consisting of red circles (Bonferroni
corrected 𝑃G < 0.01) is shown below.
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Figure 5: Pathway activities altered by EEDS treatment in A549 cells. (a)The dose-dependent change in pathway activities was measured and
clustered hierarchically. Columns represent individual samples, and rows represent activities of pathways. The pathway activity color scale
ranges from red (high) to green (low), as indicated by scale bars with arbitrary units. The pathway positions are colored green to indicate
metabolic pathways and red to indicate signaling-related pathways. (b) After measurement of the similarity between pathways, the matrix of
similarity was clustered hierarchically and merged with activities of pathways. The level of similarity is represented in red with a scale bar.
The color in the box of a diagonal line or “Activity” on the right panel represents the activity of the pathway.The positions of signaling-related
pathways are colored red and the metabolism-related pathways are colored blue.
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Table 5: Pathways associatedwithUp- andDown-patterns by EEDS
treatment.

KEGG ID Pathway 𝑃 value∗ FDR∗∗

Down-pattern
03410 Base excision repair 3.90𝐸−04 6.66𝐸−03

00030 Pentose phosphate pathway 1.47𝐸−04 1.22𝐸−03
Up-pattern

04010 MAPK signaling pathway 1.16𝐸−07 1.83𝐸−05

04210 Apoptosis 4.99𝐸−06 3.94𝐸−04

04115 p53 signaling pathway 2.46𝐸−05 1.29𝐸−03

04350 TGF-beta signaling pathway 5.36𝐸−05 2.11𝐸−03

04060 Cytokine-cytokine receptor
interaction 1.14𝐸−04 3.60𝐸−03

04710 Circadian rhythm 3.20𝐸−04 8.38𝐸−03

04621 NOD-like receptor signaling
pathway 3.39𝐸−04 7.61𝐸−03

∗

𝑃 values were calculated using Fischer’s test.
∗∗FDR corrections were calculated using the Benjamini-Hochberg proce-
dure [17].

were also significantly enriched in the Up-pattern gene set
(𝑃G < 0.01), raising the possibility that the EEDS stimulates
functionally related biological pathways (Figure 4(b)). The
MAPK pathway has been widely reported to be involved in
the growth and invasion of lung cancer, and this pathway has
been used for the development of anti-lung cancer drugs [26–
28]. Activation of the apoptosis and p53 pathways is also one
of themain targets of anti-lung cancer drugs, including herbal
extracts [29–31]. Other functionally related pathways iden-
tified in the Up-pattern gene set included immune system-
or infectious disease-related pathways, including cytokine-
cytokine receptor interaction (KEGG 04060), NOD-like
receptor signaling pathway (KEGG 04621), Helicobacter
pylori infection (KEGG 05120), and Salmonella infection
(KEGG 05132). Interestingly, immune-system regulation has
been reported to improve lung cancer patient outcomes [32,
33]. Similar functional involvement was also observed when
we performed a pathway analysis using all of the differentially
expressed genes contained in the Down- or the Up-pattern
gene sets (Figure 4(c)).

In addition to the Down- and Up-pattern gene sets,
we used the expression values from all genes to measure
changes in pathway activities. Intriguingly, the results of
this analysis clearly demonstrated that metabolism-related
pathways and signaling-related pathways were regulated in
dose-dependent and reciprocal manners (Figure 5(a)). The
activities of a group of metabolism-related pathways were
significantly diminished, whereas a group of signaling path-
ways, including apoptosis and immune-related pathways,
were significantly activated in a dose-dependent manner.The
regulatory pattern observed in our system is in agreement
with the postulated anti-carcinogenic effects of the EEDS, as
previously proposed by many reports in which the inhibition
of metabolic pathways and the activation of apoptosis or
immune-related pathways were the main targets of lung
cancer drug development [23, 26, 29, 31, 32].The observation

that the activities of diverse signaling andmetabolic pathways
appeared in separate clusters implies the existence of a
common reciprocal regulatory mechanism. Therefore, we
also measured the relationships between pathways based on
the similarities of pathway component genes and integrated
pathway activities. The results of this analysis indicate that
signaling pathways with increased activity are grouped in
a large cluster, suggesting that diverse signaling pathways
are similarly affected by EEDS treatment (Figure 5(b)). In
contrast, the results show that metabolic pathways with
decreased activity are grouped in a small cluster. Our results
show that the signaling and metabolic pathways were inter-
connected through the complex network structure.

Despite these data, the growth inhibitory effect of the
EEDS is difficult to explain. To fully elucidate the molecular
mechanism underlying the activity of the EEDS, the biologi-
cal implication of the reciprocal regulation of two biologically
distinct groups of pathways must be determined and the
exact relationships between the diverse pathways should be
verified in more detail. Moreover, further rigorous studies
should be done to determinewhether the observed reciprocal
regulation of biological functions is a general mechanism
of herbal extracts. Nonetheless, our present results provide
evidence in support of the importance of usingwhole genome
approaches to elucidate pharmaceutical mechanisms.

5. Conclusion

In conclusion, the results of the present study indicate that
EEDS treatment induces dose-dependent responses in A549
human non-small cell lung carcinoma cells that involve the
up-regulation of a large group of genes associated with cell
growth-related signaling pathways and the downregulation
of genes associated with metabolic function. This reciprocal
regulatory mechanism may provide clues to further our
understanding of the mechanism driving growth inhibition
in human cancer cells treated with the EEDS, especially in
A549 human lung cancer cells.
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The purpose of this study is to establish a protocol of retention-enema experiments and evaluate the antihypertensive effect and the
safety ofGwakhyangjeonggi-san retention enema. Normal and spontaneously hypertensive rats (SHRs) were divided into treatment
and control groups, respectively. We applied the Gwakhyangjeonggi-san extract by decoction and 0.9% NaCl in each group,
estimated the blood pressure and body weight, and performed HPLC analysis. ALT, AST, BUN, and creatinine were examined.
The systolic blood pressure within each group in normal rats differed significantly in time effect, and so did the diastolic blood
pressure in the treatment group of normal rats. The systolic, diastolic, and mean blood pressure showed significant differences
in group effect in the treatment group of the SHRs. The time effect of the body weight in both groups of normal rats differed
significantly, so did group × time and time effects in both groups of SHRs. AST, ALT, BUN, and creatinine showed no significant
difference between groups. We concluded that the Gwakhyangjeonggi-san retention enema has a hypotensive effect in normal rats
within the regular range of blood pressure, but an antihypertensive effect in SHRs. Also, the intervention is safe and does not affect
the liver and kidney functions in normal rats.

1. Introduction

An enema is a procedure to infuse or drip medication
into the rectum through the anus. Decoctions or liquids
of medication are usually used as the external treatment.
Especially, retention enema is the way to keep drugs (normal
saline, herbal medicine, or coffee, etc.) in the rectum for a
relatively long time [1].

Bloemen et al. showed that butyrate enemas enhance
anastomotic strength of the intestine [2], de Sounza et al.
investigated the budesonide and probiotics enemas which
are effective to diminish colitis [3], and Bae et al. suggested
the anal therapy using Syzygium aromaticum could regulate
immediate-type hypersensitivity or anaphylaxis [4].

Only a few investigations involved in retention enema
have been conducted.According to the preceding experimen-
tal researches, Sprague-Dawley rats [5], mice [6], and Wister
rats [7, 8] were used in the experiments of retention enema.
And pediatric foley catheters [5], stomach nodes [9], or nylon
hoses [7] were used to insert test liquids. The retention time
was 15 seconds [7], 30 seconds [3, 10], or 10 minutes [6]. The
target disease of most researches was colitis [3, 5, 7, 10].These
show that the method of the retention enema experiments is
not unified, nor systematic.

Retention enema is applied to a broader range of diseases
including colon-related disorders, cancers, hypertension,
and prehypertension in Asian counties. Recently, retention
enema was reported as an effective treatment to prevent
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prehypertension patients from hypertension [11]. However,
it is necessary to find out the efficacy and the safety of
retention enema adopted in patients with prehypertension or
hypertension.

Korea National Health & Nutrition Examination Survey
announced that, among the Korean adults over 30 years,
21.8% of prehypertensive patients and 28.9% of hypertensive
patients were reported in 2010, which means that a half of the
people over age 30 had hypertension or the risk of developing
hypertension [12]. According to another research, 16.6% of
individuals of normal blood pressure progressed to hyperten-
sion in 5 years, whereas 32.7% of those of prehypertension
did so [13]. A cohort research including 169, 871 Chinese
people over 40 years old revealed that the risk to develop
cardiovascular disorders is higher in the prehypertension
group than in normal blood pressure group (relative risk =
1.34), and it is effective to treat prehypertension in patients
with diabetes or cardiovascular disorders [14]. This means
that it is necessary to detect and regulate the prehypertension
early because it progresses easily to hypertension and elevates
the occurrence risk of cardiovascular disorders.

In Kim’s manual that investigated the clinical effective-
ness of retention enema in the hypertension and prehy-
pertension groups, Gwakhyangjeonggi-san was used as a
test liquid. Gwakhyangjeonggi-san is known to block the
Ca2+ inflow, which results in the vasorelaxant effect by
NO action isolated from blood vessels [15]. Expecting that
Gwakhyangjeonggi-san could act as a vasorelaxant effector in
vasoconstrictive diseases such as hypertension [15], we used
Gwakhyangjeonggi-san as a test liquid, too.

The aim of this study is to establish a protocol of
retention-enema experiments and evaluate the antihyper-
tensive effect and the safety of retention enema using
Gwakhyangjeonggi-san.

2. Materials and Methods

This study was carried out following National Institutes of
Health Guide for the Care and Use of Laboratory Animals
(NIH Publications no. 80-23, 1996, revised edition) and
approved by KyungHee University Institutional Animal Care
and Use Committee (KHUASP(SE)-12-039).

2.1. Plant Materials. A herbarium voucher sample (KHKH-
2013-HK-118) that consists of Gwakhyangjeonggi-san was
manufactured by Kyung Hee Herb Pharm and examined and
deposited in the Korean Medicine Pharmaceutical Opera-
tion team, Department of Pharmacy, Kyung Hee University
Korean Medicine Hospital (Seoul, Republic of Korea). And
constituting components were analyzed in the Pharmaceu-
tical Manufacturing Team, Department of Pharmacy, Kyung
HeeUniversity KoreanMedicineHospital (Seoul, Republic of
Korea).

The herbs that compose Gwakhyangjeonggi-san are Agas-
tachis Herba (above-ground parts) 6.0 g, Perillae Herba
(leaves and twigs) 4.0 g, Angelicae Dahuricae Radix (root)
2.0 g, Arecae Pericarpium (peel) 2.0 g, Hoelen (sclerotium)
2.0 g, Magnoliae Cortex (bark) 2.0 g, Atractylodis Rhizoma

Alba (rhizome) 2.0 g, Citri Unshii Pericarpium (peel) 2.0 g,
Pinelliae Tuber Cum Z. R. Crudus et Alumen (tuber)
2.0 g, Platycodi Radix (root) 2.0 g, and Glycyrrhizae Radix
Preparata (rhizome) 2.0 g. The total amount of the herbs is
28 g.

2.2. Extraction. We put all of the 11 chopped herbs into a
felt pouch, then immersed the pouch into Pressure Oriental
Herb Medicine Extractor (Handle-Type, KSNP B1130 - 240L,
Kyungseo Machine, Incheon, Republic of Korea), and added
120mL of water to submerge the herbs in the water. Using
decocting method, it was concentrated for more than 2 hours
until the volume reached 100mL.The concentrated liquidwas
mixed with 0.9% saline and the proportion of the final test
liquid used was 9 : 1 (concentrates : saline).

2.3. High Performance Liquid Chromatography (HPLC) Anal-
ysis. The HPLC system used consisted of Alliance 2690
SeparationModule, aWaters 996 PhotodiodeArrayDetector,
and a Millenium 32 Chromatography Manager Version 3.2.
Chromatographic separations were carried out on aNucleosil
C18 column (4.0mm × 250mm I.D. Waters Corporation,
Milford, MA, USA) for glycyrrhizin, hesperidin, honokiol,
and magnolol at ambient temperature.

Glycyrrhizin, honokiol, and magnolol were purchased
from Wako pure chemicals industries, Ltd. (Osaka, Japan).
Hesperidin was purchased from Sigma Co. (St. Louis, MO,
USA).

Acetonitrile (ACN) and water were used in the product
of J. T. Baker (Phillipsburg, NJ, USA). Acetic acid and
monopotassium phosphate were used in the product of Duk-
san pure chemicals Co., Ltd. (Ansan, Kyungki-do, Republic
of Korea).

The mobile phase on glycyrrhizin was water-ACN-acetic
acid (620 : 380 : 5, v/v) with a flow rate of 1.2mL/min.
The mobile phase on hesperidin was 1/15M monopotas-
sium phosphate-ACN (815 : 185, v/v) with a flow rate
of 1.0mL/min. The mobile phase on honokiol and magnolol
was ACN-water-acetic acid (500 : 500 : 10, v/v) with a flow
rate of 1.5mL/min. The mobile phase was filtered through a
0.45 𝜇mmembrane filter (Millipore, Bedford, MA, USA) and
was then degassed before use.

GJS was used in the product of Kyung Hee University
Korean Medicine Hospital. Each sample was extracted with
50% ethanol for glycyrrhizin, methanol for hesperidin, and
ethyl ether for magnolol and honokiol and filtered.

2.4. Animals. Male Sprague-Dawley rats (body weight = 300
± 20 g) were used as normal and spontaneously hypertensive
rats (SHRs). The normal rats were 7–9 weeks old, while the
SHRs were 8 weeks old. Both were purchased from Samtaco
Animal Corporation (Seoul, Republic of Korea). We adapted
the experimental rats to the environment of laboratory for
7 days before the procedure. Less than 5 rats were raised
in a plastic cage. We maintained the temperature (22∘C ±
2∘C) and the humidity (55% ± 15 %) in the laboratory, giving
the artificial sunlight for 12 hours every day. Distilled water
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Table 1: The setting of drug retention enema.

The kind, quality of the
material and diameter of
catheter

The insertion length
of catheter Sample volume Retention time Instillation speed

Setting 8 Fr suction catheter 8 cm 6mL/300 g 10min 4mL/min

Procedure

(i) S.D rat (280–320 g)
(ii) Measuring BW
(iii) Anesthetizing by 2% isoflurane
(iv) Ventral position, angle (45∘)
(v) Connecting syringe which is filled with sample or 0.9% saline to catheter and inserting it into the anal of S.D rat (8 fr
suction catheter, 8 cm)
(vi) Plastering baseline in catheter
(vii) Instillation sample or 0.9% saline (6mL/300, 4mL/min)
(viii) Retaining sample or 0.9% saline during 10min
(ix) Recovering S.D rat during 10min (defecation)
(x) Measuring BW

Normal Rats

SHRs

Adjustment  training period Retention enema (RE)

1st 2nd 3rd

BP and BW 
check

Blood pressure (BP) check

Body weight (BW) check

(2 h before RE)

(2 h before RE)

(120 min/day)

−7d −1d 1d 3d 4d 6d 8d 10d

Figure 1: Experimental procedure.

and solid feed were given freely to rats for the experimental
period.

We divided 2 groups. The control group was defined as
CON group (0.9% NaCl, 6mL/300 g, 𝑛 = 10), where reten-
tion enema with saline was performed. The other was GJS
group (Gwakhyangjeonggi-san, 6mL/300 g, 𝑛 = 10), where
retention enema withGwakhyangjeonggi-sanwas performed.
Ten ratswere randomly allocated to each group in normal rats
and SHR rats, respectively.

2.5. Final Protocol through a Preliminary Experiment. The
training procedure was carried out 4 times a day and
30 minutes per time for 7 days to adapt the rats in the
animal containment (Kent Scientific Corporation, USA) for
measuring blood pressure. After the adaptive training, the
normal rats and SHRs were relieved in a thermostat for 10∼15
minutes. And we measured the body weight of the normal
rats and SHRs, anesthetized the rats with isoflurane, fixed
them on the operating table, and put them on anaesthetic

masks in order. The syringe that contains test liquids, 0.9%
of saline, was linked to an 8 Fr suction catheter and fastened
up to a tube-connected insertion pump.With the anaesthetic
masks worn, we reserved the test liquids for 10 minutes and
then relived the rats again (Table 1).

2.6. Blood PressureMeasurement. Wemeasured the rat blood
pressure indirectly using a noninvasive blood pressure system
(Kent Scientific Corporation, USA). By the tail-cuff method,
the blood pressure wasmeasured when not anesthetized after
incubating at 36∘C ± 0.2∘C for 15 minutes [16]. Enema was
performed 3 times in all of the rats. In normal rats, blood
pressure was measured 2 hours before each enema and first,
third, and fifth days after the last enema, whereas, in SHRs,
on the day before the first enema and first, third, fifth, and
seventh days after the last enema (Figure 1).

2.7. Body Weight Measurement. We measured body weight 3
times at 2 hours before each enema and at the same time on
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the first, third, and fifth days after the third enema in normal
rats, whereas on the day before the first enema andon the first,
third, fifth, and seventh days after the third enema in SHRs.

2.8. Safety

2.8.1. Experimental Group Allocation. We divided 3 groups,
which are normal group (no intervention, 𝑛 = 8), CON
group (0.9% NaCl, 6mL/300 g, 𝑛 = 8), and GJS group
(Gwakhyangjeonggi-san, 6mL/300, 𝑛 = 8), and randomly
allocated 8 rats in each group.

2.8.2. Blood Sample Analysis. After 7-day adaptive training,
we carried out a retention enema every day for 3 days. And
we anesthetized the rats with isoflurane 2 hours after the
third enema and collected 5mL blood using a 26G disposable
syringe by cardiac puncture method. The collected blood
was put into SST bottle (BD vacutainer SST tube, BD Korea,
USA) and analyzed.We requested aspartate aminotransferase
(AST), alanine aminotransferase (ALT), blood urea nitrogen
(BUN), and creatinine analysis to Eone Reference Laboratory
(Incheon, Republic of Korea).

2.9. Statistical Analysis. We used the PASW Statistics 18.0
for Windows (Chicago, IL). Using generalized estimating
equation, we tested group effect, time effect, and group ×
time effect between groups, as well as time effect within a
group with the change of blood pressure and body weight,
respectively. As of the safety, we applied Kruskal-Wallis test
for a three-group analysis on variables with single assessment.
And multiple comparisons using Mann-WhitneyU test were
performed with the differences of AST, ALT, BUN, and
creatinine, respectively, between groups (employing two-
tailed Bonferroni-corrected P value of <0.017 to minimize
type I error). We calculated mean error and standard error
and considered the errors significant when 𝑃 < 0.05.

3. Result

3.1. Blood Pressure in Normal Rats. Figure 1 shows the blood
pressure measured in the whole period. The systolic blood
pressure decreased in CON group, while it increased in the
beginning and decreased gradually after all in GJS group
(Figure 2(a)). The diastolic blood pressure showed the same
tendency in both groups, respectively (Figure 2(b)).

We calculated the difference of blood pressures daily,
based on the baseline blood pressure day. The change of
systolic blood pressure was negative in CON group but
mostly positive on GJS group. And the absolute value of
the systolic blood pressure increased in CON group, while
it tended to decrease in GJS group during the whole period
(Figure 2(c)). In the change of the diastolic blood pressure,
the similar patterns appeared in both groups, respectively
(Figure 2(d)).

In comparison of the systolic blood pressure between
CON and GJS groups, there was no significant group × time
effect (𝑃 = 0.374) nor significant group effect (𝑃 = 0.179).

But there was statistically significant time effect within CON
group (𝑃 = 0.001) and GJS group (𝑃 < 0.001).

In comparison of the diastolic blood pressure between
CON and GJS groups, there was no significant group × time
effect (𝑃 = 0.180) nor significant group effect (𝑃 = 0.131).
However, there was statistically significant time effect in GJS
group (𝑃 = 0.001), but no significant time effect in CON
group (𝑃 = 0.202).

3.2. Blood Pressure in SHRs. The systolic blood pressure
increased during the whole period in CON group, while it
decreased, except on the fifth day after 3 enemas, inGJS group
(Figure 3(a)). The diastolic blood pressure in CON group
increased overall, while it decreased, except on the third and
fifth days after 3 enemas, in GJS group (Figure 3(b)). The
mean blood pressure in CON group increased overall, while
it fluctuated similarly with the pattern of the diastolic blood
pressure in GJS group (Figure 3(c)).

The systolic blood pressure betweenCONandGJS groups
did not show any significant difference in group × time
effect (𝑃 = 0.396) but showed significant difference in the
group effect (𝑃 = 0.012). And the time effect did not differ
significantly in CON group (𝑃 = 0.471), while it differed
significantly in GJS group (𝑃 < 0.001).

The diastolic blood pressure between CON and GJS
groups did not show any significant difference in group ×
time effect (𝑃 = 0.572) but showed significant difference in
group effect (𝑃 = 0.009). And the time effect did not differ
significantly in CON group (𝑃 = 0.779), while it differed
significantly in GJS group (𝑃 < 0.001).

The mean blood pressure between CON and GJS groups
did not show any significant difference in group × time effect
(𝑃 = 0.436) but showed significant difference in group effect
(𝑃 = 0.012). And the time effect did not differ significantly in
CON group (𝑃 = 0.956), while it differed significantly in GJS
group (𝑃 < 0.001).

3.3. Body Weight in Normal Rats and SHRs. The body weight
in CON and GJS groups of normal rats decreased a little for
3 days when the enema was performed, maintained until the
sixth day after the third enema, and increased after the eighth
day (Figure 4(a)). No significant group × time effect existed
(𝑃 = 0.715), and no group effect either (𝑃 = 0.363). However,
the time effect appeared statistically significant in CON (𝑃 <
0.001) and GJS (𝑃 < 0.001) groups.

The body weight of SHRs increased overall during the
whole period in both CON andGJS groups (Figure 4(b)).The
group× time effect differed significantly (𝑃 = 0.001), so as the
time effect within both groups (𝑃 < 0.001).

3.4. AST, ALT, BUN, and Creatinine. Themeasured AST was
112.25 ± 6.51 IU/L (normal group), 136.12 ± 20.09 IU/L (CON
group), and 97.25± 3.94 IU/L (GJS group).TheALTwas 33.25
± 1.81 IU/L (normal group), 38.50 ± 2.16 IU/L (CON group),
and 35.00 ± 1.31 IU/L (GJS group). The BUN was 14.55 ±
1.24mg/dL (normal group), 16.83± 0.97mg/dL (CONgroup),
and 13.38± 0.94mg/dL (GJS group).The creatininewas 0.27±
0.01mg/dL (normal group), 0.27 ± 0.01mg/dL (CON group),
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Figure 2: The blood pressure in the whole period. (a) Systolic blood pressure. (b) Diastolic blood pressure. (c) The change of systolic blood
pressure. (d) The change of diastolic blood pressure.

and 0.24 ± 0.01mg/dL (GJS group). AST, ALT, BUN, and
creatinine showed no significant difference between groups.

3.5. HPLC Analysis. Figure 5 shows the typical
chromatogram of glycyrrhizin (a), Glycyrrhizae Radix
(b), and GJS (c). The peak time of glycyrrhizin was about

10.6 minutes and the content was 3.27% and 0.46% in
Glycyrrhizae Radix and GJS, respectively.

Figure 6 shows the typical chromatogram of hesperidin
(a), Citri pericarpium (b), and GJS (c). The peak time of
hesperidin was about 25.5 minutes and the content was 4.7%
and 0.6% in Citri pericarpium and GJS, respectively.
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Figure 3: The blood pressure in the whole period. (a) Systolic blood pressure. (b) Diastolic blood pressure. (c) Mean blood pressure.

Figure 7 shows the typical chromatogram of honokiol
and magnolol (a), Magnoliae Cortex (b), and GJS (c). The
peak time of honokiol was about 9.1 minutes and the content
was 2.16% and 0.005% inMagnoliae Cortex and GJS, respec-
tively.The peak time of magnolol was about 12.6 minutes and
the content was 6.24% and 0.01% in Magnoliae Cortex and
GJS, respectively.

4. Discussion

We drew the protocol of retention enema through a pilot
study and clinical experiences. The pilot study could make
us confirm the efficacy and safety of the method. We used
Sprague-Dawley rats because they are known to endure shock
caused by enema and be easy to insert test liquids. As of
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Figure 4: The body weight change in the whole period. (a) Normal rats. (b) SHRs.
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Figure 5: Chromatograms of (a) glycyrrhizin, (b) Glycyrrhizae Radix, and (c) GJS.



8 Evidence-Based Complementary and Alternative Medicine

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
(min)

(A
U

)

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

(a)

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
(min)

(A
U

)

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

(b)

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
(min)

(A
U

)

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20

(c)

Figure 6: Chromatograms of (a) hesperidin, (b) Citri pericarpium, and (c) GJS.
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Figure 7: Chromatograms of (a) honokiol and magnolol, (b)Magnoliae Cortex, and (c) GJS.
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the insertion tool and diameter, 6 Fr polyethylene catheter
(male Wistar rats 250–300 g) [3] and 8 Fr pediatric foley
catheter (S.D rat, 220–320 g) [5] have been applied. As of
the insertion length, 6 cm [17] and 8 cm [7] have been
used. About the retention time, the absorption concentration
peaked around 10 minutes after the insertion in a study [18],
and another researcher kept the test liquid for 10 minutes
[6]. And the insertion velocity was 4mL/min deprived from
the running-fluid velocity, 1000mL per 90 seconds, based on
Kim’smanual.Themethod applied in this study is very similar
to the way used in the clinical practice.

A study reported that the test liquid made of
Gwakhyangjeonggi-san is absorbed in the transverse
colon during the retention [19]. However, the change of
blood pressure did not differ between the CON groups and
GJS groups in normal rats.This is because the normal rats do
not have any disorders to be influenced by test liquids. On
the other hand, the changes of systolic and diastolic blood
pressure differed significantly with time in GJS group, and
the changes of systolic blood pressure did in CON group too.
This means that retention enema has hypotensive effect in
normal rats.

The systolic, diastolic, and mean blood pressure had no
interactions between the group and time in CON and GJS
groups of SHRs. However, the blood pressure decreased
significantly with time only in GJS group, which indicates
there is a meaningful antihypertensive effect when the
Gwakhyangjeonggi-san retention enema is applied. This can
be explained by a few reasons. First, Gwakhyangjeonggi-san
is reported to have the vasodilator effect, which leads to the
antihypertensive effect [15]. Second, pharmacologically, gly-
cyrrhizin in Glycyrrhizae Radix can lower blood cholesterol
level and blood pressure, hesperidin in Citri pericarpium has
a hypotensive effect acting on smooth muscles in the blood
vessel directly, and honokiol and magnolol in Magnoliae
Cortex reduced the blood pressure of rats and cats by
intravenous injection [20–22]. All of these components were
analyzed by HLPC method in this study. Also it is known
that angelic acid in Angelicae Dahuricae Radix stimulates the
vasomotor center in medulla oblongata, the ether extract of
Hoelen strengthens cardiac contraction, and Platycodi Radix
lowers blood pressure for a short time [20–22], even though
we could not measure 3 of these in our HPLC analysis.Third,
the large intestine can absorb fats and oils components easily,
which are contained a lot in herbs of Gwakhyangjeonggi-san
[17]. Lastly, the test-liquid concentration absorbed in large
intestine peaked in 10 minutes after the retention [18], which
is applied to this study too.

It is usually believed that the weight loss lower the blood
pressure; however, the blood pressure decreased significantly
in GJS group, even though the change of body weight
increased in SHRs. This indicates the antihypertensive effect
is from the test liquids, not from the weight loss.

There was no significant difference in AST, ALT, BUN,
and creatinine between groups. We found out that the
retention enema by Gwakhyangjeonggi-san, which does not
affect liver and kidney function, is a safe way.

The importance of this study is that the protocol
of retention enema has been established at first through

the preliminary experiment and the clinical practice. Sec-
ondly, we have confirmed the safety of retention enema by
Gwakhyangjeonggi-san, which means it does not affect the
liver and kidney functions. Finally the antihypertensive effect
has been revealed inGwakhyangjeonggi-san retention enema.
The effect maintained 7 days after the enema in SHRs.

The limitations are as follows. First, the baseline values
of blood pressure were different between groups because of
the different levels of adaptation by group in normal rats.
We analyzed the change of blood pressures to correct the
difference. Second, the observation time after the enema was
too short. A long-term experiment is necessary to find out
the continuous effect. Third, blood test to assess hepatic and
renal enzymes, histological test to examine colonic mucosal
changes, and additional test to identify intestinal bacteria are
usually carried out in a safety study. However, only simple
blood tests were performed with normal rats in this study. In
the future, overall safety study will proceed including SHRs.
Fourth, the HPLC results did not reveal every active com-
ponent of every herb instituting Gwakhyangjeonggi-san. This
could be because the lag of theHPLCmachine or littlemass of
some herbs in Gwakhyangjeonggi-san. Fifth, considering the
usual duration of drug activity, the maintenance of lowered
blood pressure for 5 or 7 days could be due to the enema itself,
not the enema with Gwakhyangjeonggi-san. Further studies
are needed to investigate the precise mechanisms under the
enema without any specific drugs. Lastly, the variation was
too big because of the small sample. The sample size should
be increased in the future study.

This study suggests that the retention enema with
Gwakhyangjeonggi-san is safe when performed in nor-
mal people, preventive of hypertension in prehypertension
patients, and antihypertensive in hypertension patients.

A long-term observation should be carried out in the
future, based on which we can estimate the active duration
of retention enema with Gwakhyangjeonggi-san. Secondly,
the effect of the Gwakhyangjeonggi-san enema should be
compared with that of the Gwakhyangjeonggi-san oral intake
as a hypotensive effector. Finally, a randomized controlled
trial should be performed to confirm the clinical effectiveness
and safety.

5. Conclusions

The retention enema with Gwakhyangjeonggi-san has a
hypotensive effect in normal rats within the regular range
of blood pressure, but an antihypertensive effect in SHRs.
The retention enema is safe and does not affect the liver and
kidney functions in normal rats.
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Extracts from deer bones, called nok-gol in Korean, have long been used to invigorate Qi. While neutropenia is not well detected
in normal physiological condition, it could be a cause of severe problems to develop diseases such as infectious and cancerous
diseases.Thus, a prevention of neutropenia in normal physiology and pathophysiological states is important formaintainingQi and
preventing disease progress. In cell biological aspects, activated macrophages are known to prevent neutropenia. In this study, we
demonstrate that water extract of deer bone (herein, NG) prevents neutropenia by activating macrophages. In mouse neutropenia
model system in vivo where ICR mice were treated with cyclophosphamide to immunosuppress, an oral administration of NG
altered the number of blood cells including lymphocytes, neutrophils, basophils, and eosinophils. This in vivo effect of NG was
relevant to that of granulocyte colony stimulating factor (G-CSF) that was known to improve neutropenia. Our in vitro studies
further showed that NG treatment increased intracellular reactive oxygen species (ROS) and promotedmacrophagic differentiation
of mouse monocytic Raw264.7 cells in a dose-dependent manner. In addition, NG enhanced nitric oxide (NO) synthesis and
secretions of cytokines including IL-6 and TNF-𝛼. Consistently, NG treatment induced phosphorylation of ERK, JNK, IKK, I𝜅B𝛼,
and NF-𝜅B in Raw264.7 cells. Thus, our data suggest that NG is helpful for alleviating neutropenia.

1. Introduction

Neutropenia is characterized by a low neutrophil number,
which could be a risk of disease development including
infectious and cancerous diseases [1–6]. Thus, therapeutic
approaches such as administration with G-CSF or GM-
CSF have been applied to prevent neutropenic phenome-
non, while no trials are completely worked yet [7–10].Macro-
phages, one of the players in the innate immune system,
modulate immune response through inflammatory cytokines
and reactive oxygen species (ROS) [11–13]. In neutropenic
situation, macrophages could not be involved in inflamma-
tion because neutrophil depletion results in no reaction of
monocytes and macrophages [14]. As macrophages produce
CSF, an activation of macrophages is crucial for preventing
neutropenia and secondary diseases [15–17].

Extracts from deer bones, called nok-gol in Korean, have
been traditionally used as a drug invigorating Qi. Recent

researches further reported various therapeutic effects of this
traditional medicine on inflammatory disease [18, 19], bone
resorption [20], and aging [21]. Furthermore, extracts of deer
bones affected macrophagic activation in S. aureus-infected
mice [22]. In this study, we demonstrate that water extract
of deer bones (hereafter, NG) alleviates neutropenia through
activating macrophages.

2. Materials and Methods

2.1. Cell Culture and Deer Bone Extract Preparation.
Raw264.7 mouse monocytic/macrophagic cells were grown
in Dulbecco’s Modified Eagle’s Medium (DMEM) supple-
mented with 10% heat-inactivated fetal bovine serum (FBS)
and 1% antibiotics at 37∘C in a 5% CO

2
humidified incubator.

Water extract of deer bones (NG) was provided by Nongshim
Corporation (Republic of Korea). More information on NG
production processes could be requested from the company.
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Table 1: The sequence of PCR primers.

Primer name Sequences
IL-6

Forward 5-CAA GAG ACT TCC ATC CAG TTG C-3

Reverse 5-TTG CCG AGT TCT CAA AGT GAC-3

TNF-𝛼
Forward 5-ATG AGC ACA GAA AGC ATG ATC-3

Reverse 5-TAC AGG CTT GTC ACT GGA ATT-3

COX-2
Forward 5-AAG ACT TGC CAG GCT GAA CT-3

Reverse 5-CTT CTG CAG TCC CAG GTT CAA-3

iNOS
Forward 5-AAT GGC AAC ATC AGG TCG GCC ATC ACT-3

Reverse 5-GCT GTG TGT CAC AGA AGT CTC GAA CTC-3

GAPDH
Forward 5-GAG GGG CCA TCC ACA GTC TTC-3

Reverse 5-CAT CAC CAT CTT CCA GGA GCG-3

Table 2: The number of WBC, lymphocytes, neutrophils, monocytes, and eosinophils in mice blood. Each value presents the mean ± SD
(∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001).

(a)

Normal Negative Con Positive Con NG
WBC (K/uL) 10.89 ± 1.57 2.49 ± 1.48∗∗∗ 4.93 ± 0.71∗∗∗ 5.10 ± 1.48∗∗

Lymphocytes (K/uL) 6.21 ± 1.27 0.76 ± 0.27∗∗∗ 1.77 ± 0.39∗∗ 2.00 ± 0.56∗∗

Neutrophils (K/uL) 2.81 ± 0.77 1.07 ± 0.72∗ 2.75 ± 0.67 2.91 ± 0.79
Monocytes (K/uL) 0.59 ± 0.16 0.18 ± 0.07∗∗ 0.15 ± 0.07∗∗∗ 0.12 ± 0.04∗∗

Eosinophils (K/uL) 0.22 ± 0.07 0.37 ± 0.06∗ 0.38 ± 0.06∗ 0.30 ± 0.13
Basophils (K/uL) 0.05 ± 0.02 0.04 ± 0.02 0.05 ± 0.02 0.07 ± 0.04

(b)

Normal Negative Con Positive Con NG
Lymphocytes (%) 60.01 ± 6.85 41.93 ± 9.20∗ 41.64 ± 9.18∗ 31.05 ± 7.25∗∗∗

Neutrophils (%) 29.87 ± 8.26 35.15 ± 19.12 55.95 ± 11.12∗∗ 60.31 ± 7.88∗∗∗

Monocytes (%) 5.59 ± 0.64 5.21 ± 1.97 6.77 ± 1.62 4.06 ± 2.73
Eosinophils (%) 2.79 ± 1.33 8.99 ± 2.58∗∗ 7.12 ± 2.04∗∗ 4.68 ± 0.73∗

Basophils (%) 0.50 ± 0.10 1.78 ± 0.89∗ 1.54 ± 0.23∗∗∗ 1.07 ± 0.62

2.2. In Vivo Studies. Six-week-old male ICR mice were pur-
chased from Orient (Sungnam, Republic of Korea). All pro-
cedures were performed on the approval of the animal care
center of KyungHeeUniversity (Approval no. KHUASP (SE)-
12-042). To induce neutropenia, mice were intraperitoneally
injected with 150mg/kg of cyclophosphamide twice in one
week and then treated with cyclophosphamide (100mg/kg)
two times in another week. Mice were rested for one
week with no treatment when treatments were switched.
In addition, mice were randomized into 4 groups (normal,
control, G-CSF, and NG; five mice per group) during resting
time points. G-CSF (1 𝜇g/kg) or NG (200mg/kg) was orally
administered every day for the last procedure. At the end of
the experiment, mice were sacrificed by CO

2
inhalation, and

cardiac blood was collected.

2.3. Cell Surface Observation. Cells seeded into 60mm cul-
ture dish at a density of 3× 105 cells/dishwere treatedwithNG
(25, 250, 500 𝜇g/mL) for 24 h. Cell surfaces were observed by
taking images using a camera (Olympus, Japan) connected to
a light microscope.

2.4. Cell Viability Assay. Cell viability was determined using
WST assay (Dogen, Republic of Korea). RAW264.7 cells (1 ×
104 cells/well) were seeded into 96-well plates and incubated
overnight. Cells were then treated with different concentra-
tions of NG and incubated for another 24 hours. 10 𝜇L of
WST solution was added to 100 𝜇L cell culture medium, and
plates were incubated for 2 hours. Optical density (OD) was
determined at 450 nm using a microplate reader (Versa Max,
Molecular Devices, CA, USA).
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Figure 1: NG activates RAW264.7 cells. (a) Cells were seeded into 60mm culture dish at a density of 3 × 105 cells/dish. The next day, cells
were treated with NG for 24 h. Cell surface was observed by taking a photograph using a camera attached to a microscope. (b) Cell viability
was determined using WST assay after NG treatment. (c) ROS level was measured using DCFH-DA. Data are shown as the mean of three
independent experiments (error bars are mean ± standard deviation (SD)) (∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001).

2.5. Intracellular ROS Level Measurement. Raw264.7 cell pel-
lets were washedwith PBS and incubated with 20𝜇MDCFH-
DA for 1 hour at 37∘C in the dark. After washing with PBS,
green fluorescence (480 nm excitation/530 nm emission) was
measured by flow cytometry (BD FACSCalibur).

2.6. Detection of Nitric Oxide (NO). NO production was
measured by adding Griess reagent in culture medium
(Welgene, Republic of Korea). In detail, 150 𝜇L of supernatant
from each well was transferred to 96-well plate and then
mixed with 150𝜇L of Griess reagent solution. Mixtures were
then incubated for 30min at room temperature. OD was
determined at 570 nm using a microplate reader.

2.7. RT-PCR. Raw264.7 cell pellets were washedwith ice-cold
PBS, and RNAs were extracted using the easy-blue RNA

extraction kit (Intron Biotech, Korea) according to the man-
ufacturer’s instructions. Total RNAs were quantified using
NanoDrop ND-1000 spectrophotometer (NanoDrop Tech-
nologies Inc.) and subjected to reverse transcriptions using
cDNA synthesis kit (TaKaRa, Japan). Conventional PCRs
were then performed using appropriate primers. GAPDH
was used as an internal control. Primer information was
described in Table 1.

2.8. IL-6 and TNF-𝛼 Measurement. IL-6 and TNF-𝛼 levels
from Raw264.7 were measured by sandwich ELISA using BD
Pharmingen mouse ELISA set. Cells in 6-well plates were
treated with different concentrations of NG and incubated
for 24 h. Cytokine levels were measured at 450 nm using a
microplate reader.
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Figure 2: NG augmented NO concentration and iNOS and COX-2 expression. (a) NO production was measured using Griess reagent. (b)
iNOS and COX-2 mRNA expression was measured by RT-PCR. (c) iNOS and COX-2 protein expression was measured by Western blot.
Data are shown as the mean of three independent experiments (error bars are mean ± standard deviation (SD)) (∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and
∗∗∗

𝑃 < 0.001).

2.9. Western Blot Analysis. Whole cell lysates were washed
with ice-cold PBS and lysed with RIPA buffer. Equal amount
of protein (30 𝜇g) was run on 10% SDS-PAGE and trans-
ferred to nitrocellulosemembranes. Blottedmembranes were
then incubated overnight at 4∘C with appropriate primary
antibodies. After washing in PBS-tween 20 for 1 hour, mem-
branes were incubated with appropriate HRP-conjugated
secondary antibodies and bands were visualized with the
enhanced chemiluminescence detection system (Amersham-
Pharmacia Biotech, Buckinghamshire, UK).

2.10. Analyses of Cardiac Blood. Whole blood samples from
mice were collected by cardiac punctures. Blood was loaded
in Vacutainer tubes containing EDTA (BD Biosciences,
USA). Analyses of WBC, neutrophil, and monocyte in
blood were done using blood analyzer (Hemavet 950, Drew
Scientific, Germany).

2.11. Statistical Analysis. Data from experiments performed
in triplicate presented mean ± standard deviation. Statistical

significance was obtained by Student’s 𝑡-test, and a 𝑃 value
less than 0.05 was considered statistically significant.

3. Results and Discussion

3.1. Water Extract of Deer Bone (NG) Induces RAW264.7 Cell
Differentiation. LPS has been known to induce a differen-
tiation of monocytic Raw264.7 cells to macrophages. Con-
sistently, LPS (1 𝜇g/mL) induced Raw264.7 differentiation in
our experiment. Likewise, NG treatment also resulted in
Raw264.7 cell differentiation in a dose-dependent manner
(Figure 1(a)). In addition, both LPS and NG increased WST
activities in RAW264.7 cells, indicating that NG induced
activities of dehydrogenases (Figure 1(b)). Macrophages
secrete ROS, when being activated [23]. So, we further
measured ROS levels in Raw264.7 cells treated with different
concentrations of NG or LPS. As seen in Figure 1(c), NG
augmented ROS level in a dose-dependentmanner.Thus, our
data indicate that NG induces Raw264.7 cell differentiation to
macrophages.
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Figure 3: NG increased cytokines production.The release of IL-6 and TNF-𝛼was measured by sandwich ELISA assay. Data are shown as the
mean of three independent experiments (error bars are mean ± standard deviation (SD)) (∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001).

3.2. NG Increases NO Concentration and Induces Expression
of iNOS and COX-2. We next examined whether NG affects
intracellular NO contents in Raw264.7 cells. When Raw264.7
cells were treated with different concentrations of NG or
LPS as a positive control, both NG and LPS increased NO
production (Figure 2(a)). As NO generation is associated
with iNOS and COX-2, we further examined whether NG
affects iNOS and COX-2. NG treatment increased expression
of both iNOS and COX-2 (Figures 2(b) and 2(c)).

3.3. NG Produces IL-6 and TNF-𝛼. Macrophages react to
microbial invasion through IL-6 and TNF-𝛼 secretion [17,
24]. Therefore, we measured the levels of IL-6 and TNF-𝛼 in
Raw264.7 cells treated with different concentrations of NG
for 24 hours. NG as well as LPS significantly increased levels
of IL-6 and TNF-𝛼 (Figures 3(a) and 3(b)). This NG effect
on IL-6 and TNF-𝛼 resulted from transcriptional regulation
of both cytokines because NG treatment induced mRNA
expression of either IL-6 or TNF-𝛼 (Figure 3(c)).

3.4. NG Induces Activation of MAPKs and NF-𝜅B. It has been
reported that LPS activates macrophages through activation
of MAPKs and NF-𝜅B [25]. So, we examined whether NG

affects signaling pathways ofMAPKs andNF-𝜅B in Raw264.7
cells. When Raw264.7 cells were treated with 250𝜇g/mL of
NG for 360 minutes, ERK phosphorylation was increased at
10minutes afterNG treatment and sustained until 30minutes
after NG treatment. JNK phosphorylation was increased at
10 minutes after NG treatment and peaked up at 30 minutes.
However, NG appeared not to affect p38 phosphorylation
(Figure 4(a)). We also found that NG activates NF-𝜅B path-
way. IKK phosphorylation was gradually increased from 10
minutes and peaked up at 30 minutes after NG treatment.
Likewise, I𝜅B phosphorylation was increased during that
time points and total I𝜅B level was consistently reduced
(Figure 4(b)). Accordingly, NG resulted in nuclear accumula-
tion of phosphorylated form of NF-𝜅B, when phosphorylated
form of NF-𝜅B in cytoplasmic and nuclear fractions were
analyzed (Figure 4(c)). Thus, our data indicate that NG
activates MAPK and NF-kB pathways as like LPS (Figure 5).

3.5. NG Alleviates in Mouse Neutropenia Model System. To
verifyNGeffect in immune systems in vivo, we appliedmouse
neutropenia model system. In mice treated with NG, blood
analyses presented a decrease of lymphocyte numbers and an
increase of either neutrophils or eosinophils (Table 2). InNG-
treatedmice compared to normalmice, lymphocyte numbers
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Figure 4: NG induced activation of MAPK and NF-𝜅B. (a) Whole-cell lysates were analyzed by Western blot for the detection of specific
proteins, as indicated (p-ERK, p-p38, p-JNK, and tubulin). (b)Whole-cell lysates were analyzed by Western blot for the detection of specific
proteins, as indicated (IKK, p-IKK, I𝜅B𝛼, p-I𝜅B𝛼, and tubulin). (c) Nuclear and cytosolic extracts were analyzed by Western blot for the
detection of specific proteins, as indicated (p-NF-𝜅B, tubulin, and lamin).
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Figure 5: NG induces immune responses throughMAPKs and NF-
𝜅B activation (schematic diagram).

were diminished by approximately 30% and neutrophil num-
bers were increased by approximately 30%. While numbers
of monocytes and basophils were not altered significantly,
eosinophil numbers were also significantly increased from
2.79% to 4.68%. Thus, our in vivo data indicate that NG
treatment may improve immune defects including neutro-
penia.

4. Conclusion

Our purpose of the study is to know whether NG has an
immunomodulating effect. We confirmed that NG treatment
increased ROS and promoted macrophagic differentiation
of mouse monocytic Raw264.7 cells. In the in vivo study,
we confirmed that NG improved immune defects including
neutropenia. Hence, we conclude that NG is helpful for
alleviating neutropenia.
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Anthricin (deoxypodophyllotoxin) is a natural product isolated from Anthriscus sylvestris (L.) Hoffm. (Apiaceae). Here, we
investigated the effect of anthricin on autophagy and mammalian target of rapamycin (mTOR) signaling as anticancer actions in
breast cancer cells. Many studies have supported the contention that the phosphoinositide 3-kinase (PI3K)/Akt/mTORC1 pathway
is considerably deregulated in breast cancer and that autophagy plays important roles in the development of this type of cancer,
although the exact underlying mechanisms remain unknown. Our data confirmed that anthricin markedly induced apoptosis in
2 breast cancer cell lines, MCF7 (estrogen receptor positive) and MDA-MB-231 (estrogen receptor, progesterone receptor, and
Her2/Neu receptor negative). Anthricin treatment decreased the levels of phosphorylated Akt andmTORC1, followed by inhibition
of cell growth. Interestingly, blockage of autophagy by a pharmacological inhibitor or genetic deletion ofULK1 andAtg13 accelerated
anthricin-induced apoptosis, suggesting that autophagy has cytoprotective effects. Taken together, our results indicate that anthricin
is an inhibitor of mTOR and that a combination of an autophagy inhibitor and anthricin may serve as a new promising strategy for
the treatment of breast cancer cells.

1. Introduction

Breast cancer is the most common type of cancer in women,
accounting for 22.9% of invasive cancers in this population
and 16% of all female cancers [1]. Among the various thera-
peutic approaches that have been used to reduce themortality
from breast cancer, chemoprevention may be the most effec-
tive in reducing the risk of, or eradicating, cancer in healthy
people or in patients with earlystage invasive breast cancer.
Numerous studies have supported the contention that natural
compounds can function as cancer-prevention and thera-
peutic agents. Several studies on breast cancer have revealed

the potential of naturally occurring chemopreventive agents,
such as eupatorin, oleuropein, genistein, and resveratrol, as
anti-breast cancer drugs [2–6]. Chemoprevention is attrac-
tive for cancer therapy because it represents an easy and low-
cost cancer-control method, mainly for individuals with an
inherited predisposition to certain cancers.

Anthriscus sylvestris (L.) Hoffm. (Apiaceae) is a common
wild plant that is indigenous to Europe, North America,
Africa, Asia, and New Zealand [7]. The dried root of A.
sylvestris has been used in Korean traditional drugs for the
treatment of various diseases, including bronchitis, and as
an antipyretic, a cough remedy, and an analgesic herbal
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drug. This plant accumulates the anthricin (deoxypodophyl-
lotoxin), which has anticancer activity against lung cancer,
lymphomas, and genital tumors [8–12]. The inhibitory effect
of anthricin on a variety of cancer cells is related to the
induction of G2/M cell-cycle arrest and caspase-dependent
apoptosis [11]; however, the mechanism underlying this
biological phenomenon remains unknown. Here, we sought
to determine if the Akt/mammalian target of rapamycin
(mTOR) pathway and the autophagic process play any spe-
cific role in the regulation of the anticancer properties of
anthricin in breast cancer cell lines.

TheAkt/mTORpathway has been identified as an import-
ant target in breast cancer research over the past 20 years.
This pathway is integral to various cellular functions, includ-
ing cellular metabolism, proliferation, and survival [13, 14].
More specifically, this pathway overcomes drug resistance
in hormone-receptor-positive breast cancer [13]. Although
autophagy, which is a lysosome-mediated degradation sys-
tem, may be important in the regulation of cancer devel-
opment and progression and in determining the response
of tumor cells to anticancer therapy, its role in cancer
therapy remains controversial [15]. Autophagy is controlled
by Akt/mTOR signaling in the regulation of nutrient-sensing
pathways. mTOR represses the ULK1/2 complex, which
recruits other autophagy-related proteins (Atg) for the for-
mation of the autophagosome [16]. A recent report has sug-
gested that autophagy acts as a prosurvival process that regu-
lates apoptosis in breast cancer cells [17].Therefore, we hypo-
thesized that anthricin regulates Akt/mTOR signaling and
autophagy to modulate cell death or cell survival. In this
study, we evaluated the mechanism of cell death induced by
anthricin isolated fromA. sylvestris inMCF-7 andMDA-MB-
231 breast cancer cell lines.

2. Materials and Methods

2.1. Isolation of Anthricin from A. sylvestris (L.) Hoffm. The
dried roots of A. sylvestris (8.25 kg) were refluxed with hot
MeOH (3 times) and concentrated to give a residue (959.25 g),
which was suspended in H

2
O and was partitioned with

hexane (89.41 g), CH
2
Cl
2
(28.66 g), EtOAc (8.15 g), andBuOH

(42.58 g). The hexane fraction (73.62 g) was loaded onto a
silica-gel column (80 × 15 cm) and eluted with a gradient
of hexane : EtOAc (10 : 0.2 to 10 : 1) to give 16 subfractions.
Among these, subfraction 14 was recrystallized from MeOH
to afford anthricin (2.9 g). The CH

2
Cl
2
fraction (27.57 g) was

loaded onto a silica-gel column (80 × 10 cm) and eluted with
a gradient of hexane : EtOAc (10 : 1 to 10 : 2) to give 14 subfrac-
tions. Subfraction 12 was recrystallized fromMeOH to afford
anthricin (5.4 g). The molecular weight and fragment ions of
the compound were identified using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) and nuclear mag-
netic resonance (NMR). The molecular weight and the frag-
ment ions are summarized as follows: anthricin, C

22
H
22
O
7
;

mp, 168–170∘C; 1H-NMR (300MHz, CDCl
3
): 𝛿 6.65 (1H, s,

H-2), 6.50 (1H, s, H-5), 6.32 (2H, s, H-2, 6), 5.93 (1H, d,
𝐽 = 1.2Hz, OCH

2
O), 5.91 (1H, d, 𝐽 = 1.2Hz, OCH

2
O), 4.58

(1H, d, 𝐽 = 2.7Hz,H-7), 4.43 (1H,m,H-9), 3.90 (1H,m,H-9),
3.78 (3H, s, C

4
-OCH

3
), 3.73 (6H, s, C

3
-OCH

3
, C
5
-OCH

3
),

3.05 (1H,m,H-7), 2.75 (2H,m,H-8, 8); 13C-NMR(75.5MHz,
CDCl

3
) 𝛿: 174.9 (C-9), 152.5 (C-3), 147.0 (C-3), 146.7 (C-4),

137.0 (C-4), 136.3 (C-1), 130.6 (C-6), 128.3 (C-1), 110.4 (C-
5), 108.4 (C-6), 108.2 (C-2), 101.2 (OCH

2
O), 72.0 (C-9), 60.7

(C
4
-OCH

3
), 56.2 (C

3
-OCH

3
, C
5
-OCH

3
), 47.5 (C-8), 43.7

(C-7), 33.1 (C-7), 32.7 (C-8); EI-MS m/z: 398 [M]+.

2.2. Reagents. RPMI-1640 medium, fetal bovine serum
(FBS), bovine calf serum (CS), sodium pyruvate, and peni-
cillin-streptomycin were obtained from Gibco BRL (Grand
Island, NY,USA). Anti-p62 (sc-28359), anti-mTOR (sc-1549),
anti-ULK1 (sc-33182), anti-𝛽-actin (sc-47778), anti-raptor
(sc-81537), TSC2 (sc-893), and secondary antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Antibodies against p-mTOR (no. 5536s), mTOR (no.
9272), p-S6K1 (no. 9205), S6K1 (no. 9202), p-Akt (no. 9271),
Akt (no. 9272), LC3B (no. 2775s), PARP (no. 9542s), cleaved
caspase-3 (no. 9661s), cleaved caspase-7 (no. 9491), cleaved
caspase-9 (no. 9501), cyclin B1 (no. 4138), p-chk2 (no. 2661s),
and Bax (no. 2772) were from Cell Signaling (Danvers, MA,
USA). The anti-Atg13 antibody has been described in our
previous report [16]. Glutathione 4B beads were obtained
from GE Healthcare (Piscataway, NJ, USA). Chloroquine
(CQ) and rapamycin were purchased from Sigma-Aldrich
(Saint Louis, MO, USA) and Calbiochem (San Diego, CA,
USA), respectively.

2.3. Cell Culture and Transfection. MCF7 and MDA-MB-231
cells were cultured in RPMI with 1% penicillin-streptomycin
and 10% FBS at 37∘C in 5% CO

2
. For transient transfection,

cells were transfectedwithGFP-LC3 using FuGENE 6 (Roche
Applied Science, Indianapolis, IN) according to themanufac-
turer’s protocol.

2.4. RNA Interference. RNA silencing was achieved using
the ON-TARGETplus SMART human TSC2 pool or ON-
TARGETplus siCONTROL nontargeting pool (Dharmacon,
Lafayette, CO, USA). MCF-7 cells were seeded in 60-
mm plates and transiently transfected with negative control
siRNA or TSC2 siRNA using Lipofectamine RNAiMAX
(Invitrogen) according to the manufacturer’s instructions.
Cells were treated with 25 𝜇g/mL anthricin for 12 h at 24 h
after transfection and analyzed by Western blotting.

2.5. Lentiviral Preparation and Viral Infection. Lentiviral
shRNA transduction was assessed as described previously
[16]. Briefly, the PLKO.1 vectors encoding shRNAswere trans-
fected into HEK 293T cells with the lentiviral packaging vec-
tors pHR8.2ΔR and pCMV-VSV-G using FuGENE 6. Viruses
were collected 72 h after transfection, and MCF-7 cells were
infected with the collected viruses for 8 h in the presence of
polybrene. Stably transduced cells were selected using puro-
mycin. The target sequences for the Atg13 shRNA were
5-gaatttggagctggaggat-3 and 5-agtttcctacacggtgtac-3, and
those for the ULK1 shRNA were 5-gacttccaggaaatggctaat-
3 and 5-acatcgagaacgtcaccaagt-3. Knockdown of Atg13 and
ULK1 was confirmed by immunoblotting.
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2.6. Cell Viability Assay. The human breast cancer cell lines
were seeded in a 96-well plate at a concentration of 2 × 103
cells/well. After 24 h of preconditioning, the cells were
exposed to various concentrations of anthricin for 12 or 24 h,
respectively. Subsequently, 50 𝜇L of cell counting kit-8 (no.
CK04, Dojindo, Kumamoto, Japan) solution was added into
each well and the plate was incubated for an additional 3 h
at 37∘C, to detect cell survival. Cell viability was calculated
by measuring the absorbance on a microplate reader (Tecan,
Infinite M200) at 450 nm.

2.7. Cell Proliferation Assay. The breast cancer cell lines were
treated with anthricin and cells were counted on days 1, 2, and
3. On each of these days, cells were trypsinized and harvested
with RPMI medium. Cells were diluted 10 times with Isoton
II diluent and loaded onto a Z2 counter. Three independent
measurements were analyzed quantitatively.

2.8. Western Blot Assay. The breast cancer cell lines were
treated with anthricin for the indicated times. After treat-
ment, cells were harvested with 1% Triton-X100 buffer, run
on SDS-PAGE, transferred to a PVDFmembrane, and probed
with polyclonal or monoclonal antibodies.

2.9. Coimmunoprecipitation. For coimmunoprecipitation,
whole-cell lysates were prepared in a buffer containing 0.3%
Chaps buffer, as described by Kim et al. [18], and immuno-
precipitated with an mTOR antibody. Immunoprecipitated
proteins were washed 4 times using lysis buffer, loaded onto
8% gels, transferred onto a PVDF membrane, and detected.

2.10. Immunostaining. MCF7 cells were seeded and trans-
fected with GFP-LC3 on a Lab-TEK Chamber Slide (no.
177437, Thermo Fisher Scientific, Rochester, NY). Cells were
treatedwith anthricin for 8 h at 2 d after transfection and fixed
with 3.7% formaldehyde, permeabilized with 0.3% Triton X-
100, and stained with DAPI (4-6-diamidino-2-phenylindole;
D-1306, Invitrogen). Images from stained cells were acquired
using a confocal microscope (Nikon, DIGITAL ECLIPSE C1
plus, Japan).

2.11. Annexin V Apoptosis Analyses. Cells (1 × 103) were
plated in 60mm plates and treated with vehicle, anthricin,
or chloroquine for 12 h. Cells were then fixed in 70% ethanol
and stored at −20∘C for 24 h. After staining with annexin V,
apoptosis was determined using a BD FACS Calibur Flow
Cytometer (BD Biosciences, San Jose, CA).

2.12. Statistical Analyses. Differences between groups were
evaluated using one-way analysis of variance (ANOVA) with
the GraphPad Prism5 software (San Diego, CA, USA). The
Bonferroni post hoc test was used if differences were signifi-
cant after ANOVA. Data are expressed as the mean ± SD.

3. Results

3.1. Anthricin from A. sylvestris (L.) Hoffm. Induces Apoptosis
and Cell-Cycle Arrest in Breast Cancer Cells. To investigate
the inhibitory effect of anthricin on breast cancer cell growth,
we first determined cell viability in 2 breast cancer cell lines:

MCF7 (estrogen receptor positive) andMDA-MB-231 (estro-
gen receptor, progesterone receptor, and Her2/Neu receptor
negative). The cells were treated with various concentrations
of anthricin for the indicated time, and cell viability was
analyzed using a cell counting kit-8. Anthricin significantly
inhibited cell growth and proliferation in both cancer cell
lines in a dose-dependent manner without toxicity in normal
cells (Figures 1(a) and 1(b), Supplementary 1 available online
at http://dx.doi.org/10.1155/2013/385219). The IC50 concen-
trations at 24 h in anthricin-treatedMDA-MB-231 andMCF7
cells were 40.9±2.1 and 41.1±1.5 nM, respectively. A previous
study showed that anthricin induces apoptosis in HeLa cells,
suggesting the possible involvement of the induction of
apoptosis in different cancer cell lines [11, 12]. To confirm
the effect of anthricin on the induction of apoptosis, the cells
were treated with anthricin and apoptosis-related signals
were analyzed by immunoblotting. Anthricin treatment in
both cancer cell lines promoted the time-dependent cleavage
of caspase-3, caspase-7, or caspase-9 (Figure 1(c)). We also
observed that PARP cleavage was augmented by increasing
the concentration of anthricin. The drug also induced Bax
accumulation in a dose-dependent manner. Previous studies
showed that anthricin induces cell cycle arrest at G(2)/M
phase in HeLa cells [11, 12]. To elucidate the mechanism of
G2/M phase arrest in anthricin-treated breast cancer cells, we
investigated the expression ofG2/Mphase-related factor. Our
results confirmed that anthricin induced G(2)/M phase cell-
cycle arrest in breast cancer cells by enhancing the expression
of p53 and the phosphorylation of chk2 and downregulating
Cyclin B1, cdc25c, and CDC2 (Figure 1(d)). G2/M phase
arrest is linked in the activation of ATM, chk2, p53, and p21 as
well as the inactivation of CDC2 [19]. Collectively, these data
suggest that anthricin treatment exhibited potent growth
suppressive activity in breast cancer through induction of
apoptosis and G(2)/M phase cell-cycle arrest.

3.2. Anthricin Induces Autophagy. Autophagy is a lysosomal
degradation pathway for quality control of cytoplasmby elim-
inating dysfunctional subcellular structures [20]. Recently,
autophagy has been suggested to be responsible for the
maintenance of intracellular homeostasis and for enabling
cell survival under stress conditions. This process is involved
in the pathogenesis of various diseases, including cancer [15].
Recent studies on autophagy seem to be controversial regard-
ing its dual role as a mechanism that is responsible for pro-
tecting or killing cells [21]. We examined whether anthricin
induces autophagy and whether autophagy subsequently
promotes or prevents apoptosis in anthricin-treated cells.
We first evaluated the level of p62, a ubiquitin-binding pro-
tein that is involved in autophagy and the levels of which
are decreased by lysosomal hydrolases during autophagic
process [22]. Anthricin treatment downregulated p62 in
MDA-MB-231 and MCF7 cells in a dose-dependent manner
(Figure 2(a)). We confirmed this result by evaluating the
lipidation of microtubule-associated protein 1 light chain 3
(LC3) via immunoblotting. During autophagy, cytosolic LC3-
I conjugates covalently to phosphatidylethanolamine to yield
a lipidated form of LC3 (LC3-II) [23]. The combination with
the lysosomal inhibitors, CQ, is increased in LC3-II levels
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Figure 1: Anthricin isolated from Anthriscus sylvestris (L.) Hoffm. inhibits cell growth and proliferation. (a) Analysis of cell viability in
anthricin-treated MDA-MB-231 and MCF7 cells. Cells were treated with varying concentrations of anthricin for 12 or 24 h. Cell viability was
evaluated using the cell counting kit-8 (CCK-8). Data are expressed as a percentage of the control and shown as mean ± SD (𝑛 = 3) values.
∗

𝑃 < 0.05;
∗∗

𝑃 < 0.01;
∗∗∗

𝑃 < 0.001 compared with vehicle-treated cells. #
𝑃 < 0.05;

##
𝑃 < 0.01;

###
𝑃 < 0.001 compared with the group

treated with anthricin for 12 h. (b) Reduced cell proliferation rate of breast cancer cells. The error bars represent the mean ± SD (𝑛 = 4). (c)
Induction of apoptosis by anthricin in breast cancer cells. The extent of apoptosis in MDA-MB-231 and MCF-7 cells treated with varying
concentrations of anthricin for 24 h was analyzed by immunoblotting. (d) Cell cycle arrest by anthricin in breast cancer cells. The expression
of cell-cycle-related proteins was analyzed by immunoblotting.

due to the inhibition of LC3-II degradation by lysosomes
[23]. CQ inhibits late step of autophagy pathway as it raises
the lysosomal pH, which leads to inhibition of both fusion
of autophagosome with lysosome [24]. This indicates that
an increase in the total amount of LC3-II in the presence
of lysosomal inhibitor indicates an increase of autophagic
influx. Anthricin treatment gradually increased the LC3-II
form in a dose-dependent manner in the presence of CQ
(Figure 2(b)), suggesting that anthricin plays a role in induc-
ing autophagy.We also investigated the formation of endoge-
nous LC3 puncta in MDA-MB-231 cells using fluorescence
microscopy. Our confocal images showed that LC3 puncta
formation was abundant in cells treated for 8 h (Figure 2(c)).
We obtained similar results inMCF-7 cells, as anthricin treat-
ment increased the formation of LC3 puncta in MCF-7
cells transiently transfected with GFP-LC3 (Figures 2(d) and
2(e)).

3.3. Autophagy Plays a Cytoprotective Role in Anthricin-
Treated Breast Cancer Cells. Although the results described
earlier suggest that anthricin induces autophagy, it remains to
be determinedwhether the inhibition of autophagy promotes
or prevents apoptosis after breast cancer cells are treated with
anthricin. To address this question, we blocked autophagy
via pharmacological or genetic inhibition. The blockage of
autophagy usingCQ enhanced cell death inMCF7 andMDA-
MB-231 cells without any change in CQ-induced cell death
(Figures 3(a) and 3(b), Supplementary 2). We also confirmed
that cotreatment with CQ enhanced apoptosis as detected by
annexin V staining (Figure 3(c)). However, apoptotic effect
was not enhanced by cotreatment with rapamycin (Supple-
mentary 3). These results suggest that mTOR activity may
directly affect the cell growth in breast cancer cells. To validate
the finding that the inhibition of autophagy promotes cell
death in MCF-7 cells, the autophagy-related proteins ULK1
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LC3-II increased in breast cancer cells treated with anthricin. The cells were cotreated with anthricin and chloroquine (CQ) for 8 h. (c)
Immunostaining of LC3 in MDA-MB-231 cells. The cells were treated with CQ for 8 h to induce autophagosome accumulation. After fixation
and permeabilization, autophagosomes were stained with an anti-LC3B rabbit polyclonal antibody and visualized with Alexa Fluor 488 goat
anti-rabbit IgG. (d) MCF-7 cells were transduced with GFP-LC3. Two days later, cells were cotreated with anthricin and CQ for 8 h. (e)
Quantitative analysis of the formation of GFP-LC3 puncta.

and Atg13 were silenced in MCF-7 cells using lentiviral
infection. The Atg13- and ULK1-silenced cells exhibited a
significant increase in cell death after exposure to anthricin
(Figure 3(d)).Western blotting also indicated that the expres-
sion levels of cleaved caspase-7 and PARP cleavage increased
inULK1 andAtg13 knockdown cells comparedwithwild-type
cells (Figure 3(e)). Atg13 plays a positive role in the regulation
of ULK1 activity and is important for the stability of ULK1
[16]. Figure 3(e) also supports that Atg13 is important for
ULK1 stabilization in MCF7 cells. Collectively, these results
suggest that blockage of autophagy enhances anthricin-
induced apoptosis in breast cancer cells.

3.4. Anthricin Inhibits Akt-mTORSignaling. ThemTORpath-
way promotes tumor growth and survival, while suppressing
autophagy [25, 26]. Anthricin treatment strongly inhibited
mTORkinase activity in a time- and dose-dependentmanner,
as measured by the phosphorylation of S6K1 (Figures 4(a)
and 4(b)).The reducedmTOR kinase activity seems to be due
to the inhibition of Akt. The siRNA knockdown of TSC2 in
MCF-7 cells affected mTOR activity slightly after anthricin
treatment, suggesting that anthricinmay directly inhibit both
Akt and mTOR signals (Figure 4(c)). Raptor is an mTOR-
binding protein; its deletion or the disruption of its binding to
mTOR appears to increase apoptosis [27]. We also observed
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Figure 3: Autophagy plays a cytoprotective role in anthricin-treated breast cancer cells. (a and b) Autophagy inhibition promotes cell death.
Cells were treated with 25 nM anthricin and/or 25𝜇MCQ for 12 h. Data are expressed as a percentage of the control and shown as mean ± SD
(𝑛 = 3). ∗𝑃 < 0.05; ∗∗𝑃 < 0.01 compared to vehicle-treated cells. (c) Cotreatment of anthricin and CQ is more sensitive to the apoptotic
cell death in MCF-7 and MDA-MB-231. Apoptosis was analyzed by flow cytometry and annexin V staining as described in Materials and
Methods. Data are represented as means ± S.D. as determined from 3 independent experiments. ∗𝑃 < 0.05 compared to anthricin alone.
(d) Anthricin enhances cell death in ULK1 or Atg13 knockdown cells. MCF-7 cells stably transduced with lentiviral shRNA were treated with
anthricin (25 nM) for 12 h. Data are expressed as a percentage of the control and shown as the mean ± SD (𝑛 = 3). ∗𝑃 < 0.05; ∗∗𝑃 < 0.01
compared with shGFP control cells within the same concentration. (e) Apoptosis increased in ULK1- and Atg13-silenced MCF-7 cells after
anthricin treatment. The extent of apoptosis in cells treated with 25 nM anthricin for 12 h was analyzed by immunoblotting. (f) Anthricin is
more sensitive to the apoptotic cell death in ULK1-silenced MCF-7 cells. Apoptosis was analyzed by flow cytometry and annexin V staining.
∗

𝑃 < 0.05 compared with shGFP control cells within the same concentration.

that anthricin disrupted the association between raptor and
mTOR. These results indicate that anthricin treatment to
breast cancer cells induces apoptosis via the inhibition of Akt-
mTOR signals, whereas autophagy induction may act as a
cell-survival mechanism in MCF-7 cells.

4. Discussion

Anthriscus sylvestris (L.) Hoffm. has been used in traditional
medicine for the treatment of various diseases, such as
bronchitis, as well as an antipyretic and analgesic herbal
drug [7]. A. sylvestris contains lignans such as anthricin

(deoxypodophyllotoxin) that are responsible for its various
biological effects. In this study, we isolated anthricin from
A. sylvestris and evaluated the mechanism underlying the
apoptosis induced by treatment with this compound in breast
cancer cells. We found that mTOR signaling and autophagy
play important roles in the balance between cell death and
cell survival induced by anthricin in breast cancer cells.

Several groups have reported that anthricin has antitumor
activity against prostate, cervical, and lung cancer cells [10,
11, 28]. Our data showed that anthricin was effective in
inducing apoptosis in the MCF-7 and MDA-MB-231 breast
cancer cell lines. Anthricin treatment induced autophagy,
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Figure 4: Anthricin inhibits Akt/mTOR signaling. (a) Anthricin inhibits the phosphorylation of mTOR, S6K1, and Akt in a dose-dependent
manner.MCF-7 cells were treatedwith varying concentrations of the drug for 12 h or 100 nM rapamycin for 1 h, and the phosphorylation states
of mTOR (p-Ser2448), S6K1 (p-Thr389), and Akt (p-Ser473) were analyzed by immunoblotting. (b) Anthricin inhibits the phosphorylation
of mTOR, S6K1, and Akt in a time-dependent manner. MCF-7 cells were treated with 25 nM anthricin for the time period specified. (c)
Anthricin is a potential target of mTOR and Akt. MCF-7 cells were transduced with TSC2 siRNA or scrambled siRNA (control). Cells were
treated with or without 25 nM anthricin, and the proteins were analyzed by immunoblotting. (d) Anthricin disrupts the association between
mTOR and raptor. mTOR immunoprecipitates were isolated from anthricin-treated MCF-7 cells by using an anti-mTOR antibody, and the
amounts of raptor and mTOR in the immune complexes were analyzed by immunoblotting.

which has a dual function in cancer cell lines (death and
survival). Recent studies have suggested that autophagy plays
a cytoprotective role in breast cancer cells [29, 30]. Our data
for autophagy flux assays and immunostaining demonstrated
that anthricin induced autophagy. An increase in autopha-
gosome accumulation may be caused either by increased
autophagosome formation or by the blockage of autophagic
degradation after fusion of the autophagosome with a

lysosome. In the autophagy flux assay, we observed a decrease
in the levels of p62, which is degraded in the autolysosome.
The formation of endogenous LC3 or GFP-LC3 puncta was
increased in anthricin-treated breast cancer cells. Collec-
tively, these data demonstrate that anthricin is a positive
regulator of the autophagic process.

Our study provided strong evidence that anthricin
induces apoptosis and autophagy. According to our results,
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autophagy plays an important role in the survival of breast
cancer cells. Notably, apoptosis increased on cotreatment
with anthricin and a pharmacological autophagy inhibitor,
CQ. We also investigated whether the genetic knockdown
of autophagy-related proteins enhanced apoptosis in MCF-7
cells. MCF-7 cells were silenced using shULK1 and shAtg13;
these proteins play a critical role in the autophagic process
[16]. The knockdown of ULK1 and Atg13 enhanced cell
death in MCF-7 cells after treatment with anthricin. These
results suggest that autophagy inhibition can be an apoptosis-
enhancing pathway in breast cancer cells. Cells have dev-
eloped a defense mechanism in response to changes in the
intracellular environment. During stress, prosurvival and
prodeath processes are concomitantly activated in cells. The
final outcome depends on the balance between life and death
during stress. If exposure to stress results in damage to
organelles, then the cell can clear the damaged organelles
via autophagy, but if the cell is beyond rescue, apoptosis will
become.

Accumulating data suggest thatmTOR is an attractive tar-
get for the development of novel anticancer molecules. More
specifically, the phosphatidylinositol-3-kinase (PI3K)/Akt/
mTOR pathway plays a critical role in multiple cellular
functions, including proliferation, growth, and metabolism,
and this pathway is highly activated in many types of cancer
[13, 25]. Our data showed that anthricin treatment reduced
the phosphorylation of Akt, S6K1, and mTOR, suggesting
that anthricin inhibits theAkt/mTOR signaling pathway, thus
inhibiting breast cancer growth. In fact, this pathway can
modulate estrogen-independent growth, which may lead to
endocrine resistance [31]. Anthricin also induced autophagy,
which is directly regulated by mTOR. Autophagy induction
under unfavorable conditions may play a cytoprotective role
in breast cancer cells. Recent data suggest that coordinate
inhibition of the mTOR and autophagy pathways promotes
apoptosis [32], and these findings may require further
preclinical and clinical study of coordinate autophagy and
Akt/mTOR inhibition as a rational approach to improve ther-
apeutic outcomes in breast cancer is warranted.

In conclusion, our most significant finding is that
anthricin isolated from A. sylvestris inhibits Akt/mTOR
signaling in breast cancer cells. Thus, anthricin inhibits the
growth of breast cancer cells and its apoptotic effects are
enhanced by autophagy inhibition. The current study shows
that anthricin may be an effective as an anti-breast cancer
agent. Our data predict that both autophagy andmTOR inhi-
bition may be useful therapeutic approaches for breast can-
cer.
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