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Cardiovascular diseases (CVDs) are the leading cause of
long-term morbidity and mortality worldwide and are on
an alarming rise in populations. According to the report of
World Health Organization (WHO) in 2012, an estimated
17.5 million people died of CVDs, accounting for 31% of
global deaths. As the increasing significance is attached
to CVDs globally, the urgency to respond to CVDs with
stronger and more effective therapies is widely recognized.
Despite enormous efforts, revascularization, and secondary
prevention, to prevent CVDs in the past, major challenges
remain to cope with repeated recurrent acute cardiovascular
events, readmission to the hospital and improvement of
the long-term prognosis and quality of life. In this case,
complementary and alternative medicine (CAM) therapies
have the potential to provide a major public health benefit.

In this special issue, papers from different parts of the
world like China, Republic of Korea, Malaysia, Columbia,
Chile, and so forth, are presented. These articles provide a
review of this field and make original contributions towards
the mechanism of action and the clinical application of
CAM for CVDs. In these studies, antiatherogenesis effects of
some CAMproducts were highlighted, including the extracts
of herbal plants such as paeonol (Pae), polysaccharide of
Polygonatum sibiricum (PPGS), or fermented mung bean
and fermented red yeast rice. Their cardioprotective role
in hypolipidemic, antioxidant, and antiatherogenesis was
introduced. In addition, a study on the consumption of apple
peel with rich phenolic compounds concluded that it reduced
several metabolic syndrome parameters and the atherogenic
progression in mice.

Attention was also paid to treatment of ischemia/reperfu-
sion (I/R) injury. Increasing evidence has indicated that tra-
ditional Chinesemedicine (TCM) could significantly prevent
myocardial apoptosis and provide alternative options for
protection of myocardial I/R injury.Huangzhi oral liquid was
an effective treatment for arrhythmias by increasing caspase-
3 and apoptosis network proteins. Shuang Shen Ning Xin
played an important antiapoptotic role by blocking the mito-
chondrial apoptotic pathway. Neuroprotection of Sanhua
decoction against focal cerebral ischemia/reperfusion injury
was demonstrated in rats through a mechanism targeting
aquaporin 4. Two papers about ginsenoside Rb1 (GS-Rb1)
discussed how to protect hypoxia- and ischemia-induced
cardiomyocytes by regulating expression of miRNAs and
inhibition of the mitochondrial apoptotic pathway, respec-
tively.

The roles of Chinese medicine and other CAM therapies
in relieving symptoms of hypertension, angina pectoris, and
chronic heart failure were reviewed in several articles. A
systematic review of randomized controlled trials showed
that Chinese herbal medicine (CHM) combined with con-
ventional therapieswas effective in controlling blood pressure
variability and symptoms of hypertension. Two other papers
also highlighted the roles of integrative medicine therapy, for
instance, Xuefu Zhuyu decoction functioning together with
traditional antianginal medications could relieve the clinical
symptoms of angina pectoris; Wenxin Keli and sotalol could
effectively facilitate sinus rhythm reversion from hyperthy-
roidism related paroxysmal atrial fibrillation. In addition, the
advantage of Dangguijagyagsan, a Korean traditional herbal
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prescription, on the treatment for cardiovascular diseases
of menopausal women was referred to in a study. Another
three-stage, multicenter, clinical trial evaluated the efficacy,
safety, feasibility, compliance, and universality of CHM in the
treatment of chronic heart failure.

A variety of functional readouts of CAMmay reveal new
therapeutic strategies to manipulate cardioprotection, which
could be transferred into application of treating CVDs. How-
ever, despite the growing utility of CAM, rigorous evidence-
based studies with high quality are required to reinforce
the application of CAM among CVD patients, especially its
clinical benefit, prognostic impact, and potential interaction
when used in combination with prescription medicines. It is
widely acknowledged that there should be great potential in
developing CAM use based on open dialogue between main-
stream medicine doctors and CAM practitioners, healthcare
professionals and patients.

Ke-Ji Chen
Myeong Soo Lee

Hao Xu
Qunhao Zhang
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Atherosclerosis is a leading cause of disability anddeathworldwide. Research into the disease has led tomany compelling hypotheses
regarding the pathophysiology of atherosclerotic lesion formation and the resulting complications such as myocardial infarction
and stroke. Herbal medicine has been widely used in China as well as other Asian countries for the treatment of cardiovascular
diseases for hundreds of years; however, the mechanisms of action of Chinese herbal medicine in the prevention and treatment of
atherosclerosis have not been well studied. In this review, we briefly describe the mechanisms of atherogenesis and then summarize
the research that has been performed in recent years regarding the effectiveness and mechanisms of antiatherogenic Chinese
herbal compounds in an attempt to build a bridge between traditional Chinese medicine and cellular andmolecular cardiovascular
medicine.

1. Introduction

Atherosclerosis is a disease of the arterial wall that occurs at
susceptible sites inmajor arteries. It is initiated by endothelial
injury and subsequent lipid retention and oxidation in the
intima which then provokes chronic inflammation and ulti-
mately causes stenosis or thrombosis [1]. During this progres-
sion, residential arterial wall cells including endothelial cells
(ECs) and vascular smooth muscle cells (VSMCs), as well as
circulating leukocytes, especially monocytes/macrophages,
are mainly involved. Atherosclerotic lesions can cause steno-
sis with potentially lethal distal ischemia or, if ruptured, can
trigger thrombotic occlusion of major arteries to the heart,
brain, legs, and other organs [2]. A variety of risk factors
may intensify or provoke atherosclerosis through their effects
on endothelial function, low-density lipoprotein (LDL) con-
centration andmodification, and vascular wall inflammation.
These risk factors include hypertension, smoking, diabetes
mellitus, obesity, and bacterial infection [3].

Traditional Chinese medicine (TCM), especially herbal
medicine, has been used for the treatment of cardiovascular
diseases for hundreds of years as documented in Inner Canon
of Yellow Emperor and Synopsis of Golden Chamber. Also,
the effectiveness of several extracts derived from Chinese
herbs has been evaluated in recent years. However, the
cellular and molecular details regarding the underlying effi-
cacious mechanisms of Chinese herbal medicine in treating
atherosclerosis have just begun to be understood. Therefore,
the purpose of this review is to first provide a brief description
of the mechanisms of atherogenesis and then to summarize
the recent research results regarding the effectiveness and
mechanisms of antiatherogenic Chinese herbal compounds.

2. Mechanisms of Atherogenesis

Atherogenesis is an inflammatory process, initiated by the
retention of lipids in the subendothelial space of the vascular
wall and encompasses a complex interaction among the
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modified lipoproteins, residential vascular cells, and immune
system [4]. The schematic in Figure 1 depicts the main steps
of atherogenesis. In the following section, the main elements
involved in the pathogenesis of atherosclerosis will be briefly
described.

2.1. Hyperlipidemia. Dyslipidemia is one of the main risk
factors leading to atherosclerosis [5]. The lipid hypothesis of
atherogenesis states that abnormally elevated levels of plasma
LDL and low levels of plasma high density lipoproteins
(HDL) are the primary causes of atherosclerosis [6–8]. This
hypothesis has been strongly supported by the success of
statin drug therapy, which has significantly reduced coronary
artery disease mortality through lowering plasma LDL levels
during the past 40 years [9]. However, the HDL wing of
the hypothesis remains to be confirmed by successful HDL-
targeting approaches. A commonmechanism through which
hyperlipidemia causes atherosclerosis involves the accumula-
tion of cholesteryl esters in macrophages of the arterial wall
[10].

2.2. Endothelial Injury. The response-to-injury hypothe-
sis of atherogenesis states that endothelial injury triggers
subsequent interactions among all of the cells found in
the atherosclerosis lesions [11]. Injured endothelium allows
lipoproteins to migrate into subendothelial space. This,
together with the discovery of adhesion molecules expressed
by endothelial cells (e.g., vascular cell adhesion molecule-1),
provides important insight into the initiation of atheroscle-
rotic lesions [12]. That is, increased expression of adhesion
molecules favors monocyte adhesion and penetration, which
results in accumulation of macrophages within the suben-
dothelial space where they encounter lipoprotein particles
[13].

2.3. LDL Subendothelial Retention and Oxidation. Suben-
dothelial retention of lipoproteins is a key early step in
atherosclerosis, provoking a cascade of adverse events to the
pathogenic response [14]. High levels of plasma lipids, par-
ticularly LDL and very-low density lipoproteins (VLDL), are
among the pathophysiologic stimuli that induce endothelial
dysfunction. Retention and modification of apolipoprotein
B (apoB) containing lipoproteins, LDL, intermediate density
lipoprotein (IDL), and lipoprotein (a) [Lp(a)] in the arterial
intima extracellular matrix (ECM) represent early events of
plaque development, which is referred to as the “response-
to-retention” hypothesis [15].

The oxidation hypothesis of atherosclerosis suggests that
an early event in the development of atherosclerosis is an
oxidative modification of LDL that significantly increases
its uptake into the arterial intima [16, 17]. Moreover, lipid
overload may increase lipopolysaccharide (LPS) circulating
levels and oxidative stress. In particular, the oxidation of
lipoproteins that results from an imbalance of the pro- and
antioxidant equilibrium is involved in the pathologic process
of atherosclerotic alterations of cellular function. Lipid oxida-
tion, induced by leukocyte-derived reactive oxygen species,
not only promotes the growth and migration of smooth

muscle cells, monocytes/macrophages, and fibroblasts, but
also amplifies foam cell formation through oxidized LDL
(oxLDL) formation and uptake [18].

2.4. Monocyte Migration and Activation. The overexpression
of inducible adhesion molecules results in the adherence
of mononuclear cells to the endothelial surface whereupon
they receive chemoattractant signals that beckon them to
enter the intima. With regard to the mechanisms that
mediate monocyte-derived macrophage maturation, it has
been reported that macrophage colony-stimulating factor
(M-CSF) induces scavenger receptors and promotes the
proliferation of monocytes in early atherosclerotic lesions
[19]. Macrophages also contribute to the thrombotic compli-
cations of atherosclerosis in pivotal ways. These phagocytes
furnish the bulk of the enzymes (i.e., matrix metallopro-
teinases, MMPs) that catabolize collagen, a key constituent
of the fibrous cap of the plaque, which when activated
predisposes the plaque to rupture [20].

2.5. Vascular Smooth Muscle Cell (VSMC) Migration and
Proliferation. In response to atherogenic stimuli, VSMCs
undergo a phenotypic switch from contractile phenotype to
synthetic and inflammatory phenotype; the inflammatory
VSMCs migrate into intima and proliferate, contributing to
the atherogenesis [21, 22]. VSMCs are the major producers of
ECM within the vessel wall [23] and can modify the type of
matrix proteins produced. In turn, the type of matrix present
can affect the lipid content of the developing plaques and
the proliferative index of the cells that are adherent to them.
Like endothelial cells, VSMCs can also express a variety of
adhesion molecules such as vascular cell adhesion molecule-
1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-
1) to which monocytes and lymphocytes can adhere and
migrate into the vessel wall [24]. Like macrophages, VSMCs
can also express a variety of receptors for lipid uptake and
can form foam-like cells, thereby participating in the early
accumulation of plaque lipid [25].

2.6. FoamCell Formation. Foamcellsmainly arise frommon-
onuclear phagocytes, although smooth muscle and endothe-
lial cells can also become engorged with lipids. Within
the plaque, the mononuclear phagocytes express scavenger
receptors (SRs), including CD36, SR-A, and SR-BI. These
scavenger receptorsmediate the engulfment ofmodified LDL
particles that contribute to macrophage foam cell formation
[26]. Other receptors for native lipoprotein particles, includ-
ing LDLR, VLDLR, and LRP1, also contribute to foam cell
formation. As mentioned above, VSMCs, which acquire a
synthetic and inflammatory phenotype in the plaque, can also
take up lipoproteins and transform into foamcells [27]. Death
of foam cells leads to formation of a necrotic core, which
serves as a depot for cellular debris and lipids [28].

2.7. Apoptosis and Efferocytosis and Unresolved Inflammation.
As atherosclerotic lesions evolve, both the macrophage-
derived and smooth muscle-derived foam cells can undergo
programmed cell death or apoptosis [29]. The death of foam
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Figure 1: A schematic drawing depicting the formation of atherosclerotic plaques. (a) In the wall of a normal artery, there is a very small
subendothelial space in the intima between the endothelium and the smooth muscle cell layer in tunica media. (b) Hyperlipidemia and
endothelial injury lead to the infiltration of LDL particles into the subendothelial space. (c) A large number of LDL particles are retained
and subsequently oxidized in the subendothelial space, followed by monocyte infiltration (from lumen) and smooth muscle cell migration
(from tunica media). (d) Monocytes and smooth muscle cells differentiate into macrophages, which engulf LDL and turn into foam cells, and
are activated by oxidized LDL. SMCs are also activated, proliferate, and transform into lipid-laden foam cells. (e) Macrophage and smooth
muscle foam cells undergo apoptosis; unbalanced apoptosis/efferocytosis results in necrotic core formation and unresolved inflammation.
Other immune cell types also participate in the arterial wall inflammation. (f) Erosion of the fibrous cap caused by the matrix degrading
enzymes secreted by the macrophages leads to unstable plaques, which eventually rupture and result in thrombus formation and adverse
clinical events.
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cells may not be a random event or the result of bursting like
an overinflated balloon due to lipid overload. Rather, it may
be due in part to gradients of concentration of factors such as
macrophage colony-stimulating factor (M-CSF) required for
survival of humanmonocytes [20]. However, some apoptotic
cells may not disappear from the atherosclerotic lesions but
instead accumulate in a “mummified” state [20]. The elegant
studies of Ira Tabas have elaborated upon this concept of
impaired clearance, or “efferocytosis,” of apoptotic cells in
plaques, which leads to unresolved inflammation [30]. The
apoptotic foam cells that escape efferocytosis release their
lipid content to the extracellular space and contribute to lipid
core formation.

Over the last dozen years, appreciation of the role of
inflammation in atherosclerosis has burgeoned. Intralesional
or extralesional inflammation may hasten atheroma evolu-
tion and precipitate acute events. Circulating acute-phase
reactants elicited by inflammation not only may serve as
a biomarker for increased risk of vascular events, but also
in some cases may contribute to their pathogenesis [31].
Advances stemming from basic research have established a
fundamental role for inflammation in mediating all stages
of this disease from initiation through progression and, ulti-
mately, to the thrombotic complications of atherosclerosis.

The basic science of inflammatory biology applied to
atherosclerosis has provided considerable insight into the
mechanisms underlying the recruitment of leukocytes. Early
after the initiation of atherogenesis, arterial endothelial
cells begin to express on their surface selective adhesion
molecules that bind various classes of leukocytes [12]. In
particular, VCAM-1 binds precisely the types of leukocytes
involved in early atheroma, the monocyte and T lymphocyte.
Not only does VCAM-1 expression increase on endothelial
cells overlying nascent atheroma, but defective VCAM-1
shows interrupted lesion development [32]. Once adhered
to the endothelium, leukocytes penetrate into the intima in
response to chemoattractant molecules. For example, mono-
cyte chemoattractant protein-1 (MCP-1) appears responsible
for the direct migration of monocytes into the intima at sites
of lesion formation [33]. Once resident in the arterial wall, the
blood-derived inflammatory cells participate in and perpetu-
ate a local inflammatory response. The macrophages express
scavenger receptors for modified lipoproteins, permitting
them to ingest lipid and become foam cells. In addition
to MCP-1, macrophage colony-stimulating factor (M-CSF)
contributes to the differentiation of the blood monocyte into
the macrophage foam cell [34]. T cells likewise encounter
signals that cause them to elaborate inflammatory cytokines
such as tumor necrosis factor-𝛼 (TNF-𝛼) that in turn can
stimulate macrophages as well as vascular endothelial cells
and SMCs [35]. As this inflammatory process continues, the
activated leukocytes and intrinsic arterial cells can release
fibrogenic mediators including a variety of peptide growth
factors that can promote replication of SMCs and contribute
to elaboration by these cells of a dense ECM characteristic of
a more advanced atherosclerosis lesion. Inflammatory pro-
cesses not only promote initiation and evolution of atheroma,
but also contribute decisively to precipitating the acute
thrombotic complications of atheroma [3]. The activated

macrophages abundant in atheroma can produce proteolytic
enzymes capable of degrading the collagen that lends strength
to the plaque’s protective fibrous cap, rendering the cap thin,
weak, and susceptible to rupture. Inflammatory mediators
regulate tissue factor expression by plaque macrophages,
demonstrating an essential link between arterial inflamma-
tion and thrombosis [36].

Both innate and adaptive immunity are involved in
atherosclerosis. Inflammation per se can drive arterial hyper-
plasia, even in the absence of traditional risk factors [37].
Cytokines as inflammatorymessengers provide amechanism
whereby risk factors for atherosclerosis can alter arterial
biology. Inflammation regulates aspects of plaque biology
that trigger the thrombotic complications of atheroscle-
rosis [38]. Overall, inflammatory mediators participate in
all phases of atherogenesis, from lesion initiation through
progression and ultimately to the clinical complications of
this disease. The fact that all types of immune cells have been
found in atherosclerotic plaques indicates that all immune
components may participate in atherogenesis. All of these
factors form the basis of the “inflammatory hypothesis.”

3. Effects and Mechanisms of Chinese
Herb Compounds in the Attenuation of
Atherosclerosis

An early description of the clinical manifestations and
treatment of atherosclerosis can be found in the classic
traditional Chinese medicine book Inner Canon of Yellow
Emperor, which was completed around 500 BC. In the theory
of traditional Chinese medicine, atherosclerosis is usually
referred to as “MaiBi,” a vascular problem that is caused byQi
stagnation, Blood stasis, and/or coagulated Phlegm, in which
Qi stands for the energy, Blood stands for the material, and
Phlegm stands for a kind of pathological product. For over
two thousand years, atherosclerosis and its resulting heart
disease have been treated with numerous herbal remedies.
While somewhat effective, these herbal remedies have not
been well studied using evidence-based approaches or using
modern cellular and molecular techniques. Recently, how-
ever, investigations to examine the effects andmechanisms of
single herbal compounds in the modulation of atherogenesis
have occurred. A summary of these studies is presented in
the following section wherein the compounds are discussed
according to their site of activity.

3.1. Chinese Herbal Compounds with Endothelial Protective
Activity (Table 1). The study by Lee et al. demonstrated
that pretreatment of human umbilical vein endothelial cells
(HUVEC) with Buddleja Officinalis (BO, 1–10microg/mL)
for 18 hrs dose-dependently inhibited TNF-𝛼-induced adhe-
sion U937 monocytic cells as well as mRNA and protein
expressions of VCAM-1 and ICAM-1. Pretreatment with
BO also blocked TNF-𝛼-induced reactive oxygen species
(ROS) formation. Nuclear factor-kappa B (NF-kappa B) is
required for the transcription of these adhesion molecule
genes [43]. Wan et al. found that Panax notoginseng saponins
(PNS), derived from the Chinese herb Panax notoginseng,
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Table 1: Chinese herbal compounds with endothelial protective activity.

Compound Herb Target or indicator Type of study Reference

Resveratrol Rhizoma polygonum
cuspidatum cav-1, VEGF, KDR In vitro [39]

Cynanchum
wilfordii Cynanchum wilfordii LDL, HDL, NO, E-selectin,

VCAM-1, ICAM-1, ET-1 In vivo [40]

Protocatechuic
aldehyde

Salvia miltiorrhiza
Bunge

Caspase-3, caspase-2, Bcl-2/Bax,
cytochrome c, caspase-9,
granzyme B

In vitro [41]

Cryptotanshinone Salvia miltiorrhiza
Bunge

oxLDL, NO, ICAM-1, VCAM-1;
monocyte adhesion In vitro [42]

Aqueous extract of
Buddleja officinalis Buddleja officinalis VCAM-1, ICAM-1; ROS; NF-𝜅B In vitro [43]

Tribulus terrestris
extract Tribulus terrestris TC, HDL, LDL, TG In vivo [44]

Panax notoginseng Panax notoginseng
saponins ICAM-1 and VCAM-1 In vivo [45]

Ginkgo biloba
extract Ginkgo biloba VCAM-1, ICAM-1, E-selectin;

ROS, RSTF Both [46, 47]

Salvia miltiorrhiza Salvia miltiorrhiza
Bunge

eNOS, NO, NADPH oxidase
subunit Nox4 In vitro [48]

Bisacurone Curcuma longa Linne
(Zingiberaceae) VCAM-1, NF-𝜅B p65, Akt, PKC In vitro [49]

Magnolol Magnolia officinalis

IL-6, STAT3, Tyr705 and Ser727,
ICAM-1, IREs, monocyte
adhesion, cyclin D1, MCP-1,
NF-kB, VCAM-1

Both [50, 51]

Aqueous extract of
Salvia miltiorrhiza

Salvia miltiorrhiza
Bunge ICAM-1, VCAM-1, GSH, NF-𝜅B In vitro [52]

Salvianolic acid B Salvia miltiorrhiza
Bunge ICAM-1, E-selectin, NF-𝜅B In vitro [53]

dose-dependently inhibited monocyte adhesion to activated
endothelium, as well as the expression of TNF-𝛼-induced
endothelial adhesionmolecules, such as ICAM-1 andVCAM-
1 [45]. Recent findings reported by Tian et al. indicated
that Resveratrol, a compound derived from the Chinese
herb Rhizoma polygonum cuspidatum, downregulated the
increased expressions of vascular endothelial growth factor
(VEGF) and kinase insert domain receptor (KDR or VEGF
receptor-2) [39]. Results from Choi et al. showed that extract
from Cynanchum wilfordii (ECW) treatment significantly
decreased vascular inflammation through an inhibition of
cellular adhesionmolecules such as E-selectin, VCAM-1, and
ICAM-1 as well as endothelin-1 (ET-1) expression [40].

3.2. Chinese Herbal Compounds That Lower Lipids and Anti-
oxidation (Tables 2 and 3). Zhang et al. [54] using a plasma
lipid analysis approach found Celastrus orbiculatus Thunb
Extract (COT), a compound derived from the Chinese herb
Celastrus orbiculatus Thunb, to decrease total cholesterol
(TC), non-high-density lipoprotein cholesterol (non-HDL-
C), triglyceride (TG), apolipoprotein B100 (apoB100), and
apolipoprotein E (apoE) levels and to increase the level
of HDL cholesterol (HDL-C). Quantitative real-time PCR
revealed that COTupregulated themRNA abundance of LDL
receptor (LDL-R), scavenger receptor class B type 1 (SR-B1),

cholesterol 7𝛼-hydroxylase A1 (CYP7A1), and 3-hydroxy-3-
methyl-glutaryl-CoA reductase (HMGCR) [54]. Choi et al.
reported that extract from the herb Cynanchum wilfordii
treatment in HFCD-fed rats lessened LDL cholesterol and
triglyceride levels and elevated HDL cholesterol [40]. Results
from Subramaniam et al. indicated that the ethanolic fraction
of the herb T. arjuna significantly decreased TC, LDL, and
TG levels, increased HDL, and lessened the number of aortic
atherosclerotic lesions [57]. Dinani et al. demonstrated the
ability of the extract from the Chinese herbArtemisia aucheri
to significantly reduce the levels of TC, LDL cholesterol, and
TG and to increase HDL cholesterol [58].

Li et al. discovered that Farrerol, an extract from the
Chinese herbRhododendron dauricum L., significantly inhib-
ited the H

2
O
2
-induced loss of cell viability and enhanced

superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) activities in EA.hy926 cells. In addition, Far-
rerol inhibited the H

2
O
2
-induced elevation in the levels of

intracellular malondialdehyde (MDA) and reactive oxygen
species (ROS) [63]. Chen et al. reported that treatment with
Salvianolic acid B (Sal B), a main compound derived from the
herb Salvia miltiorrhiza Bunge, suppressed ERK1/2 and JNK
phosphorylation and attenuated the increase in prostaglandin
E2 production and NADPH oxidase activity in LPS-treated
human aortic smoothmuscle cells (HASMCs), indicating that
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Table 2: Chinese herbal compounds that lower lipids.

Compound Herb Target or indicator Type of study Reference

Celastrus
orbiculatusThunb.

Celastrus orbiculatus
Thunb.

TC, non-HDL, TG, apoB100,
apoE, HDL; LDL receptor, SR-B1,
CYP7A1, HMGCR, CRP, MDA

In vivo [54]

Salvianolic acid B Salvia Miltiorrhiza
Bunge mLDL, CD36 In vitro [55]

Cynanchum
wilfordii Cynanchum wilfordii LDL, HDL, NO; Akt, In vivo [56]

Ethanolic fraction
of T. arjuna Terminalia arjuna LDL, TG, VLDL, HDL In vivo [57]

Artemisia aucheri Artemisia aucheri
Total cholesterol, LDL
cholesterol, triglycerides, HDL
cholesterol

In vivo [58]

Tribulus terrestris
extract Tribulus terrestris TC, HDL, LDL, TG In vivo [44]

Ginsenosides Panax spp. PPARs, total cholesterol,
triglyceride In vivo [59]

Ocimum basilicum Ocimum basilicum
Total cholesterol, triglycerides,
LDL-cholesterol,
HDL-cholesterol

In vivo [60]

Sal B has antioxidant properties [71]. Jia et al. showed that
Tanshinone IIA (TSN IIA), another main compound derived
from the Chinese herb Salvia Miltiorrhiza Bunge, markedly
inhibited the elevation of ROS evoked by H

2
O
2
. Real time

RT-PCR and Western blotting analysis demonstrated the
ability of TSN IIA to significantly decrease theH

2
O
2
-induced

expression of proapoptotic proteins Bax and caspase-3 and to
significantly increase the expression of antiapoptotic protein
Bcl-2 in EA.hy926 cells [64].

Results fromXu et al. showed that the Lectin-like oxidized
LDL (oxLDL) receptor-1 (LOX-1), a novel scavenger receptor
highly expressed in human and experimental atherosclerotic
lesions, is responsible for the uptake of oxLDL in vascular
cells. oxLDL induced LOX-1 expression at the mRNA and
protein levels, which was abrogated by the addition of Tan-
shinone IIA or a widely used inhibitor of NF-𝜅B, suggesting
the involvement of NF-𝜅B [65]. Hung et al. described that
a low dose (0.015mg/mL) of S. miltiorrhiza aqueous extract
(SMAE), derived from the Chinese herb Salvia miltiorrhiza
Bunge, significantly inhibited the growth of a rat smooth
muscle cell line (A10) under Hcy stimulation, and the intra-
cellular ROS concentration decreased after SMAE treatment
in terms of reducing p47 (phox) translocation and increasing
catalase activity. The signaling profile suggests that SMAE
inhibited Hcy-induced A10 cell growth via the PKC/MAPK-
dependent pathway [68].

3.3. Chinese Herbal Compounds That Suppress Monocyte
Migration and Activation (Table 4). Within plaque forma-
tion, activated endothelial cells increase the expression of
adhesion molecules and inflammatory genes and circulating
monocytes migrate into subendothelial space and differen-
tiate into macrophages. In support of this concept, Chen
et al. found that extract from Ginkgo biloba, a Chinese
herb with antioxidant activity, could significantly suppress

inflammatory cytokine-stimulated endothelial adhesiveness
to human monocytic cells by attenuating intracellular ROS
formation, redox-sensitive transcription factor activation,
and VCAM-1 as well as ICAM-1 expression in human aortic
endothelial cells [46]. Wan et al. found that Panax notogin-
seng saponins (PNS) dose-dependently inhibited monocyte
adhesion on activated endothelium, as well as the expression
of TNF-𝛼-induced endothelial adhesion molecules, such as
ICAM-1 and VCAM-1 [45]. According to the report by
Park, Prunella vulgaris ethanol extract inhibited adhesion
of monocyte/macrophage-like THP-1 cells to the activated
HASMCs [91]. The role of Curcumin, derived from the
Chinese herb Curcuma longa, was shown by Wang et al. to
have a sonodynamic effect on THP-1-derived macrophages
and, therefore, to be a promising treatment for atherosclerosis
[92]. Finally, Duan et al. identifiedPhyllanthus emblica extract
as being able to prevent ECV-304 cells from adhering to
monocytes [79].

3.4. Chinese Herbal Compounds That Suppress VSMC Migra-
tion and Proliferation (Table 5). Several lines of evidence
exist to indicate the effectiveness of Chinese herbs on
VSMC migration and proliferation. Moon et al. observed
that Protocatechuic aldehyde (PCA), a compound derived
from theChinese herb Salviamiltiorrhiza Bunge, significantly
attenuated PDGF-induced VSMC proliferation and migra-
tion at a pharmacologically relevant concentration (100 𝜇M).
On a molecular level, they observed downregulation of the
phosphatidylinositol 3-kinase (PI3 K)/Akt and the mitogen-
activated protein kinase (MAPK) pathways, both of which
are known to regulate key enzymes associated withmigration
and proliferation. Moreover, they found that PCA arrested
the S-phase of the VSMC cell cycle and suppressed cyclin
D2 expression [93]. Results from Kim et al. indicated
that Corynoxeine, derived from the Chinese herb Hook of
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Table 3: Chinese herbal compounds with antioxidation activity.

Compound Herb Target or indicator Type of study Reference
Arisaema tortuosum
tuber extract Arisaema tortuosum Schott 𝛽-Glucuronidase; FRAP In vitro [61]

Andrographolide
derivatives Andrographolide VLDL-C, LDL-C, HDL-C; superoxide

anions, hydroxyl radicals In vivo [62]

Farrerol Rhododendron dauricum L.
(ManShanHong) SOD, GSH-Px; caspase-3, p38 MAPK, Bcl-2 In vitro [63]

Celastrus orbiculatus
Thunb. Celastrus orbiculatusThunb.

TC, non-HDL, TG, apoB100, apoE, HDL;
LDL receptor, SR-B1, CYP7A1, HMGCR,
CRP, MDA

In vivo [54]

Tanshinone IIA Salvia miltiorrhiza Bunge

ROS, Bax/Bcl-2, caspase-3, LOX-1, NF-𝜅B,
oxLDL, monocyte adhesion, VSMC
migration and proliferation, macrophage
cholesterol accumulation, TNF-𝛼, TGF-𝛽1,
platelet aggregation, GPx

Both [64–67]

Cryptotanshinone Salvia miltiorrhiza Bunge oxLDL, NO, ICAM-1, VCAM-1; monocyte
adhesion In vitro [42]

Ethanolic fraction of
T. arjuna Terminalia arjuna LDL, TG, VLDL, HDL In vivo [57]

Salvia miltiorrhiza
aqueous extract Salvia miltiorrhiza Bunge Hcy, ROS; PKC/MAPK In vivo [68]

Chlorophytum
borivilianum root
extract

Chlorophytum borivilianum LDL oxidation, lipid hydroperoxides,
thiobarbituric acid In vitro [69]

Aqueous extract of
Buddleja officinalis Buddleja officinalis VCAM-1, ICAM-1; ROS; NF-𝜅B In vitro [43]

Salvianolic acid B Salvia miltiorrhiza Bunge
oxLDL, ROS, COX, ERK1/2, JNK, MAPK;
prostaglandin E2, NADPH oxidase, MMP-2,
MMP-9

Both [70–73]

Caffeoylquinic acids
(CQs) Chwinamul ROS Both [74]

Epimedium
(Berberidaceae) Epimedium spp. ROS Both [75]

Goji Lycium barbarum and L.
chinense SOD, MDA; JNK Both [76]

Ginkgo biloba extract Ginkgo biloba VCAM-1, ICAM-1, E-selectin; ROS, RSTF Both [46]
Salvia miltiorrhiza Salvia miltiorrhiza Bunge eNOS, NO, NADPH oxidase subunit Nox4 In vitro [48]
Scutellaria baicalensis
Georgi flavonoids Scutellaria baicalensis Georgi SOD Both [77]

Emodin Rheum rhabarbarum ApoE, PPAR-𝛾, GM-CSF, MMP-9 In vivo [78]

Bisacurone Curcuma longa Linne
(Zingiberaceae) VCAM-1, NF-𝜅B p65, Akt, PKC In vitro [49]

Phyllanthus emblica
extract Phyllanthus emblica ox-LDL, MDA In vitro [79]

Ethanol extract of
Glossogyne tenuifolia Glossogyne tenuifolia oxLDL, ROS In vitro [80]

Ocimum basilicum Ocimum basilicum total cholesterol, triglycerides, LDL, HDL In vivo [60]
Paeonol Paeonia lactiflora Pallas ICAM-1, NF-𝜅B p65 translocation, ERK, p38 In vitro [81]
Water extracts of
Achyrocline
satureoides

Achyrocline satureoides LDL oxidation In vitro [82]

Alaternin Cassia tora NO, Peroxynitrite In vitro [83]
Aqueous extract of
Salvia miltiorrhiza Salvia miltiorrhiza Bunge Hcy In vitro [84]
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Table 3: Continued.

Compound Herb Target or indicator Type of study Reference
Gypenosides
Saponins Gynostemma pentaphyllum mitochondrial enzyme In vitro [85]

baicalein, baicalin and
wogonin Scutellaria baicalensis VSMC proliferation In vitro [86]

Scoparone Artemisia scoparia monocyte adhesion, lipid laden foam cells In vivo [87]
Trilinolein Panax pseudoginseng OFR In vitro [88]

Celastrol Tripterygium wilfordiiHook F. oxLDL, LOX-1, ROS, iNOS, NO, TNF-a,
IL-6 In vivo [89]

Phenolic Rye (Secale
cereale L.) Ferulic acid oxLDL In vitro [90]

Table 4: Chinese herbal compounds that suppress monocyte migration and activation.

Compound Herb Target or indicator Type of study Reference
Prunella vulgaris
ethanol extract Prunella vulgaris VCAM-1, ICAM-1, E-selectin,

ROS; p38 MAPK, ERK In vitro [91]

Curcumin Curcuma longa Macrophage morphological
changes In vitro [92]

Panaxnotoginseng Panax notoginseng
saponins ICAM-1 and VCAM-1 In vivo [45]

Ginkgo biloba extract Ginkgo biloba VCAM-1, ICAM-1, E-selectin;
ROS, RSTF Both [46]

Phyllanthus emblica
extract Phyllanthus emblica oxLDL, MDA In vitro [79]

Table 5: Chinese herbal compounds that suppress VSMC migration and proliferation.

Compound Herb Target or indicator Type of study Reference
Protocatechuic
aldehyde

Salvia miltiorrhiza
Bunge PI3K/Akt, MAPK, cyclin D2 In vitro [93]

Gleditsia sinensis
thorn extract

Gleditsia sinensis
thorns

MMP-9; p21WAF1, cyclinB1,
Cdc2 and Cdc25c; ERK1/2, p38
MAPK, JNK; NF-𝜅B, AP-1

In vitro [94]

Corynoxeine Hook of Uncaria
rhynchophylla

DNA synthesis of VSMCs,
ERK1/2 In vivo [95]

Phyllanthus emblica
extract Phyllanthus emblica ox-LDL, MDA In vitro [79]

Berberine Coptis chinensis MAPK1/2, ERK, Egr-1, PDGF,
c-Fos, Cyclin D1 In vitro [96]

Nucifera leaf extract Nelumbo nucifera
GAERTN

JNK, MAPK, FAK/PI
3-kinase/small G protein In vitro [97]

Hibiscus sabdariffa
Extract Hibiscus sabdariffa L. triglyceride, LDL, foam cell

formation, VSMC migration In vivo [98]

Panax notoginseng
saponins Panax notoginseng integrin, FAK, NF-𝜅B In vivo [99]

Astragalus
polysaccharide

Astragalus
membranaceus ABCA1, NF-𝜅B In vitro [100]

Scoparone Artemisia scoparia monocyte adhesion, lipid laden
foam cells In vivo [87]

Hibiscus sabdariffa
Extract Hibiscus sabdariffa L. TC, LDL-C; foam cell formation,

VSMC migration In vivo [98]
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Table 6: Chinese herbal compounds that suppress foam cell formation.

Compound Herb Target or indicator Type of study Reference
Panax notoginseng
saponins Panax notoginseng integrin, FAK, NF-𝜅B In vivo [99]

Astragalus
polysaccharide

Astragalus
membranaceus ABCA1, NF-𝜅B In vitro [100]

Scoparone (6,7-
dimethoxycoumarin) Artemisia scoparia monocyte adhesion,

lipid laden foam cells In vivo [87]

Hibiscus sabdariffa
Extract Hibiscus sabdariffa L.

TC, LDL-C; foam cell
formation, VSMC
migration

In vivo [98]

Uncaria rhynchophylla, significantly inhibited the PDGF-
BB-induced DNA synthesis of VSMCs in a concentration-
dependent manner without causing any cytotoxicity. Prein-
cubation of VSMCs with corynoxeine significantly inhibited
PDGF-BB-induced extracellular signal-regulated kinase 1/2
(ERK1/2) activation [95]. Liang et al. showed that Berber-
ine, a compound from the Chinese herb Coptis chinensis,
inhibited serum-stimulated rat aortic VSMC growth in a
concentration-dependent manner. Berberine blocked injury-
induced VSMC regrowth by inactivation of the ERK/Egr-
1 signaling pathway thereby preventing the early signaling
induced by injury in vitro [96].

3.5. Chinese Herb Compounds That Suppress Foam Cell For-
mation (Table 6). In the studies reported by Yuan et al., the
formation of foam cells was inhibited by Panax notoginseng
saponins (PNS) via its ability to inhibit the phosphorylation
of FAK on threonine 397 and the translocation of NF-𝜅B.
Wang et al. discovered that TNF-𝛼 could enhance the activity
of NF-kappa B in the foam cells, and this effect could be
attenuated by Astragalus polysaccharide (APS), a compound
derived from the Chinese herb Astragalus membranaceus
[99]. In a study by Chen et al., large numbers of monocytes
were found adherent to the luminal surface and a markedly
thickened intima filled with many lipid laden foam cells
was apparent. However when treated with Scoparone, a
compoundderived from theChinese herbArtemisia scoparia,
atherosclerosis was less advanced and the plasma cholesterol
was lower [87]. Interestingly, Chen et al. reported that upon
histopathological examination Hibiscus sabdariffa Extract
(HSE) was noted to reduce foam cell formation and inhibit
smooth muscle cell migration and calcification in the blood
vessel of rabbits. These results clearly indicate that Chinese
herb-derived extracts can be used to lower serum lipids and
produce antiatherosclerotic activity [98].

3.6. Anti-Inflammatory Chinese Herb Compounds (Table 7).
Intralesional or extralesional inflammation may hasten
atheroma evolution and precipitate acute adverse events.
Hence, herb-associated treatment targeting inflammation is
beneficial. From the findings of Jia et al., real time RT-
PCR and Western blotting analysis revealed that Tanshinone
IIA (TSN IIA) significantly decreased the expressions of
the proapoptotic proteins Bax and caspase-3, significantly
increased the expression of antiapoptotic protein Bcl-2, and

resulted in the reduction of the Bax/Bcl-2 ratio in EA.hy926
cells induced by H

2
O
2
[64]. Li et al. reported that Farrerol

inhibitedH
2
O
2
-induced elevation in the levels of intracellular

malondialdehyde andROS, as well as cell apoptosis [63]. Xing
et al. found that LPS (15 𝜇g/mL) stimulation for 30 hr resulted
in significant HUVEC apoptosis, as detected by Hoechst
33258 staining and Annexin V analysis and that Protocat-
echuic aldehyde (PCA, 0.25–1.0mmol/L, 12 h) inhibited the
apoptosis in a dose-dependent manner [41].

Recently, the research ofNapagoda et al. indicated that the
ethnopharmacological use of Plectranthus zeylanicus extract
constituted an anti-inflammatory remedy [101]. Zhang et
al. found that Celastrus orbiculatus Thunb (COT) lowered
the levels of C-reactive protein (CRP), interleukin-6 (IL-
6), and TNF-𝛼 in plasma [54]. Wang et al. discovered that
Artemisinin, a compound derived from the Chinese herb
Artemisia annua, inhibited the secretion and mRNA levels
of TNF-𝛼, interleukin (IL)-1𝛽, and IL-6 in a dose-dependent
manner in THP-1 human monocytes. They also found that
the NF-𝜅B pathway may be involved in a decreased cytokine
release [107]. Chen and Cheng reported that the extract from
Chinese herb Feverfew effectively reduced LPS-mediated
TNF-𝛼 and CCL2 (MCP-1) release by THP-1 cells [109].

4. Summary and Perspective

Herein, we have reviewed most of the Chinese herbal com-
pounds recently reported to have antiatherogenic properties
either in vitro or in vivo. Chinese herbal medicine has the
potential to provide amajor public health benefit by reducing
morbidity andmortality secondary to cardiovascular disease.
Recent experimental prevention and treatment studies using
Chinese medicine clearly demonstrate the benefits of low-
ering LDL retention and LDL oxidant, protecting endothe-
lium, inhibiting monocyte/macrophage/VSMC proliferation
and migration, and preventing foam cell formation as well
as the accompanying inflammation. While the promise of
Chinese herb-derived compounds as effective therapies for
atherosclerotic cardiovascular diseases has been indicated
in the literature, the published studies have severe limi-
tations and apparently more research is required. Firstly,
most of the clinical studies are of limited value because
of the small sample size and/or incomplete data and most
experimental studies have focused mainly on single com-
pounds extracted from Chinese herbs. Studies of Chinese
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Table 7: Anti-inflammatory Chinese herbal compounds.

Compound Herb Target or indicator Type of study Reference
Plectranthus
zeylanicus extracts

Plectranthus zeylanicus
Benth 5-LO In vitro [101]

Arisaema tortuosum
tuber extract Arisaema tortuosum Schott 𝛽-Glucuronidase; FRAP In vitro [61]

Prunella vulgaris
ethanol extract Prunella vulgaris VCAM-1, ICAM-1, E-selectin, ROS;

p38 MAPK, ERK In vitro [91]

Celastrus orbiculatus
Thunb.

Celastrus orbiculatus
Thunb.

TC, non-HDL, TG, apoB100, apoE,
HDL; LDL receptor, SR-B1, CYP7A1,
HMGCR, CRP, MDA

In vivo [54]

2,3,5,4-
Tetrahydroxystilbene-
2-O-𝛽-D-glucoside
(TSG)

Polygonum multiflorum HSP 70, lipocortin 1, Apo A-I;
calreticulin, vimentin; In vivo [102]

Salvianolic acid B Salvia miltiorrhiza Bunge

JAK2 (Tyr 1007/1008), STAT1 (Tyr701
and Ser727); CXC chemokines’ IP-10,
Mig, I-TAC; monocyte adhesion;
PIAS1, SOCS1

In vitro [103]

Cynanchum wilfordii Cynanchum wilfordii LDL, HDL, NO, E-selectin, VCAM-1,
ICAM-1, ET-1 In vivo [40]

Panax notoginseng
extract Panax notoginseng TNF-𝛼, IL-6, TGF-𝛽, IL-1𝛽 In vivo [104]

Cryptotanshinone Salvia miltiorrhiza Bunge oxLDL, NO, ICAM-1, VCAM-1;
monocyte adhesion In vitro [42]

Salvianolic acid B Salvia miltiorrhiza Bunge

CD40, CD86, CD1a, HLA-DR; IL-12,
IL-10, TNF-𝛼; TLR4; PPAR𝛾;
p38-MAPK, PAI-1, JNK, NF-𝜅B, COX,
ERK1/2, prostaglandin E2, NADPH
oxidase, MMP-2, MMP-9, oxLDL,
ICAM-1, E-selectin

Both [53, 71, 72,
105, 106]

Tanshinone IIA Salvia miltiorrhiza Bunge

oxLDL, monocyte adhesion, VSMC
migration and proliferation,
macrophage cholesterol accumulation,
TNF-𝛼, TGF-𝛽1, platelet aggregation,
GPx

Both [66, 67]

Aqueous extract of
Buddleja officinalis Buddleja officinalis VCAM-1, ICAM-1; ROS; NF-𝜅B In vitro [43]

Artemisinin Artemisia annua TNF-𝛼, IL-1ß, IL-6; NF-𝜅B, IKK𝛼/ß,
I𝜅B𝛼 In vitro [107]

Evodiamine Evodia rutaecarpa COX-2, iNOS, prostaglandin E2;
HIF-1a; Akt, p70S6K, 4E-BP In vitro [108]

Panax notoginseng Panax notoginseng
saponins ICAM-1, VCAM-1 In vivo [45]

Goji Lycium barbarum and L.
chinense SOD, MDA; JNK Both [76]

Ginkgo biloba extract Ginkgo biloba VCAM-1, ICAM-1, E-selectin; ROS,
RSTF Both [46]

Scutellaria baicalensis
Georgi flavonoids

Scutellaria baicalensis
Georgi SOD Both [77]

Emodin Rheum rhabarbarum ApoE, PPAR-𝛾, GM-CSF, MMP-9 In vivo [78]

Bisacurone Curcuma longa Linne
(Zingiberaceae) VCAM-1, NF-𝜅B p65, Akt, PKC In vitro [49]

Feverfew extract Tanacetum parthenium TNF-𝛼, CCL2 In vitro [109]

Magnolol Magnolia officinalis
IL-6, STAT3, Tyr705 and Ser727,
ICAM-1, IREs, monocyte adhesion,
cyclin D1, MCP-1

In vitro [50]
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Table 7: Continued.

Compound Herb Target or indicator Type of study Reference

Paeonol Paeonia lactiflora Pallas ICAM-1, NF-kB p65 translocation,
ERK, p38 In vitro [81]

Aqueous extract of
Salvia miltiorrhiza Salvia miltiorrhiza Bunge ICAM-1, VCAM-1, GSH, NF-kB In vitro [52]

Magnolol Magnolia officinalis MCP-1, NF-𝜅B, VCAM-1 In vivo [51]
Ginkgo biloba extract Ginkgo biloba VCAM-1, ICAM-1 In vitro [47]

Scoparone Artemisia scoparia monocyte adhesion, lipid laden foam
cells In vivo [87]

Celastrol Tripterygium wilfordii
Hook F.

oxLDL, LOX-1, ROS, iNOS, NO,
TNF-𝛼, IL-6 In vivo [89]

decoctions or formulations are scarce, although decoction
and formulations are the main forms of therapy in traditional
Chinese medicine practice. Capitalization of the interactions
between the different components and herbs is the essence
of traditional Chinese medicine whereby herbs are combined
to attenuate toxicity as well as to enhance efficacy. Secondly,
like other therapies, Chinese herbs and the compounds
derived from them are expected to have side effects. However,
published in vivo studies seldom mention whether adverse
effects occurred. In future studies, including animal studies
and clinical studies, systemic and organ-specific side effects
of Chinese herb medicine should be carefully examined.
Thirdly, in modern medical practice, it is unlikely that
Chinese herbal medicine will be used as a sole treatment
for cardiovascular disease; instead, they will more likely be
used in combination with other proven drugs. Therefore, the
herb-drug interaction should be carefully evaluated in future
studies where Chinese herbs or compounds are used in addi-
tion to traditional proven therapies. Fourth, atherosclerosis
is a multiple-staged andmultifaceted disease; most published
studies are focused on examining the effects of Chinese herb
medicine on one or only a few aspects of the disease. In future
studies, a more systemic evaluation of the effects of Chinese
herbal medicine on all aspects of atherosclerosis should be
performed, including lipoprotein metabolism, endothelial
injury, systemic and arterial local inflammation, as well as cell
apoptosis and efferocytosis dynamics/balance in the plaques.
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5-LO: 5-Lipoxygenase
ABCA1: ATP-binding cassette transporter

A1
AP-1: Activator protein-1
ApoB100: Apolipoprotein B100
ApoE: Apolipoprotein E
Cav-1: Caveolin-1
CDC6: Cell division cycle 6
COX: Cyclooxygenase
CRP: C-Reactive protein
CYP7A1: Cholesterol 7𝛼-hydroxylase A1
Egr-1: Early growth response protein 1
ERK: Extracellular-signal-regulated

kinase

E-selectin: Endothelial cell selectin
ET-1: Endothelin-1
FRAP: Ferric reducing antioxidant power
GM-CSF: Granulocyte-macrophage

colony-stimulating factor
GPx: Glutathione peroxidase
GSH: Intracellular glutathione
Hcy: Homocysteine
HGL: High density lipoprotein
HIF-1𝛼: Hypoxia-inducible factor 1alpha
HMGCR: 3-Hydroxy-3-methyl-glutaryl-CoA

reductase
ICAM-1: Intercellular cell adhesion

molecule-1
IL: Interleukin
iNOS: Inducible nitric oxide synthase
IREs: IL-6 response elements
JNK: c-Jun NH2-terminal kinase
KDR, or VEGF
receptor-2:

Kinase insert domain receptor

LDL: Low density lipoprotein
LOX-1: Oxidized low density lipoprotein

receptor-1
MAPK: p38 mitogen-activated protein

kinase
MCP-1: Monocyte chemotactic protein-1
MDA: Malondialdehyde
mLDL: Modified low density lipoprotein
MMP: Matrix metalloproteinase
NF-𝜅B: Nuclear factor kappa B
NO: Nitric oxide
non-HDL: Non-high-density lipoprotein
OFR: Oxygen-derived free radicals
oxLDL: Oxidized low-density lipoprotein
PAI-1: Plasminogen activator inhibitor

type 1
PDGF: Platelet-derived growth factor
PI3K: Phosphatidylinositol 3-kinase
PPARs: Peroxisome proliferator-activated

receptors
ROS: Reactive oxygen species
RSTF: Redox-sensitive transcription

factor
SOD: Superoxide dismutase
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SR-B1: Scavenger receptor class B type 1
STAT3: Signal transducer and activator of

transcription protein 3
TC: Total cholesterol
TG: Triglycerides
TNF-𝛼: Tumor necrosis factor-𝛼
VCAM-1: Vascular cell adhesion molecule-1
VEGF: Vascular endothelial growth factor
VLDL: Very low density lipoprotein
VSMC: Vascular smooth muscle cell.
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and atherothrombosis,”Revista Espanola de Cardiologia, vol. 62,
no. 10, pp. 1161–1178, 2009.

[19] K. Ley, Y. I. Miller, and C. C. Hedrick, “Monocyte and macro-
phage dynamics during atherogenesis,” Arteriosclerosis, Throm-
bosis, and Vascular Biology, vol. 31, no. 7, pp. 1506–1516, 2011.

[20] P. Libby, “Inflammation in atherosclerosis,” Arteriosclerosis,
Thrombosis, and Vascular Biology, vol. 32, no. 9, pp. 2045–2051,
2012.

[21] D. Gomez and G. K. Owens, “Smooth muscle cell phenotypic
switching in atherosclerosis,” Cardiovascular Research, vol. 95,
no. 2, pp. 156–164, 2012.

[22] P. Lacolley, V. Regnault, A.Nicoletti, Z. Li, and J.-B.Michel, “The
vascular smoothmuscle cell in arterial pathology: a cell that can
take on multiple roles,” Cardiovascular Research, vol. 95, no. 2,
pp. 194–204, 2012.

[23] A. C. Doran, N. Meller, and C. A. McNamara, “Role of
smooth muscle cells in the initiation and early progression
of atherosclerosis,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 28, no. 5, pp. 812–819, 2008.

[24] M. Braun, P. Pietsch, K. Schrör, G. Baumann, and S. B. Felix,
“Cellular adhesion molecules on vascular smooth muscle cells,”
Cardiovascular Research, vol. 41, no. 2, pp. 395–401, 1999.

[25] S. Ma, D. Yang, D. Li, B. Tang, and Y. Yang, “Oleic acid induces
smooth muscle foam cell formation and enhances atheroscle-
rotic lesion development via CD36,” Lipids in Health and
Disease, vol. 10, article 53, 2011.

[26] N. Platt, R. Haworth, L. Darley, and S. Gordon, “Themany roles
of the class A macrophage scavenger receptor,” International
Review of Cytology, vol. 212, pp. 1–40, 2002.



Evidence-Based Complementary and Alternative Medicine 13

[27] R. E. Clempus and K. K. Griendling, “Reactive oxygen species
signaling in vascular smooth muscle cells,” Cardiovascular
Research, vol. 71, no. 2, pp. 216–225, 2006.

[28] L. Hegyi, J. N. Skepper, N. R. Cary, andM. J. Mitchinson, “Foam
cell apoptosis and the development of the lipid core of human
atherosclerosis,” The Journal of Pathology, vol. 180, no. 4, pp.
423–429, 1996.

[29] B. L. Gerber, “In vivo evaluation of atherosclerotic plaque
inflammation and of anti-inflammatory effects of statins by 18F-
fluorodeoxyglucose positron emission tomography,” Journal of
the American College of Cardiology, vol. 62, no. 10, pp. 918–920,
2013.

[30] E. Thorp and I. Tabas, “Mechanisms and consequences of
efferocytosis in advanced atherosclerosis,” Journal of Leukocyte
Biology, vol. 86, no. 5, pp. 1089–1095, 2009.

[31] R. R. S. Packard and P. Libby, “Inflammation in atherosclerosis:
from vascular biology to biomarker discovery and risk predic-
tion,” Clinical Chemistry, vol. 54, no. 1, pp. 24–38, 2008.

[32] F. Grover-Paez and A. B. Zavalza-Gomez, “Endothelial dys-
function and cardiovascular risk factors,”Diabetes Research and
Clinical Practice, vol. 84, no. 1, pp. 1–10, 2009.

[33] R. Natarajan and Q. Cai, “Monocyte retention in the pathology
of atherosclerosis,” Future Cardiology, vol. 1, no. 3, pp. 331–340,
2005.

[34] H. Kanda, S. Tateya, Y. Tamori et al., “MCP-1 contributes to
macrophage infiltration into adipose tissue, insulin resistance,
and hepatic steatosis in obesity,”The Journal of Clinical Investi-
gation, vol. 116, no. 6, pp. 1494–1505, 2006.

[35] C. Zhang, “The role of inflammatory cytokines in endothelial
dysfunction,” Basic Research in Cardiology, vol. 103, no. 5, pp.
398–406, 2008.

[36] E.Galkina andK. Ley, “Immune and inflammatorymechanisms
of atherosclerosis,” Annual Review of Immunology, vol. 27, pp.
165–197, 2009.

[37] P. Libby, “Inflammation in atherosclerosis,”Nature, vol. 420, no.
6917, pp. 868–874, 2002.

[38] P. Libby, “Molecular and cellular mechanisms of the thrombotic
complications of atherosclerosis,”The Journal of Lipid Research,
vol. 50, pp. S352–S357, 2009.

[39] C. Tian, R. Zhang, X. Ye et al., “Resveratrol ameliorates high-
glucose-induced hyperpermeability mediated by caveolae via
VEGF/KDRpathway,”Genes andNutrition, vol. 8, no. 2, pp. 231–
239, 2013.

[40] D. H. Choi, Y. J. Lee, H. C. Oh et al., “Improved endothelial
dysfunction by Cynanchum wilfordii in Apolipoprotein E−/−
mice fed a high fat/cholesterol diet,” Journal of Medicinal Food,
vol. 15, no. 2, pp. 169–179, 2012.

[41] Y.-L. Xing, Z. Zhou, Z.-Y. Zhong et al., “Protocatechuic
aldehyde inhibits lipopolysaccharide-induced human umbilical
vein endothelial cell apoptosis via regulation of caspase-3,”
Phytotherapy Research, vol. 26, no. 9, pp. 1334–1341, 2012.

[42] K.-P. Ang, H.-K. Tan, M. Selvaraja et al., “Cryptotanshinone
attenuates in vitro oxLDL-induced pre-lesional atherosclerotic
events,” Planta Medica, vol. 77, no. 16, pp. 1782–1787, 2011.

[43] Y. J. Lee, M. K. Moon, S. M. Hwang et al., “Anti-inflammatory
effect of buddleja officinalis on vascular inflammation in human
umbilical vein endothelial cells,” The American Journal of
Chinese Medicine, vol. 38, no. 3, pp. 585–598, 2010.

[44] M.A.AltugTuncer, B. Yaymaci, L. Sati et al., “Influence ofTribu-
lus terrestris extract on lipid profile and endothelial structure
in developing atherosclerotic lesions in the aorta of rabbits on

a high-cholesterol diet,” Acta Histochemica, vol. 111, no. 6, pp.
488–500, 2009.

[45] J.-B. Wan, S. M.-Y. Lee, J.-D. Wang et al., “Panax notoginseng
reduces atherosclerotic lesions in ApoE-deficient mice and
inhibits TNF-𝛼-induced endothelial adhesionmolecule expres-
sion and monocyte adhesion,” Journal of Agricultural and Food
Chemistry, vol. 57, no. 15, pp. 6692–6697, 2009.

[46] Y.-H. Chen, S.-J. Lin, Y.-L. Chen, P.-L. Liu, and J.-W. Chen,
“Anti-inflammatory effects of different drugs/agents with
antioxidant property on endothelial expression of adhesion
molecules,”Cardiovascular andHematological Disorders—Drug
Targets, vol. 6, no. 4, pp. 279–304, 2006.

[47] J.-W. Chen, Y.-H. Chen, F.-Y. Lin, Y.-L. Chen, and S.-J. Lin,
“Ginkgo biloba extract inhibits tumor necrosis factor-𝛼-induced
reactive oxygen species generation, transcription factor activa-
tion, and cell adhesion molecule expression in human aortic
endothelial cells,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 23, no. 9, pp. 1559–1566, 2003.

[48] K. Steinkamp-Fenske, L. Bollinger, N. Völler et al., “Ursolic
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Objective. The aim of this systematic review is to evaluate effect of Chinese medicine combined with conventional therapy on
blood pressure variability (BPV) in hypertension patients. Methods. All randomized clinical trials (RCTs) comparing Chinese
medicine with no intervention or placebo on the basis of conventional therapy were included. Data extraction, analyses, and quality
assessment were performed according to the Cochrane standards. Results. We included 13 RCTs and assessed risk of bias for all the
trials. Chinese medicine has a significant effect in lowering blood pressure (BP), reducing BPV in the form of standard deviation
(SD) or coefficient of variability (CV), improving nighttime BP decreased rate, and reversing abnormal rhythm of BP. Conclusions.
Chinese medicine was safe and showed beneficial effects on BPV in hypertension patients. However, more rigorous trials with high
quality are warranted to give high level of evidence before recommending Chinese medicine as an alternative or complementary
medicine to improve BPV in hypertension patients.

1. Background

It is estimated that there are nearly one billion people suf-
fering from hypertension worldwide, and the number of
patients will increase to 1.5 billion by 2050 [1]. Blood pressure
variability (BPV) means the degree of blood pressure (BP)
fluctuations in a certain period of time. BPV is regarded as
a separate index which is different from the BP reflecting
cardiovascular activities. Many studies have confirmed that
BPV could impact on hypertensive target organ damage and
overall prognosis of patients [1–5]. An important factor to
improve the prognosis of hypertensive patients is to reduce
the BPV effectively. Clinicians pay close attention to lowering
pressure steadily nowadays. There have been many studies
that elucidated the relationship between western medicine
and BPV. Although the results are inconclusive, most studies

have shown that calciumchannel blockers (CCB) are themost
effective to reduce the BPV, especially amlodipine. Amlodi-
pine in combination with other drugs may be more effective
[6–8].

Short-term BPV within the 24-hour period is easier to
obtain measured results. Ambulatory blood pressure mon-
itoring (ABPM) is a way to assess the short-term BPV at
present. By ABPM, a large amount of cross-sectional studies
confirmed the increased BPV indicating the aggravated target
organ damage [9]. A quantitative analysis of 155 Chinese
people’s ABPM results showed that BPV of hypertensive
patients was higher than that of healthy people [10].

Western medicine puts emphasis on quickly and effec-
tively lowering BP and helps patients reach target BP as
soon as possible. But even effective long-term control of
BP by western medicine may not fully achieve goals of
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protecting target organs against damage, because reversing
the target organ damage is a long process. Chinese medicine
highlights the overall concept, self-regulation mechanism,
and multitargets action and often plays an important role
in the protection of target organ of hypertensive patients
[11]. However, whether Chinese medicine is effective on BPV
remains unclear. So, we design this systematic review to
evaluate effect of Chinese medicine on BPV by ABPM in
hypertension patients.

2. Methods

2.1. Search Strategy. Two reviewers (Z. Chen and L. Q.Wang)
searched the following databases from their inception to
April 15, 2014, for the identification of randomized clinical
trials (RCTs) assessing Chinese herbal medicine for BPV:
The Cochrane Library, Pubmed, China National Knowledge
Infrastructure (CNKI), Chinese Scientific Journal Database
(VIP), Wanfang Databases, and Sino-Med Database. There
was no limitation in languages. We also searched references
of included reviews, just in case eligible trials were missed.
We searched using the following searching terms: “blood
pressure variability,” “BPV,” “essential hypertension,” “stan-
dard deviation,” “coefficient of variability,” “traditional Chi-
nese medicine,” “Chinese herbal medicine,” and “randomized
controlled trial.” Chinese pinyin of these terms were “xue ya
bian yi,” “xue ya bo dong,” “xue ya bian yi xing,” “xue ya bo
dong xing,” “zhong yao,” “zhong chengyao,” “zhong cao yao,”
“zhong xi yi,” “ke li,” “zhong yi yao,” “zhong yi,” and “sui ji.”
Based on different characteristics of literature databases, we
adapted the search strategies appropriately which are shown
in Table 1.

2.2. Inclusion Criteria

2.2.1. Study Design. RCTs were included regardless of blind
method and language.

2.2.2. Participants. Patients with BPV regardless of age and
race were included, who were diagnosed by one of the follow-
ing diagnostic criteria: WHO/ISH Hypertension Prevention
Guide (1999 [12]/2003 [13]) or ChineseHypertension Preven-
tionGuide (2005 [14]/2010 [15]). Patientswith severe liver and
kidney dysfunction and serious complicationswere excluded.

2.2.3. Interventions. Chinese herbal medicine was used as
intervention in at least one group of the study, form of which
can be decoction, granule, and Chinese patent medicine
(capsule/tablet). The method of application was restricted
to orally taken; therefore, injections were excluded. Con-
trol groups were no treatment, placebo, or conventional
medicines. Trials of Chinese herbal medicine in combina-
tion of conventional medicine compared to conventional
medicine alone were also included, if the conventional
medicine applied in both groups was the same. Trials with
a treatment course of less than four weeks were excluded.
Trials with more than one kind of Chinese herbal medicine
as intervention were also excluded.

2.2.4. Outcome Measures. Primary outcome measures were
BPV (measured by standard deviation (SD) and coefficient
of variability (CV), at three different time points: 24 hours,
day, and night), BP (24 hours, day, and night), and symptom
improvement rate which had uniform criteria, that is, clinical
guideline of new drugs for traditional Chinese medicine.
Among all these indicators, BPV and ambulatory BP are both
indispensable. Secondary outcome measures were adverse
events, quality of life (QOL), the abnormal rhythm of BP
reverse rate, and nighttime BP decrease rate.

2.3. Data Extraction andQuality Assessment. Two authors (Z.
Chen and L. Q. Wang) performed data extraction (Figure 1)
independently according to a predesigned form. Disagree-
ments during cross-checking of the data extraction form
were resolved by consensus or consultation from a third
author (J. P. Liu). We assessed the methodological quality of
these trials by risk of bias tool which was recommended by
Cochrane Handbook [16]. Specific items of the risk of bias
tool were as follows: selection bias (random sequence gen-
eration, allocation concealment), performance bias (blinding
of participants and personnel), detection bias (blinding of
outcome assessment), attrition bias (incomplete outcome
data), reporting bias (selective outcome reporting), and other
biases. Each item for all included trials was judged into “high
risk,” “unclear,” and “low risk.”

2.4. Data Analysis and Synthesis. Revman 5.2 software pro-
vided by the Cochrane Collaboration was used for data anal-
yses. We expressed dichotomous data as risk ratio (RR) and
its 95% confidence intervals (CI) and continuous outcome
as mean difference (MD) and its 95% CI. Since all included
trials applied different interventions, we did not pool the data
due to the clinical heterogeneity. We performed qualitative
description of the data synthesis.

We also failed to conduct a funnel plot to explore publi-
cation bias, because the number of included studies was less
than nine for each outcome.

3. Results

3.1. Description of Included Trials. 474 trials were identified
from six databases. Among them, 96 records were removed
because of duplicates. By screening titles and abstracts, we
excluded 263 records for reasons of animal experiment, tra-
ditional review, improper comparison, or nonprimary hyper-
tension. By browsing full-text article, we excluded 102 records
for reasons of improper comparison, nonprimary hyper-
tension, complications, uncorrelated outcomes, or duplicate
publication. At last, a total of 13 articles [17–29] that met
inclusion criteria were included into this systematic review.
(Basic characteristics of included studies are presented in
Table 2.)

3.1.1. Study Characteristics. The 13 trials were published in
Chinese from 2007 to 2013, of which seven [17–20, 27–29]
were academic dissertations, five [21–25] were journal arti-
cles, and one [26]was conference paper. All trials were carried
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Table 1: Search strategy.

(1) Cochrane Central Register of Controlled Trials (CENTRAL) onThe Cochrane Library
#1 MeSH descriptor: [Medicine, Chinese Traditional] explode all trees
#2 MeSH descriptor: [Drugs, Chinese Herbal] explode all trees
#3 #1 or #2
#4 MeSH descriptor: [Hypertension] explode all trees
#5 “standard deviation” or SD
#6 “coefficient of variability” or CV
#7 #5 or #6
#8 #4 and #7
#9 “blood pressure variability” or “BPV” or “blood pressure fluctuation”
#10 “Randomized Controlled Trial” or “RCT”
#11 #8 or #9
#12 #3 and #10 and #11

(2) PubMed
#1 “Hypertension” [MeSH]
#2 “medicine, Chinese traditional” [MeSH Terms]
#3 “drugs, Chinese herbal” [MeSH Terms]
#4 #2 OR #3
#5 “randomized controlled trial” [All Fields] or RCT [All Fields]
#6 BPV [All Fields] OR “blood pressure variability” [Title/Abstract] OR “blood pressure fluctuation” [Title/Abstract]
#7 “standard deviation” [Title/Abstract] or SD [All Fields]
#8 “coefficient of variability” [Title/Abstract] or CV [All Fields]
#9 #7 OR #8
#10 #1 AND #9
#11 #6 OR #10
#12 #4 AND #11
#13 choose filter “Randomized Controlled Trial”

(3) CBM
(((“blood pressure variability” [Common fields: intelligence]) OR (“fluctuation of blood pressure” [Common fields: intelligence])
OR (“BPV” [Common fields: intelligence]) OR (“blood pressure variability” [Common fields: intelligence])) AND
(“randomized” [All: intelligence]) AND ((“Chinese medicine” [All: intelligence]) OR (“Chinese patent medicine” [All:
intelligence]) OR (“integrated Chinese and western medicine” [All: intelligence]) OR (“granule” [All: intelligence]) OR (“Chinese
herbal medicine” [All: intelligence]) OR (“traditional Chinese medicine” [All: intelligence])))

(4) CNKI
(SU = “blood pressure variability” OR SU = “fluctuation of blood pressure” OR SU = “BPV”) AND (FT = “traditional Chinese
medicine” OR FT = “Chinese patent medicine” OR FT = “integrated Chinese and western medicine” OR FT = “granule” OR FT =
“Chinese herbal medicine” OR FT = “Chinese medicine”) AND (FT = “randomized”)

(5) VIP
(Title or key word = blood pressure variability + fluctuation of blood pressure + BPV)
and (Any Field = traditional Chinese medicine + integrated Chinese and western medicine + granule + Chinese patent medicine +
Chinese herbal medicine + Chinese medicine) and (Any Field = randomized) and (Professional = pharmaceutical and health care)
and (Range = all journals)

(6) WanFang database
(title or key word: (blood pressure variability) + title or key word: (fluctuation of blood pressure) + title or key word: (BPV)) ∗
(Chinese medicine + Chinese patent medicine + integrated Chinese and western medicine + granule + Chinese herbal medicine +
traditional Chinese medicine) ∗ randomized

out in mainland China. One article [21] was funded by Shan-
dong province science and technology development project.

3.1.2. Population Characteristics. 1103 patients were included,
with an average of 85 cases per trial (range from 40 cases to

160 cases). Eight trials [17–21, 25–27] included both inpatients
and outpatients, three trials [21, 23, 29] only contained
outpatients, and two trials [24, 28] did not report whether
outpatients or inpatients. All trials claimed baseline char-
acteristics were comparable between the groups. Five trials



4 Evidence-Based Complementary and Alternative Medicine

Sc
re

en
in

g
In

clu
de

d
El

ig
ib

ili
ty

Id
en

tifi
ca

tio
n

Records excluded 

Improper comparison or 

Not essential hypertension 

Full-text articles assessed 
for eligibility

Full-text articles excluded, 
with reasons:

Improper comparison or 

Not essential hypertension or
the study of complications

Irrelevant to outcomes of this
study or outcomes not

available

Studies included in 
qualitative synthesis

Studies included in 
quantitative synthesis 

(meta-analysis)

Records identified through 
database searching

(n = 474)

Additional records identified 
through other sources

(n = 0)

Records after duplicates removed 
(n = 378)

Records screened 
(n = 378)

(n = 115)

(n = 13)

(n = 0)

(n = 263)

Animal experiment (n = 55)

Traditional review (n = 23)

control (n = 68)

(n = 117)

(n = 102)

control (n = 36)

(n = 35)

(n = 30)

Duplicates (n = 1)

PRISMA 2009 Flow Diagram

Figure 1: Flow chart of study selection.

[17, 23, 24, 26, 29] did not report male/female ratio in
different groups, three trials [24, 26, 28] did not report
distribution of age, and five [21, 23, 24, 26, 29] papers did not
report disease duration between the groups. The remaining
trials clearly reported these items. High BP classification was
limited to first and second degree, except two trials (one
[24] did not report high BP classification and one [25] was
not limited classification). One trial [17] explicitly mentioned
complications, but there was no significant difference in the
distribution and two groups can be comparable. Remaining
trials did not report complications.

3.1.3. Comparisons. There were two types of comparisons:
(1) Chinese medicine combined with conventional therapy
versus conventional therapy alone (twelve trials) and (2) Chi-
nese medicine combined with conventional therapy versus
placebo and conventional therapy (one trial). Conventional
therapy of six trials [17, 20–22, 26, 29] was amlodipine
besylate tablet 5mg per day. One trial was levamlodipine [28].
One trial was nifedipine controlled released tablet [27]. Two
trials [18, 24] were CCB combined with ACEI. Two trials
were ACEI [19, 23]. One trial did not report the ingredients
of Chinese medicine [25]. There were four dosage forms:
decoction, capsule, granule, and tablet. (Herbal medicines
and adverse effects in the included trials are presented in
Table 4.)

3.1.4. Outcome Measures. Nine trials [17, 19, 22, 24–29]
reported adverse events. Two trials [20, 23] clearly reported
there was no adverse drug reaction. Two trials [23, 29]
reported QOL. No trial reported health-economic indicators
or follow-up visit. All trials reported BPV in the form of SD
or CV, symptom improvement rate (antihypertensive effect)
of which diagnostic criterion was Clinical Research Guide-
line of NewDrugs for Traditional ChineseMedicine. Antihy-
pertensive effect is divided into three levels according to the
BP value: markedly effective, effective, and invalid.

3.2.Methodological Quality. Five trials [17, 19, 26, 27, 29] used
random number table to generate the random sequence. Two
trials [17, 29] referred to opaque sealed envelopes. Blinding
of participants and personnel was mentioned in only one
trial [29] which was double-blinding. No trial blinded the
outcome assessors. There was not sufficient information to
judge whether outcome assessors were blinded or not. Eleven
trials did not miss outcome data, among which two trials [17,
26] clearly claimed no drop-out patient. All trials reported
their prespecified primary outcomes except one trial. All
trials declared baseline characteristics were comparable. One
trial [21] was lack of the inclusion and exclusion criteria.
Unfortunately, no trial reported sample size calculation. (Risk
of bias summaries are presented in Figure 2.)
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Figure 2: (a) Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.
(b) Risk of bias summary: review authors’ judgments about each risk of bias item for each included study. “+”: low risk of bias; “?”: unclear
risk of bias; or “−” high risk of bias.

3.3. Effects of Interventions. Since every trial had different
Chinese herbal medicines as treatment, none of trials could
be analyzed by meta-analysis, because of clinical heterogene-
ity. We presented the effects of interventions by qualitative
description, according to the two types of comparisons: Chi-
nese medicine combined with conventional therapy versus
the same conventional therapy and Chinese medicine com-
bined with conventional therapy versus placebo combined
with the same conventional therapy. All BPV were measured
by ambulatory BP meter. BPV mainly was expressed in two
forms: SD and CV. (Effect estimate of outcomes is presented
in Table 3.)

3.3.1. Chinese Medicine Combined with Conventional Therapy
versus the Same Conventional Therapy

(1) SDafter Treatment.Therewere nine trials [17, 18, 20, 22–24,
26–29] reporting 24 h systolic SD. Five trials [20, 22–24, 26]
found statistical difference between groups. The results have

shown that combination therapy is superior to conventional
treatment. For traditional Chinese medicine (TCM) com-
bined with amlodipine besylate tablet, three trials showed a
reduction of 24 h systolic SD: Sangji Wendan decoction (MD
−2.44; 95% CI −4.38 to −0.50; 𝑛 = 40), Xiandan Tongmai
decoction (MD −2.40; 95% CI −3.50 to −1.30; 𝑛 = 118),
and Yin gan jing decoction (MD −0.90; 95% CI −1.45 to
−0.35; 𝑛 = 80). Xiang tian ma decoction combined with
benazepril also reduced 24 h systolic SD (MD −5.20; 95% CI
−6.37 to −4.03; 𝑛 = 78). Xuezhikang capsule was integrated
with angiotensin converting enzyme inhibitors (ACEI) and
calcium channel blockers (CCB) (MD −1.79; 95% CI −2.79 to
−0.79; 𝑛 = 110). There were no significant differences in the
other four trials; they were Tianma Shuxin granule combined
with amlodipine besylate tablet, Qianyang Yuyin granule
combined with felodipine and enalapril, Tiao ping kang
tablet combined with nifedipine controlled released tablets,
and Gouteng Siwu decoction combined with levamlodipine
besylate tablet.
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Nine trials [17, 18, 20, 22–24, 26–29] reported 24 h dias-
tolic SD. Two of them which used amlodipine besylate tablet
as control group found a significant effect in lowering 24 h
diastolic SD in the experimental group superior to that in
the control group, that is Sangji Wendan decoction (MD
−2.13; 95% CI −4.34 to 0.08; 𝑛 = 40) and Yin gan jing
decoction (MD −0.24; 95% CI −0.46 to −0.02; 𝑛 = 80).
The other seven trials did not find significant difference
between groups: Xiandan Tongmai decoction combined with
amlodipine besylate tablet, Tianma Shuxin granule combined
with amlodipine besylate tablet, Xiang tian ma decoction
combined with benazepril, Xuezhikang capsule integrated
with ACEI and CCB, Qianyang Yuyin granule combined with
felodipine and enalapril, Tiao ping kang tablet combined
with nifedipine controlled released tablets, andGouteng Siwu
decoction combined with levamlodipine besylate tablet.

Day systolic SDwas reported by nine trials. Five trials [17–
23, 25, 27] significantly lowered this outcome in experimental
group superior to that in control group. They were Qin
dan capsule plus enalapril maleate tablet (MD −2.15; 95%
CI −3.39 to −0.91; 𝑛 = 61), Xiandan Tongmai decoction
plus amlodipine besylate tablet (MD −1.40; 95% CI −2.63 to
−0.17; 𝑛 = 118), Xiang tian ma decoction plus benazepril
(MD −4.56; 95% CI −5.85, −3.27; 𝑛 = 78), Yangxue
Qingnao granule plus conventional antihypertensive drugs
(MD −0.50; 95% CI −0.81 to −0.19; 𝑛 = 160), and Tiao ping
kang tablet plus nifedipine controlled released tablets (MD
−3.87; 95% CI −6.16 to −1.58; 𝑛 = 58). The other four trials
did not find significant difference between groups, one trial
about Qianyang Yuyin granule plus felodipine with enalapril
and three trials compared amlodipine besylate tablets, that
were Tianma Shuxin granule, Sangji Wendan decoction, and
Songling Xuemaikang capsule.

Day diastolic SD was reported by nine trials [17–23, 25–
27]. Five trials found the effect of lowering this outcome
in experimental group superior to that in control group.
They were Qin dan capsule combined with enalapril maleate
tablet (MD −2.20; 95% CI −3.26 to −1.14; 𝑛 = 61), Songling
Xuemaikang capsule combined with amlodipine besylate
tablet (MD −0.60; 95% CI −1.08 to −0.12; 𝑛 = 138), Xian-
dan Tongmai decoction combined with amlodipine besylate
tablet (MD −1.90; 95% CI −3.28 to −0.52; 𝑛 = 118), Xiang
tian ma decoction combined with benazepril (MD −1.14;
95% CI −2.09 to −0.19; 𝑛 = 78), and Tiao ping kang
tablet combined with nifedipine controlled released Tablets
(MD −4.95; 95% CI −7.10 to −2.80; 𝑛 = 58). Although
the other four trials had reported this outcome too, there
was no statistically significant difference. The four trials were
Tianma Shuxin granule combined with amlodipine besylate
tablet, QianyangYuyin granule combinedwith felodipine and
enalapril, Yangxue Qingnao granule combined with conven-
tional antihypertensive drugs, and Sangji Wendan decoction
combined with amlodipine besylate tablet.

Nine trials [17–23, 25, 27] reported night systolic SD.
Six trials showed a reduction of night systolic SD. Two of
them are compared with amlodipine besylate tablet; they
were Songling Xuemaikang capsule (MD−0.60; 95%CI−1.08
to −0.12; 𝑛 = 138) and Xiandan Tongmai decoction (MD
−1.90; 95% CI −3.28 to −0.52; 𝑛 = 118), besides, Xiang tian

ma decoction combined with benazepril (MD −1.14; 95% CI
−2.09 to −0.19; 𝑛 = 78), Qin dan capsule combined with
enalapril maleate tablet (MD −2.20; 95% CI −3.26 to −1.14;
𝑛 = 61), Tiao ping kang tablet combined with nifedipine
controlled released tablets (MD −4.95; 95% CI −7.10 to −2.80;
𝑛 = 58), and Yangxue Qingnao granule combined with
conventional antihypertensive drugs (MD −0.39; 95% CI
−0.60 to −0.18; 𝑛 = 160). Three trials showed no signif-
icant difference, that is, Tianma Shuxin granule combined
with amlodipine besylate tablet, Qianyang Yuyin granule
combined with felodipine and enalapril, and Sangji Wendan
decoction combined with amlodipine besylate tablet.

There were nine trials [17–23, 25, 27] reporting night
diastolic SD.Three trials showed significant reduction of this
outcome: Xiang tianma decoction combined with benazepril
(MD −1.19; 95% CI −2.14 to −0.24; 𝑛 = 78), Yangxue Qingnao
granule combined with conventional antihypertensive drugs
(MD −0.21; 95% CI −0.36 to −0.06; 𝑛 = 160), and Qin dan
capsule combined with enalapril maleate tablet (MD −1.40;
95% CI −2.51 to −0.29; 𝑛 = 61). Results of the remaining six
trials had no statistical differences.

(2) CV after Treatment. Only one trial (Tianma Shuxin gran-
ule combined with amlodipine besylate tablet) reported
CV. There were statistically significant differences in two
outcomes.There was a reduction in day systolic CV in exper-
imental group superior to that in control group (MD −0.01;
95% CI −0.02 to −0.00; 𝑛 = 60).There was a reduction in 24 h
diastolic CV in experimental group inferior to that in control
group (MD 0.03; 95% CI 0.02 to 0.04; 𝑛 = 60). Nevertheless,
there was a reduction in day systolic CV in control group
inferior to that in experimental group (MD −0.01; 95% CI
−0.02 to −0.00; 𝑛 = 60). There was no statistically significant
advantage in reducing CV in experimental group in terms of
24 h systolic CV, day diastolic CV, night systolic CV and night
diastolic CV.

(3) BP after Treatment. Seven trials [18, 19, 21, 24–26, 28]
presented that integrative medicine had the advantage in
reducing 24 h systolic BP. Six trials [18, 21, 23, 25, 26, 28]
presented that integrative medicine had the advantage in
reducing 24 h diastolic BP. There were three trials [18, 25,
26] showing that integrative medicine had the advantage
in reducing day systolic BP; however, one trial [23] had
the opposite result. Four trials [23, 25–27] presented that
integrative medicine had the advantage in reducing day
diastolic BP. There were five trials [18, 23, 25–27] showing
that integrativemedicine had the advantage in reducing night
systolic BP. Four trials [18, 25–27] presented that integrative
medicine had the advantage in reducing night diastolic BP.

(4) Antihypertensive Effect. Antihypertensive effect was mea-
sured taking clinical guideline of new drugs for TCM as stan-
dard. Only one trial [26] showed treatment group superior to
control group in improving antihypertensive effect.

(5) QOL. One trial [23] referred to QOL but did not report
which specific test scale it used.

(6) Nighttime BP Decreased Rate. Three trials [19, 26, 28]
reported this outcome. Only one trial [26] presented that
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combination therapy is superior to conventional treatment in
nighttime BP decreased rate of both systolic BP and diastolic
BP.

(7) Frequency of Reversed Abnormal Rhythm of BP. Two trials
[25, 27] showed treatment group superior to control group in
increasing frequency of reversed abnormal rhythm of BP.

3.3.2. Chinese Medicine Combined with ConventionalTherapy
versus Placebo Combined with the Same Conventional Ther-
apy. There was only one trial [29] under this category, that is,
Qing xuan granule combined with amlodipine besylate tablet
versus placebo combined with amlodipine besylate tablet.

(1) SD after Treatment. All the outcomes about SD of this
trial were of significant statistical heterogeneity. Qing xuan
granule combined with amlodipine besylate tablet had a
better efficacy than the control in terms of lowering 24 h
systolic SD (MD −1.47; 95% CI −2.52 to −0.42; 𝑛 = 90), 24 h
diastolic SD (MD −1.26; 95% CI −1.93 to −0.59; 𝑛 = 90), day
systolic SD (MD −1.60; 95% CI −2.65 to −0.55; 𝑛 = 90), day
diastolic SD (MD −1.02; 95%CI −1.70 to −0.34; 𝑛 = 90), night
systolic SD (MD −2.02; 95% CI −3.45 to −0.59; 𝑛 = 90), and
night diastolic SD (MD−1.54; 95%CI−2.62 to−0.46; 𝑛 = 90).

(2) CV after Treatment. No noteworthy statistical differences
of this endpoint in any of the trials were noted.

(3) BP after Treatment. There was no significant difference
between the experimental and the control groups regarding
this outcome which contained 24 h systolic BP, 24 h diastolic
BP, day systolic BP, day diastolic BP, night systolic BP, and
night diastolic BP.

(4)Antihypertensive Effect.Therewas no significant difference
between the experimental and the control groups regarding
this outcome.

(5) QOL.There was also no significant difference between the
experimental and the control groups regarding this outcome
which was measured by SF-36 health related QOL scale.

(6) Nighttime BP Decreased Rate. It was not reported in this
trial.

(7) Frequency of Reversed Abnormal Rhythm of BP. It was not
reported in this trial.

3.4. Safety. There were 9 trials reporting 50 cases of adverse
events. The experimental groups had 18 patients with side
reactions, and the control groups had 29 patients with side
reactions. Three patients had adverse events but with no
specific group information. No significant difference about
adverse events was found between two groups. The most
commonly reported adverse events in the 9 trials were
intestinal disturbance (abdominal distension, nausea, and
constipation) [17, 22, 25, 28], ankle edema [17, 27], dizziness
[22, 27, 29], palpitation [22], facial flushing [26], and dry
cough [19, 24].

4. Discussion

There are thirteen RCTs including 1103 participants that were
included in this systematic review. From this review, we may
be able to speculate that both the TCM and combination
therapy have a significant effect in lowering BP, lowering BPV,
and adjusting the circadian rhythm. As we known, efficacy of
amlodipine besylate tablets in lowering BP variation is better
than other western medicines. Most of trials in this paper
selected amlodipine besylate tablets as conventional therapy
in the compare group of Chinese medicine combined with
conventional therapy versus the same conventional therapy.
One trial took placebo combined with conventional therapy
as control group. According to TCM theories, the treatment is
based on syndrome differentiation, and even the same disease
could have a variety of syndromes; therefore, the treatments
could be modified with different Chinese herbal medicines.
Although the differences in TCM prescription, forms, course
of treatment, and control drugs prevent us from performing
meta-analysis which could provide precise effect estimate of
intervention, from Table 4 we gladly found that there were
two kinds of TCM (Ramulus Uncariae Rhynchophyllae cum
Uncis andRadixAchyranthis Bidentatae) that appearedmost.
The most TCM syndromes were yin deficiency and yang
excess. This is also consistent with the theory of TCM. It was
confirmed that the integrative medicine based on syndrome
differentiation, a person-centered and balanced medicine
[30], was safer and more effective than western medicine
alone in the treatment of hypertension [31]. Adverse reaction
related to Chinese medicine to reduce BPV is relatively rare.
Only a few patients had ankle edema, dizziness, and nausea
during the treatment.

It is too early to recommend this conclusion to clini-
cal practitioners considering the limitations of this review.
Firstly, the methodological quality of included trials in the
review generally needs to be improved. Studies have shown
that the degree of rigorous design and quality ofmethodology
of the study have a direct impact on the effectiveness of
intervention [32, 33].The randomization was unclear in most
of trials. Only five RCTs described random allocation in
detail, and two RCTs mentioned random hidden method.
Blinding is an effective way to control measurement bias;
however, only one trial mentioned double-blind; no trial
reported estimation of sample size. Moreover, this review
focuses on short-term BPV and all of the included trials did
not have follow-up research, so we cannot evaluate long-
term effect of Chinese herbal medicine for BPV. In addition,
all the trials did not publish their protocols, so we can
only judge their reporting bias by a compromise method,
which is comparing whether the outcomes mentioned in
method and results are consistent. Two trials reported QOL,
but only one trial evaluated QOL by certain scale. Fifth,
due to the clinical features of hypertension, hypertensive
patients commonly also suffered from other diseases, such
as coronary heart disease or hyperlipidemia, but only a small
number of clinical trials on the baseline data reported these
accompanied diseases. Most of the other tests did not report
this information, but we cannot rule out the possibility of
patients with accompanied disease. Sixth, we only included
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13 trials with a relative small sample size in this review,
and we failed to perform meta-analysis. Therefore, further
rigorously designed RCTs are needed before recommending
TCM to patients with hypertension. Moreover, we suggest
that the design and reporting of RCTs on TCM strictly
comply with both CONSORT statement [34] and that for
herbal interventions [35].

5. Conclusion

TCM showed potentially short-term beneficial effects on
BPV. However, because of small sample size and potential
bias of most trials, this result should be interpreted with
caution. More high quality trials, safety evidence, and long-
term effects are warranted before TCM is recommended
as an alternative or complementary medicine for BPV in
hypertension patients. Information of QOL and economic
effectiveness should also be paid more attention in future
clinical trials.
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Objective. To evaluate the hypolipidemic activity and antiatherosclerotic effect of polysaccharide of Polygonatum sibiricum (PPGS),
which is a kind of Chinese herbal medicine using the rhizome part of the whole herb. Materials and Methods. Thirty rabbits
were divided into normal control group, model control group, and PPGS subgroups of 0.8, 1.6, and 3.2mL/kg/day under random
selection. In atherosclerosis model, the effects of PPGS on diverse blood lipids, foam cells number, and aortic morphology were
evaluated. In the primary culture of endothelial cells (ECs), the activities of PPGS on both ECs proliferation and ECs injury were
studied as well. Results. In atherosclerosis model, the hypolipidemic activities of PPGS were mainly focused on TC, LDL-C, and
Lp(a). All changes on these factors were statistically significant compared with model group (P < 0.01), except TG and HDL-C.
The intimal foam cell number of PPGS subgroups (0.8, 1.6, and 3.2mL/kg/day) was significantly reduced than model control (P <
0.01). In the primary culture of endothelial cells (ECs), PPGS showed no effect on cell proliferation but preferred to protect EC from
injury and apoptosis induced by H

2
O
2
and lipopolysaccharide (LPS). Discussion and Conclusion. The antiatherosclerotic effect of

PPGS may be supported by its hypolipidemic activities, improving aortic morphology, and reducing foam cells number and ECs
injury.

1. Introduction

Plenty of studies showed that polysaccharide of Polygonatum
sibiricum (PPGS), a popular Chinese herbal medicine in
China, performed variety of medical effects such as anti-
inflammation [1], antioxidation, and antiaging [2]. In Chi-
nese database, there were only a few studies reporting the
antiatherosclerotic effect of single dose of PPGS with no
cellular mechanisms in detail [3, 4]. Therefore, the aims of
this paper were to evaluate the possible cellular mechanism
of PPGS on antiatherosclerosis based on endothelial cells
(ECs) and smooth muscle cells (SMCs) and finally to further
clarify the possible role of PPGS in the development of
atherosclerosis process.

2. Materials and Methods

2.1. Animals. Thirty healthy male New Zealand rabbits in
general grade with body mass of 1.9–2.4 kg were from
Experimental Animal Center of Chongqing inChina. Rabbits
were kept in the cages with the condition of natural light,
room temperature, relative humidity of (50 ± 3)%, and
automatic ventilation. They were fed fixed dose of food with
free access to drinking water. After the adaptive feeding for
7 d, animals were randomly divided into five groups (normal
control group and model subgroups: model control group
and PPGS subgroups (0.8, 1.6, and 3.2mL/kg/day)). This
study received the approval of Local Animal Ethics Advisory
Committee.
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2.2. Drugs, Chemicals, and Instruments. The PPGS extract
(content of polysaccharide ≥90%) was purchased from
Department of Preparation of Chongqing Chinese Medicine
Hospital (Chongqing, China). The other reagents also
included M199 medium and fetal bovine serum (Hyclone
Co., Ltd., Utah, USA), II collagenase and trypsin (Invitrogen
Corporation, Grand Island, USA), CCK-8 kit (Dojindo Lab-
oratories, Kyushu, Japan), crystal violet (SigmaChemical Co.,
St. Louis, USA), saline (for infusion, Kelun Co., Ltd., Sichuan,
China), and neonatal umbilical cord (The Affiliated Hospital
of Harbin Medical University, Harbin, China). The rabbit
basal diet and relative high cholesterol diet were prepared
from Experimental Animal Center of Chongqing Medical
University (Chongqing, China) according to the reference
study [5].

2.3. Hypolipidemic Activity and Antiatherosclerotic Effect in
High Fat Diet-Induced Rabbit Model. Normal control group
was fed with basal diet, while model subgroups were fed with
high cholesterol diet. Each rabbit was given quantitative diet
of 120 g/d, in which all were basal diet for normal control
group and it was composed of 40 g/d high cholesterol diet and
80 g/d basic diet in model subgroups. The PPGS subgroups
were also fed with different concentrations of PPGS (0.8,
1.6, and 3.2mL/kg/day). The dose for animal model was
converted from clinical dosage. During the feeding, high
cholesterol diet was given firstly, and basal diet was supple-
mented with free access to water for 8 weeks.

After expiration of 8-week feeding with 10 h fasting,
the venous blood was obtained for lipid levels testing
(total cholesterol (TC), total triglycerides (TG), high-density
lipoprotein (HDL-C), low-density lipoprotein (LDL-C), and
lipoprotein (a) (Lp(a))). Then rabbits were sacrificed for
study. In the experiments of HE staining, after conventional
dehydration, paraffin sections were prepared for HE staining.
Associated pathological changes of intima and adventitia
under optical microscopy were recorded. Under certainmag-
nification (20 × 10), eyepiece micrometer and hand control
counters were applied to count foam cells number on 5 small
lattices, taking the mean value of all slices to get cell number
on each 1mm2, which was seen as foam cell number per unit
area of intima.

2.4. The Effects of PPGS on ECs and SMCs. Human umbilical
vein endothelial cells (HUVECs) from umbilical cord were
isolated by enzymatic digestion according to the method
mentioned before [6]. Human umbilical artery smooth
muscle cells (HUASMCs) were obtained by tissue adherent
method [7, 8]. The digestion solution of 0.25% trypsin was
prepared and added to serum medium. The supernatant was
discarded after centrifugation; culture fluid was added to mix
the cells and finally put them into culture flasks for cells
growing at 37∘C with 5% CO

2
. The third generations were

used for the following experiments.
200𝜇L of ECs or SMCs was seeded in 96-well plates

according to the condition of 5 × 103 cells/hole. After 24 h
incubation, adherent cells were randomly divided into four
groups: (1) control group, the culture medium (containing
20% fetal bovine serum), and (2) subgroups with different

concentrations intervention of PPGS (25, 50, and 100𝜇g/mL)
in cultured cells. EC was cultured in drug-containing
medium for 12, 24, and 48 h, while HUASMC was for 12, 18,
and 24 h. Each dose subgroup was given five subholes. 10𝜇L
CCK-8 reagent was added into each hole for 2 h before the
termination of culture. The absorbance of cell supernatant
was detected at the wavelength of 450 nm, and cell culture
medium was used as blank control of zero absorbance. In
addition, the migration ability of HUASMC was determined
by transwell migration chamber (8 𝜇m pore size) following
the previous study [9]. The migration abilities of HUASMC
in each group were estimated after the cells were fixed by 4%
paraformaldehyde for 10min, stained by crystal violet, and
randomly selected under a fluorescence microscope with the
magnification of 200x to count the number of cells migrating
to the bottom of porous membrane.

2.5. The Effect on H
2
O
2
-Induced EC Injury. 100 𝜇mol/L of

H
2
O
2
was selected as testing concentration.Themain process

was introduced in another study [10]. Each treatment group
was given drug into medium with the final concentration
of 10%. The normal control group was only administrated
with medium. The model control group contained medium
plus 100𝜇mol/L of H

2
O
2
. The low dose treatment group was

0.3mg/kg PPGS in cell medium plus 100 𝜇mol/L H
2
O
2
. The

concentrations of PPGS in middle and high dose treatment
group were 0.6 and 1.2mg/kg, respectively. The cytokines
(malondialdehyde (MDA) and superoxide dismutase (SOD))
were tested by related testing kits.

2.6. The Effect on Lipopolysaccharide- (LPS-) Induced EC
Injury. After 24 h incubation, ECs were fused in adherent
monolayer way [11]. The adherent cells were randomly
divided into five groups the same as mentioned above. The
suspension was abandoned and renewed; related drug was
added into each group at the same time. After cell culture for
24 h at 37∘C with 5% CO

2
, the old medium was abandoned.

And 3mL serum medium containing 5𝜇g/mL of LPS was
added into each group. The cells in each group were washed
with PBS for 3 times 24 h later. Then 4% formaldehyde was
used to fix them for 30min. After washing for 3 times again
with PBS solution, Hoechst 33258 fluorescent staining with
the final concentration of 0.5𝜇g/mL was done for 10min
in the dark at room temperature. The residual staining
solution was discarded. The cellular washing was repeated
again for 3 times. The fluorescence in the dark was observed
in microscope at the wavelength of 350 nm. The cells in
five different fields of picture view and cell apoptosis were
calculated for each hole.

2.7. Statistical Analysis. Results were expressed in the form of
mean ± SEM. Data were analyzed by one-way ANOVA, fol-
lowed by Student’s two-tailed 𝑡-test for comparison between
two groups. 𝑃 < 0.05means statistically significant.

3. Result

3.1. Hypolipidemic Activity. After the treatment, the serum
level of HDL-C and TG did not change basically. From
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Table 1: The hypolipidemic effects of PPGS in atherosclerosis rabbit model (𝑛 = 6).

Groups TC LDL-C Lp(a)
Before After Before After Before After

Normal control 1.26 ± 0.25 1.40 ± 0.33 1.18 ± 0.26 1.26 ± 0.17 50.41 ± 10.33 67.32 ± 15.13

Model control 1.24 ± 0.31 12.18 ± 2.40 1.17 ± 0.24 10.46 ± 1.53 47.35 ± 15.16 643.72 ± 151.69

PPGS (0.8mL/kg/day) 1.31 ± 0.40 7.82 ± 4.13
∗∗

1.20 ± 0.31 6.42 ± 3.48
∗∗

49.52 ± 8.82 81.40 ± 26.73
∗∗

PPGS (1.6mL/kg/day) 1.38 ± 0.41 5.81 ± 1.92
∗∗

1.25 ± 0.27 4.61 ± 1.56
∗∗

51.9 ± 14.83 47.36 ± 15.39
∗∗

PPGS (3.2mL/kg/day) 1.32 ± 0.37 4.5 ± 2.11
∗∗

1.22 ± 0.25 3.45 ± 0.73
∗∗

46.68 ± 14.81 33.52 ± 12.68
∗∗

Note: compared with model control group, ∗∗𝑃 < 0.01.

Table 2: The effects of PPGS on HUASMCs proliferation and migration (𝑛 = 6).

Groups OD values Cells migration number 24 h
later (𝑛 = 3)12 h 24 h 48 h

Normal control 0.186 ± 0.024 0.202 ± 0.022 0.215 ± 0.027 39.1 ± 4.2

PPGS (0.3mg/kg) 0.172 ± 0.020 0.171 ± 0.024
∗

0.177 ± 0.019
∗

35.8 ± 4.6

PPGS (0.6mg/kg) 0.159 ± 0.022
∗

0.162 ± 0.017
∗∗

0.169 ± 0.015
∗∗

33.2 ± 4.3
∗

PPGS (1.2mg/kg) 0.138 ± 0.015
∗

0.141 ± 0.015
∗∗

0.155 ± 0.018
∗∗

30.6 ± 4.1
∗∗

Note: compared with model control group, ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01.

Table 1, the results of other parameters were showed. All
concentrations of PPGS were markedly effective on blood
lipids control (𝑃 < 0.01).

3.2. The Results of HE Staining in Atherosclerotic Model.
Aortic elastic membrane in normal diet group was integral.
Endothelium was close to the internal elastic membrane
arranged in neat rows, with smoothmuscle andmiddle elastic
membrane arranged in parallel. In model control group,
aortic intima was significantly thickening with a large accu-
mulation of foam cells. ECswere falling off or loosely attached
to the membrane surface. Intimal lesions had extensively
pathological changes with collagen fiber glass. Elastic fiber
was ruptured and disappeared as well. In PPGS subgroups,
compared with the thickening degree of aortic intima in
model control group, subendothelial gap was increased with
visible foam cells aggregation, but foam cells number was
significantly less than model control group. The structure of
medial membrane was basically integral with SMCs in the
same pole, as shown in Figure 1 (200x).

3.3. The Effects of PPGS on Foam Cell Number in Atheroscle-
rotic Model. As shown in Figure 2, PPGS could significantly
reduce the foam cells number in atherosclerosis model.

3.4.The Effect of PPGS on ECProliferation. ECswere cultured
in drug-containing medium for 12, 24, and 48 h. After that,
the OD values of culture supernatants in each group were
recorded.The results demonstrated that, compared with con-
trol group, there was no obvious effect on ECs proliferation
for PPGS subgroups (no data shown).

3.5. The Effect of PPGS on H
2
O
2
-Induced EC Injury. The

concentration of cytokines (MDA and SOD) expressed by EC
can indirectly respond to the injury degree of EC induced

by H
2
O
2
. Therefore, Figure 3 showed some data in detail to

prove the protection effect of PPGS on EC injury.MDA rising
meant that EC was damaged under the condition of H

2
O
2

oxidation.Meanwhile, the activity of SODwas also decreased.
PPGS had the protection effect to reverse oxidative injury.

3.6. The Effect on LPS-Induced EC Injury. After Hoechst
33258 fluorescent staining, the cell apoptosis could be iden-
tified with different color. Figure 4 identified that PPGS had
protection effect on LPS-induced cell apoptosis.

3.7. The Effect of PPGS on SMCs Proliferation. SMCs were
cultured in drug-containing medium for 12, 18, and 24 h.
The OD values of culture supernatants in each group were
tested (Table 2). The results demonstrated that, compared
with control group, there was obvious inhibition effect on
SMCs proliferation for PPGS subgroups (0.6 and 1.2mg/kg),
which also showed significant prevention activity on SMCs
migration (𝑃 < 0.05) (Table 2 and Figure 5).

4. Discussion

Inflammatory mediators may play an important role in the
occurrence and development process of atherosclerosis. This
study evaluated the effect of PPGS on high cholesterol-
bearing atherosclerosis model. The results showed that, after
the administration of PPGS, the blood levels of TC, LDL-
C, and Lp(a) were decreased but not TG or HDL-C. It
might mean that the hypolipidemic activities of PPGSmainly
focused on hypercholesterolemia.The LDL-Cwas also a kind
of lipoprotein composed of protein and cholesterol and was
sensitive to the concentration of cholesterol in blood.

For the ECs, there was no evidence showing that PPGS
had an effect directly on the ECs proliferation. But it had
some positive interaction with the ECs apoptosis and injury.
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(a) (b) (c)

Figure 1: Microscope camera drawing of HE staining on rabbit thoracic aorta (200x): (a) normal group; (b) model control group; (c)
3.2mL/kg/day PPGS group.
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Figure 2:The effects of PPGS after being administered continuously
for 8 weeks on foam cells number in atherosclerosis rabbit model
(𝑛 = 6).

The H
2
O
2
-induced cell injury may result into necrosis based

on strong oxidation reaction. And LPS was more focused
on cell apoptosis by inhibiting NOS activity and NO content
both inside and outside of cell, but increasing the intracellular
ROS level [12]. For another distinction based on physiological
response,H

2
O
2
-induced cell injurymay lead to inflammation

and thrombosis for its acute oxidation. But the chronic
oxidation effect of LPSmay finally lead to atherosclerosis and
plaque instability [13]. So the protection effects of PPGS on
both apoptosis and necrosis of ECs were really impressive,
which also indicated the primary mechanism of PPGS on
atherosclerosis for the first time.

It was learnt that PPGSwas composed of single monosac-
charide fructose with the relative molecular mass (Mr) of
7247 [14]. In this study, the purity of PPGS was up to 90%
and was good enough to evaluate the hypolipidemic activity
and antiatherosclerotic effect of PPGS initially. However,
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Figure 3: The impact of PPGS on EC injury and related cytokines
releasing (𝑛 = 6).
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(a) (b)

Figure 5: The crystal violet staining of HUASMCs on each group: (a) 1.2mg/kg PPGS subgroup and (b) control group (200x).

these activities in long-term period were still unknown,
whichmight bemore beneficial for clinical recommendation.
Besides, further studies onmore animalmodels with different
injury degree of blood vessels were still needed.

Therefore, PPGS might play important roles on antiathe-
rosclerosis in two different levels: (1) one is suppressing the
level of blood lipids directly, (2) and another is to protect
ECs from apoptosis and necrosis indirectly in cellular level
. Thereafter, its activities on smooth muscle cells or other
cytokines were also warranted. In one word, they all resulted
into the antiatherosclerosis effect of PPGS in cellular level and
animal model.
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Sanhua decoction (SHD) is a famous classic Chinese herbal prescription for ischemic stroke, and aquaporin 4 (AQP4) is reported
to play a key role in ischemic brain edema. This study aimed to investigate neuroprotection of SHD against focal cerebral
ischemia/reperfusion (I/R) injury in rats and explore the hypothesis that AQP4 probably is the target of SHD neuroprotection
against I/R rats. Lentiviral-mediated AQP4-siRNA was inducted into adult male Sprague-Dawley rats via intracerebroventricular
injection. The focal cerebral ischemia/reperfusion model was established by occluding middle cerebral artery. Neurological
examinations were performed according to Longa Scale. Brain water content, was determined by wet and dry weight measurement.
Western blot was adopted to test the AQP4 expression in ipsilateral hippocampus. After the treatment, SHD alleviated neurological
deficits, reduced brain water content and downregulated the expression of AQP4 at different time points following I/R injury.
Furthermore, neurobehavioral function and brain edema after I/R were significantly attenuated via downregulation of AQP4
expression when combined with AQP4-siRNA technology. In conclusion, SHD exerted neuroprotection against focal cerebral I/R
injury in rats mainly through a mechanism targeting AQP4.

1. Introduction

Stroke is the second leading cause of death worldwide, and
the absolute number of stroke patients and the overall global
burden of stroke are great and increasing in the past decades
[1]. Ischemic stroke is the most common type of stroke,
accounting for 60–80% of all types of strokes. However,
intravenous rt-PA is the only Food and Drug Administration
approved pharmacological therapy for acute ischemic stroke
within 4.5 h after stroke onset [2].Thus, the short therapeutic
window [2], low usage rate [3], and safety concerns [4] have
prompted a quest for additional therapeutic approaches to
acute ischemic stroke.

In China, where the population is 1.4 billion, stroke is
already the leading cause of death and adult disability [5].
Fortunately, the important distinction of China’s national
medical system and Western medicine is that traditional

Chinese medicine (TCM) can be responsible for the health
care of Chinese people [6]. TCM practitioners use herbal
medicines and various mind and body practices, such as
acupuncture and tai chi, to treat or prevent health dis-
orders. Sanhua decoction (SHD), a classic Chinese herbal
prescription for stroke, was first recorded in Suwen Bingji
Qiyi Baomingji (Plain Questions: Discourse on Mechanism for
Preserving Life) written by Liu Wansu during the periods of
Jin and Yuan Dynasties (1115-1368). In modern times, SHD
is still used continuously and widely for treatment of stroke
[7, 8]. However, the therapeutic mechanism of SHD against
acute ischemic stroke still remains unclear.

The water channel protein aquaporin 4 (AQP4), which
is the most abundant water channel in mammalian central
nervous system, is widely expressed in the ependymal cells
and glial membranes bordering the subarachnoidal space,
ventricles, and blood vessels [9]. Since it is the structure
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foundation of water homeostasis and transfer between glial
cells, cerebrospinal fluid, and blood vessels, AQP4 plays a
key role in maintaining brain water in equilibrium when
under physiological conditions, formation of brain edema,
and clearance of edema liquid when under pathological
conditions [10, 11]. For ischemic stroke, genetic deletion of
AQP4 ameliorated brain edema following focal ischemic
stroke [12]. Thus, modulating the expression of AQP4 after
ischemia stoke is a potential target for the treatment of
cerebral ischemic edema.

We proposed a hypothesis that downregulation of AQP4
probably is the target of SHD neuroprotection against I/R
injured rats. This study aims to investigate whether SHD
could alleviate neurological deficit and provide neuroprotec-
tive effects in MCAO induced rat model of focal cerebral I/R
injury mainly through a mechanism targeting AQP4.

2. Materials and Methods

2.1. Experimental Animals. Adult male Sprague-Dawley rats
weighing 230–280 g were provided by Shanghai Laboratory
Animal Center, CAS (SLACCAS) (NO., SCXK, Shanghai,
2010-0002). Animals were housed in the room with temper-
ature of 21–23∘C, relative humidity of 30–70%, and a 12 h
light/12 h dark cycle (lights on at 08:00 h). They had free
access to common forage and water. All experimental pro-
tocols and animal handling procedures were approved by the
local ethical committee for animal research and in accordance
with the Guide for the Care and Use of Laboratory Animals
issued by the National Academy of Sciences, Institute of
Laboratory Animal Resources, Commission on Life Sciences,
and National Research Council.

2.2. Preparation of SHD. SHD is composed of four kinds
of CHMs: (A) Radix et Rhizoma Rhei; rhubarb root and
rhizome (dahuang), the dried root of Rheum officinale Baill;
(B) Rhizoma et Radix Notopterygii; incised Notopterygium
Rhizome and root (qianghuo), the dried root of Notoptery-
gium incisum Ting ex H. T. Chang; (C) Fructus Aurantii
Immaturus; immature orange fruit (zhishi), the dried fruitlet
of Citrus aurantium L.; and (D) Cortex Magnolia officinalis;
officinal magnolia bark (houpu), the dried barks ofMagnolia
officinalis Rehd. et Wils. in the ratio of 4 : 2 : 1.5 : 2 on a dry
weight basis, respectively. All the CHMs are recorded in the
Chinese Pharmacopoeia. Firstly essential oils are extracted
and then decocted with water, extracted thrice, filtered, and
concentrated; the raw herbs were made into 1 g⋅mL−1 stock
solution. The stock solution was stored at 4∘C until use.

2.3. Experimental Design. A total of 280 rats were randomly
divided into seven groups: sham-operation (Sham) group,
cerebral ischemia/reperfusion (I/R) group, Sanhua decoction
(SHD) group, Vector group, AQP4-siRNA (RNAi) group,
Sanhua decoction + vector (SHD + Vec) group, and Sanhua
decoction + AQP4-siRNA (SHD + RNAi) group. Each group
was further divided into five subgroups based on different
time points.Three days before I/Rmodel establishment, SHD
were given to the rats in the three SHD-treated groups by

intragastric administration at a dose of 10 g⋅kg−1⋅d−1, once a
day till the rats were sacrificed. The other four groups were
given the same volume of normal saline. The experimental
design of the present studywas summarized in a flowdiagram
(Figure 1).

2.4. Focal Cerebral Ischemia/Reperfusion. The focal cerebral
ischemia was induced by middle cerebral artery occlusion
(MCAO) [13] as described previously in our group [14].
Briefly, the rats were anesthetized by intraperitoneal (i.p.)
injection with 10% chloral hydrate at a dose of 350mg⋅kg−1
after 12 h fasting. After cervical skin preparation and incision,
the left common carotid artery (CCA), as well as the external
carotid artery (ECA) and internal carotid artery (ICA), was
exposed and carefully separated from nerve and tissues.
The ECA was clipped and a nylon filament was inserted
from it into the lumen of ICA until the blunt tip reached
the origin of the MCA. The length of the inserted thread
was about 18.5mm ± 0.5mm from the CCA bifurcation.
Reperfusion was initiated by withdrawal of the occluding
filament after 120min of ischemia. The rats in the Sham
group were subjected to the same surgical procedure without
suture insertion. Heating pads were used to keep the operated
rats warm. A trained operator blinded to the experimental
design performed the reversible ischemic injury in animal
experiments.

2.5. Intracerebroventricular Injection. The lentivirus-
mediated aquaporin 4-small interfering RNA (AQP4-siRNA,
LV3-Aqp4-rat-543) and its vector were both obtained from
GenePharma (Shanghai, China). The target sequence of
AQP4-siRNA was 5-GCTCCTGGTGGAGCTAATAAT-
3. Two days before I/R surgery, AQP4-siRNA was
injected into the lateral ventricle of the ischemic side
by intracerebroventricular injection: after being anesthetized
by intraperitoneal injection of 10% chloral hydrate at a dosage
of 350mg⋅kg−1, the rats were mounted in a stereotactic frame
(Huaibei Zhenghua Biological Instrument Equipment
Co., LTD) and injected with AQP4-siRNA at the rate
of 1 𝜇L⋅min−1 with the volume of 10 𝜇L containing 5 𝜇g
AQP4-siRNA using the following stereotaxic coordinates
[15]: 0.8mm posterior to the bregma, 1.5mm left/right to
the midline, and 4.5mm ventral to the bregma. After the
injection, the needle remained in the target location for
5min to avoid the tracer reflux along the needle tract. The
corresponding control groups were given the same volume
of vector by intracerebroventricular injection.

2.6. Neurological Deficits Scores. Neurological deficits exam-
ination was conducted at 6 h, 1 d, 3 d, 7 d, and 14 d after reper-
fusion by an investigator who was blind to the experiment
design according to the five-point scale described previously
by Longa et al. [13] as follows: 0 indicated no neurolog-
ical deficit; 1 mild focal neurological deficit (contralateral
forelimb flexion upon lifting the animal tail); 2 moderate
focal neurological deficit (circling to the contralateral side
when crawling forward); 3 severe focal deficit (falling into the
contralateral side when crawling forward); 4 no spontaneous
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6h 1d 3d 7d 14d

Pseudo
MCAO

Figure 1: Flow diagramof the experimental protocols. Rats were randomly divided into seven groups.The focal cerebral ischemia/reperfusion
model was established in rats by occluding middle cerebral artery (MCAO) with suture for two hours and then extracting the suture. Sham-
operated group had the same operation but without suture insertion. In the SHD-treated group, the rats were administered with SHD for
3 days prior to MCAO. In some cases, rats were received by intracerebroventricular injection of either lentiviral-mediated AQP4-siRNA
or vehicle 48 hours before ischemic induction. As shown in this figure, neurological functions were observed and brains were collected at
indicated time points after reperfusion for brain water content, immunohistochemistry, and western blot analyses. I/R, ischemia/reperfusion
group; MCAO, middle cerebral artery occlusion; NS, normal saline; Sham, sham-operated group; SHD, Sanhua decoction-treated group;
SHD + RNAi, Sanhua decoction plus AQP4-siRNA-treated group; SHD + Vec, Sanhua decoction plus vector-treated group; RNAi, AQP4-
siRNA-treated group; Vector, vector-treated group.

crawling with a depressed level of consciousness or death.
Only rats with neurological scores of 1 to 3 were considered
successful models and used in the current study.

2.7. Calculation of Brain Water Content. Brain water con-
tent was measured by the wet/dry method [16]. Briefly, at
each indicated time point after reperfusion, the brains were
removed after terminal anesthesia and then divided into ipsi-
lateral and contralateral hemispheres. The two hemispheres
were weighed, respectively, both before and after drying
at 65∘C for 48 h. The brain water content was calculated
using the formula: brain water content = (wet weight −
dry weight)/wet weight × 100%.

2.8. Western Blotting Analysis. Western blot was adopted
to evaluate the expression level of AQP4 in ipsilateral

hippocampus. Whole cells of samples were lysed with RIPA
lysis buffer (P0013B, Beyotime Institute of Biotechnology,
Jiangsu, China) and the protein was determined with a BCA
kit (Beyotime Institute of Biotechnology, Jiangsu, China).
Equal amount of protein was separated by 10% Tris-glycine
SDS-PAGE polyacrylamide gel and transferred to polyvinyli-
dene fluoride membranes (Invitrogen, USA). After blocking
for 1.5 h with a 5% solution of skim milk (232100, BD-Difco,
USA), the membranes were incubated with the primary
antibodies polyclonal rabbit anti-AQP4 (1 : 1000; ab46182,
Abcam, USA) or polyclonal rabbit anti-GAPDH (1 : 1000;
AP0063, Bioworld Technology, USA) at 4∘C overnight, fol-
lowed by the horseradish peroxidase- (HRP-) linked anti-
goat antibody (1 : 10000; Boyun Biotech, Shanghai, China)
for 30–60min at room temperature. After washing with
Tris-buffered saline with 0.1% Tween-20 (Beyotime Institute
of Biotechnology, Jiangsu, China), the relative intensity of
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Figure 2: Neurological deficits after ischemia/reperfusion in rats
(𝑥 ± 𝑠, 𝑛 = 8). 𝑃 < 0.05, compared with CIR group; X

𝑃 <

0.05, compared with SHD group; ∗𝑃 < 0.05, compared with
SHD + Vec group; e

𝑃 < 0.05, compared with RNAi group.
CIR, cerebral ischemia/reperfusion group; Sham, sham-operated
group; SHD, Sanhua decoction-treated group; SHD+RNAi, Sanhua
decoction plus AQP4-siRNA-treated group; SHD + Vec, Sanhua
decoction plus vector-treated group; RNAi, AQP4-siRNA-treated
group; Vector, vector-treated group.

protein signalswas normalized to the correspondingGAPDH
intensity and was quantified by densitometric analysis with
the use of Quantity One software (Bio-Rad Laboratories,
USA).

2.9. Statistical Analysis. All experimental datawere presented
as mean ± standard deviation. Neurologic deficit score data
were analyzed using a nonparametric Mann-Whitney U
test. Paired t-test was used for the significant difference
of brain water content between ipsilateral and contralateral
hemispheres. Comparisons between multiple groups were
done by one-way analysis of variance (ANOVA) followed by
LSD-t-test. Statistical analyses were performedwith SPSS 13.0
for Windows (Chicago, IL, USA). Statistical significance was
set at 𝑃 < 0.05.

3. Results

3.1. SHDAlleviatedNeurological Deficits. Neurological scores
increased at 6 h after ischemia/reperfusion and peaked at
3 d and then descended gradually but remained higher than
normal at 14 d (Figure 2). Compared with Sham group, I/R
group showed significant differences at the time points of 6 h,
1 d, 3 d, and 7 d (𝑃 < 0.05). Compared with I/R group, SHD +
Vec group has significant differences at 3 d and 7 d (𝑃 < 0.05),
SHD group and RNAi group both showed significances at 1 d,
3 d, and 7 d (𝑃 < 0.05), and SHD + RNAi group presented
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Figure 3: Brain water content of the ipsilateral side after
ischemia/reperfusion in rats (𝑥 ± 𝑠, 𝑛 = 4). ◼𝑃 < 0.05, compared
with Sham group; 𝑃 < 0.05, compared with CIR group; X

𝑃 <

0.05, compared with SHD group; ∗𝑃 < 0.05, compared with
SHD + Vec group; e

𝑃 < 0.05, compared with RNAi group.
CIR, cerebral ischemia/reperfusion group; Sham, sham-operated
group; SHD, Sanhua decoction-treated group; SHD+RNAi, Sanhua
decoction plus AQP4-siRNA-treated group; SHD + Vec, Sanhua
decoction plus vector-treated group; RNAi, AQP4-siRNA-treated
group; Vector, vector-treated group.

statistical differences at 1 d, 3 d, 7 d, and 14 d (𝑃 < 0.05).
Compared with SHD group or SHD + Vec group, SHD +
RNAi group had significant differences at 1 d, 3 d, and 7 d
after I/R (𝑃 < 0.05). There were also statistical differences
between RNAi group and SHD + RNAi group at the time
points of 1 d and 3 d (𝑃 < 0.05). However, there was no
significant difference between SHD group and RNAi group,
Vector group and I/R group, SHD group and SHD + Vec
group, and RNAi group and SHD + Vec group, at all the time
points of 6 h, 1 d, 3 d, and 7 d (𝑃 > 0.05). Thus, SHD can
alleviate neurological deficits and its effect was amplified by
combination of AQP4-siRNA.

3.2. SHD Reduced Brain Water Content. Brain water
content of contralateral hemisphere had no difference
between groups (𝑃 > 0.05). In ipsilateral hemisphere,
it increased at 6 h after I/R and peaked at 3 d and then
descended gradually but remained higher than normal at 14d
(Figure 3). Compared with Sham group, I/R group and
Vector group both had significant differences at the time
points of 6 h, 1 d, 3 d, and 7 d (𝑃 < 0.05), RNAi group had
significant differences at 1 d and 3 d (𝑃 < 0.05), and SHD
+ RNAi group had significant differences at 3 d (𝑃 < 0.05).
Compared with I/R group, SHD group and SHD +Vec group
both had differences at 1 d, 3 d, and 7 d (𝑃 < 0.05), and RNAi
group and SHD + RNAi group both showed significances at
6 h, 1 d, 3 d, and 7 d (𝑃 < 0.05). Compared with SHD group
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Figure 4: Aquaporin 4 (AQP4) expression in the ipsilateral hip-
pocampus by western blot. CIR, cerebral ischemia/reperfusion
group; Sham, sham-operated group; SHD, Sanhua decoction-treated
group; SHD + RNAi, Sanhua decoction plus AQP4-siRNA-treated
group; SHD + Vec, Sanhua decoction plus vector-treated group;
RNAi, AQP4-siRNA-treated group; Vector, vector-treated group.

or SHD + Vec group, SHD + RNAi group had statistical
differences at 6 h, 1 d, and 3 d (𝑃 < 0.05). There was statistical
significance between RNAi group and SHD + RNAi group
at the time point of 3 d (𝑃 < 0.05) (Figure 3). Thus, SHD
can reduce brain water content and it was remarkable in
combination with AQP4-siRNA.

3.3. SHD Downregulated the Expression of AQP4. Expres-
sion of AQP4 was detected by WB analyses. The expres-
sion of AQP4 in the ipsilateral hippocampus increased at
6 h after ischemia/reperfusion and peaked at 3 d and then
descended gradually but remained higher than normal at 14 d
(Figure 4). Compared with Sham group, SHD + RNAi group
had statistical significances at 1 d and 3 d after I/R (𝑃 < 0.05),
and the other 5 groups all showed differences at each time
point after I/R (𝑃 < 0.05). Compared with I/R group, SHD
group and SHD + Vec group both had significant differences
at the time points of 3 d and 7 d (𝑃 < 0.05), RNAi group had
differences at 6 h, 1 d, 3 d, and 7 d (𝑃 < 0.05), and SHD+RNAi
group showed significance at each time point (𝑃 < 0.05).
SHD + RNAi group showed significant differences at each
time point after I/R when compared with SHD group, SHD +
Vec group, or RNAi group (𝑃 < 0.05) (Figure 5). Thus, SHD
can downregulate AQP4 expression in rat brain tissue and it
was more notable when combined with AQP4-siRNA.

4. Discussion

In the present study, we demonstrated that SHD treatment
could alleviate neurological deficit, reduce the brain water
content, and decline AQP4 expression in peripheral ischemic
lesions after I/R. Furthermore, neurobehavioral function
and brain edema after I/R were significantly attenuated via
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Figure 5: Western blot analyses of AQP4 expression in the ipsilat-
eral hippocampus after ischemia/reperfusion in rats (𝑥 ± 𝑠, 𝑛 = 4).
◼
𝑃 < 0.05, compared with Sham group; 𝑃 < 0.05, compared
with CIR group; X

𝑃 < 0.05, compared with SHD group; ∗𝑃 <
0.05, compared with SHD + Vec group; e

𝑃 < 0.05, compared
with RNAi group. CIR, cerebral ischemia/reperfusion group; Sham,
sham-operated group; SHD, Sanhua decoction-treated group; SHD
+ RNAi, Sanhua decoction plus AQP4-siRNA-treated group; SHD
+ Vec, Sanhua decoction plus vector-treated group; RNAi, AQP4-
siRNA-treated group; Vector, vector-treated group.

downregulation of AQP4 expression when combined with
AQP4-siRNA technology.

Transient suture-occluded MCAO method in rats is
the most common and preferred focal I/R injury model
for imitating human ischemic stroke [14]. Evaluation of
neurological function impairment after cerebral ischemia
according to Longa test with 5-point scale, which is highly
recommendedworldwide, was set up by the same author who
created transient MCAO with the suture [13]. In the present
study, this neurologic grading scale was applied to assess
the degree of neurological deficits following suture-occluded
MCAO for 2 h in rats. We found that SHD treatment notably
reduced neurological deficit scores in rats with MCAO.More
remarkable improvement for neurological deficits was shown
when combining SHD with AQP4-siRNA technology. These
findings suggest that SHD treatment promotes behavioral
functional recovery after ischemic stroke.WithAQP4-siRNA
technology, SHD had stronger and more stable effect on the
functional recovery.

Brain edema is detrimental because of its increasing
volume occupied consequences having a swelling effect on
adjacent tissues, and these effects were magnified by the fixed
volume of the skull. The tissues were compromised with
capillary inflow, leading to ischemia and edema formation
in reverse, causing a secondary injury in brain [17]. It is
broadly acknowledged that brain water content is practicable
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for evaluating brain edema using dry and wet method. In
the present study, we applied this weighing method with
Bolliot formula to assess the extent of brain edema after
cerebral ischemia. The data showed that brain water content
increased immediately after MCAO in rats, SHD treatment
could effectively inhibit the increase of water content, and
the combined effect of SHD treatment with AQP4-siRNA
had promoted decrease of water content more significantly.
These results suggested that brain edema rapidly formed in
the acute stage of I/R injury, which was obviously alleviated
by SHD treatment and more prominently attenuated by SHD
treatment integrated with AQP4-siRNA.

Although bumetanide [18], acetazolamide [19], and ery-
thropoietin [20]were proposed to decreaseAQP4 expression,
there are no specific therapeutic blockers to inhibit the AQP4
channel at present and such agents are vital to evaluating
the role and treatment of edema. In the present study, we
investigated the effect of SHDon expression levels of AQP4 in
hippocampus of I/R injured rats. Basically consistent with the
result of brain water content, the data showed that AQP4 was
upregulated and markedly expressed in the ipsilateral hemi-
sphere after I/R, SHD treatment significantly inhibited the
expression of AQP4, and such downregulated expression was
magnified by the combination of SHD with AQP4-siRNA.
Analyses of these results revealed that AQP4 was involved
in the formation of brain edema after cerebral ischemia, and
SHD treatment reduced AQP4 expression corresponding to
its protective effect against brain edema. With the AQP4-
siRNA technology, it provided further evidence that SHD
treatment likely exerts neuroprotective effects following cere-
bral ischemia mainly via blocking AQP4 channel [21].

SiRNA, a short 21–23-nucleotide double-stranded RNA
molecule that mediates sequence-specific gene silencing, was
performed in several animal studies as potential therapeutics
in acute brain injury, such as brain ischemia, brain hemor-
rhage, and traumatic brain injury [22–24]. Applying siRNA
to stroke patient in the near future, a very promising method
of therapy, is expected to lead to a global breakthrough in
improving functional recovery [21]. Direct transfection of
chemically synthetic siRNA and intracellular generation of
siRNA from plasmid or viral vectors which drive expression
of the precursor shRNA can both achieve RNAi that has been
widely used in gene research and therapy. Because of active
infection ondividing aswell as resting anddifferentiated cells,
viral DNA incorporated in the host genome, and relatively
low immunogenicity, lentiviruses are particularly suited for
long-term shRNA expression and gene silencing [25]. The
present experimental results showed that AQP4-siRNA with
intracerebroventricular injection could effectively reduce
neurologic deficit scores, as well as brain water content
in MCAO rats, and such benefits were amplified by the
combination of siRNAwith SHD treatment.The amelioration
of neurological functional recovery and reduction of brain
edema with AQP4-siRNA after brain injury was consistent
with that in the study by Fukuda et al. [26]. Thus, the neuro-
protection effect of SHDagainst I/R injurywasmainly carried
out by AQP4 blocking. However, the specific pathway of
downregulating AQP4 expression involved in SHD deserves

further exploration. In addition, vascular protection is the key
for development of therapeutic agents for stroke [27]. Thus,
whether SHD impacts the vascular factors related to ischemic
brain damage is worthy of further study.

In conclusion, the present study demonstrated that SHD
can improve neurological function deficits and reduce brain
water content after focal cerebral ischemia.Themechanismof
this neuroprotection by SHD after cerebral I/Rmainly targets
downregulation of AQP4 expression.
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Background. Chinese herbal medicine (CHM) has been used in the treatment of chronic heart failure (CHF) for a long time.
Treatment based on syndrome differentiation and the main characteristic of TCM is the fundamental principle of TCM practice.
In this study protocol, we have designed a trial to assess the efficacy and safety of CHM on CHF based on syndrome differentiation.
Methods/Design. This is a three-stage trial of CHM in the treatment of CHF. The first stage is a literature review aiming to explore
the common syndromes of CHF. The second is a multicentral, randomized, placebo-controlled trial to evaluate the efficacy and
safety of CHM for the treatment of CHF. The third is a multicentral, randomized controlled clinical trial aiming to make cost-
effectiveness analysis and evaluate the feasibility, compliance, and universality of CHM on CHF. Discussion. This trial will evaluate
the efficacy, safety, feasibility, compliance, and universality of CHM on CHF. The expected outcome is to provide evidence-based
recommendations for CHM on CHF and develop a prescription of CHM in the treatment of CHF. This trial is registered with
NCT01939236 (Stage Two of the whole trial).

1. Background

Heart failure, as the final stage of cardiac diseases, is an
abnormality of cardiac structure or function. This would
lead to the failure of the heart to deliver oxygen at a rate
commensurate with the requirements of the metabolizing
tissues, despite the normal filling pressures or increased filling
pressures [1]. In addition, according to the character of the
clinical manifestation, HF is divided into acute and chronic
HF. In 2003, a random sample survey of 15,518 urban or
rural residents from 35 to 74 years old was made in China:
the prevalence rate of heart failure was 0.9%, and according
to the result there were approximately 4 million HF targets
in China [2]. The diagnosis and treatment of cardiovascular

disease (CVD) have developed quickly in the past several
decades. The mortality of CVD has fallen down, except for
HF. Annual hospital discharge in subjects with a primary
diagnosis of HF has been rising steadily since 1975. And
now it has exceeded 1 million discharges per year, though
they may at last be leveling off in the United States [3, 4]. It
can be expected that the incidence of HF in China will be
in a significantly increasing trend, and the number of CHF
patients will increase in the future.

According to the guideline, the conventional therapeutic
approaches in HF management are angiotensin-converting
enzyme inhibitors (ACEIs), 𝛽-adrenergic blockers, and
diuretics [5]. However, side effects, such as electrolyte, fluid
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Table 1: Databases search strategies.

Databases Search terms

CNKI [(Mesh terms = heart failure) OR (Title = chronic heart failure) OR (Keywords = chronic heart failure)] AND [(Mesh
terms = syndrome) OR (Keywords = syndrome)]

CBM (Mesh terms = chronic heart failure OR Mesh terms = CHF ORMesh terms = chronic congestive heart failure OR Mesh
terms = chronic cardiac insufficiency) and ((Mesh terms = syndrome) or (Mesh terms = traditional Chinese medicine))

VIP
((Title or keywords: chronic cardiac insufficiency) OR (Title or keywords: CHF) OR (Title or keywords: chronic heart
failure) OR (Title or keywords: chronic congestive heart failure)) AND (Title or keywords: syndrome) AND (Title or
keywords: symptom) AND (Medicine and health) AND (All Periodicals) AND (Year: 1994–2008)

depletion, and hypotension, are common during the treat-
ment with western medicine [6]. Therefore, CHM, as an
alternative medicine, has been considered the treatment of
CHF with lower cost and fewer side effects.

In China, CHM has been used in the treatment of dis-
eases for thousands of years. Treatment based on syndrome
differentiation is the main characteristic and therapeutic
rule of TCM. Syndrome differentiation is the comprehensive
analysis of the clinical information gained by the four
main diagnostic TCM procedures—observation, listening,
interrogation, and pulse-taking, and it is used to guide the
choice of treatment byCHM.Many clinical studies [7–9] have
shown the efficacy of CHM on CHF. But in these studies,
the syndrome of the CHF patients was stationary, and the
formulation of CHM was in the form of capsule or injection.
They may not completely reflect the efficacy of CHM in the
treatment of CHF based on syndrome differentiation. This
trial aims to evaluate the efficacy and safety of CHM in the
treatment of CHF based on syndrome differentiation.

2. Objectives

The objective of this trial is to assess the efficacy and safety
of CHM on CHF based on syndrome differentiation and to
develop a prescription of CHM in the treatment of CHF
which could be generally used in community health service
centers.

3. Methods

3.1. Design. This is a three-stage, multicentral clinical trial in
the treatment of CHF. The first stage is a literature study and
aims to explore the common syndromes of CHF. The second
stage is a multicentral, randomized controlled clinical trial
with double-blindedmethod and aims to evaluate the efficacy
and safety of CHM based on syndrome differentiation. The
third stage is a multicentral, randomized controlled clinical
trial and aims tomake cost-effectiveness analysis and evaluate
the feasibility, compliance, and universality of CHM on CHF
based on syndrome differentiation.

3.1.1. Stage One. The first stage was to analyze the most
common syndromes of CHF. A flowchart of Stage One is
shown in Figure 1.

Inclusion Criteria for the Literature. The literatures included
should focus on clinical research of CHM or integrative
medicine on CHF.

Inclusion criteria 
for documents

Literature database

Summarize and classify

St
ag

e 1

CNKI CBM diskVIP

Manual search Computer search

Exclusion criteria 

January 1994 to January 2008

Figure 1: The flowchart of Stage One trial design.

The literatures should have integral data with exact data
information about CHF syndromes.

Exclusion Criteria for the Literature. If the content of articles
was identical and the study was identified to be the same one,
we select one article with the most complete information:

literature reviews,
case reports,
export advice,
the literature focusing on the analysis of pathogenesis
or the syndromes substantive,
the source of the literature being unknown or the
actual situation being clearly incompatible with the
clinical literature.

Search Range for Articles. We searched the China National
Knowledge Infrastructure Database (CNKI), the China Biol-
ogy Medicine Database (CBM), and the Chinese Science and
Technology Periodical Database (VIP) from January 1994
to January 2008. Databases search strategies are shown in
Table 1.

Search Methods. The literature search work was carried out
by 2 students independently in the same search terms.
After all work was accomplished, we checked the search
result and resolved the differences through discussion. If
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Table 2: The distribution of symptoms in 176 literatures.

Symptom Frequency Rate (%)
Palpitation 233 5.6
Shortness of breath 160 3.9
Edema 159 3.8
Lassitude 153 3.7
Thread pulse 146 3.5
Dyspnea 126 3.0
Wheeze 117 2.8
Pale tongue 111 2.7
Intermittent pulse 110 2.7
Knotted pulse 110 2.7
Oliguria 101 2.4
Sweating 100 2.4

the disagreements still could not be resolved, we invited
related experts for identification.

Selecting the Content of Related Literatures. We selected
records of CHF and syndromes and related information.

The Processing Methods of Selected Records. We picked out
TCM syndromes, symptoms, and signs in records and
attached the related information, such as paper title, journal
name, issue number, page count, and author.

All data were input into database established with Epidata
3.0. The frequency of common syndromes and symptoms
was analyzed. We encoded these common syndromes and
symptoms and regulated the related TCM terms. We unified
the TCM names or aliases with the same meaning but
different expression into uniform names.

Summarizing and Classifying the Findings of Literatures.
We summarized the clinical characteristics and distribution
of CHF common syndromes from the results of searched
records. There were 1432 literatures with full text search
in three databases. According to inclusion and exclusion
criteria, we selected 176 literatures from the three literature
databases. According to Clinical Terminology of Diagnosis
and Treatment for Traditional ChineseMedicine—Syndrome
Section and Pharmacy Terminology of Traditional Chinese
Medicine, with the suggestion of experts, we standardized all
symptoms and syndromes of CHF. There were twelve symp-
toms with more than 100 repetitions after standardization,
which were shown in Table 2. The top six symptoms are
yang deficiency, qi deficiency, blood stasis, water retention,
yin deficiency, and turbid phlegm, which were shown in
Table 3 [10]. Combinedwith the literature review and experts’
suggestions, we decided to make qi deficiency, blood stasis,
yang deficiency, and water retention as objects for the further
trial of Stages Two andThree.

3.1.2. Stage Two. The second stage of this trial was a multi-
central, randomized clinical trial with placebo-controlled and
double-blind methods. Figure 2 shows the trial flowchart.

Table 3: The distribution of syndromes in 176 literatures.

Syndrome Frequency Rate (%)
Yang deficiency 6489 18.57
Qi deficiency 6377 18.25
Blood stasis 5731 16.40
Water retention 3445 9.86
Phlegm syndrome 973 2.78

Allocation

Western medicine 

CHF patients eligible for 
inclusion

Placebo 
groupTCM group

Exclusion criteria 

Western medicine 
+ placebo for 4 weeks 

LVEF, 6MWT, TCM syndrome 
scores and NYHA functional 

classification

Outcome evaluation

Randomization (1 : 1)

St
ag

e 2
+ TCM for 4 weeks

Figure 2: The flowchart of Stage Two trial design.

Diagnostic Criteria

Diagnostic Criteria for CHF. Diagnostic criteria were as
follows: (1) diagnostic criteria of CHF: 2007 China Guideline
for the Diagnosis and Treatment of CHF [5]; (2) heart function
standard: The Criteria for Diagnosis and Treatment of Heart
Disease first published by the New York Heart Association
(NYHA) [11].

Diagnostic Criteria for TCM Syndrome Differentiation. Diag-
nostic criteria were as follows: TCM differentiation standard:
according to the Guiding Principles for the Clinical Study of
New Drugs in Traditional Chinese Medicine released in 2002
[12].

InclusionCriteria for Participants. Patients who accordedwith
diagnostic criteria were potentially eligible for the study if
they met the following criteria.

(i) The primary heart disease is CHD (with diagnosis for
CHD confirmed by coronary angiography, coronary
computed tomography, history of acute myocardial
infarction, limb-salvage Q wave for electrocardio-
gram (ECG), ECG test, radionuclide examination
support, etc.). The included patients should have no
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history of hypertension or taking antihypertensive
drugs, with a blood pressure under 160/100mmHg.

(ii) With a history of CHD, the following symptoms and
signs were observed: difficult breathing, fatigue, fluid
retention (edema), left ventricular enlargement, sys-
tolic volume of left ventricular increase with LVEF ≤
40%, and NYHA functional classification II or III.

(iii) Male or female patients should be between 40 and 75
years old.

If there was any violation of those criteria, the subject could
not participate in this research.

Exclusion Criteria for Participants. Patients would be
excluded if they met one of the following criteria.

(i) Patients with one of the following diseases: (1) acute
valvular heart disease; (2) pericardial disease; (3)
cardiomyopathy; (4) congenital heart disease; (5)
acutemyocardial infarction (AMI) within four weeks;
(6) cardiac shock; (7) acute myocarditis or serious
arrhythmia with variation in hemodynamics.

(ii) Patients who suffer from pulmonary artery hyperten-
sion caused by cor pulmonale, pulmonary embolism,
or stroke within a half year.

(iii) Patients who suffer from serious hepatic insufficiency
(the index of liver function being 2 times the normal
one), renal insufficiency (Ccr > 20%, Scr > 3mg/dL,
or 265 𝜇mol/L), diseases of blood system, malignant
tumor, diabetes mellitus with serious complications,
hyperthyrea, or hypothyrea.

(iv) Patients who suffer from infection, fever, or patients
meeting one of the following criteria: the numeration
of leukocyte being more than 10×109/L, the percent-
age of neutrophil granulocyte being more than 85%;
patchy shadows in X-ray of chest.

(v) Pregnant women and women in lactation.
(vi) Patients with mental disorders or related infections.
(vii) Patients who took part in other trials within two

months before the present study.

Sample Size.The sample size calculation is based on prophase
clinical study (31 cases, 13 in CHM group and 18 in placebo
group), standard deviation of experimental group (𝑆

𝑒
) =

25.84718, standard deviation of control group (𝑆
𝑐
) = 32.54499,

mean of experimental group (𝑥
𝑒
) = 39.07692, mean of control

group (𝑥
𝑐
) = 32.54499, and the number of control group (𝑐) =

1. The following formula is used to calculate the sample size:
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The estimated number of subjects in each group was
98.18012, and 196.36024 subjects are needed in two groups.
The number was increased to 215.18012 assuming amaximum
dropout rate of less than or equal to 10%, and a total of 220
subjects were included (110 subjects in each group).

Randomization. A total number of 220 participants were
randomly assigned with a ratio of 1 : 1 to CHM or placebo
group according to random number sequence. Stratified
blocked randomizationwas taken to insure the balance of two
groups.

Blinding. In this stage, the double-blind design was used.
Drugs for CHM and placebo groups were prepared and
provided by Beijing Kangren Tang Pharmaceutical Co., Ltd.
(Beijing, China). In CHMgroup, drugs of four syndromes (qi
deficiency, blood stasis, water retention, and yang deficiency)
were prepared, while the placebo was provided in the same
character, smell, and weight as the drugs for CHM group.
Drugs of each syndrome were prepared as granules without
decoction. The CHM drugs and placebo were numbered
according to a random figure table which was blinded to both
the doctors and the patients. Participants were provided with
CHM or placebo based on their syndrome differentiation
at the beginning and two weeks later. They took CHM or
placebo twice per day for four weeks.

Setting. In this stage, participants were admitted into seven
hospitals of four provinces in China: (1) Dongfang Hospital
Affiliated to Beijing University of Chinese Medicine; (2)
The Affiliated Hospital to Changchun University of TCM;
(3) Guang’anmen Hospital Affiliated to China Academy of
Chinese Medicine Sciences; (4) Hubei Provincial Hospital of
TCM; (5) Wuhan Hospital of TCM; (6) Yichang Hospital of
TCM; (7) Zhengzhou Hospital of TCM.

Interventions. According to the guideline for chronic heart
failure [5], standardized western medicine treatment, such
as angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin-receptor blockers (ARBs), 𝛽-blockers, and
diuretics, could be used for patients in CHM and placebo
groups as basic therapy. The dosages of all medicines used
are following the guideline for CHF [5].

The recipe for qi deficiency was composed of Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao
(huangqi, 60 g) and Codonopsis pilosula (Franch.) Nannf.
(dangshen, 15 g).

The recipe for blood stasis was composed of Salvia milti-
orrhiza Bge. (danshen, 15 g), Paeonia lactiflora Pall. (chishao,
15 g), Prunus davidiana (Carr.) Franch. (taoren, 10 g), and
Carthamus tinctorius L (honghua, 10 g).

The recipe for water retention was composed of Alisma
orientalis (Sam.) Juzep. (zexie, 10 g), Polyporus umbellatus
(Pers.) Fries (zhuling, 15 g), Plantago asiatica L. (cheqianzi,
10 g), and Descurainia sophia (L.) Webb. ex Prantl (tinglizi,
10 g).

The recipe for yang deficiencywas composed ofCinnamo-
mum cassia Presl (rougui, 4.5 g) and Aconitum carmichaelii
Debx. (zhifuzi, 10 g).
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Table 4: The timeline of participants’ course through Stage Two.

Items
Baseline Treatment
Visit 1 Visit 2 Visit 3
0 weeks 2 weeks 4 weeks

Inclusion/exclusion ∙

Informed consent ∙

Grouping ∙

Medical history collection ∙

General information ∙

Medication history ∙

Physical examination ∙

Complicating diseases ∙

Drug release ∙ ∙

TCM syndrome scores ∙ ∙ ∙

NYHA functional classification ∙ ∙ ∙

6-minute walk test ∙ ∙ ∙

LVEF ∙ ∙ ∙

X-ray ∙

Routine urine test ∙ ∙

Liver function test ∙ ∙

Renal function test ∙ ∙

Electrolytes ∙ ∙

Electrocardiogram ∙ ∙ ∙

Side effect ∙ ∙

Table 6 lists the names of the CHM drugs in Chinese and
English. All CHM herbs were verified by high-performance
liquid chromatography (HPLC).

Patients in placebo group received placebo which was
the same in shape, size, taste, weight, and package as CHM
granules. CHMdrugs and placebo were prepared as granules.
Granules quality met internal control standards of Beijing
Kangren Tang Pharmaceutical Co., Ltd. (Beijing, China),
and complied with GMP (Good Manufacturing Practice)
standards. Patients were treated with CHM or placebo
granules twice per day for four weeks based on syndrome
differentiation.

Participants were prohibited from taking other Chinese
medicine during the treatment period.

The drugs for the treatment of hypertension (HBP),
diabetes mellitus, dyslipidemia, and other diseases could be
used reasonably. And the reason, name, and dosage should
be recorded in detail.

Outcome Measurements. The primary outcome measure was
left ventricular ejection fraction (LVEF). Secondary outcome
measurements were 6-minute walk test (6MWT), traditional
Chinese medicine syndrome scores, and New York Heart
Association (NYHA) functional classification. Side effects
were to be monitored during the trial period. Many biolog-
ical indicators (blood routine examination, liver function,
kidney function, and ECG) were tested before and after the
treatment. The timeline of participants through Stage Two is
shown in Table 4.

Allocation

Western medicine 

CHF patients eligible for 
inclusion

Control 
groupTCM group

Exclusion criteria 

Western medicine 
for 4 weeks

LVEF, 6MWT, TCM syndrome scores, NYHA 
functional classification, feasibility, cost-

Randomization (1 : 1)

St
ag

e 3

+ TCM for 4 weeks

Outcome evaluation

effectiveness analysis, compliance, and universality

Figure 3: The flowchart of Stage Three trial design.

Statistical Analysis. Data were analyzed on the Intention-
to-Treat (ITT) analysis and the per-protocol set (PPS) for
coherence. The basic characteristics were compared with
independent samples 𝑡-test for continuous variables and chi-
square analyses for categorical variables. Repeated-measure
ANOVA was used for the evaluation of the primary and
secondary outcomes. The measurement data were expressed
as mean ± standard deviation for us to check the data of all
groups with normal test and homogeneity of variance test.
Results were shown with 95% confidence intervals (CIs). The
level of significance was set at 0.05. If 𝑃 < 0.05, there were
statistical differences. All tests were 2-tailed.

3.1.3. Stage Three. If the efficacy of CHM on CHF is better
than placebo in Stage Two, we will conduct Stage Three
to evaluate the feasibility, compliance, and universality and
make cost-effectiveness analysis of CHM on CHF based on
syndrome differentiation. A flowchart of the third stage is
shown in Figure 3.

Diagnostic Criteria

Diagnostic Criteria for CHF. Diagnostic criteria are the same
as those of Stage Two.

Diagnostic Criteria for TCM Syndrome Differentiation. Diag-
nostic criteria were the same as those of Stage Two.

InclusionCriteria for Participants. Patients who accordedwith
diagnostic criteria were potentially eligible for the study if
they met the following criteria.

(i) The primary heart disease is CHD (with diagnosis for
CHD confirmed by coronary angiography, coronary
computed tomography, history of acute myocardial
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infarction, limb-salvage Q wave for electrocardio-
gram (ECG), ECG test, radionuclide examination
support, etc.). The included patients also had no
history of hypertension or taking antihypertensive
drugs, with a blood pressure under 160/100mmHg.

(ii) With a history of CHD, the following symptoms
and signs were observed: difficult breathing, fatigue,
and fluid retention (edema), with left ventricular
enlargement, along with increasing of left ventricular
end systolic volume and LVEF ≤ 50%, with NYHA
cardiac function II or III.

(iii) Male or female patients should be between 40 and 75
years old.

If there is any violation of those criteria, the subject could
not participate into this research.

Exclusion Criteria for Participants. Exclusion criteria were the
same as those in Stage Two.

Sample Size.This design in this stage is to show the superiority
of TCM based on syndrome differentiation. The ratio in this
stage is 1 : 1. The sample size calculation is based on LVEF
of Stage Two. To calculate the sample size, we will use the
following formula (𝛿 = 2):

𝑛 =

((𝑍
1−𝑎/2
+ 𝑍
1−𝛽
)

2

∗ (𝜎
2

1
+ 𝜎
2

2
))

(𝜀 − 𝛿)
2

.
(2)

And the maximum dropout is 10%.

Randomization. All participants in this stagewill be randomly
distributed to CHM or placebo group according to random
number sequence.

Setting. In this stage, five or more centers will take part in the
trial.

Interventions. Besides standardized western medicine treat-
ment, participants in CHM group will receive CHM based
on syndrome differentiation. Control Group will receive
standardized western medicine only.

CHM granules will be prepared as in Stage Two.

Outcome Measurements. In this stage, the primary outcome
measurement is LVEF. Secondary outcome measurements
are 6MWT, TCM syndrome scores, and NYHA functional
classification. Meanwhile, the feasibility, cost-effectiveness
analysis, compliance, and universality will be evaluated or
performed. Feasibility and universality investigation of this
research will be executed by the questionnaire of doctors and
patients; compliance evaluation will be executed by the ratio
between the actual amount of medication and the supposed
amount in CHM group; cost effectiveness will be conducted
by the ratio between the different improved condition of
LVEF and treatment costs. Side effects will be monitored
during the trial period. Biological indicators (blood routine
examination, liver function, kidney function, and ECG) will

Table 5: The timeline of participants’ course through Stage Three.

Items
Baseline Treatment
Visit 1 Visit 2 Visit 3
0 weeks 2 weeks 4 weeks

Inclusion/exclusion ∙

Informed consent ∙

Grouping ∙

Medical history collection ∙

General information ∙

Medication history ∙

Physical examination ∙

Complicating diseases ∙

Drug release ∙ ∙

TCM syndrome scores ∙ ∙

NYHA functional classification ∙ ∙

6-minute walk test ∙ ∙

LVEF ∙ ∙

X-ray ∙

Routine urine test ∙ ∙

Liver function test ∙ ∙

Renal function test ∙ ∙

Electrolytes ∙ ∙

Electrocardiogram ∙ ∙

Feasibility ∙

Cost-effectiveness analysis ∙

Compliance ∙

Universality ∙

Side effect ∙ ∙

Table 6: List of CHMs used in the study.

Syndrome
differentiation

English translation of
CHM Chinese script

Qi deficiency Huangqi 黄芪

Dangshen 党参

Blood stasis

Danshen 丹参

Chishao 赤芍

Taoren 桃仁

Honghua 红花

Water retention

Zexie 泽泻

Zhuling 猪苓

Cheqianzi 车前子

Tinglizi 葶苈子

Yang deficiency Zhifuzi 制附子

Rougui 肉桂

be tested before and after the treatment. The timeline of
participants through Stage Three is shown in Table 5.

Statistical Analysis. Data will be analyzed on the Intention-
to-Treat (ITT) analysis and the per-protocol set (PPS) for
coherence. The basic characteristics will be compared with
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independent samples 𝑡-test for continuous variables and chi-
square analyses for categorical variables. The measurement
data will be expressed as mean ± standard deviation for us
to check the data of all groups with normal test and variance
homogeneity test.The changes inmeasurement data between
baseline and the assessment for four weeks will be performed
with independent samples 𝑡-test. The categorical variables
will be compared with chi-square analyses. Safety analysis
will be conducted. Results will be shownwith 95% confidence
intervals (CIs). The level of significance will be set at 0.05. If
𝑃 < 0.05, there will be statistical differences. All tests will be
2-tailed.

3.2. Ethical Issue of Stages Two and Three. The trial is con-
ducted according to the guidelines of the Declaration of
Helsinki and is approved by the Ethics Committee of Dong-
fang Hospital Affiliated to Beijing University of Chinese
Medicine (number 201002102). All participants have been
asked to provide informed consent before participating in the
trial.

3.3. Quality Control of Stages Two andThree. Research work-
book will be formulated. Before the beginning of this stage,
all investigators will be trained and tested according to
conformance standard. Drugs in this trial will be identified
by pharmaceutical manufacturing sector and prepared in
accordance with national technical standards procedures.
Drugs will be marked only for clinical trial, which cannot
be sold. The investigators in clinical centers will take charge
of the usage of drugs. The usage record of drugs should
include the following information: quantity, shipment, deliv-
ery, acceptance, distribution, recycling, and destruction.

In order to achieve the same detection methods, the
physicians for 6MWT evaluation and echocardiography will
be trained together. Clinical research associates will test the
research progress of all clinical centers.

4. Discussion

CHF is a major public health problem all over the world.
Western medicine has been used widely but has many
common side effects [6]. In China, the integrated traditional
andwesternmedicine has been used for the treatment of CHF
for a long time, and its efficacy has been seen in many clinical
trials [13]. However, there is insufficient evidence to support
the efficacy of CHM based on syndrome differentiation.

In TCM, patients are treated with different therapies
based on their syndrome differentiations. Therefore, the key
factor of this trial is to find out the common syndromes
of CHF patients. At the first stage, we searched the most
common syndromes.

This is the first randomized clinical trial on CHF with
CHMbased on syndrome differentiation.The aim of this trial
is to develop a prescription of CHM in the treatment of CHF
which could be used in community health service centers. So
in Stage Two, we tested the efficacy and safety of CHM on
CHF with a double-blind, randomized, placebo-controlled

clinical trial. In Stage Three, we will test the feasibility, cost-
effectiveness analysis, compliance, and universality of those
CHMs, which have showed positive sign in efficacy and safety
in Stage Two. And finally, according to the result of Stages
Two and Three, we will decide whether this CHM treatment
proposal for CHF should be generalized in community health
service centers or not in the future.

In conclusion, we want to evaluate the efficacy, safety,
feasibility, cost-effectiveness analysis, and universality of
CHM treatment on CHF based on syndrome differentiation
with three stages. The achievement of this trial will provide
evidence-based data for CHM, which is helpful for the
application of CHM on CHF.

Trial Status. Stages One and Two of this trial have been
accomplished. Stage Three will be started in November 2013
and will be completed in September 2014.
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The aimof this study is to extract indicators that are associatedwith the heat/nonheat and excess/deficiency patterns in stroke pattern
identification through the large-scale analysis of clinical data. Two experts, whohadmore than three years of clinical experiencewith
stroke, independently performed the pattern identification. We analyzed indicators of clinical data with two doctors’ concurrent
diagnoses on the patient’s pattern identification. To verify heat/nonheat and excess/deficiency patterns, which are the basic elements
of pattern identification,we grouped 960 patients diagnosed as the fire-heat pattern, theYin deficiency pattern, and theQi deficiency
pattern in to two groups, the heat/nonheat group and the excess/deficiency group. We then extracted significant indicators using
univariate and multivariate analysis. As a result of the comparison of 65 indicators, we were able to extract 10 indicators for the
heat pattern, 6 for the nonheat pattern, 9 for the excess pattern, and 10 for the deficiency pattern. Extracted indicators in this study
can be used for pattern identification in the context of stroke. These are positive indicators from large-scale clinical studies and are
greatly expected to be crucial discriminant indicators in individual pattern identification henceforth.

1. Introduction

In Korea, many stroke patients receive traditional medical
care because the country has its own system of traditional
alternative medicine called traditional Korean medicine
(TKM), the role ofwhich has been emphasized in strokeman-
agement [1]. In TKM and traditional Chinese medicine
(TCM), disease is defined as a condition with collapsed equi-
librium. TKM doctors make it a rule to restore the imbalance
to treat diseases. Pattern identification, a unique diagnostic
system of TKM and TCM [2], is the process of overall anal-
ysis of clinical data to determine the location, cause, and
nature of a patient’s disease with an integrative viewpoint that
involves the etiology, pathology, and treatment method [3].

There aremany classifications in stroke pattern identification,
including organ pattern identification, eight-pattern identi-
fication, and qi-blood identification. However, the basic ele-
ments of pattern identification, such as the discrimination of
excessive/deficiency and heat/nonheat patterns, are the same.
There were several previous studies on pattern identification,
such as a study that diagnosed IBS with the excess/deficiency
pattern [4], a study on the period of menstruation [5],
and study on traditional Chinese medicine syndromes in
women with a frequently recurring cystitis [6]. However,
these studies have many limitations because they did not use
validated criteria for their TCM diagnoses and hence the
reliability of the work. And there are 2 studies that examined
reliability of 8-principle diagnosis [7]. However, no study was
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found to evaluate actual clinical data and extract meaningful
indicators. These studies focused only on pattern of disease.
Therefore, we adopted an alternative approach, which is
to group research subjects into broad categories based on
essential patterns of the TCMdiagnosis, such as heat/nonheat
and excess/deficiency patterns, rather than a detailed TCM
diagnosis. First, we made indicators of pattern identification
for stroke using Delphi process that is a practical way of
generating consensus from a group of expert practitioners
[8]. Next, based on the clinical data from a multicenter,
large population, the Korean Standard Differentiation of the
Symptoms and Signs of Stroke involved 5 categories: the fire-
heat pattern, the damp-phlegm pattern, the Yin deficiency
pattern, theQi deficiency pattern, and the blood stasis pattern
[9, 10]. Blood stasis patternwas excluded due to rare diagnosis
(𝑛 = 89). Therefore, we extract significant clinical indicators,
which affect two pairs of distinct patterns of TCM diagnosis
in stroke through data of four patterns: the fire-heat pattern,
the damp-phlegm pattern, the Yin deficiency pattern, and the
Qi deficiency pattern.

2. Participants and Methods

2.1. Participants. This study was a community-based mul-
ticenter trial. We collected data on stroke patients who
had been hospitalized in fifteen oriental medicine university
hospitals nationwide from November 2006 to February 2010.
Inclusion criteria included having acute stroke with a neuro-
logical deficit that persisted for over 24 hours; being finally
diagnosed as stroke by imaging, including computerized
tomography and magnetic resonance imaging; and agreeing
to participatewithin 30 days of stroke onset. In addition, there
were exclusion criteria. Exclusion criteria included traumatic
stroke, including epidural hemorrhage and subdural hemor-
rhage; degenerative brain disease; a stroke concomitantwith a
brain tumor; and patients unable to communicate symptoms.

2.2. Data Collection and Gold Standard for Inclusion. We
utilized the case report form (CRF) with a high reliability,
collected data on the symptoms and signs, and recorded the
score on the 3-point Likert scale for the standardization of
stroke diagnosis that had been developed by an expert com-
mittee organized by theKorean Institute ofOrientalMedicine
(KIOM). The principle of symptoms and signs of each pat-
terns extraction was as follows. First, we reflected the char-
acteristic of stroke symptoms to exclude its own symptoms
such as hemiparesis, dysphagia, dysarthria, and facial palsy.
Second, we identified stroke patterns based on the present
state of TKM clinically. Also we considered the association
with the previous studies. Finally, we reflected the recent
trend of stroke in TKM literature. And two independent
physicians conducted this pattern identification. The gold
standard was set up as two physicians’ concurrent diagnosis
which is an identical pattern as a result of diagnostic decision
of two TKM physicians. The physicians had at least three
years of clinical experiences with stroke and identified the
PI of each participating patient. We used data from 960
patients who were diagnosed as the fire-heat pattern, the Yin

deficiency pattern, or the Qi deficiency pattern. All of the
involved researchers received formal training with standard
operation procedures (SOPs) twice a year to exclude all of the
possible individual differences.

2.3. Assumption for the Extraction of Clinical Indicators of
the Heat/Nonheat Pattern and the Excess/Deficiency Pattern.
We assumed that the three patterns (the fire-heat pattern,
the Yin deficiency pattern, and the Qi deficiency pattern)
lie on either side of the space that consists of two axes:
the excess/deficiency axis and the heat/nonheat axis. As
coldness is mentioned in neither the classical literatures nor
the common opinion from the experts, we assumed only the
existence and nonexistence of heat. However, this assumption
only focused on stroke.We thought normal heat/cold pattern
discrimination was replaced by heat/absence of heat signs
because cold is not a recognized feature in PI for stroke,
while heat is a common pattern and a method is needed to
discriminate heat signs.

With the exception of the damp-phlegm pattern and
blood stagnation pattern, which are taken as pathological
products, we suppose that the fire-heat pattern involves the
excess and heat patterns, the Qi deficiency pattern involves
deficiency and nonheat patterns, and the Yin deficiency
pattern involves deficiency and heat patterns.

2.4. Set-Up of an Independent Variable and a Dependent Var-
iable. Among 65 clinical indicators, those with an appear-
ance of less than 5% of the frequency were excluded. Each
indicator was established as an independent variable after
conversion to the binary form (existence and nonexistence
of symptoms or signs). Dependent variables were grouped
into two (heat/nonheat and excess/deficiency patterns): the
fire-heat pattern and the Yin deficiency pattern to the heat
pattern; the fire-heat pattern to the excess pattern; and the
Yin deficiency pattern and the Qi deficiency pattern to the
deficiency pattern.

2.5. Statistical Analysis. A univariate cross tabulation was
performed for all of the independent variables and the binary
dependent variables. We adopted multilogistic regression
analysis for the indicators that showed a significant difference
after univariate analysis. The analysis was performed using
SAS, version 5.1.

3. Results

3.1. Number of Participants. The patients included consisted
of 444 patients with the fire-heat pattern, 207 with the Yin
deficiency pattern, and 313 with the Qi deficiency pattern
(Table 1).

3.2. Selection of Variables to Be Involved in an Analysis. Six
clinical indicators of the 65 indicators on the CRF that
appeared at a frequency of less than 5% were found: darkish
complexion, headache like flush, headache with nausea,
stabbing headache, bluish purple tongue, and purple spots on
the tongue.This clinical considerationwas generally executed
prior to multivariate analysis.
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Table 1: Demographic parameters of enrolled participants.

Characteristics QD YD FH 𝑃

𝑁 313 207 440
Sex (M/F) 107/206 91/116 334/106 <0.0001
Age (year) 67.37 ± 11.53 69.27 ± 12.37 65.75 ± 11.98 0.0019
Smoking (none/stop/active) 41/40/232 40/32/135 170/107/163 <0.0001
Drinking (none/stop/active) 68/31/214 58/19/130 214/55/171 <0.0001
Weight (kg) 56.66 ± 9.19 56.97 ± 11.25 64.97 ± 10.78 <0.0001
BMI (kg/m2) 22.74 ± 2.99 22.87 ± 4.43 24.16 ± 3.0 <0.0001
Waist circumference (cm) 84.57 ± 8.81 82.77 ± 9.16 88.33 ± 9.34 <0.0001
WHR 0.93 ± 0.11 0.93 ± 0.15 0.95 ± 0.10 NS
TOAST classification

LAA 51 47 117 0.0073
CE 20 15 34
SVO 182 95 199
SOE 7 7 5
SUE 14 10 22

Medical history
TIA (𝑛, %) 26 (8.31) 20 (9.66) 35 (7.99) NS
Hypertension (𝑛, %) 180 (57.51) 123 (59.42) 258 (58.77) NS
Hyperlipidemia (𝑛, %) 35 (11.18) 18 (8.70) 54 (12.33) NS
Diabetes (𝑛, %) 82 (26.20) 47 (22.71) 116 (26.48) NS
Heart disease (𝑛, %) 17 (5.43) 12 (5.80) 26 (5.92) NS

Data was expressed as frequencies for categorical variables and expressed as mean ± standard deviation for continuous variables. YD: Yin deficiency; QD: Qi
deficiency; FH: fire-heat; NS: not significant. 𝑃 values were calculated by chi-square test or ANOVA.

3.3. Univariate and Multivariate Analysis to Extract Clinical
Indicators for the Heat Pattern and the Nonheat Pattern. After
performing a multivariate analysis on the clinical indicators
that had a significant difference in univariate analysis, we
determined nine important clinical indicators: reddened
complexion, blood-shot eyes, aphtha or tongue sore, fetid
mouth odor, yellow fur, strong purse, surging purse, heat
vexation and aversion to heat, and obesity. These factors
displayed odds ratios greater than 1.0. Ten important clinical
indicatorswere as follows: drowsiness, like to lie down, feeling
powerless and lazy, pale complexion, pale face and malar
flush, pale tongue, teeth-marked tongue,mirror tongue, weak
purse, fine purse, and frequent urination. These factors dis-
played odds ratios of less than 1.0 (Table 2). Whole results of
univariate andmultivariate analysis to extract clinical indica-
tors for the heat pattern and the nonheat pattern were shown
in Supplemental Table 1 available online at http://dx.doi.org/
10.1155/2014/869894.

3.4. Univariate and Multivariate Analyses to Extract Clinical
Indicators in the Excessive Pattern and Deficiency Pattern.
After performing amultivariate analysis on clinical indicators
that displayed a significant difference on univariate analysis,
we identified nine important clinical indicators: pale face and
malar flush, reddened complexion, red eye, aphtha or tongue
sore, fetid mouth odor, red tongue, dry fur, rapid purse,
heat in the palms and soles, and gauntness (odds ratio >
1.0). We identified ten important clinical indicators: looking
powerless and lazy, pale complexion, low voice, white fur,

teeth-marked tongue, and weak purse (odds ratio < 1.0)
(Table 3). Whole results of univariate and multivariate analy-
sis to extract clinical indicators for the excessive pattern and
deficiency pattern were shown in Supplemental Table 2.

3.5. Comparison of the Clinical Indicators That Explain the
Heat/Nonheat Pattern and Excess/Deficiency Pattern. Com-
paring the results of the heat/nonheat pattern with those
of the excess/deficiency pattern, four indicators were found
for both heat and excess patterns: reddened complexion,
red eye, aphtha or tongue soreness, and fetid mouth odor.
Three indicators (pale complexion, teeth-marked tongue, and
weak purse) were found in both nonheat and the deficiency
patterns (Table 4).

4. Discussion

We provide important information for treatment by extract-
ing clinical indicators that have reasonable and objective
access to the heat/nonheat pattern and excess/deficiency
pattern in acute stroke patients and present the relative risk.
There are many diagnostic systems (e.g., organ pattern iden-
tification, eight-pattern identification, and qi-blood identi-
fication) in TKM [11], but they share certain features. The
distinction between excessive/deficiency and heat/nonheat
patterns are fundamental to pattern identification. Thus, it
is indispensable for the identification of the heat/nonheat
pattern and the excess/deficiency pattern. The potential
advantages of this approach are the following: it may be easier
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Table 2: Results of multivariate analysis in excessive pattern and deficiency pattern.

Clinical indicator Deficiency Excessive cOR (95% CI) P aOR (95% CI) P
q01 2 46 (8.85) 70 (15.91) 0.615 (0.286, 1.322) NS 0.721 (0.236, 2.198) NS
q01 3 146 (28.08) 58 (13.18) 2.346 (1.222, 4.507) 0.0104 2.881 (1.007, 8.243) 0.0485
q02 1 308 (59.23) 133 (30.23) 1.689 (0.94, 3.032) NS 1.888 (0.713, 4.995) NS
q02 2 345 (66.35) 125 (28.41) 1.382 (0.762, 2.507) NS 1.073 (0.386, 2.984) NS
q03 1 1 179 (34.42) 22 (5) 2.947 (1.178, 7.375) 0.0209 2.826 (0.622, 12.835) NS
q03 1 2 123 (23.65) 64 (14.55) 1.179 (0.537, 2.587) NS 0.754 (0.23, 2.467) NS
q03 1 3 14 (2.69) 3 (0.68) 2.772 (0.42, 18.321) NS 0.759 (0.055, 10.523) NS
q03 1 4 90 (17.31) 32 (7.27) 2.646 (1.09, 6.425) 0.0315 2.302 (0.58, 9.135) NS
q03 1 5 60 (11.54) 284 (64.55) 0.2 (0.094, 0.424) <0.0001 0.103 (0.03, 0.353) 0.0003
q03 2 79 (15.19) 39 (8.86) 1.33 (0.622, 2.842) NS 0.461 (0.142, 1.493) NS
q04 3 2 15 (2.88) 31 (7.05) 0.139 (0.046, 0.42) 0.0005 0.157 (0.023, 1.05) NS
q05 1 275 (52.88) 190 (43.18) 1.279 (0.78, 2.099) NS 1.169 (0.538, 2.54) NS
q06 1 74 (14.23) 90 (20.45) 0.859 (0.466, 1.585) NS 2.504 (0.899, 6.973) NS
q06 2 207 (39.81) 71 (16.14) 1.623 (0.858, 3.07) NS 1.552 (0.505, 4.774) NS
q07 1 1 23 (4.42) 37 (8.41) 0.306 (0.119, 0.79) 0.0144 0.133 (0.03, 0.584) 0.0075
q07 1 2 59 (11.35) 111 (25.23) 0.439 (0.228, 0.844) 0.0135 0.331 (0.122, 0.9) 0.0304
q07 4 157 (30.19) 182 (41.36) 0.515 (0.314, 0.842) 0.0082 0.679 (0.323, 1.429) NS
q08 1 1 138 (26.54) 38 (8.64) 3.625 (1.229, 10.692) 0.0196 4.806 (0.962, 24.009) NS
q08 1 2 221 (42.5) 147 (33.41) 2.079 (0.806, 5.364) NS 1.703 (0.402, 7.222) NS
q08 1 3 140 (26.92) 224 (50.91) 0.81 (0.319, 2.054) NS 0.626 (0.149, 2.626) NS
q08 2 1 101 (19.42) 216 (49.09) 0.281 (0.14, 0.563) 0.0003 0.487 (0.159, 1.488) NS
q08 2 2 244 (46.92) 136 (30.91) 0.809 (0.437, 1.498) NS 1.466 (0.553, 3.883) NS
q08 3 1 102 (19.62) 201 (45.68) 0.56 (0.32, 0.98) 0.0422 0.439 (0.188, 1.026) NS
q08 4 1 102 (19.62) 110 (25) 2.073 (1.178, 3.647) 0.0114 2.011 (0.841, 4.808) NS
q08 5 1 85 (16.35) 40 (9.09) 2.317 (1.122, 4.784) 0.0231 4.518 (1.616, 12.632) 0.004
q08 5 4 34 (6.54) 15 (3.41) 4.956 (1.61, 15.257) 0.0053 15.977 (1.97, 129.6) 0.0095
q10 1 128 (24.62) 150 (34.09) 0.657 (0.389, 1.108) NS 1.572 (0.672, 3.679) NS
q11 1 205 (39.42) 146 (33.18) 1.799 (1.1, 2.941) 0.0193 2.598 (1.166, 5.788) 0.0195
q11 3 115 (22.12) 125 (28.41) 0.927 (0.543, 1.581) NS 0.92 (0.412, 2.052) NS
q12 4 73 (14.04) 86 (19.55) 0.683 (0.369, 1.262) NS 1.262 (0.463, 3.446) NS
q13 1 47 (9.04) 18 (4.09) 1.403 (0.532, 3.695) NS 2.322 (0.443, 12.154) NS
q14 1 1 116 (22.31) 189 (42.95) 0.957 (0.517, 1.772) NS 0.398 (0.148, 1.068) NS
q14 1 2 232 (44.62) 94 (21.36) 1.726 (0.934, 3.189) NS 1.318 (0.508, 3.419) NS
q14 2 1 127 (24.42) 38 (8.64) 1.097 (0.525, 2.294) NS 1.619 (0.504, 5.204) NS
q14 2 2 137 (26.35) 199 (45.23) 0.637 (0.371, 1.095) NS 0.668 (0.285, 1.564) NS
q14 3 1 108 (20.77) 297 (67.5) 0.494 (0.271, 0.9) 0.0212 0.441 (0.176, 1.104) NS
q14 3 2 298 (57.31) 55 (12.5) 2.026 (1.037, 3.957) 0.0388 2.024 (0.726, 5.642) NS
q14 4 229 (44.04) 23 (5.23) 6.098 (3.055, 12.172) <0.0001 3.416 (1.208, 9.659) 0.0205
q14 5 90 (17.31) 161 (36.59) 0.912 (0.544, 1.528) NS 0.755 (0.334, 1.71) NS
q14 7 13 (2.5) 96 (21.82) 0.093 (0.034, 0.254) <0.0001 0.087 (0.02, 0.38) 0.0012
q15 1 208 (40) 292 (66.36) 0.503 (0.308, 0.821) 0.006 0.341 (0.156, 0.744) 0.0069
q15 2 1 49 (9.42) 74 (16.82) 1.411 (0.68, 2.927) NS 0.782 (0.272, 2.249) NS
q15 2 2 35 (6.73) 69 (15.68) 0.423 (0.192, 0.931) 0.0327 0.853 (0.256, 2.848) NS
q15 2 3 85 (16.35) 29 (6.59) 2.074 (0.959, 4.484) NS 2.55 (0.781, 8.33) NS
q16 1 1 76 (14.62) 125 (28.41) 0.44 (0.246, 0.786) 0.0056 0.391 (0.138, 1.113) NS
Data was expressed as yes (%). Excessive: fire-heat pattern; deficiency: Qi deficiency pattern and Yin deficiency Pattern; cORmeans crude odds ratio and aOR
means odds ratio adjusted by sex, age, BMI, WHR, smoking, and drinking status. NS: not significant.

for physicians to agree on the fundamental pattern types
than on complex pattern types; it captures the important and
essential factors for stroke pattern identifications; and it can
be applied to herbal formulas based on herbal pharmacol-
ogy. We tried to find clinical data that could identify the
heat/nonheat pattern and excess/deficiency pattern by using
the Korean Standard Differentiation of the Symptoms and
Signs for Stroke that grouped similar patterns into 5 patterns

in the context of stroke at TKM. Dissimilar to the previous
pattern identification (PI) with 5 patterns agreed upon by
stroke experts, we adopted PI with 3 patterns, in which the
Damp-phlegm pattern and Blood stagnation pattern were
eliminated [12].

To extract indicators that can distinguish heat/nonheat
based on thismodel, we set up Fire-heat/Yin deficiency versus
Qi deficiency as independent variables. To extract indicators
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Table 3: Results of multivariate analysis in heat pattern and nonheat pattern.

Clinical indicator Heat Nonheat cOR (95% CI) 𝑃
aOR (95% CI) 𝑃

q01 2 97 (14.99) 19 (6.07) 2.891 (1.119, 7.464) 0.0283 1.471 (0.369, 5.868) NS
q01 3 103 (15.92) 101 (32.27) 0.74 (0.416, 1.319) NS 0.63 (0.259, 1.532) NS
q02 1 233 (36.01) 208 (66.45) 0.729 (0.397, 1.337) NS 0.579 (0.235, 1.43) NS
q02 2 229 (35.39) 241 (77) 0.409 (0.219, 0.764) 0.005 0.516 (0.213, 1.249) NS
q03 1 1 43 (6.65) 158 (50.48) 0.205 (0.112, 0.375) <0.0001 0.279 (0.112, 0.694) 0.006
q03 1 4 105 (16.23) 17 (5.43) 5.985 (2.764, 12.961) <0.0001 4.776 (1.591, 14.335) 0.0053
q03 1 5 321 (49.61) 23 (7.35) 4.581 (2.402, 8.735) <0.0001 6.929 (2.589, 18.547) 0.0001
q03 2 69 (10.66) 49 (15.65) 0.801 (0.419, 1.531) NS 1.025 (0.372, 2.824) NS
q04 3 2 40 (6.18) 6 (1.92) 2.034 (0.487, 8.495) NS 1.854 (0.267, 12.87) NS
q05 1 288 (44.51) 177 (56.55) 0.916 (0.52, 1.614) NS 1.022 (0.436, 2.394) NS
q06 1 130 (20.09) 34 (10.86) 1.191 (0.618, 2.292) NS 0.946 (0.316, 2.83) NS
q06 2 131 (20.25) 147 (46.96) 0.496 (0.279, 0.88) 0.0165 0.361 (0.141, 0.921) 0.0329
q07 1 1 48 (7.42) 12 (3.83) 2.203 (0.796, 6.096) NS 2.863 (0.572, 14.328) NS
q07 1 2 138 (21.33) 32 (10.22) 2.727 (1.324, 5.614) 0.0065 2.713 (0.917, 8.023) NS
q07 4 250 (38.64) 89 (28.43) 0.958 (0.583, 1.576) NS 0.794 (0.388, 1.624) NS
q08 1 1 62 (9.58) 114 (36.42) 0.425 (0.145, 1.25) NS 0.974 (0.197, 4.817) NS
q08 1 2 228 (35.24) 140 (44.73) 0.657 (0.24, 1.8) NS 1.516 (0.337, 6.814) NS
q08 1 3 318 (49.15) 46 (14.7) 3.119 (1.102, 8.826) 0.0321 9.338 (1.918, 45.477) 0.0057
q08 2 1 269 (41.58) 48 (15.34) 2.023 (0.987, 4.148) NS 2.688 (0.952, 7.588) NS
q08 2 2 205 (31.68) 175 (55.91) 0.436 (0.239, 0.795) 0.0067 0.478 (0.202, 1.132) NS
q08 3 1 235 (36.32) 68 (21.73) 0.812 (0.452, 1.461) NS 0.633 (0.27, 1.48) NS
q08 4 1 178 (27.51) 34 (10.86) 2.175 (1.151, 4.111) 0.0167 4.771 (1.71, 13.318) 0.0028
q08 5 1 61 (9.43) 64 (20.45) 0.46 (0.242, 0.877) 0.0182 0.264 (0.106, 0.662) 0.0045
q08 5 4 41 (6.34) 8 (2.56) 3.018 (0.902, 10.102) NS 6.052 (1.018, 35.979) 0.0478
q09 1 131 (20.25) 44 (14.06) 1.829 (0.715, 4.68) NS 1.151 (0.303, 4.368) NS
q09 3 99 (15.3) 26 (8.31) 0.81 (0.254, 2.575) NS 1.356 (0.277, 6.639) NS
q10 2 140 (21.64) 45 (14.38) 1.164 (0.632, 2.143) NS 1.455 (0.571, 3.709) NS
q11 3 184 (28.44) 56 (17.89) 1.199 (0.679, 2.12) NS 1.356 (0.607, 3.031) NS
q14 1 1 241 (37.25) 64 (20.45) 0.971 (0.502, 1.876) NS 1.336 (0.503, 3.551) NS
q14 1 2 162 (25.04) 164 (52.4) 0.472 (0.26, 0.855) 0.0133 0.491 (0.202, 1.191) NS
q14 2 1 70 (10.82) 95 (30.35) 1.376 (0.704, 2.691) NS 1.619 (0.582, 4.504) NS
q14 2 2 285 (44.05) 51 (16.29) 3.207 (1.763, 5.833) 0.0001 3.874 (1.625, 9.235) 0.0022
q14 3 1 350 (54.1) 55 (17.57) 1.34 (0.679, 2.644) NS 1.049 (0.387, 2.846) NS
q14 3 2 149 (23.03) 204 (65.18) 0.434 (0.231, 0.816) 0.0096 0.365 (0.144, 0.921) 0.0328
q14 4 114 (17.62) 138 (44.09) 0.933 (0.532, 1.636) NS 2.03 (0.847, 4.86) NS
q14 5 201 (31.07) 50 (15.97) 1.503 (0.82, 2.755) NS 2.104 (0.887, 4.993) NS
q14 7 101 (15.61) 8 (2.56) 2.97 (1.003, 8.795) 0.0495 2.55 (0.554, 11.732) NS
q15 1 390 (60.28) 110 (35.14) 1.446 (0.885, 2.364) NS 1.517 (0.7, 3.112) NS
q15 2 1 107 (16.54) 16 (5.11) 4.983 (1.857, 13.37) 0.0014 6.95 (1.646, 29.345) 0.0083
q15 2 2 87 (13.45) 17 (5.43) 0.988 (0.417, 2.341) NS 0.502 (0.146, 1.727) NS
q15 2 3 54 (8.35) 60 (19.17) 0.51 (0.253, 1.027) NS 0.569 (0.204, 1.586) NS
q15 3 85 (13.14) 22 (7.03) 1.61 (0.675, 3.84) NS 1.383 (0.384, 4.986) NS
q16 1 1 161 (24.88) 40 (12.78) 1.597 (0.799, 3.191) NS 1.877 (0.626, 5.63) NS
q16 1 2 140 (21.64) 47 (15.02) 1.731 (0.83, 3.61) NS 1.06 (0.362, 3.102) NS
Data was expressed as yes (%). Heat: fire-heat pattern and Yin deficiency pattern; Nonheat: Qi deficiency pattern; cORmeans crude odds ratio and aORmeans
odds ratio adjusted by sex, age, BMI, WHR, smoking, and drinking status. NS: not significant.

that could distinguish the excessive/deficiency pattern, Yin
deficiency/Qi deficiency and fire-heat patterns were used as
independent variables. Clinical data that did not show a
significant difference on the chi-square test or that had a total
frequency less than 5% were excluded. The others were set
as the independent variables in a logistic regression analysis

and verified the statistical influence of independent variables
on dependent variables.

As a result of the logistic regression analysis, 5 signs and
1 symptom in the excess/deficiency pattern and 8 signs and
6 symptoms in the heat/nonheat pattern were extracted as
significant clinical data. This is because the signs like pulse
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Table 4: Comparison of clinical indicators that explain heat/non-
heat pattern and excess/deficiency.

Excess Deficiency

Heat
Reddened complexion

Red eye
Aphtha or tongue-sore
Fetid mouth odor

Nonheat
Pale complexion,

Teeth-marked tongue
Weak purse

and the tongue indicatorsweremainlyweighted by physicians
[13–15]. Physicians diagnose the heat/nonheat pattern and
the excess/deficiency pattern by inspecting the existence and
nonexistence of these indications. The mere extraction of
indicators has certain limitations. It would be beneficial for
providing the standardization of TKM in stroke and for
evidence-basedmedicine if wemade it possible to assess these
factors quantitatively and qualitatively in further studies.

In conclusion, this is the first study aimed to extract
objective indicators to differentiate the heat/nonheat pattern
and excess/deficiency pattern on the basis of clinical data.
This demonstrates how to establish major patterns on a spe-
cific disease, how to divide the groups for comparison
according to their components, and how to extract significant
clinical indicators using amultivariate analysis. Although this
study relates to stroke only, this approach has the potential
to be applicable to other diseases because it adopts pattern
identification, which is an essential diagnostic procedure in
TKM treatment.

This study enables us to obtain clinical evidence on pat-
tern diagnosis, which was entirely dependent on the previ-
ous literature or expert opinions, and makes it possible to
execute evidence-based diagnosis. It is highly likely that
we will be able to use more obvious diagnostic evidence
from systematic clinical trials in the future as fundamental
studies evolve and treatment results accumulate. However,
there are some limitations. This study shows only 5 patterns
among the various possible patterns of TKM. It does not
systematically reflect basic elements in PI from its inception
but rather applied a Delphi technique to conventional PI.
In this study, we analyzed only the cases that were not
assessed to have accompanying patterns. Many physicians,
however, understand the possibility of more than 2 patterns
during PI and apply it to the clinical field [16, 17]. However,
these accompanying patterns are complex. For that reason,
this study excluded the accompanying patterns from the
analysis and extracted important indicators of each pattern
preferentially. Another limitation lies in the variation among
raters, which is referred to frequently in TKM research. We
made a great effort to minimize error by preparing SOPs and
allowed raters to consult more than two SOPs.
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Recent studies demonstrated thatmitochondria play an important role in the cardiovascular system andmutations ofmitochondrial
DNA affect coronary artery disease, resulting in hypertension, atherosclerosis, and cardiomyopathy. Traditional Chinese medicine
(TCM) has been used for thousands of years to treat cardiovascular disease, but it is not yet clear how TCM affects mitochondrial
function. By reviewing the interactions between the cardiovascular system, mitochondrial DNA, and TCM, we show that
cardiovascular disease is negatively affected by mutations in mitochondrial DNA and that TCM can be used to treat cardiovascular
disease by regulating the structure and function of mitochondria via increases in mitochondrial electron transport and oxidative
phosphorylation, modulation of mitochondrial-mediated apoptosis, and decreases in mitochondrial ROS. However further
research is still required to identify the mechanism by which TCM affects CVD and modifies mitochondrial DNA.

1. Introduction

At present, the anatomical paradigm of medicine and the
Mendelian paradigmof genetics have failed to interpret antic-
ipated genetic causes of common age-related diseases that
include diabetes and metabolic syndrome, Alzheimer’s dis-
ease, Parkinson’s disease, cardiovascular disease (CVD), and
cancer [1]. Nevertheless, with the development of medicine,
mitochondrial biology and genetics have become excellent
candidates for expanding these anatomical and Mendelian
paradigms to reveal the complexities of CVDs that have
become a worldwide problem [2]. Thus, the mitochondrial
paradigm (a complementary concept to Mendelian genetics)
is a paradigm of CVD susceptibility and cellular function [3].

Mitochondria are linked to the cardiovascular system.
The heart is highly dependent for its function on oxidative
energy generated in mitochondria, primarily by fatty acid
beta-oxidation, the respiratory electron chain, and oxidative
phosphorylation. The ability to utilize oxygen drives the
development and evolution of the cardiovascular system in
multicellular organisms [4]. Mitochondria are evolutionary

endosymbionts derived from bacteria and contain DNA sim-
ilar to bacterial DNA. Restructuring of the protomitochon-
drial genome included the transfer of virtually all 1500 genes
of the mitochondrial genome into chromosomal nuclear
DNA; mitochondrial DNA (mtDNA) retains 13 polypeptide-
encoding genes, 2 rRNA genes, and 22 tRNA genes [5]. For
those mtDNA-encoded proteins is either an electron or a
proton carrier of oxidative phosphorylation. Mitochondria
are recognizing sensors of oxygen and fuel and producers of
heat and ATP. They generate reactive oxygen species, acting
as signaling hubs with their redox-based signals reaching the
cell membrane and the nucleus, and they regulate calcium
and effective inducers of cell death (apoptosis) [5]. Notably,
mtDNA deletion is significantly associated with loss of atrial
adenine nucleotides. Atrial concentrations of ATP, ADP,
AMP, and total adenine nucleotides were significantly lower
in patients with deletions than those in patients without
deletions [6].

Mutations of mtDNA are associated with several clinical
manifestations affecting different systems. By virtue of the
functional role of mitochondria in energy metabolism and
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reactive oxygen species production, mutations inmtDNA are
potential candidate risk factors for cardiovascular disorders.
This has led to the mitochondrial paradigm in which it has
been proposed thatmtDNAsequence variation contributes to
susceptibility to CVD. In addition, defects in mitochondrial
structure and function are associated with CVDs, such as
dilated and hypertrophy cardiomyopathy, cardiac conduction
defects and sudden death, ischemic and alcoholic cardiomy-
opathy, and myocarditis [7].

Traditional Chinese medicine (TCM) has been in use for
over 2500 years and has historically established itself as a
system of holistic medical care in China [8]. What is more,
Chinese medicine and integrative medicine health provision
in conventional medical clinics and hospital settings have
emerged worldwide [9–11]. TCM is known to efficiently
prevent and cure CVD and other illnesses, as well as have a
habilitative, strengthening effect on the body. However, the
mechanisms by which TCM alleviates CVD are not clearly
understood. Now unrecognizedmitochondrial pathways and
new therapeutic strategies for the treatment of CVD by TCM
are systematic survey. If this strategy proves successful, it may
have been prescient that a major concept in the parlance of
Mitochondria is chi, which loosely translates as vital force or
energy [5].

2. Coronary Artery Disease

Coronary artery disease (CAD) is one of themost widespread
and common causes of death in theworld. It is amultifactorial
process that appears to be caused by the interaction of
environmental risk factors with multiple predisposing genes.
An increase in oxidative stress in CVD may be responsible
for the accumulation of mtDNA damage in CAD patients.
Reactive oxygen species (ROS) can damage mtDNA and this
may cause tissue dysfunctionality, leading to early events in
CVD.

Recent evidence suggests that a specific mtDNA deletion
of 4977 bp, 3243A>G, and 16189T>C is associated with
myocardial dysfunction and bioenergetic deficits. In numer-
ous studies, a significant higher incidence of mtDNA 4977
was observed in CAD patients than in healthy subjects,
and the relative degree of deletion was higher in CAD
patients than in the control group [12]. Relative quantifica-
tions showed that the amount of mtDNA (4977) deletion
was greater and that telomere length was shorter in CAD
patients [13]. Of the most conventional risk factors, smoking
and dyslipidemia have the strongest association with the
degree of mtDNA (4977) deletion and significantly correlate
with telomere attrition [13]. In addition, cardiac diseases
are frequently detected among sudden natural deaths, with
mtDNA 4977-deletion present more frequently in victims of
sudden natural death than in subjects who died of unnatural
causes [14].

In other studies, mitochondrial dysfunction may affect
autonomic regulatory systems more directly; the A3243G
mitochondrial DNA mutation [15] and individuals with the
3243A>G mutation in mtDNA have abnormalities in the
spectral and fractal characteristics of heart rate variability,
which suggest altered cardiac autonomic regulation [16].

The mitochondrial DNA variant 16189T>C is also associated
with CAD and myocardial infarction in Saudi Arabs. The
impact of mtDNA polymorphism on CAD manifestation
is influenced by important confounders, particularly the
presence ofmyocardial infarction, hypertension, and age [17].

3. Hypertension

Essential hypertension (EH), a polygenic, multifactorial, and
highly heterogeneous disorder of unknown etiology, is the
most common CVD in the world. Several studies have noted
that mtDNA variation has become an additional target in
the investigation of potential EH heritability. To assess the
contribution of themitochondrial genome to EH, researchers
performed a systematic, extended screening of hypertensive
individuals to identify potentially pathogenic mtDNA muta-
tions. Of these mtDNA mutations, mt-transfer RNA (tRNA)
was a mutational hotspot for pathogenic mutations asso-
ciated with EH. Mutant mtDNA aggravates mitochondrial
dysfunction, critically contributing to clinical phenotypes
[18]. Moreover, the sequence of the entire mitochondrial
genome in probands from 20 pedigrees was recently ana-
lyzed. Comparison with the reference “Cambridge” sequence
revealed a total of 297 base changes, including 24 in ribosomal
RNA (rRNA) genes, 15 in transfer RNA (tRNA) genes,
and 46 amino acid substitutions [19]. The presence of the
m.14484T>C mutation was reported in a Chinese family
with maternally inherited EH. Mitochondrial respiration
rate and membrane potential were reduced in lymphoblas-
toid cell lines established from affected members carrying
m.14484T>C. There was a compensatory increase in mito-
chondrial mass in these mutant cell lines [20]. In addition,
the 4435A>G mutation may act as an inherited risk factor
for the development of hypertension in this Chinese pedigree.
A failure in mitochondrial tRNA metabolism, caused by the
4435A>G mutation, led to an approximately 30% reduction
in the rate of mitochondrial translation [21]. Furthermore,
uncommon/rare variants were identified by sequencing the
entiremitochondrial genome of 32 unrelated individuals with
extreme hypertension and genotyping 40 mitochondrial sin-
gle nucleotide polymorphisms in 7219 individuals. The non-
synonymous mitochondrial single nucleotide polymorphism
5913G>A in the cytochrome c oxidase subunit 1 of respiratory
complex IV was significantly associated with blood pressure
and fasting blood glucose levels [22]. In addition, the data
provide support for a maternal effect on hypertension status
and quantitative systolic hypertension, which is consistent
with a mitochondrial influence. The estimated fraction of
hypertensive pedigrees that were potentially the result of
mitochondrial effects was 35.2%. Mitochondrial heritabil-
ities for multivariable-adjusted long-term average systolic
hypertension and diastolic hypertension were 5% and 4%,
respectively [23].

4. Cardiomyopathy

Dilated cardiomyopathy (DCM) is one of the most frequent
forms of primary myocardial disease and the third most
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common cause of heart failure. Recent studies suggest that
mtDNA mutations and mitochondrial abnormalities may be
contributing factors for the development of DCM. Defects
in mtDNA, both deletions and tRNA point mutations, are
associated with cardiomyopathies [24]. In a study some
patients had heteroplasmicmtDNAmutations [24]. Research
also suggests that TNF-alpha-induced heart failure may be
associated with reduced mtDNA repair activity [25]. A novel
duplication in the mitochondrially encoded tRNA proline
genewas found in a patient with dilated cardiomyopathy. Part
of this duplication is localized within the tRNA proline gene
that can act against oxidative stress and regulate the balance
of reactive oxygen species within cells. The patient was
described as having DCM and a novel mtDNA duplication.
Sequencing of the mtDNA control region was performed,
and a 15 bp duplication was observed between nucleotides
16,018 and 16,032 [26]. Five patients with CM shared a novel
homoplasmic point mutation, and all of them demonstrated
the evolutionarily related D-loop sequence of mitochondria
[27]. At present, 13 types of mutations in subunits of the
mitochondrial respiratory chain complexes are associated
with cardiomyopathy and they include Cyt b 14927A>G,
Cyt b 15236A>G, Cyt b 15452A>G, Co I 6521C>G, Co II
7673A>G, ND I 3394T>C, ND 6 13258A>T, and ND 6
14180T>C [28].

Additionally, left ventricular noncompaction cardiomy-
opathy (LVNC) is a rare congenital cardiomyopathy that is
associated with mutations in mtDNA, as mtDNA copy num-
ber and mtDNA content were lower in the myocardium of
LVNC patients, with abnormal mitochondrial morphology,
suggesting that mitochondrial dysfunctionmay be associated
with the etiology of LVNC [29]. In addition, mtDNA muta-
tions in patients with beta myosin heavy chain- (beta MHC-)
linked hypertrophic cardiomyopathy (HCM) are present in
individuals who develop congestive heart failure. Although
beta MHC gene mutations may be determinants of HCM
and both of the mtDNA mutations in these patients are
known prerequisites for pathogenicity. Coexistence of other
genetic abnormalities in beta MHC-linked HCM, including
mtDNA mutations, may contribute to variable phenotypic
expression and explain the heterogeneous behavior of HCM
[30]. Therefore, mtDNA is a key player in the pathogenesis
of cardiomyopathy and has provided new mechanism-based
approaches to therapy [31].

5. Heart Failure

Heart failure (HF) is the end stage of various types of CVDs
whose mortality rate is considerably high. The advent of
the mitochondrial paradigm has provided important insights
into the mechanisms underlying HF. Results of studies show
an intimate link between ROS, TNF-alpha, mtDNA damage,
and defects in electron transport function, which may lead
to the additional generation of ROS and might also play an
important role in the development and progression of left
ventricle remodeling and HF [32].

Excessive ROS produced by electron leaks from mito-
chondria in failing myocardium play an important role
in the development and progression of HF and cardiac

remodeling [33]. Mitochondrial electron transport is an
enzymatic source of oxygen radical generation and is also a
target of oxidant-induced damage [34]. Chronic increases in
oxygen radical production in the mitochondria can possibly
lead to a catastrophic cycle of mtDNA damage as well as
functional decline, further oxygen radical generation, and
cellular injury. ROS directly impair contractile functions by
modifying proteins central to excitation-contraction cou-
pling and activate a broad variety of hypertrophy signaling
kinases and transcription factors and mediate apoptosis.
Moreover, ROS stimulate cardiac fibroblast proliferation and
activate matrix metalloproteinases, leading to extracellular
matrix remodeling. ROS also play an important role in the
pathophysiology of cardiac remodeling and heart failure [34–
36]. Another study using Southern blot analysis showed that
mtDNA copy number relative to a nuclear gene (18S rRNA)
preferentially decreases by 44% after myocardial infarction,
which was associated with a parallel decrease in the mtDNA-
encoded gene transcripts, including subunits of complex I
(ND1, 2, 3, 4, 4L, and 5), complex III (cytochrome b), complex
IV (cytochrome c oxidase), and rRNA (12S and 16S) [32].

Therefore, oxidative stress andmtDNA damage are excel-
lent therapeutic targets. Overexpression of peroxiredoxin-3
(Prx-3), mitochondrial antioxidants, or mitochondrial tran-
scription factor A (TFAM) could ameliorate the decline in
the mtDNA copy number in failing hearts. Consistent with
alterations in mtDNA, the decrease in oxidative capacity may
also be prevented [36].

ROS can damage mtDNA and thus lead to mitochondrial
dysfunction and additional generation of ROS. Overexpres-
sion of TFAM, which is essential for mtDNA transcription
and replication, ameliorates cardiac remodeling and failure
[33]. Overexpression of TFAM attenuates the decrease in
mtDNA copy number after myocardial infarction, amelio-
rates pathological hypertrophy, and markedly improves the
chances of survival. TFAM also protects the heart from
mtDNA deficiencies and attenuates left ventricular remodel-
ing and failure after myocardial infarction created by ligating
the left coronary artery [37]. Recombinant human TFAM
protein increases mtDNA and abolishes the activation of
nuclear factor of activated T cells (NFAT), which is well
known to attenuate pathological hypertrophy of cardiac
myocytes [38]. Furthermore, there are the intimate links
between TNF-alpha, ROS, and mtDNA damage that might
play an important role in myocardial remodeling and failure
[39].

6. Atherosclerosis

Atherosclerotic plaques, which contain vascular and inflam-
matory cells, lipids, cholesterol crystals, and cellular debris,
restrict lumen size and often rupture, causing infarctions
[4]. Atherosclerosis is the major risk factor for development
of CVD based on arterial endothelial dysfunction and is
caused by the impairment of endothelial-dependent dilation.
Recent findings have shown that the level of heteroplasmy of
some somaticmtDNA is associatedwith coronary atheroscle-
rosis and impaired mitochondrial function. Structural and
qualitative changes in mitochondrial components such as
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mtDNAmay be directly involved in the development of mul-
tiple atherogenic mechanisms, including advanced oxidative
stress, abnormalities in glucose and fat metabolism, and
altered energy homeostasis [40]. Atherosclerotic vascular
disease is typically a disease of aging. In accordance with the
ROS theory of aging [41], accumulated data point to a key role
of ROS in the pathogenesis of atherosclerosis. mtDNA, owing
to electron transport chain proximity and the relative lack of
mtDNA repair mechanisms, is the most vulnerable target of
mitochondrial ROS. Greater mtDNA damage is present in
human aorta atherosclerosis samples than in those of age-
matched transplant donors [42]. Mitochondria have been
recognised as critical regulators of cell death, generation of
ATP, and the generation of reactive oxygen species (ROS),
and mtDNA damage leads to mitochondrial dysfunction and
promotes atherosclerosis directly [43]. Damage of mtDNA
in the vessel wall and circulating cells is widespread and
causative, indicates a higher risk of atherosclerosis, promotes
atherosclerosis independently of ROS through effects on
smooth muscle cells and monocytes, and correlates with
higher-risk plaques in humans [44].

7. Summary

At present, modes for diagnosis and treatment of CVD
differentiation used by modern medicine combined with
syndrome differentiation from TCM have become a main
method of treatment of CVD in China and other nations
[45–47]. For example, Radix Salviae miltiorrhizae, Radix et
Rhizoma Notoginseng, Rhizoma Chuanxiong, Radix Astragali,
and others have been used for the treatment of CVDs [48],
showing a remarkable curative effect however, mechanisms
remain unknown.

Human mtDNA mutations cause a large spectrum of
clinically important cardiovascular events. Research suggests
that if mitochondrial ROS production becomes excessive,
it is possible for mitochondria and mtDNA to be damaged
[5]. To detect mitochondrially active compounds, Wallace
assembled a mitochondrial cDNA expression array, the
MITOCHIP, which interrogates ∼1000 genes involved in
mitochondrial energy production, ROS biology, and apopto-
sis. TCM might target mitochondrial function with a serial
action aimed at treating CVDs. For example, restoratives are
all medicinal herbs for replenishing qi and blood, nourishing
yin and yang, improving the functions of the internal organs
and body immunity, and relieving the various symptoms of
weakness. Historically Chinese have been taking Astragali
Radix as a natural invigorant in nourishing life. Astragali
Radix injection can reverse mitochondrial dysfunction and
abnormal structure inmyocardial cells duringmyocardial cell
hypertrophy, caused by angiotensin II. Reversion of myocar-
dial cell hypertrophy and the restructuring ofmyocardial cells
help improve energy metabolism in myocardial cells [49].

A yang-invigorating Chinese herb formula treatment
increased red blood cell Cu-Zn-SOD (superoxide dismutase)
activity and mitochondrial ATP generation capacity and
reduced glutathione and alpha-tocopherol levels. It has been
suggested that yang-invigorating herbs might promote ATP
generation by increasing mitochondrial electron transport

and induce increases in mitochondrial antioxidant capacity
in various tissues as evidenced by a reduction in the extent
of ROS generation in vitro. Red cell Cu-Zn-SOD activ-
ities correlated positively with mitochondrial antioxidant
component tissue levels/activity. By contrast, yin-nourishing
herbs either did not stimulate or decrease myocardial ATP
generation capacity [50, 51].Herba Cistanche belongs to the A
class of yang-invigorating herbs and increases mitochondrial
glutathione activity.

It increases mitochondrial ATP content, decreases mito-
chondrial Ca2+ content, and increases mitochondrial mem-
brane potential [52].Ganoderma lucidum increases the activ-
ity of cardiac mitochondrial enzymes and respiratory chain
complexes in aged rats [53].

Moreover, Sini Decoction (SND) increases the activity
andmRNAexpression ofMn-SODand the activity ofNa+-K+
ATPase and Ca2+-ATPase, while the degree of mitochondrial
swelling and the content of malondialdehyde (MDA) were
reduced in SND-treated rats [53]. Sodium tanshinone IIA
sulfonate (STS) stimulates mitochondrial NADH oxidation
dose dependently and partly restores NADH oxidation in the
presence of a respiratory inhibitor (rotenone, antimycin A, or
potassium cyanide) [54].

DaBu-Yin-Wan and QianZheng-San ameliorate behavior
induced by administration of 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) and synergistically prevent
decreases in tyrosine hydroxylase (TH) expression but
also increase monoaminergic content and activity, improve
ultrastructural changes, decrease mtDNA damage, and
synergistically upregulate the expression of ND1 mRNA [55].

In addition, Guan-Xin-Er-Hao (GXEH) attenuates
postischemia myocardial apoptosis.The antiapoptotic mech-
anisms of GXEH may involve mitochondrial cytochrome
c-mediated caspase-3 activation in cardiomyocytes after the
occurrence of acute myocardial infarction. GXEH adjusts
the balance of Bax and Bcl-2 toward an antiapoptotic state,
decreases mitochondrial cytochrome c release, reduces
caspase-9 activation, and attenuates subsequent caspase-
3 activation and postischemic myocardial apoptosis in
rats [56]. Furthermore, Ginkgo biloba leaf extract alters
mitochondrial gene expression, possibly by modulating
mitochondrial-associated apoptosis [57]. Danshen-Gegen
(DG) decoction treatment activates both ERK/Nrf2- and
PKC epsilon-mediated pathways, presumably through
ROS arising from CYP-catalyzed processes, with resultant
inhibition of hypoxia/reoxygenation-induced apoptosis
immediately after DG treatment, or even after an extended
time interval following DG treatment [58]. In addition,
the derivative deoxysppanone B was found to act through
microtubules to increase oxidative phosphorylation and
decrease mitochondrial ROS [59].

The mitochondrial paradigm for CVD susceptibility and
cellular function may become a complementary concept to
Mendelian genetics. In this regard, Wallace suggests that
mitochondria are Qi (Chi), which loosely translates as vital
force or energy, according to its TCM interpretation.The fact
that TCMuses a variety ofmitochondrial functional readouts
may reveal previously unrecognizedmitochondrial pathways
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and new therapeutic strategies to manipulate them, and
these could then be applied to treating CVD. It is therefore
important to consider how we might initiate a search for a
TCM method to regulate the function of mitochondria and
the effects of mtDNA to treat CVD.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The current work was partially supported by the ministry
of a national science and technology major project and
dedicated funds for “significant new drugs creation” (no.
2012ZX09102-201-006). The corresponding author and third
author contributed equally to this paper.

References

[1] D. C. Wallace, “A mitochondrial paradigm of metabolic and
degenerative diseases, aging, and cancer: a dawn for evolution-
ary medicine,” Annual Review of Genetics, vol. 39, pp. 359–407,
2005.

[2] D. C. Wallace, “Mitochondrial genetics: a paradigm for aging
and degenerative diseases?” Science, vol. 256, no. 5057, pp. 628–
632, 1992.

[3] D. M. Krzywanski, D. R. Moellering, J. L. Fetterman, K. J.
Dunham-Snary, M. J. Sammy, and S. W. Ballinger, “The mito-
chondrial paradigm for cardiovascular disease susceptibility
and cellular function: a complementary concept to Mendelian
genetics,” Laboratory Investigation, vol. 91, no. 8, pp. 1122–1135,
2011.

[4] P. Dromparis and E. D. Michelakis, “Mitochondria in vascular
health and disease,” Annual Review of Physiology, vol. 75, pp.
95–126, 2013.

[5] D. C. Wallace, “Mitochondria as chi,” Genetics, vol. 179, no. 2,
pp. 727–735, 2008.

[6] Y. Tomikura, I. Hisatome, M. Tsuboi et al., “Coordinate induc-
tion of AMP deaminase in human atrium with mitochondrial
DNA deletion,” Biochemical and Biophysical Research Commu-
nications, vol. 302, no. 2, pp. 372–376, 2003.
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Legumes have previously been reported with hypolipidemic effect caused by the presence of flavonoid.This study was carried out to
evaluate the antioxidant and hypolipidemic effects of fermentedmung bean on hypercholesterolemicmice. Blood from all mice was
collected and subjected to serum lipid and liver profiles biochemical analysis and quantitative RT-PCR for atherosclerosis related
gene expressions. Besides, livers were collected for antioxidant assays and histopathology evaluation. Fermented mung bean was
found to reduce the level of serum lipid and liver enzyme profiles of hypercholesterolemic mice. Furthermore, liver antioxidant and
nitric oxide levels were also significantly restored by fermented mung bean in a dosage dependent manner. The gene expression
study indicated that Apoe and Bcl2a1a were upregulated while Npy and Vwf expressions were downregulated after the treatment.
The effects of fermented mung bean were greater than nonfermented mung bean. These results indicated that fermented mung
bean possessed antioxidants that lead to its hypolipidemic effect on hypercholesterolemic mice.

1. Introduction

Hypercholesterolemia is generally caused by high-cholesterol
diet and the lack of physical exercise. High income or
developed countries such as USA and Western Europe have
recorded higher incidence of hypercholesterolemia in their
population due to the prevalence of raised cholesterol levels
[1, 2]. This has been correlated to higher risk of cardiovas-
cular disease and stroke. Besides, high cholesterol diet also
contributed to steatohepatitis, which is often characterized
by inflammation andmitochondria glutathione depletion [3].
Nowadays, the trend to reduce hypercholesterolemia through
consuming functional foods has gained more acceptances.

Legumes such as soybean and mung bean have been
identified as potential functional foods for the prevention
of chronic diseases including cancer and cardiovascular
diseases. For example, soy protein and isoflavones have been
approved by the US Food and Drug Administration to be
used as health foods for control of triglyceride (TG) and total
cholesterol levels [4]. Mung bean (Vigna radiata) is a legume
that contains large amounts of protein, essential amino acids,
and metabolites such as 𝛾-amino butyric acid (GABA) [5].
In Chinese medicine, mung bean has been widely used
to prepare mung bean soup for cooling and detoxification
of the body [6]. Moreover, mung bean was found to be
a potent antioxidant and hepatoprotective agent [5]. Our
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earlier research has reported the potential of fermentation
in improving these effects shown by the mung bean [5].
Besides, fermented mung bean was also found to be a
good source of GABA [5], while GABA enriched foods
including tempeh (fermented soy) [7] and brown rice bran
[8] have been recognized as good sources of functional foods
to reduce high lipid profiles. To date, the hypolipidemic
and hepatoprotective effects of fermented mung bean on
hypercholesterolemic mice are still unknown. In this study,
we evaluated its hypolipidemic and hepatoprotective effects
through in vivo serum biochemical profiles, liver antioxidant
level, and blood atherosclerosis related gene expressions of
fermented mung bean treated hypercholesterolemic mice.

2. Materials and Methods

2.1. Materials. Cholesterol, phosphate buffer saline (PBS),
Folin-Ciocalteu reagent, aluminium chloride, sodiumnitrate,
hypoxanthine, xanthine oxidase, and superoxide dismutase
were purchased from Sigma (USA). Positive control red yeast
rice (HypoCol) containing 2%monacolin k/100mgof capsule
was purchased from AsiaPharm Biotech (Singapore). Total
cholesterol, triglyceride, low density lipoprotein, and high
density lipoprotein assay kits were purchased from Biovision
(USA), Griess reagent was purchased from Invitrogen (USA),
and RNeasy mini kit was purchased from Qiagen (USA),
while cDNAfirst-strand synthesis kit and atherosclerosis RT2
PCR array were purchased from SABiosciences (USA).

2.2. Preparation of Fermented Mung Bean. Fermented
mung bean was prepared using Monascus purpureus
strains (Malaysian Agricultural Research and Development
Institute, Malaysia) based on our previous publication.
Briefly, mung bean (Vigna radiata) was dehulled and soaked
in water for 18 h at room temperature. Then, the mung
bean was washed, steamed (40 minutes), chilled to room
temperature, and mixed with Mardi Rhizopus sp. strain of
5351 inoculums for 48 h at 30∘C. After the inoculation, the
fermented mung bean was dried and both fermented and
nonfermented mung beans were extracted with deionized
water (1 : 20 ratio) at 25∘C for 1 h. The water extract was then
subjected to freeze drying (at ∼−50∘C) to yield 25% w/w of
extract powder. The GABA concentration in 100 g of dried
fermented mung bean extract powder was 0.122 g while the
nonfermented mung bean did not contain any GABA [5].
The total phenolic content of fermented and nonfermented
mung bean was 38.39 and 11.62mg gallic acid equivalent/g
extract dry weight with protocatechuic acid as the main
detected soluble phenolic acid in fermented mung bean
(201.32𝜇g/g extract) and p-coumaric acid in nonfermented
mung bean (8.97 𝜇g/g extract) (results not shown). Both
freeze-dried fermented and nonfermented mung bean
powders were dissolved in normal saline at a concentration
of 1 g/mL for feeding use in the following in vivo experiment.

2.3. Animals and In Vivo Experiment. Eight-week-old male
Balb/c mice (𝑛 = 48) were purchased from the Insti-
tute of Bioscience, Universiti Putra Malaysia, and housed

under 22∘C (12 hours light/dark) with standard pellet and
drinking water ad libitum according to the guidelines from
National Institute of Health for Care and Use of Labo-
ratory Animals. This work was approved by the Animal
Care and Use Committee, Faculty of Veterinary Medicine
(UPM/FPV/PS/3.2.1.551/AUP-R168). Mice were randomly
assigned into six groups (𝑛 = 8) with mice from groups
2 to 6 being fed p.o. with cholesterol (1 g/kg body weight)
while group 1 was fed with PBS for 10 weeks. Treatments
were started on week 8 where mice from group 3 were
fed orally with 60mg/kg body weight of Hypocol; groups
4 and 5 were fed orally with 200mg/kg and 1000mg/kg
body weight of fermented mung bean; group 6 was fed
orally with 1000mg/kg body weight of nonfermented mung
bean until week 10. Group 2 (negative control) was fed
with PBS until week 10. At the end of the experiments, the
mice were anesthetized with ether and sacrificed by cervical
dislocation. Blood was collected for gene expressions study
and serumwas obtained for biochemical analysis. Livers were
harvested and either fixed for histopathological evaluation or
homogenated in PBS for antioxidant quantifications. Serum
total cholesterol, TG, LDL, HDL, AST, ALT, and ALP levels
were quantified according to the standard protocols from the
kits (Biovision, USA) and were measured using a Hitachi
902 Automatic Biochemical Analyzer (Roche, German). On
the other hand, SOD, MDA, FRAP, and NO levels from liver
homogenates were quantified according to [5]. Furthermore,
livers were harvested, fixed, stained with haematoxylin and
eosin (H&E), and viewed under bright-field microscopy
(Nikon, Japan) according to [5].

Total RNA was isolated from whole blood of groups 2,
3, 5, and 6 using the RNeasy mini kit (Qiagen, USA). cDNA
was synthesized using first-strand kit (SABiosciences, USA)
and expression of atherosclerosis related genes was profiled
using mouse atherosclerosis RT2 Profiler PCR array (SABio-
sciences, USA) according to the manufacturer’s protocol
using an iCycler iQ real-time PCR system (Bio-Rad, USA).
The results were analyzed using the comparative Cq method
with normalization of the results with five housekeeping
genes included in this PCR array kit. The relative expression
(fold change) was calculated by dividing the normalized data
of the genes from samples of group 3 or group 5 with the
normalized data of the genes from samples of the untreated
group 2. Only fold expression changes larger than ±2 were
recorded as significant.

2.4. Statistical Analysis. The data were presented as mean ±
S.D. Significant levels (𝑃 < 0.05) of treatment and control
were analysed using one-way ANOVA followed by Duncan
test.

3. Results

After 8 weeks of administration with cholesterol (1 g/kg body
weight), mice from groups 2–6 were observed with similar
body weights and cholesterol levels (body weight = group
2: 36.41 ± 2.75 g; group 3: 35.84 ± 1.77 g; group 4: 36.11 ±
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2.34 g; group 5: 35.16 ± 2.54 g; group 6: 35.66 ± 3.24 g; serum
cholesterol level = group 2: 201.13 ± 11.87mg/dL; group 3:
208.14 ± 10.27mg/dL; group 4: 206.23 ± 12.99mg/dL; group
5: 205.86 ± 15.74mg/dL; group 6: 209.61 ± 17.21mg/dL)
while control mice free from cholesterol were observed with
body weights of 29.39 ± 1.88 g and serum cholesterol level
of 99.54 ± 10.31mg/dL. At week 10 of cholesterol feeding,
untreated mice (group 2) were recorded with higher serum
lipid profile (total cholesterol, TG, and LDL) and liver enzyme
(AST, ALT, and ALP) levels than normal control mice (group
1). Overall, after 2 weeks of treatment, positive control (group
3) treated groups showed better lipid profile regulation than
fermented mung bean. Nonetheless, fermented mung bean
was able to regulate the lipid profile of hypercholesterolemic
mice in a dosage dependent manner where 1000mg/kg of
fermentedmung bean showedhigher reduction percentage of
cholesterol, TG, and LDL level than 200mg/kg of fermented
mung bean. Unlike the trend observed in the serum lipid
profile, the mice liver profiles showed a reversed trend where
fermented mung bean treated groups improved better as
compared to both the untreated and the Hypocol treated
groups. Nonfermented mung bean at 1000mg/kg showed
similar effect as the low concentration of fermented mung
bean in lowering of serum lipid and liver profiles.

Hypercholesterolemic mice were recorded with lower
antioxidant levels but elevated lipid peroxidation and nitric
oxide levels as compared to normal mice. Hypocol and
fermented mung bean were able to reduce liver lipid peroxi-
dation levels and improve the antioxidant levels. On the other
hand, Hypocol was found to increase the antioxidant levels
better than fermentedmung bean.However, fermentedmung
bean was able to reduce the NO level more significantly than
the Hypocol group in a dosage dependent manner. Low con-
centration of fermented mung bean showed similar antioxi-
dant effect to the 1000mg/kg of nonfermented mung bean.

Histopathology examinations showed that lipid inclu-
sion and ballooning in liver was observed in untreated
hypercholesterolemic mice (Figure 1). Lipid inclusion and
ballooningwere not observed inHypocol treated, 1000mg/kg
fermented mung bean treated, and healthy normal groups
(Figure 1). However, small loci of necrotic cells were still
observed in Hypocol and 200mg/kg body weight of fer-
mented mung bean groups. Furthermore, the loss of cellu-
lar boundary was observed in the Hypocol treated group.
Comparatively, treatment with 1000mg/kg body weight of
fermented mung bean gave the best recovery.

To evaluate gene regulation after treatment with Hypocol
and fermented mung bean, the expression of atherosclerosis
related genes of blood from groups 2, 3, and 5was tested using
mouse atherosclerosis RT2 Profiler PCR array (Figure 2).
Only 4 genes (Apoe, Bcl2a1a, Npy, and Vwf ) were positively
regulated (>2 fold) in Hypocol and fermented mung bean
treatment groups as compared to the untreated hypercholes-
terolemic mice. Hypocol downregulated high fold changes of
Npy and Vwf genes but similarly upregulated the Apoe gene
when compared to fermentedmung bean. On the other hand,
only fermented mung bean treatment groups were able to
upregulate Bcl2a1a expression in blood.

4. Discussion

Increased incidences of cardiovascular diseases globally have
been correlated with the burgeoning population with hyper-
cholesterolemia [1]. The consumption of natural foods such
as oat-based and fermented products including red yeast rice
has been proposed as an alternative method to reduce high
cholesterol levels in subjects [9]. However, most of the cur-
rently available supplements such as red yeast rice products
are not properly standardized andmay contain contaminants
such as citrinin [10].Thus, there is a need to identify potential
new lipid lowering agents without side effect. Fermented
mung bean has been previously reported as antioxidant,
hepatoprotective [5], and antihyperglycemic agent [11]. In this
study, we have evaluated the hypolipidemic and antioxidant
effects of fermented mung bean on hypercholesterolemic
mice. Feeding mice with cholesterol has resulted in increased
concentrations of serum cholesterol and TG of the untreated
mice (Table 1). Previously, we have reported the potential of
fermented mung bean to reduce lipid profiles in alloxan-
induced diabetic mice [11]. Similar results were obtained in
this study where Hypocol and fermented mung bean were
found to reduce the level of serum cholesterol, TG, and LDL
better than nonfermented mung bean.

Hepatic steatosis is a type of nonalcohol induced fatty
liver that is related to hyperlipidemia and obesity [12]. Our
results have shown that feeding mice with high cholesterol
was associated with ballooning and lipid inclusion in liver
histopathology (Figure 2) and drastic increases in AST, ALT,
and ALP levels (Table 1). Red yeast rice is not recommended
to be consumed by patients with liver problems because it
was found to associate with symptomatic hepatitis [13]. In
this study, we found that red yeast rice treatment did not
improve the liver enzyme profiles and caused abnormal liver
histopathology. On the other hand, fermented mung bean
whichwas previously reported as a potential hepatoprotective
agent [5] was able to improve the liver enzyme levels and
liver histopathology in a dosage dependent manner. Other
than hepatic steatosis, high cholesterol was also associated
with reduced liver antioxidant levels [14] and increased
inflammation in liver, which might subsequently lead to
induced hepatocellular death [3]. SOD is the antioxidant
enzyme present in liver while FRAP measures the total
antioxidant capacity of liver homogenate.MDA is the product
of lipid peroxidation while NO is the inflammation mediator
found in the liver [5]. In this study, the SOD, FRAP,MDA, and
NO levels in liver homogenatesweremeasured.Theuntreated
hypercholesterolemic mice were observed with reducing
antioxidant levels and accumulation of inflammatory medi-
ator level (Table 2) in liver homogenates. Red yeast rice was
able to increase the antioxidant levels and reduce the lipid
peroxides in liver. However, this treatment did not alter the
NO level in the liver. The results of liver enzyme profile, liver
histology, and liver NO level indicated that inflammation still
occurred in the liver of red yeast rice treatedmice. Conversely,
GABA and fermented mung bean were able to enhance
liver’s antioxidant activities and reduce lipid peroxidation
and inflammatory mediator levels concurrently. This effect
in fermented mung bean treated group may be caused by
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Figure 1: Liver histopathology of group 1 (normal control), 2 (untreated hypercholesterolemic), 3 (hypocol 60mg/kg body weight),
4 (fermented mung bean 200mg/kg body weight), and 5 (fermented mung bean 1000mg/kg body weight) (100x). CV: centrilobular vein.

Table 1: Blood serum lipid and liver profiles of hypercholesterolemic mice after 2 weeks of treatments.

Treatment Cholesterol
(mg/dL)

Triglyceride
(mg/dL)

LDL
(mg/dL)

HDL
(mg/dL)

ALT
(U/L)

ALP
(U/L)

AST
(U/L)

Group 1
(𝑛 = 8) 103.71 ± 9.13∗ 101.52 ± 14.38∗ 39.00 ± 2.39∗ 57.86 ± 4.25∗ 62.50 ± 2.54∗ 90.13 ± 3.23∗ 120.42 ± 11.05∗

Group 2
(𝑛 = 8) 216.73 ± 12.99 201.14 ± 12.52 86.18 ± 2.93 58.52 ± 3.19 277.20 ± 8.71 127.83 ± 5.21 320.13 ± 13.82

Group 3
(𝑛 = 8) 152.72 ± 7.36∗ 155.41 ± 9.84∗ 57.16 ± 1.38∗ 74.51 ± 3.42∗ 263.58 ± 4.18 137.00 ± 2.74 424.42 ± 14.07∗

Group 4
(𝑛 = 8) 168.22 ± 5.41∗ 142.10 ± 11.85∗ 66.14 ± 6.48∗ 69.03 ± 5.65∗ 190.05 ± 2.81∗ 109.00 ± 2.77∗ 303.16 ± 9.11

Group 5
(𝑛 = 8) 163.41 ± 7.02∗ 133.20 ± 9.27∗ 59.46 ± 4.86∗ 71.51 ± 7.72∗ 162.50 ± 4.00∗ 102.75 ± 1.50∗ 186.72 ± 16.29∗

Group 6
(𝑛 = 8) 181.75 ± 5.21∗ 172.13 ± 8.15∗ 71.11 ± 3.74∗ 66.28 ± 4.11∗ 181.58 ± 5.32∗ 110.36 ± 2.89∗ 294.61 ± 5.62∗

∗Significant difference (𝑃 < 0.05) among treated or normal group comparing with untreated hypercholesterolemic group was determined using ANOVA
followed by Duncan’s multiple range test.

the high phenolic content and the volatile antioxidant present
in fermented mung bean [5]. GABA is a nonprotein amino
acid that works as a neurotransmitter inhibitor [5]. Previous
research has reported GABA as the major component that
contributed to the hypocholesterolemic effect of germinated
brown rice [15]. On top of that, GABA was also reported to
have hepatoprotective effect towards ethanol induced damage
[16]. Thus, the presence of GABA in the fermented mung
bean [5] may contribute to both the hypocholesterolemic and

hepatoprotective effects. Thus GABA present in fermented
mung bean may also contribute to reducing the lipid and
protecting the liver damage in fermented mung bean treated
hypercholesterolemia mice.

The expressions of atherosclerosis related genes in blood
were evaluated using real time PCR array (SABiosciences,
USA). Only expressions with fold changes greater than 2
(comparing groups 3, 5, and 6 with the untreated group 2)
are presented in Figure 1. The hypocholesterolemic effect of
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Table 2: Liver homogenate antioxidant and nitric oxide levels of hypercholesterolemic mice after 2 weeks of treatments.

Treatment MDA
(nMMDA/mg sample)

FRAP
(𝜇M Fe(II)/mg of protein)

SOD
(unit SOD/mg sample)

NO
(𝜇M/mg of protein)

Group 1 (𝑛 = 8) 0.72 ± 0.15∗ 2.03 ± 0.51∗ 0.90 ± 0.12∗ 7.52 ± 1.13∗

Group 2 (𝑛 = 8) 2.21 ± 0.13 3.80 ± 0.31 0.60 ± 0.01 21.37 ± 0.53
Group 3 (𝑛 = 8) 0.86 ± 0.01∗ 2.56 ± 0.44∗ 0.90 ± 0.15∗ 18.72 ± 1.62∗

Group 4 (𝑛 = 8) 1.19 ± 0.55∗ 1.36 ± 0.15∗ 0.66 ± 0.13∗ 17.45 ± 0.89∗

Group 5 (𝑛 = 8) 1.06 ± 0.34∗ 2.05 ± 0.56∗ 0.78 ± 0.04∗ 13.11 ± 1.74∗

Group 6 (𝑛 = 8) 1.23 ± 0.27∗ 1.42 ± 0.57∗ 0.64 ± 0.36∗ 18.21 ± 2.10∗
∗Significant difference (𝑃 < 0.05) among treated or normal group comparing with untreated hypercholesterolemic group was determined using ANOVA
followed by Duncan’s multiple range test.
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Figure 2: Fold changes of hypocol (60mg/kg body weight) (𝑛 =
4) or fermented mung bean (1000mg/kg body weight) (𝑛 = 4)
positively regulated genes in blood compared to untreated hyper-
cholesterolemic mice (𝑛 = 4) quantified by real time PCR. The data
represent mean and S.D. of 3 independent experiments. Only fold
expression changes greater than ±2 were recorded as significant.
∗Significant difference (𝑃 < 0.05) among treated or normal
group comparing with untreated hypercholesterolemic group was
determined usingANOVA followed byDuncan’smultiple range test.

fermentedmung bean was found to be associated with upreg-
ulation of the genes ApoE and Bcl2a1a but downregulation of
Npy and Vwf in the blood of fermented mung bean treated
mice. Apolipoprotein-E (ApoE) is a carrier for HDL that
removes cholesterol from cell to liver. ApoE deficiency was
associated with increase of blood cholesterol level and risk
of atherosclerosis [17]. The results from the gene expression
studies also indicated that red yeast rice and fermentedmung
bean treatments upregulated ApoE to transport cholesterol
to liver, which resulted in the reduction of total cholesterol
in the blood serum. Bcl2a1a is a member of Bcl2 family that
functions as an antiapoptotic protein [18]. The expression of
Bcl2a1a was only significant in fermented mung bean treated
mice.This phenomenon indicated that fermentedmung bean
may contribute to the protective effect of hepatocyte via
upregulation of this antiapoptotic gene that was not observed

in red yeast rice treated mice. Neuropeptide Y (Npy) is a 36-
amino-acid peptide that is highly produced in obese mice
[19]. Stimulation of Npy increases the appetite and reduces
energy expenditure which ends up with promoting more
energy storage [20]. Suppression of Npy by red yeast rice and
fermented mung bean may reduce food intake and increase
energy expenditure which indirectly improve the lipid profile
of the hypercholesterolemic mice. Von Willebrand factor
(Vwf ) is a procoagulant glycoprotein that promotes platelet
adhesion during vascular injury. Feeding mice with choles-
terol was found to elevate the plasma level of Vwf which is
nowbeing used as one of the indicators of endothelial damage
in vascular disease [21]. Suppression of Vwf expression
was observed in red yeast rice and fermented mung bean
treated hypercholesterolemic mice. These indicate that both
treatments successfully reduced cholesterol levels inmice and
subsequently reduced the level of endothelial damage and the
risk of vascular disease.

In conclusion, fermentedmung bean showed comparable
hypolipidemic effect as red yeast rice through upregulation
of ApoE and downregulation of Npy expressions. Moreover,
its antioxidant activities were also able to reduce the high
cholesterol associated hepatic steatosis and inflammation
through upregulation of the Bcl2a1a antiapoptotic gene.
However, further studies are needed on the genes that regu-
late anti-inflammation (e.g., NFkB), antioxidant (e.g., Nrf2),
antiapoptotic (Bcl2a1a), and antiatherosclerosis (Npy and
ApoE) mechanisms using Western blot in short- and long-
term fermented mung bean treated hypercholesterolemic
mice to validate its hypolipidemic effects and its ability to
reduce the high cholesterol associated hepatic steatosis and
inflammation.
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We aimed to compare effectiveness of Wenxin Keli (WK) and sotalol in assisting sinus rhythm (SR) restoration from paroxysmal
atrial fibrillation (PAF) caused by hyperthyroidism, as well as in maintaining SR. We randomly prescribed WK (18 g tid) or sotalol
(80mg bid) to 91 or 89 patients. Since it was not ethical not to give patients antiarrhythmia drugs, no control group was set.
Antithyroid drugs were given to 90 patients (45 in WK group, 45 in sotalol group); 131I was given to 90 patients (46 in WK group,
44 in sotalol group). Three months later, SR was obtained in 83/91 or 80/89 cases from WK or sotalol groups (𝑃 = 0.762). By
another analysis, SR was obtained in 86/90 or 77/90 cases from 131I or ATD groups (𝑃 = 0.022). Then, we randomly assigned the
successfully SR-reverted patients into three groups: WK, sotalol, and control (no antiarrhythmia drug was given) groups. After
twelve-month follow-up, PAF recurrence happened in 1/54, 2/54, and 9/55 cases, respectively. Log-Rank test showed significant
higher PAF recurrent rate in control patients than either treatment (𝑃 = 0.06). We demonstrated the same efficacies of WK and
sotalol to assist SR reversion fromhyperthyroidism-caused PAF.We also showed that either drug couldmaintain SR in such patients.

1. Introduction

Atrial fibrillation is the most common cardiac rhythm
disturbance, increasing in prevalence with age. By defini-
tion, atrial fibrillation is a supraventricular tachyarrhyth-
mia characterized by uncoordinated atrial activation with
consequent deterioration of atrial mechanical function [1–
3]. Clinicians should distinguish a first-detected episode
of atrial fibrillation, whether or not it is symptomatic or
self-limited. Patients with atrial fibrillation have markedly
reduced survival rate compared with subjects without atrial
fibrillation. In paroxysmal atrial fibrillation (PAF), sudden
repeated changes in rhythm cause symptoms which most
patients find very debilitating. In addition, PAF carries an
increasing risk of thromboembolic events, when compared
with chronic atrial fibrillation [4, 5]. Therefore, the effective
treatment and prevention of this kind of arrhythmia has

important clinical significance [1–3, 6, 7]. Atrial fibrillation
occurs in 10% to 25% of patients with hyperthyroidism,
more commonly in men and elderly patients [2, 8, 9].
Mainstay treatment is restoration of euthyroid state, which
can be accomplished by antithyroid drugs, 131I, and surgery.
Successful management of hyperthyroidism could result in
restoration of sinus rhythm (SR) in up to two-thirds of
patients [10]. Mechanism of hyperthyroidism-induced atrial
fibrillation has been proposed [10–12]. It is generally agreed
that shortening of action potential duration and effective
refractory period play key roles in this electrophysiological
abnormality.

Wenxin Keli (WK) is a pure Chinese herb medicine. It
has been reported to be useful in the treatment of atrial
fibrillation [13–15], ventricular arrhythmia [16, 17], myocar-
dial infarction-induced arrhythmia, heart failure, Brugada
syndrome [18], and so forth. WK extract is composed of 5
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components: Nardostachys chinensis Batal. extract (NcBe),
Codonopsis, notoginseng, amber, and rhizoma polygonati.
Burashnikov and colleagues [13] recently presented a fas-
cinating electrophysiological investigation of WK on atrial
fibrillation. This study showed that WK, as a novel atrial-
selective sodium-channel blocking agent, could prolong
action potential duration and effective refractory period.This
investigationwas hailed in the same issue’s editorial commen-
tary as an emblematic milestone of integrating traditional
Chinesemedicine intoWesternmedical practices [14]. In fact,
WK monotherapy or in a combined antiarrhythmic regimen
has been widely used for arrhythmia management in China.
Chen and colleagues [15] recently conducted a meta-analysis
and found solid evidence to prove WK as an effective drug
to improve P-wave dispersion as well as to maintain SR in
patients with PAF and its complications. However, the effect
of WK on hyperthyroidism-induced atrial fibrillation has
never been studied so far.

Therefore, in this open label and randomized study, we
aimed to prospectively compare the effectiveness between
WK and sotalol in assisting SR reversion from hyperthyroid-
ism-caused PAF.We also intended to study their effectiveness
in the maintenance of SR. Sotalol was chosen as a comparing
drug, because it was proven to have efficacy to restore and
maintain SR from atrial fibrillation. And sotalol possessed
both class II and class III antiarrhythmic effects [2, 3].

2. Patients and Methods

2.1. Patients. From January 2011 till January 2013, a series
of 180 hyperthyroidism patients (diagnosed as Graves’ dis-
ease), who came to either Nuclear Medicine Department or
Endocrinology Department, were consecutively enrolled in
this prospective study. All of the patients had symptomatic
PAF. There were 98 males (55.48 ± 12.02 years old) and
82 females (56.12 ± 9.98 years old). Entry criteria included
PAF due to hyperthyroidism; electrocardiographic evidence
of atrial fibrillation; symptoms such as palpitations, light
headedness, chest pain, and dyspnoea in association with
PAF; good compliance. Exclusion criteria were PAF due to
other reasons, recent myocardial infarction, heart failure,
inflammation such as pneumonia and diarrhea, unstable
hepatic or renal function, poor compliance, and other major
medical problems that would leave the patient with a life
expectancy of less than two years. All enrolled patients gave
their informed consent. This study was approved by the
Institutional Review Board of Tianjin Medical University
General Hospital (approval number #20101207A).

2.2. Definition. The diagnosis of PAF was made according to
the American College of Cardiology Foundation/American
Heart Association Task Force guideline definition; briefly,
PAF had episodes that were generally less than 7 days (most
less than 24 h), yet it was usually recurrent [1, 2].

2.3. Protocol. This study was designed as a prospective,
open label, and randomized investigation. Generally, patients
eligible for the study were allocated to one of the treatments
using a computer generated random number algorithm.

As reported [15], the clinical applications of WK against
PAF include two aspects: restoration of SR from PAF and
maintenance of SR afterwards. Therefore, we divided our
study into two stages of sinus restoration and maintenance,
in order to determine WK’s effects on these two aspects.

Initially, baseline demographic data were obtained from
the subjects. Relevant symptoms, cardiac diagnoses, and
medical history were noted. Physical examination, 24-hour
ambulatory electrocardiograph and/or regular 12-lead elec-
trocardiograph, and serum biochemical tests (including elec-
trolytes and renal and liver function) were carried out. All
electrocardiographic recordings were reviewed by at least two
experienced observers.

In the first part of the study, we randomly prescribedWK
(18 g tid) or sotalol (80mg bid) to 91 patients (49 males, 42
females) or 89 patients (49 males, 40 females), respectively.
This part of the study compared the effectiveness of WK
and sotalol to restore SR from PAF. In this investigation, it
was not ethical not to give the patients any antiarrhythmia
drugs. So, we did not design control; we just compared
WK and sotalol. Antithyroid drugs (ATD) were given to
90 patients (45 in WK group, 45 in sotalol group), and
131I was also given to 90 patients (46 in WK group, 44 in
sotalol group). Due to the similar ethical reason, no control
group was set. ATD-treated patients were given methimazole
(initial dose 30mg per day). 131I therapeutic procedure
was performed according to our protocol [19, 20]. Thyroid
radioiodine uptake value was measured at 6, 24, 48, and
72 hours after an oral tracer dose uptake of 131I (about
74 kBq) by a nuclear multifunctional instrument (MN-
6300XT Apparatus, Technological University, China). Then
131I effective half-life time (𝑇

1/2eff) and maximum uptake
in thyroid were calculated. Thyroid ultrasonography was
performed by using a color doppler ultrasound machine (GE
Vingmed Ultrasound Vivid Five, Horten, Norway). Thyroid
volume was calculated with the following formula: volume
(cm3) = (width × length × thickness of left lobe) + (width ×
length × thickness of right lobe). Thyroid weight (g) = 0.479
× volume (cm3). Serum thyroid hormones were tested by an
immunofluorometric assay, including free triiodothyronine
(FT3, reference 3.50–6.50 pmol/L), free thyroxine (FT4, refer-
ence 11.50–23.50 pmol/L), and thyroid stimulating hormone
(TSH, reference 0.20–5.00𝜇IU/mL). The therapeutic dose of
131I was calculated as the following formula [19, 20]: dose
(37MBq) = (thyroid weight (g) × absorption dose (Gy/g)
× 0.67)/(𝑇

1/2eff (days) × maximum uptake (%)). Absorption
dose = 100Gy/g thyroid tissue; 0.67 is a rectified factor.
Participants visited our outpatient department every month.
At each scheduled follow-up visit, physical examination and
routine laboratory tests were done. And, at the end of the
third month, ambulatory electrocardiograph and/or regular
12-lead electrocardiograph were repeated; all relevant symp-
toms were documented. Disappearing of PAF was defined as
restoration of SR.

In the second part of the study, we randomly assigned
the successfully SR-reverted patients into one of the following
three groups: 54 cases were givenWK (9 g tid), 54 cases were
given sotalol (40mg bid), and 55 cases served as control.
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Table 1: Baseline information of all participants.

Parameters WK∗ treatment (91 cases) Sotalol treatment (89 cases) 𝑡 value (𝑃 value)∗∗

Hyperthyroidism history (years) 8.374 ± 2.619 8.551 ± 2.680 0.448 (0.655)
PAF∗ history (years) 4.099 ± 1.599 4.213 ± 1.675 0.469 (0.639)
FT3∗ (pmol/L) 24.613 ± 5.059 24.405 ± 5.006 −0.278 (0.781)
FT4∗ (pmol/L) 118.697 ± 29.213 116.132 ± 28.266 −0.598 (0.550)
TSH∗ (𝜇IU/mL) 0.007 ± 0.010 0.009 ± 0.015 1.191 (0.235)
∗WK:Wenxin Keli, PAF: paroxysmal atrial fibrillation, FT3: free triiodothyronine, FT4: free thyroxine, and TSH: thyroid stimulating hormone; ∗∗analyzed by
independent samples 𝑡-test.

In this part of the study, the control patients did not take
any antiarrhythmia drug. Since patients recruited at this
stage had much better improved thyroid status, and all of
them were in SR when entering this investigation, it was
ethically approved by our Institutional Review Board not
to give the control patients any antiarrhythmia drugs. If
patients were still in hyperthyroidism status, appropriate
dose of methimazole was given to maintain euthyroidism. If
the patients were in posttherapeutic hypothyroidism status,
appropriate dose of levothyroxine was given to maintain
euthyroidism. For hypothyroid patients who had already
restored SR, WK and sotalol were stopped. Participants were
asked to visit our outpatient department every three months.
At each scheduled or sometimes unscheduled follow-up
visit, physical examination and routine laboratory tests were
repeated. And, at the end of the twelfth month, ambulatory
electrocardiograph and/or regular 12-lead electrocardiograph
were done; all relevant symptoms were documented. Time-
point of PAF recurrence, its frequency, and related symptoms
were collected as well.

Participant flow chart was presented in Figure 1 to illus-
trate the whole study process for better understanding.

2.4. Statistical Analysis. All data were presented as mean ±
SD. Statistics were performed with SPSS 17.0 (SPSS Incor-
porated, IL, USA). Differences between two groups were
analyzed by independent samples 𝑡-test. Differences between
multiple groups were analyzed by one-way analysis of vari-
ance (ANOVA), and then least significant difference (LSD)
test was used for multiple comparisons among the groups.
𝜒
2 test was adopted to determine case number changes of

patients after different treatments. 𝜒2 test was also used
to check whether sex had a significant influence on the
intergroup differences. Kaplan-Meier analysis by Log-Rank
𝜒
2 test was used to estimate the cumulative recurrent rate

of PAF in different groups. P value not exceeding 0.05 was
considered statistically significant.

3. Results

3.1. Sinus Rhythm Restoration by Different Therapies. First,
baseline information revealed no significant differences of
hyperthyroidism history, PAF history, or thyroid hormone
levels between the groups (Table 1). Data in this investigation
were analyzed by two ways. In the first analysis, three months
after treatment of WK or sotalol, SR was obtained in 83/91
cases (91.209%) or 80/89 cases (89.888%); 𝜒2 test showed

no significant differences, indicating equal efficacies of the
two drugs for assisting SR reversion (Table 2). Sex did not
cause significant differences between the groups (Table 2).
Thyroid hormones also demonstrated no differences before
or after treatments (Table 3). In the second analysis, after
treatment of 131I or ATD, SR was obtained in 86/90 cases or
77/90 cases; 𝜒2 test showed significant differences, indicating
better effects of 131I treatment (Table 4). Thyroid hormones
displayed no differences before treatment, yet significant
differences existed after treatment (Table 5). A typical case
showing successful converted SR from PAF was presented
(Figure 2).

3.2. Sinus Rhythm Maintenance by Different Therapies. Data
in the second investigation were analyzed by two methods.
First, at the end of twelve-month follow-up, recurrent PAF
happened in 1/54 (1.852%), 2/54 (3.704%), and 9/55 (16.364%)
cases in WK, sotalol, or control groups, respectively. We
found no differences of thyroid hormones at any follow-
up time-point among the groups (Table 6). However, 𝜒2
test showed significant differences between WK and control
groups and significant differences between sotalol and con-
trol groups, while there were no differences betweenWK and
sotalol groups (Table 7). Second, Kaplan-Meier curves were
drawn to determine the cumulative recurrent rate of PAF in
different groups (Figure 3). Log-Rank test showed significant
higher PAF recurrent rate in control patients compared with
either treatment (𝜒2 = 10.229,𝑃 = 0.06).Therefore, we proved
that both WK and sotalol could successfully maintain SR.

3.3. Side Effects. Since there is always an inherent bitter
taste in Chinese medicine, some patients would unavoidably
complain about the gastrointestinal discomfort or related
symptoms after takingWK. Altogether, there were 10/91 cases
(10.989%) in the first investigation and 6/54 (11.111%) in the
second investigation who reported various degrees of nausea
and dizziness after taking WK. However, all patients showed
endurance and continued with the medication. For sotalol
groups, the gastrointestinal discomfort was far less frequent;
there were only 3/89 cases (3.371%) in the first investigation
and 2/54 (3.704%) in the second investigation who reported
mild stomach discomfort. However, after taking sotalol,
2/89 cases (2.247%) in the first investigation developed
symptomatic bradycardia, whose PAF disappeared though.
The problems completely dissolved after dose reduction from
80mg bid to 40mg bid for one patient and from 80mg
bid to 40mg qd for the other patient. These two patients’
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Recruitment based on entry and exclusion criteria (180 cases) 

Wenxin Keli group (91 cases) Sotalol group (89 cases) 

83/91 cases reverted to sinus
rhythm (entering second 
stage); 8/91 cases did not

restore sinus rhythm (dropping
out)

80/89 cases reverted to sinus
rhythm (entering second
stage); 9/89 cases did not

restore sinus rhythm (dropping
out)

Second stage study on sinus rhythm maintenance (163 cases)

Wenxin Keli
group (54 cases)

Sotalol group
(54 cases)

Control group
(55 cases)

1/54 cases had 2/54 cases had 9/55 cases had
recurrent 

paroxysmal 
atrial fibrillation

recurrent 
paroxysmal 

atrial fibrillation

recurrent 
paroxysmal 

atrial fibrillation

Randomization

Randomization

3-month intervention

12-month follow-up 12-month follow-up

Randomization

(a)

(b)

Figure 1: Participant flow chart. Initially, in the first stage of the study (a), 180 eligible hyperthyroidism patients with paroxysmal atrial
fibrillation were randomized into either Wenxin Keli (91 cases) or sotalol (89 cases) treatment for sinus rhythm restoration. At the end of the
first stage intervention, 83/91 cases and 80/89 cases were reverted to sinus rhythm, respectively. There were 8/91 cases and 9/89 cases who
did not restore sinus rhythm. These 17 patients (still with atrial fibrillation) were not eligible for the second part of the study, and they were
dropped out. In the second stage of the study (b), all sinus rhythm reverted patients (163 cases) were randomized into one of the following three
groups: WK (54 cases), sotalol (54 cases), and control (55 cases) groups. The purpose is to observe drug’s sinus rhythm maintenance effect.
At the end of the second stage intervention, 1/54 cases, 2/54 cases, and 9/55 cases had recurrent paroxysmal atrial fibrillation, respectively.

Table 2: Case number distribution of patients after WK∗ or sotalol treatments in the first investigation.

Groups (case number) Male Female
Total number SR∗ restored number Total number SR∗ restored number

WK∗ treatment (91 cases) 49 45 42 38
Sotalol treatment (89 cases) 49 44 40 36
𝜒
2 value (𝑃 value)

(WK) : (sotalol)
∗∗ 0.092 (0.762)

𝜒
2 value (𝑃 value)

(male) : (female)
∗∗ 0.017 (0.896)

∗WK: Wenxin Keli; SR: sinus rhythm; ∗∗analyzed by 𝜒2 test.
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Table 3: Comparisons of thyroid hormones in patients before and after WK∗ or sotalol treatments in the first investigation.

Before treatments
WK∗ treatment (91 cases) Sotalol treatment (89 cases) 𝑡 value (𝑃 value)∗∗

FT3∗ (pmol/L) 24.613 ± 5.059 24.405 ± 5.006 −0.278 (0.781)
FT4∗ (pmol/L) 118.697 ± 29.213 116.132 ± 28.266 −0.598 (0.550)
TSH∗ (𝜇IU/mL) 0.007 ± 0.010 0.009 ± 0.147 1.191 (0.235)

Three months after treatments
WK∗ treatment (91 cases) Sotalol treatment (89 cases) 𝑡 value (𝑃 value)∗∗

FT3∗ (pmol/L) 6.495 ± 3.713 6.596 ± 3.740 0.182 (0.855)
FT4∗ (pmol/L) 21.447 ± 11.727 21.655 ± 10.612 0.125 (0.901)
TSH∗ (𝜇IU/mL) 6.210 ± 10.002 5.752 ± 8.915 −0.324 (0.746)
∗WK: Wenxin Keli, FT3: free triiodothyronine, FT4: free thyroxine, and TSH: thyroid stimulating hormone; ∗∗analyzed by independent samples 𝑡-test.

Table 4: Case number distribution of patients after 131I or ATD∗ treatments in the first investigation.

Groups (case number) Male Female
Total number SR∗ restored number Total number SR∗ restored number

131I treatment (90 cases) 49 47 41 39
ATD∗ treatment (90 cases) 49 42 41 35
𝜒
2 value (𝑃 value)

(
131I) : (ATD)

∗∗ 5.262 (0.022)
𝜒
2 value (𝑃 value)

(male) : (female)
∗∗ 0.017 (0.896)

∗ATD: antithyroid drugs; SR: sinus rhythm; ∗∗analyzed by 𝜒2 test.

heart rhythm maintained SR during the rest of the study.
WK showed no bradycardia side effect. No other unwanted
incidences were recorded.

4. Discussion

The risk of developing atrial fibrillation in patients with
hyperthyroidism is approximately 6-fold of the euthyroidism
population, which aggravates the overall conditions of such
patients [9]. Successful treatment of hyperthyroidism with
either 131I or ATD is associated with a reversion to SR in a
majority of patients [10, 21, 22]. However, pharmacological
management of atrial fibrillation in patients with hyperthy-
roidism is still an issue lacking in comprehensive analysis. In
general, rate control is very important to reduce themortality
rate of patients with atrial fibrillation [6, 7]. Selective or
nonselective 𝛽-blockers can provide rapid symptom relief by
reducing the ventricular rate, but these agents are unlikely to
convert PAF to SR. Pharmacotherapy of atrial fibrillation has
an advantage over electrical cardioversion and the catheter
ablation methods, because it can be used on an outpatient
basis [23]. However, the optimal pharmacological means to
restore and maintain SR in patients with hyperthyroidism-
caused atrial fibrillation remains controversial.

WK is identified as a novel drug against atrial fibrilla-
tion. Its mechanism has been elucidated recently. Burash-
nikov and colleagues [13] have implemented an isolated
canine perfused right atrial preparation and recorded
atrial and ventricular transmembrane action potentials and
pseudoelectrograms before and after intracoronary perfusion
of various concentrations ofWK. Interestingly,WKproduced
effects more noticeable in atrial tissue than in ventricular
tissue, as it caused action potential duration shortening and

prolongation of effective refractory periods in an atrial-
selective manner. In addition, WK produced a greater reduc-
tion in the maximum rate of rise of the action potential
upstroke and a larger increase in the diastolic threshold for
excitation in atrial cells, suggestive of sodium-channel cur-
rent blockade.Thiswas confirmed inHEK293 cells expressing
the sodium ion channel protein SCN5A, in which WK
decreased the peak sodium-channel current, in both dose-
dependent and use-dependent fashions. Finally, antiarrhyth-
mic properties of WK were illustrated by the prolongation of
the P-wave duration and both the prevention and termination
of acetylcholine-mediated atrial fibrillation.The abovemech-
anism of WK acts directly against the electrophysiological
changes in hyperthyroidism-induced atrial fibrillation [10–
12].

Contrary to the relatively new discovery of theMKmech-
anisms, traditional Chinesemedicines were first documented
about 2500 years ago by Confucian scholars and are now still
being used by tens of millions in China as well as around
the world [14, 24, 25]. Clinical evidence of WK is based on
results of clinical trials being carried out in Chinese hospitals
for years. These studies have shown that WK can signifi-
cantly improve heart palpitations, chest tightness, shortness
of breath, fatigue, insomnia, and other symptoms of atrial
fibrillation [15]. Currently, WK monotherapy or combined
therapy with antiarrhythmic drugs has been recommended
as an effective method for atrial fibrillation in China. In fact,
WK is the first Chinese-developed antiarrhythmic medicine
to be approved by the Chinese state. Besides antiarrhythmic
property, clinical trials have also confirmed that WK can
increase coronary blood low, reduce myocardial oxygen con-
sumption, enhancemyocardial compliance, improvemyocar-
dial hypoxia tolerance, relieve anterior and posterior cardiac
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Table 5: Comparisons of thyroid hormones in patients before and after 131I or ATD∗ treatments in the first investigation.

Before treatments
131I treatment (90 cases) ATD∗ treatment (90 cases) 𝑡 value (𝑃 value)∗∗

FT3∗ (pmol/L) 24.056 ± 5.321 24.964 ± 4.685 1.215 (0.226)
FT4∗ (pmol/L) 117.633 ± 29.225 117.225 ± 28.322 −0.095 (0.924)
TSH∗ (𝜇IU/mL) 0.007 ± 0.011 0.009 ± 0.014 0.757 (0.450)

Three months after treatments
131I treatment (90 cases) ATD∗ treatment (90 cases) 𝑡 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.837 ± 2.830 7.252 ± 4.330 2.595 (0.010)
FT4∗ (pmol/L) 19.378 ± 8.292 23.722 ± 13.120 2.655 (0.009)
TSH∗ (𝜇IU/mL) 6.427 ± 9.702 5.539 ± 9.237 −0.629 (0.530)
∗ATD: antithyroid drugs, FT3: free triiodothyronine, FT4: free thyroxine, and TSH: thyroid stimulating hormone; ∗∗analyzed by independent samples 𝑡-test.

Table 6: Comparisons of thyroid hormones at any follow-up time-points in the second investigation.

Baseline
WK∗ treatment (54 cases) Sotalol treatment (54 cases) Control (55 cases) 𝐹 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.532 ± 2.372 5.752 ± 2.608 5.680 ± 2.486 0.110 (0.896)
FT4∗ (pmol/L) 18.469 ± 7.182 19.351 ± 7.577 19.046 ± 7.576 0.195 (0.823)
TSH∗ (𝜇IU/mL) 7.126 ± 10.449 5.859 ± 8.668 6.832 ± 10.110 0.249 (0.780)

Three months
WK∗ treatment (54 cases) Sotalol treatment (54 cases) Control (55 cases) 𝐹 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.035 ± 0.934 5.129 ± 0.908 5.098 ± 0.965 0.140 (0.870)
FT4∗ (pmol/L) 15.664 ± 3.112 16.061 ± 3.336 15.994 ± 3.465 0.222 (0.801)
TSH∗ (𝜇IU/mL) 4.683 ± 4.211 4.083 ± 3.456 4.352 ± 3.885 0.326 (0.722)

Six months
WK∗ treatment (54 cases) Sotalol treatment (54 cases) Control (55 cases) 𝐹 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.257 ± 0.930 5.373 ± 0.915 5.381 ± 1.057 0.277 (0.758)
FT4∗ (pmol/L) 16.446 ± 3.339 16.916 ± 3.727 16.955 ± 4.014 0.317 (0.729)
TSH∗ (𝜇IU/mL) 4.032 ± 3.492 3.567 ± 2.885 3.756 ± 3.202 0.288 (0.750)

Nine months
WK∗ treatment (54 cases) Sotalol treatment (54 cases) Control (55 cases) 𝐹 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.367 ± 0.975 5.458 ± 0.958 5.590 ± 1.328 0.566 (0.569)
FT4∗ (pmol/L) 17.184 ± 3.208 17.760 ± 4.131 18.084 ± 4.833 0.668 (0.514)
TSH∗ (𝜇IU/mL) 2.912 ± 1.730 2.701 ± 1.666 2.785 ± 1.719 0.211 (0.810)

Twelve months
WK∗ treatment (54 cases) Sotalol treatment (54 cases) Control (55 cases) 𝐹 value (𝑃 value)∗∗

FT3∗ (pmol/L) 5.562 ± 0.969 5.740 ± 1.302 5.874 ± 1.406 0.866 (0.422)
FT4∗ (pmol/L) 17.830 ± 3.485 18.532 ± 5.113 18.901 ± 5.388 0.716 (0.490)
TSH∗ (𝜇IU/mL) 2.519 ± 1.420 2.388 ± 1.423 2.409 ± 1.488 0.129 (0.879)
∗WK: Wenxin Keli, FT3: free triiodothyronine, FT4: free thyroxine, and TSH: thyroid stimulating hormone; ∗∗analyzed by one-way analysis of variance and
least significant difference test.

Table 7: Cumulative recurrent PAF∗ at the end of follow-up in the second investigation.

Groups (case number) Male Female
Total number Cumulative recurrent PAF Total number Cumulative recurrent PAF

WK∗ treatment (54 cases) 27 0 27 1
Sotalol treatment (54 cases) 27 2 27 0
Control (55 cases) 35 4 20 5
𝜒
2 value (𝑃 value)

(WK) : (control)
∗∗ 6.886 (0.009)

𝜒
2 value (𝑃 value)

(sotalol) : (control)
∗∗ 4.813 (0.028)

𝜒
2 value (𝑃 value)

(WK) : (sotalol)
∗∗ 0.343 (0.558)

∗WK: Wenxin Keli; PAF: paroxysmal atrial fibrillation; ∗∗analyzed by 𝜒2 test.
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(a)

(b)

Figure 2: A typical case of successful sinus rhythm restoration
from paroxysmal atrial fibrillation. A 64-year-old male patient was
diagnosed with Graves’ disease for eight years. He had paroxysmal
atrial fibrillation for three years (a). He was given 6 mCi of 131I
for the treatment of Graves’ disease. And Wenxin Keli (18 g tid)
was prescribed during and after the 131I treatment. Baseline free
triiodothyronine, free thyroxine, and thyroid stimulating hormone
were 21.46 pmol/L, 104.8 pmol/L, and 0.011 𝜇IU/mL, respectively.
One month later, when sinus rhythm was restored (b), free tri-
iodothyronine, free thyroxine, and thyroid stimulating hormone
were 3.35 pmol/L, 12.89 pmol/L, and 4.52 𝜇IU/mL, respectively. At
the three-month end-point of the first investigation, thyroid hor-
mones were still normal. After entering the second investigation,
Wenxin Keli (9 g tid) was prescribed during the follow-up. His
thyroid function maintained normal level, and his heart rhythm
maintained sinus rhythm during the rest of the study.

loading, and reduce myocardial tissue damage in patients
with high blood pressure. These clinical evidences are in
accordance with WK’s basic mechanistic research findings
recently [13, 16–18].

In the current investigation, we provided the first clinical
evidence of WK as well as sotalol on the management of
hyperthyroidism-induced PAF in two aspects. First, the drugs
could assist SR reversion from PAF caused by hyperthy-
roidism. Second, the drugs couldmaintain SR afterwards.The
second application seemed more important, since the first
application was very dependent on the degree of thyroid hor-
mone reduction. We showed that there were nearly the same
efficacies of both WK and sotalol to assist SR restoration.
However, 131I was much more effective for hyperthyroidism
management and thereafter to gain better SR reversion. We
believed that this was largely due to better therapeutic results
of 131I to control thyroid hormones (Tables 4 and 5). In the
latter investigation, we showed that both WK and sotalol
could maintain SR with equal abilities in our cohort, who
have already gained SR after treatments. The cumulative
recurrent rate was significantly lower in the drug-treated
patients than in the control cases (Figure 3).Our study proved
the usefulness and effectiveness of WK as well as sotalol on
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Figure 3: The cumulative recurrent rate of paroxysmal atrial
fibrillation during the follow-up in different groups. In the second
part of the study, we randomly assigned the successfully sinus
rhythm reverted patients into one of the following three groups: 54
cases were given Wenxin Keli (9 g tid), 54 cases were given sotalol
(40mg bid), and 55 cases served as control. Kaplan-Meier analysis
by Log-Rank 𝜒2 test was used to determine the cumulative recurrent
rate of paroxysmal atrial fibrillation in different groups during the
one-year-long follow-up. Vertical axle was PAF recurrence free rate
and horizontal axle was the follow-up time (WK = Wenxin Keli,
PAF = paroxysmal atrial fibrillation).

the long-term maintenance management of such patients,
which is indeed very important for clinical purposes.

Although WK’s effect on hyperthyroidism-related atrial
fibrillation has never been reported before, WK’s anti-atrial-
fibrillation ability is not new discovery. All of WK’s clinical
studies are published in Chinese language so far; however,
after considering their relevancy to the current study, further
comments are deserved. Chen and colleagues [15] compiled
and evaluated all available randomized controlled trials
regarding WK’s therapeutic effects against PAF (complicated
with diseases other than hyperthyroidism) according to the
PRISMA systematic review standard. There were nine trials
analyzing therapeutic effectiveness ofWK alone or combined
with Western medicine, compared with no medicine or
Western medicine alone, in patients with PAF [26–34]. Most
of the trials used amiodarone as theWesternmedicine, which
cannot be used for hyperthyroidism-related atrial fibrillation.
These trials were not homogeneous, requiring the use of the
random effects model for statistical analysis. Meta-analysis
results demonstrated a significant difference between the two
therapeutic groups (the WK combination therapy was much
better). Seven trials used the maintenance rate of SR at six
months following treatment as an outcome measurement
[33–39].These seven trials compared the combination ofWK
plusWestern medicine withWestern medicine alone (mostly
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amiodarone). These trials were homogeneous, requiring the
use of the fixed effects model for statistical analysis. The rate
of maintenance of SR in the former group was greater than
the latter group.Meta-analysis results showed that there was a
significant beneficial effect in the WK combination regimens
compared with the Western medicine monotherapy. The
above literature is in conformity with our findings in that
WK is an effective drug for the management of PAF, not only
for initial SR reversion therapy but also for the long-term
maintenance therapy.

In conclusion, we demonstrated the same efficacies of
WK and sotalol to assist SR reversion from hyperthyroidism-
related PAF. 131I was better to control thyroid hormone
and to gain SR reversion. We also showed that both WK
and sotalol could maintain SR with equal abilities in those
PAF hyperthyroidism patients who had already gained SR
after treatments. Therefore, WK is a useful drug that should
be advocated in the initial treatment of PAF caused by
hyperthyroidism, as well as in the follow-up management
strategy.
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Qili qiangxin capsule (QL), a traditional Chinese herbal compound, has been proved to be effective and safe for the treatment of
chronic heart failure (CHF). Upregulation of aquaporin-2 (AQP2) accounts for the water retention in CHF.The aim of the present
study was to evaluate the effects of QL on the expression of AQP2 in rats with CHF induced by acute myocardial infarction and to
investigate the underlying mechanisms.The urine output of all rats was quantified and collected every day at the first week and the
4th week after administration of QL or Valsartan. The expression of AQP2, vasopressin type 2 receptor (V2R), and angiotensin II
type 1 receptor (AT1R) were examined after treatment for 4 weeks. Urinary output increased significantly after administration of
QL. Importantly, the protein expression of AQP2 and AQP2 phosphorylated at serine 256 (pS256-AQP2) was downregulated after
administration of QL and Valsartan to CHF rats. Furthermore, QL reduced plasma arginine vasopressin (AVP) and angiotensin
II (AngII) level and downregulated V2R and AT1R protein expression. Thus, QL exerts its diuretic effect and improves cardiac
function in CHF rats by reversing the increases in both AQP2 and pS256-AQP2 expression. The possible mechanisms may involve
inhibition of V2R and AT1R.

1. Introduction

Chronic heart failure (CHF) is now recognized as amajor and
escalating public health problem.The prevalence of CHF is 1-
2% and appears to be increasing, in part because of ageing of
the population [1]. It has an annual hospitalisation rate of 2%
with subsequent 1-yearmortality of 30% [2]. CHFhas become
a major public health burden in the world that is associated
with high morbidity, mortality, and cost [3, 4].

Water retention, the hallmark feature of HF, not only cau-
ses signs and symptoms of congestion, but also impacts myo-
cardial remodeling and HF progression [5]. Thus, improving
congestion is a cornerstone of HF management. Although
loop diuretics are among the most commonly prescribed
drugs in this setting, there are some adverse drug reactions

associated with their use. Moreover, up to 30% of the patients
with decompensatedHFpresentwith loop-diuretic resistance
[6]. Therefore, novel and safe therapeutic approaches for
the treatment of congestion have been of interest in recent
research.

Water retention in HF is primarily due to the defects in
renal handling of sodium and water, resulting in the increas-
ing of water reabsorption. A number of studies have proved
that aquaporin-2 (AQP2), a channel that is exclusively selec-
tive for water molecules and never allows permeation of
ions or other small molecules, primarily expressed in the
collecting duct of the kidney, plays an important role in the
regulation of urinary concentration and control of fluid and
electrolyte homeostasis. In rat models of CHF, there was a
significant increase in AQP2 mRNA and protein levels and
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the targeting of AQP2 to the apical membrane, both of which
elevate the water permeability of the collecting duct cells,
resulting in the promotion of water reabsorption from the
urinary tubule [7, 8]. Therefore, AQP2 impairment is an
important cause of water retention that exacerbates the prog-
nosis of congestive heart failure, which is now attracting
considerable attention as a novel therapeutic target for water
balance disorders which commonly occur in CHF.

The renin-angiotensin system and the nonosmotic release
of arginine vasopressin (AVP) are increased in cardiac failure.
Recent experimental evidence suggested that, in addition
to the interaction between angiotensin AT1 and AVP V1
receptors on systemic and renal vasculature, there may be
an important interaction between AVP and angiotensin II
(AngII) in the regulation of AQP2 [9–11].

Qili qiangxin capsule is a traditional Chinese medicine
that was approved by China Food and Drug Administra-
tion for the treatment of heart failure in 2004. Recently, a
double-blind, multicenter, placebo-controlled, prospective,
randomized clinical trial of qili qiangxin capsules in more
than 500 patients with chronic heart failure was finished; it
has proved qili qiangxin’s efficacy and safety [12]. Previous
studies showed that qili qiangxin capsule can improve cardiac
function, inhibit the development of cardiac hypertrophy
and remodeling, and regulate the inflammatory responses
[13–15]. QL also inhibited 𝐼Ca-L, 𝐼Na, and multi-K+ channels
of ventricular myocytes [16, 17]. QL has been shown to
have protective effects on energy metabolism andmyocardial
mitochondria in pressure overload heart failure rats [18].
However, little is known about whether qili qiangxin has a
role in improving water retention in CHF. Therefore, using
a postmyocardial infarction heart failure model, the present
studywas carried out to determine (1) whetherQL can reduce
volume overload and improve cardiac function in the late
phase of infarction, (2) whether AQP2 and pS256-AQP2
are involved in the effects of QL, and (3) whether QL can
regulate AVP-V2R-AQP2 andAngII-AT1R-AQP2 signaling in
the renal medulla.The effects of QL were also compared with
Valsartan, a commonly used AT1R blocker in clinical prac-
tice, which is known to have cardioprotective effects in the
treatment of HF.

2. Materials and Methods

2.1. Vegetal Material. Qili qiangxin consists of Ginseng, Rad-
ix Astragali, Aconite Root, Salvia miltiorrhiza, Semen Lepidii
Apetali, Cortex Periplocae Sepii Radicis, Rhizoma Alisma-
tis, Carthamus tinctorius, Polygonatum Odorati, Seasoned
Orange Peel, and Ramulus Cinnamomi (Yiling Pharmaceuti-
cal Corporation, Shijiazhuang, China).The drug powder was
dissolved with sterile water at the concentration of 0.1 g/mL
Qili qiangxin was prepared for the study. Valsartan (batch
number X1428) was manufactured by Beijing Novartis Phar-
maceutical Co. Ltd and dissolved with sterile water.

2.2. Animal Model and Administration. Normal male Spra-
gue-Dawley rats (body weight 220∼250 g) were provided by
Beijing Vital River Laboratory Animal Technology Co. Ltd

Table 1: Echocardiographic ejection fraction level in different
groups before treatment with qili qiangxin (𝑥 ± 𝑠).

Group 𝑛 EF (%)
Sham 10 84.490 ± 7.3354
CHF 12 44.708 ± 8.4369∗

QL 9 47.933 ± 9.1211∗

Valsartan 9 47.911 ± 9.1068∗
∗
𝑃 > 0.05.

(Animal license number: SCXK (Beijing) 2012-0001). The
animals were fed with standard diet and water and were
subject to a 12 h light and 12 h dark cycle, a temperature of
20±2

∘C, and a humidity of 50±2%. All animal experimental
protocols were approved by Animal Care andUse Committee
of Beijing University of ChineseMedicine and complied with
laboratory animal management and use regulations. HF was
induced by myocardial infarction following ligation of the
left anterior descending artery (LAD). Sodium pentobarbital
1% (50mg/kg) was administered by intraperitoneal injection.
The procedures performed included endotracheal intubation,
ventilator positive pressure ventilation, preoperative record-
ing of 12-lead ECG, local skin disinfection, chest opening,
thoracotomy device setup, and opening of the pericardium,
the pulmonary cone, and the left atrial appendage 2∼3mm
from the bottom of the left anterior descending coronary
artery ligation. For the rats assigned to the sham group, the
same operation was performed without ligation of the left
coronary artery. Twelve-lead ECG was recorded after the
experiments. MI rats were fed normally for 4 weeks. Accord-
ing to transthoracic echocardiography results (Table 1), the
survival rats were randomly assigned to the following groups:
Model group (CHF, 𝑛 = 12), Sham group (Sham, 𝑛 = 10),
QL group (QL, 𝑛 = 9), and Valsartan group (Valsartan, 𝑛 =
9). QL 1.0 g/kg and Valsartan 10mg/kg were administered,
respectively, by gavage once a day during the 4 weeks. Equal
volume of distilledwater was used formodel and sham group.
The urine of all rats was collected for 24 h. The urine volume
was determined daily.

2.3. Transthoracic Echocardiography Measurements. A non-
invasive transthoracic echocardiography method was used
to evaluate the morphology and function of left ventricle.
Echocardiography was performed in anesthetized animals. It
consisted of a two-dimensional mode, that is, time-motion
(TM)mode and blood flowmeasurements in pulsed Doppler
mode.

2.4. Sample Preparation andHistological Examination. At the
end of 4 weeks after treatment, rats were anesthetized. A
blood sample from the aorta was centrifuged and plasma was
collected for AVP and AngII measurements. Rat hearts were
rapidly removed and rinsed with cold physiological saline,
and water was adsorbed by filter paper. The excess tissues
around the hearts were removed, and hearts were weighed
and then were fixed in 4% paraformaldehyde and embedded
in paraffin. Rat heart samples were cut into transverse
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Figure 1: Both QL and Valsartan increased urinary output in CHF rats. (a) Urinary output was significantly increased in the rats treated with
QL (𝑛 = 9) for 1 week compared with the CHF group (𝑛 = 12). Urinary output was slightly increased in Valsartan treatment group (𝑛 = 9).
(b) Urinary output was increased in the rats treated with QL or Valsartan at the 4th week compared with the CHF group.

sections and stained with haematoxylin and eosin (H&E).
Weight index was calculated using the following formula:
index = heart weight (HW)/body weight (BW).

2.5. Preparation of Tissue for Immunocytochemistry. Rats
were perfused and fixed with 4% PFA after anesthetizing
with 10% chloral hydrate. The kidneys were stripped off and
soaked in 4%PFA for 14 h.The fixed kidneys were dehydrated
by 30% sucrose for 24 h and embedded in OCT medium
after cryoprotection function. Frozen kidneys were cut into
30 𝜇m coronal sections prelocated at caudate putamen by a
refrigerated microtome. Endogenous peroxidase activity was
blocked with 0.1% H

2
O
2
in absolute methanol for 10min

at room temperature. To expose antigens, kidney sections
were boiled in a target retrieval solution (1mmol/l Tris, pH
9.0 with 0.5mM EGTA) for 10min. After cooling, incubate
the tissue sections in 50mM NH

4
Cl in PBS for 30min to

prevent nonspecific binding, followed by blocking in PBS
containing 1%BSA, 0.05% saponin, and 0.2%gelatin. Sections
were incubated with primary antibodies diluted in PBS with
0.1%BSA and 0.3%TritonX-100 overnight at 4∘C.After being
washed for 3∼10min with PBS supplemented with 0.1% BSA,
0.05% saponin, and 0.2% gelatin, the sections were incubated
with HRP-conjugated secondary antibody for 1 h at room
temperature. After rinsing with PBS wash buffer, the sites of
antibody-antigen reactions were visualized with 0.05% 3, 3-
diaminobenzidine tetrachloride dissolved in distilled water
with 0.1% H

2
O
2
. Then light microscopy was carried out.

2.6. Western Blot Analysis. All animals were euthanized after
4 weeks of drug administration, and their hearts were imme-
diately harvested and stored in liquid nitrogen until Western
blot analyses were performed. The following antibodies were
used: rabbit polyclonal Anti-Aquaporin 2 (1 : 2000, ABcam,
Inc.), rabbit polyclonal Anti-Aquaporin 2 (phospho S256)
(1 : 1000, ABcam, Inc.), rabbit polyclonal Anti-V2R (1 : 2000,
ABcam, Inc.), and rabbit polyclonal Anti-AT1R (1 : 2000,

ABcam, Inc.). Proteins were separated by 10% SDS-PAGE
and transferred to nitrocellulose membranes, which were
then incubated with antibodies at 4∘C. The membranes were
further incubated with horseradish peroxidase-conjugated
anti-rabbit IgG (1 : 2,000) for 2 hours at room temperature.
ECL visualisation was performed and the Gene Gnome Gel
Imaging System (Syngene Co.) was used to capture the
resulting images. Image J (NIH image, Bethesda, MD) was
used to analysis the gel images.

2.7. StatisticalMethods. All experimental data were presented
asmean± SD, single factor analysis of variance (ANOVA)was
performedwith the statistical software SPSS17.0, Dunnett’s T3
was used for unequal variances, and A probability of𝑃 < 0.05
was considered as statistically significant.

3. Result

3.1. Effects of QL on Urinary Output at 1 or 4Weeks after Treat-
ment. To determine whether QL has diuretic effect, we mea-
sured urinary volume in rats in every group before and after
treatment with QL or Valsartan for 1 or 4 weeks. We found
that urinary volume was markedly increased after treatment
with QL from week 1 to week 4. However urinary volume
was slightly increased in Valsartan treatment group (Figures
1(a) and 1(b)). Therefore, QL has a diuretic action, and
can reduce extracellular volume in CHF rats by increasing
urinary volume.

3.2. Effects of QL on Survival Rate and Heart Weight/Body
Weight Ratio at the 4thWeek after Treatment. After treatment
for 4 weeks, deaths had occurred, and the survival rates of
the sham group (𝑛 = 10), the CHF group (𝑛 = 11), the
QL group (𝑛 = 8), and the Valsartan group (𝑛 = 8) were
therefore 100%, 92%, 89%, and 89%, respectively. As shown in
Figures 2(a) and 2(b), long-term treatment with either QL or
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Figure 2:Heart preparation and pathological sections fromnormal andCHF rats. (a)Heart preparations [top (1∼4)] and pathological sections
[bottom (5∼8)] from the sham group, the CHF group, the QL group, and the Valsartan group. (b) HW (heart weight)/BW (body weight) ratios
in the sham group (𝑛 = 10), the CHF group (𝑛 = 11), the QL group (𝑛 = 8), and the Valsartan group (𝑛 = 8). (𝑃 < 0.05, versus the CHF
group, 𝑃 < 0.05, versus the sham group).

Valsartan significantly reduced the heart weight/body weight
ratio (𝑃 < 0.05).

3.3. Posttreatment Assessment of Cardiac Structure and Func-
tion by Echocardiography. Compared with the CHF group
(𝑛 = 11), the ejection fraction (EF) and fractional shortening
(FS)measurementswere elevated in theQL group (𝑛 = 8) and
the Valsartan group (𝑛 = 8) (𝑃 < 0.05), while the end-systolic
volume (ESV) and left ventricular end-systolic dimension
(LVIDs) measurements were lowered (𝑃 < 0.05). Although
the measurements obtained for end-diastolic volume (EDV)
and left ventricular end-diastolic dimension (LVIDd) dis-
played a decreasing trend in both the QL group and the
Valsartan group versus the CHF group, the difference was not
statistically significant (𝑃 > 0.05). Compared with those of
the sham group, the EF and FS measurements obtained from

the CHF group, the QL group, and the Valsartan group were
reduced (𝑃 < 0.05), while the ESV and LVIDs measurements
were increased (𝑃 < 0.05) (Figures 3(a) and 3(b)).

3.4. Effects of QL on the Expression of Total AQP2 in CHF
Rats. Semiquantitative immunoblotting (Figures 4(a) and
4(b)) revealed that AQP2 protein abundancewas significantly
increased in the CHF rats compared with sham-operated
rats (𝑃 < 0.05). Compared with the CHF group, the AQP2
protein abundance was reduced in both theQL group and the
Valsartan group (𝑃 < 0.05), while no significant differences
were observed in AQP2 protein abundance between QL
group and Valsartan group (𝑃 > 0.05).

Consistent with this, immunohistochemical analysis
(Figure 5) showed a much stronger labeling of anti-AQP2
antibody that was detected in principal cells in the collecting
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Figure 3: Typical echocardiography images from the sham group, the CHF group, the QL group, and the Valsartan group. At the 4th week of
QL and Valsartan administration, cardiac structure and function were measured in each group by echocardiography. We evaluated cardiac
systolic and diastolic functions by measuring the following variables: ejection fraction (EF), fractional shortening (FS), end-diastolic volume
(EDV), end-systolic volume (ESV), left ventricular end-diastolic dimension (LVIDd), and left ventricular end-systolic dimension (LVIDs).
Treatment with either QL or Valsartan improved systolic function. (𝑃 < 0.05, versus the CHF group, 𝑃 < 0.05, versus the sham group).

ducts in the CHF rats compared with sham-operated control
rats, and labeling was much weaker in rats of QL group and
the Valsartan group.

3.5. Effects of QL on the Expression of pS256-AQP2 in HF Rats.
pS256-AQP2 protein (Figures 6(a) and 6(b)) was significantly
upregulated inCHF rats; the level of pS256-AQP2 proteinwas

significantly suppressed not only by valsartan but also by QL
treatment.

Consistent with this, immunohistochemistry (Figure 7)
showed an increased labeling of pS256-AQP2 at the apical
membrane of the IMCD principal cells in CHF animals com-
pared with sham-operated rats.There was a markedly weaker
labeling at the apical membrane and a more pronounced
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Figure 4: QL reduces renal AQP2 expression in CHF rats. (a) Representative images show that treatment with QLmarkedly attenuated AQP2
protein expression in CHF rats. (b) Densitometric analysis of the data demonstrated a significantly decreased AQP2 protein abundance in
QL and Valsartan treatment rats compared with CHF rats. (𝑃 < 0.05, versus the sham group, 𝑃 < 0.05, versus the CHF group).
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Figure 5: Immunohistochemistry for AQP2 expression in the groups: sham ((a) and (e)), CHF ((b) and (f)), QL ((c) and (g)), and valsartan
((d) and (h)) at different magnifications. AQP2 expression was detected in principal cells in the collecting ducts, and labeling was much
stronger in rats with CHF than in sham rats; labeling was much weaker in QL and Valsartan rats.

intracellular distribution of the protein in rats of QL group
and the Valsartan group.

3.6. Effects of QL on Plasma AVP and Renal V2R Expression in
HF Rats. To investigate whether QL regulates plasma levels
of AVP, we examined plasma AVP levels after treatment for
4 weeks. The levels of AVP in plasma were increased after
treatment for 4 weeks in CHF rats. Treatment with QL had
minor effect on the attenuation of the elevated levels of AVP
in plasma in CHF rats at 4 weeks. In contrast, treatment
with Valsartan had no effect on plasma AVP in CHF rats. To
determine whether QL could alter the expression of renal
V2R, we examined V2R protein expression in medulla at 4
weeks after treatment. We found that CHF rats expressed

higher levels of renal V2R than sham rats. After treatment
with QL for 4 weeks, V2R protein was significantly decreased
(Figures 8(a) and 8(b)).

3.7. Effects of QL on Plasma AngII and Renal AT1R Expression
inHFRats. To investigatewhetherQL regulates plasma levels
of AngII, we examined plasma AngII levels after treatment
for 4 weeks. The levels of AngII in plasma were increased in
CHF rats. Treatment with QL and Valsartan had significant
effects on the attenuation of the elevated levels of AngII
in plasma in CHF rats at 4 weeks. To determine whether
QL could alter the expression of renal AT1R, we examined
AT1R protein expression in medulla. We found that CHF rats
expressed higher levels of renal AT1R than sham rats. After
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Figure 6: QL reduces renal pS256-AQP2 protein expression in CHF rats. (a) Representative images show that treatment with QL markedly
attenuated pS256-AQP2 protein expression in CHF rats. (b) Densitometric analyses of the data demonstrated a significantly increased
abundance of AQP2 phosphorylated at ser256 in CHF, rats compared with sham rats. Compared with the CHF rats, the abundance of AQP2
phosphorylated at ser256 was reduced in both QL and Valsartan rats. (𝑃 < 0.05, versus the CHF group, 𝑃 < 0.05, versus the sham group).
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Figure 7: Immunohistochemistry for AQP2 phosphorylated at ser256 in sham ((a) and (e)) and CHF ((b) and (f)), QL ((c) and (g)), and
Valsartan ((d) and (h)) at different magnifications. pS256-AQP2 immunoreactivity was detected apically in principal cells in the collecting
ducts, and labeling was much stronger in CHF rats than in sham rats, while labeling was much weaker in QL and valsartan rats than in CHF
rats.

treatment with QL and Valsartan for 4 weeks, AT1R protein
was decreased (Figures 9(a) and 9(b)).

4. Discussion

We can draw the following conclusions from the present
study. (1) QL has diuretic effect. (2) QL also could improve
cardiac function in CHF rats. (3) QL could significantly
reduce the protein expression of AQP2, pS256-AQP2, V2R,
and AT1R in the renal medulla in CHF rats. (4) QL could
reduce plasma AVP and AngII level in CHF rats.

From the perspective of traditional Chinese medicine
(TCM), the fundamental problem in heart failure is the pro-
longed deficiency of heart qi and yang, which causes the heart

to become too weak to move blood and transport fluid, lead-
ing to blood “stasis” and excessive fluid retention [19]. Qili
qiangxin capsules are a specific TCM extract obtained from
11 types of herbs, including Ginseng, Radix Astragali, Aconite
Root, Salvia miltiorrhiza, Semen Lepidii Apetali, Cortex Per-
iplocae Sepii Radicis, Rhizoma Alismatis, Carthamus tinc-
torius, Polygonatum Odorati, Seasoned Orange Peel, and
Ramulus Cinnamomi, which are well known to have effects
on invigorating the heart qi and warming yang, accelerating
blood circulation, disinhibiting water, dispersing swelling,
and relieving congestion. Pharmacological studies have
found that QL contains a number of active substances such as
ginseng saponin, astragalus saponin, flavonoid, cardenolide,
and phenolic acid which have been proved to have posi-
tive inotropic, vasodilation, anti-inflammation, and diuretic
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Figure 8: QL reduces the levels of plasma AVP and renal V2R protein expression in CHF rats. (a) AVP levels in plasma were elevated in CHF
rats; treatment with QL decreased AVP levels in plasma; however treatment with Valsartan had no effect on plasma AVP in CHF rats. (b)
Renal V2R protein increased in CHF rats; treatment with QL significantly attenuated renal V2R protein in CHF rats. (𝑃 < 0.05, versus the
CHF group, 𝑃 < 0.05, versus the sham group).

effects. In this study, we confirmed that QL treatment has a
significant effect to increase urinary output in CHF. QL could
also reduce the heart/body weight ratio and the ESV and
LVIDs measurements, while it elevates the EF and FS meas-
urements to relieve congestion and improve cardiac function
in rats with CHF.

AQP2 is the most important aquaporin, and plays a criti-
cal role in chronic heart failure and somediseases [7, 8, 20, 21].
The regulation of AQP2 expression was mainly by AVP sig-
naling. Previous studies demonstrated that circulating AVP
levels and V2 receptor mRNA expression are elevated in HF
[22, 23].The binding of AVP to its V2 receptor on the basolat-
eralmembrane of principal collecting duct cells initiates a sig-
nal transduction cascade that consists of activation of adeny-
late cyclase via the stimulatoryG protein, an increase in intra-
cellular cAMP and intracellular Ca2+ levels, and activation
of protein kinase A. Subsequently, AQP2 are phosphorylated
and translocated from cytosolic storage vesicles to the apical

membrane, rendering this membrane permeable to water,
thereby increasing water reabsorption. This is called short-
term regulation, which occurs within a few minutes after a
rise in circulating AVP levels. In the long term, AVP controls
AQP2 gene expression through a cAMP response element on
the AQP2 promoter [24]. AQP2 contains four serine residues
in the C terminal, namely, ser256, ser261, ser264, and ser269.
Recent studies demonstrated the view that phosphorylation
of ser256 is necessary and sufficient to induce trafficking of
AQP2 to the apical membrane [25–27]. In this study, we con-
firmed that QL treatment significantly reversed the increased
protein abundance of AQP2 and phosphorylated AQP2water
channel in the renal medullary collecting duct; immunocy-
tochemistry showed a weaker apical membrane labeling of
AQP2 and phosphorylated AQP2 in QL treatment rats com-
pared with model rats. This result suggests that QL exerts its
diuretic effect mainly by a mechanism involving suppression
of the increasedAQP2 trafficking and abundance.At the same
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Figure 9: QL reduces the levels of plasma AngII and renal AT1R expression in CHF rats. (a) AngII levels in plasma were elevated in CHF
rats; treatment with QL and Valsartan decreased AngII levels in plasma. (b) Renal AT1R protein increased in CHF rats, treatment with QL
and Valsartan attenuated renal AT1R protein in CHF rats. (𝑃 < 0.05, versus the CHF group, 𝑃 < 0.05, versus the sham group).

time, the result showed that circulating AVP level and V2R
protein expression in the renal medulla are decreased in QL
treatment rats compared with model rats. In contrast, treat-
ment with Valsartan had no effect on plasma AVP and slight
effect on V2R protein expression. This result suggested that
QL inhibits free water reabsorption through downregulation
of V2R and AQP2 expression. Thus, reducing the effects of
AVP and the AVP pathways of V2R-induced upregulation
AQP2 and water retention appear to be an attractive thera-
peutic strategy to promote free water clearance. So far, several
vasopressin antagonists are under development. In patients
hospitalized with heart failure, oral tolvaptan, a V2 receptor
antagonist, improvedmany, though not all, heart failure signs
and symptoms, but without serious adverse events. However,
tolvaptan initiated for acute treatment of patients hospitalized
with heart failure had no effect on long-term mortality or
heart failure-related morbidity [28, 29]. It is possible that
QL may have similar therapeutic efficacy to V2 receptor
antagonist, and this needs to be addressed in future studies.

In CHF, the renin-angiotensin-aldosterone system has
also been demonstrated to play a critical role in the regulation

of renal sodium and water metabolism through a variety
of physiological pathways. In particular, AngII has known
effects on the regulation of renal hemodynamics, glomerular
filtration rate. Moreover, several recent studies have demon-
strated that angiotensin II could play a role in the regula-
tion of renal water reabsorption by changing intracellular
AQP2 targeting and/or AQP2 abundance through inducing
vasopressin V2-receptor mRNA expression, in addition to
the AVP [30]. This potentiated the effects of vasopressin-
modulated AQP2 trafficking and expression [9]. Blockade of
the AngII AT1 receptor in rats cotreated with dDAVP and
dietary NaCl-restriction (to induce high plasma endogenous
AngII) resulted in an increase in urine production and
blunted the AVP-induced upregulation of AQP2 [11]. AT1R
blocker candesartan has been shown to decrease increased
apical targeting of AQP2 and p-AQP2 in inner medulla of HF
[8]. Thus, inhibiting AngII and the AngII pathways of AT1R-
induced upregulation of AQP2 and water retention may be
another important pathway to promote water clearance. Our
study proved that QL and another type AT1R blocker Val-
sartan had the similar effects. Meanwhile, the result showed
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that plasma AngII level and AT1R protein expression in the
renal medulla are decreased in treatment rats compared with
model rats, suggesting that QL inhibits water reabsorption
through downregulation of AT1R and AQP2 expression.

5. Conclusion

In conclusion, the present study provided evidences for the 4
weeks use of QL for diuretics and cardiac function improve-
ment in CHF rat model. Based on our results, we conclude
that QL carries out its effects mainly by reversing abundance
AQP2 and pS256-AQP2 protein as well as redistribution of
AQP2 and pS256-AQP2 from apical to intracellular domains.
The possible mechanisms may involve inhibition of V2R
and AT1R. However, Valsartan carries out its effects mainly
by AngII signaling regulating. Therefore, QL has multiple
effects on chronic heart failure. Further studies should
explore the deeper mechanism through which QL improves
water metabolism to ultimately offer new avenues for the
prevention and treatment of this and other related diseases.
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5 Facultad de Medicina, Universidad Católica del Maule, Avenida San Miguel 3605, 3480112 Talca, Chile
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Cardiovascular Diseases (CVD) represent about 30% of all causes of death worldwide.The development of CVD is related in many
cases with the previous existence of metabolic syndrome (MS). It is known that apple consumption has a cardiovascular protecting
effect, containing phenolic compounds with antioxidant effect, which are concentrated in the fruit peel. The objective of this study
was to test the effect of apple peel consumption in amurine model of MS and apoE−/−mice. Apple supplemented diets reduced the
biochemical parameters (glycaemia, total cholesterol, HDL-cholesterol, LDL-cholesterol, ureic nitrogen, triglycerides, insulin, and
asymmetric dimethylarginine (ADMA)) of MS model in CF1 mice significantly. The model apoE−/− mouse was used to evaluate
the capacity of the apple peel to revert the progression of the atherogenesis. FD with HAP reverts cholesterol significantly and slows
down the progression of the plate diminishing the cholesterol accumulation area. With these results, it can be concluded that the
consumption of apple peel reduces several MS parameters and the atherogenic progression in mice.

1. Introduction

Cardiovascular diseases (CVD) are the main cause of death
in the world [1] and there are several associated risk factors,
among them, metabolic syndrome (MS), characterized by
hyperglycemia, dyslipidemia, arterial hypertension, and obe-
sity of central distribution.

The rate of atherothrombotic progression is influenced by
the exposition to risk factors which increase the probability
to suffer from a cardiovascular event. Such factors can be

classified as modifiable (smoking, hypertension, diabetes,
dyslipidemia, and sedentarism) and nonmodifiable (sex, age,
and genetic). For this reason, genetically modified experi-
mental animals have been generated which have contributed
to the knowledge of the atherothrombotic phenomenon:
the formation of the atheroma plaque, the induction of its
formation, and the cellular elements involved [2].

Epidemiologic studies have demonstrated that fruit and
vegetable consumption contributes to decreasing the car-
diovascular risk [3]. For instance, apple consumption has
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been inversely associated with acute myocardial infarction
[4]. It has been described that the protecting effect of apple
consumption has different levels and mechanisms of action:
body weight loss and reduction in glycemia [5, 6], protective
against low density lipoprotein oxidation (LDL) in vitro [7,
8], antiadipogenic, hypocholesterolemic, and antiatherogenic
effects [9, 10], and inhibition of cholesteryl ester transfer
protein activity, improving the distribution of cholesterol
in lipoproteins [11]. Studies in vitro have demonstrated that
apple flavonoids improve the availability of nitric oxide and
protect the endothelial cells from apoptosis preventing the
process of endothelial dysfunction and in vivo reduces blood
pressure and oxidative stress [12]. Furthermore, flavonoids
interfere with the proliferation and migration of smooth
muscle cells preventing the association of them with others
that will initiate the atherothrombotic process [13]. In the
apple, polyphenols content and the level of antioxidant
activity are about five times higher in peel than in pulp [14].

The ApoE deficient mice are an idoneous experimental
model for the study of atherosclerosis [15], because it is
unable to carry out the reverse cholesterol transport, since it
lacks the gene coding for apolipoprotein E. The lack of this
gene involves accumulation of lipids at the luminal level in
blood vessels, developing lesions in the microvasculature and
showing total blood cholesterol levels ≥500mg/dL, mostly
VLDL and remaining chylomicrons, after administering a
normal diet [16]. The atherogenic process can be accelerated
or induced in this model through the administration of high
fat diets, allowing studying the process in a model different
from human, with significant similarities [17]. In this study,
we aimed to evaluate different forms of consumed apple
skin: fresh skin, which is the primary product, dehydrated
skin, representing a useful alternative in the conservation
and transport of this product, and sunburned skin, which
contains a higher amount of antioxidants, but its potential
effect has not been demonstrated in biological assays [18]. For
this reason we used CF1 mice fed a high fat diet, a model of
early stage of CVD, and ApoE knockout mice, a model of
atherosclerosis, to study the impact of apple peel consump-
tion.

2. Materials and Methods

2.1. Animals. Four-week male CF-1 mice and C57BL6 mice
obtained from the Public Health Institute, Santiago, Chile,
and ApoE−/− mice (donated by Dr. Atilio Rigotti, Pontificia
Universidad Católica de Chile) were used in the experiments.
Animals were maintained at 22 ± 2∘C, at a regular darkness-
light 12:12 h cycle (light 08:00 to 20:00 h). Weight, food
intake, and water consumption were measured daily. Animal
handling was carried out in conformity with the regulation
for the use of laboratory animals of the National Commission
for Scientific and Technologic Research (CONICYT), Chile.
The protocol was approved by the bioethics committee of
Universidad de Talca. After an adaptation period of 10 days,
animals were randomized into 5 groups.

2.2. Anesthesia and Euthanasia. At the end of the experimen-
tal period, mice were anesthetized with an intraperitoneal

injection of ketamine 50mg/kg (Ketostop; DrogasPharma-
Invetec, Santiago, Chile) and xylazine 5mg/kg (Xylavet;
Alfasan International BV, Holland). Animals were euthana-
tized by blood collection from the abdominal aorta and later
rupture of the diaphragm. Plasma and tissues were harvested
and stored at −70∘C until the analysis.

Initial and final weight of each animal, as well as systolic
arterial blood pressure (SAP) at the tip of the mice tails, were
obtained by using ultrasound equipment (UltrasonicDoppler
Flow 811-B, Aloha, Oregon, USA).

2.3. Diets. CF-1 mice were administered five types of diet:
normal diet (ND), fat diet (FD), fat diet plus healthy apple
peel (FD + HAP), fat diet plus dehydrated healthy apple peel
(FD + DAP), and fat diet plus sun damaged apple peel (FD +
SDAP) coming from Fuji apples, during 43 days.

ApoE−/− mice were administered ND, FD, and FD
+ HAP during 10 weeks using peel from Granny Smith
apples as a supplement. C57BL6mice were administered ND.
Ingredients used and the preparation of different diets were
performed as described by Moore-Carrasco et al., 2008 [19].
Different types of apple peel were added to ND and FD in
20% w/w. For the analysis of diet components, three pellets
from each of them were selected at random and submitted
to the Institute of Chemistry of Universidad de Talca for
chemical analysis according to official methods of analysis
of the Association of Official Analytical Chemists [20]. The
lipid content of fat fraction was determined by mass spec-
trometry/gas chromatography (PerkinElmerTurboMass and
Autosystem XL Gas Chromatograph). Antioxidant capacity
was determined measuring free radical traps 2,2-diphenyl-
1-picrylhydrazyl by the method described by Von Gadow
et al. (1997) [21] with modifications, using chlorogenic acid
as standard. Glycoside quercetins were determined by High
Performance Liquid Chromatography/Diode Array Detector
(Merck Hitachi, LaChrom, Tokyo, Japan).

2.3.1. Determination of Total Phenolics Concentration. Total
phenolics were determined by the Folin-Ciocalteu method
[22]. Briefly, 0.1mL of extract was mixed with 0.5mL of
the Folin-Ciocalteu phenol reagent (Merck, Darmstadt, Ger-
many).Themixture was incubated for 5min and then 0.5mL
of sodium carbonate (Na2CO3; 10%, w/v) was added and
incubated for 15min at room temperature. Absorbance was
measured at 640 nm in a spectrophotometer. Total phenolic
concentrations in the peel and diets were expressed as mg of
chlorogenic acid equivalents (CAE) g-1 FW.

2.3.2. Determination of Antioxidant Activity. The capture of
the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH; Fluka
Chemie, Buchs, Switzerland) was measured by the method
described by Von Gadow et al., [21] with modifications.
Briefly, 0.1mL extracts were mixed with 2mL of 8 × 10−5M
DPPH solution and incubated for eight min at room temper-
ature and the absorbance measured at 515 nm. Ethanol was
used as blank. Chlorogenic acid in different concentrations
was used as a standard and the capture of the DPPH free
radicals was expressed as mg of chlorogenic acid equivalents
(CAE) g-1 FW.
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2.3.3. Determination of Specific Phenolics by HPLC. Specific
phenolics (quercetins glycosides) and lipid profile in the
samples (diets) were determined using a HPLC-DADMerck
Hitachi (LaChrom, Tokyo, Japan) equipment consisting of a
LaChrom L-7100 pump and a diode array detector, L-7455
LaChrom, and a 100-5 C18 Kromasil column of 259mm ×
4.6mm with a precolumn of the same characteristics, main-
tained at 20∘C. Briefly, 0.02mL previously filtered (0.45 𝜇m
filter) extracts were injected. To identify the compounds,
different standards of specific phenolics were used with
the UV-VIS spectra. The chromatogram was monitored at
256 nm. The solvents of the mobile phase were A: 1% formic
acid in H

2
O quality HPLC, B: 40% acetonitrile in H

2
O, and

C: acetonitrile.The elution parameters were time 0–10min: A
(70), B (30), and C (0) flow 1mL min−1; time 45min: A (25),
B (75), and C (0) flow 0.5mLmin−1; time 52min: A (0), B (0),
and C (100) flow 1mLmin−1; and time 55min: A (70), B (30),
and C (0) flow 1mL min−1. The results were expressed in 𝜇g
of samples in g of FW-1.

2.4. Biochemical Parameters. Total cholesterol, HDL choles-
terol, triglycerides, transaminase GOT, and glucose were
determined by enzymatic and standardized colorimetric
methods.

2.5. ELISAs. Plasmatic concentrations of insulin (ELISA Kit
Rat/Mouse Insulin, Millipore) and asymmetric dimethy-
larginine, ADMA (ADMA Direct (mouse/rat) ELISA Kit,
Immundiagnostik), were determined by ELISA. Measure-
ments were obtained following the instructions of each
manufacturer.

2.6. Histology. Thoracic aorta obtained from ApoE−/− and
C57BL6 (Wild Type, WT) mice were fixed in 10% forma-
lin at pH 7.4. Once the samples were fixed, the dehydra-
tion, clarification, and inclusion protocol were carried out.
After blocks were obtained, sections were obtained using
a microtome (Microm HM325), with a thickness of 5𝜇m.
Sections of hydrated and deparaffinized tissues were stained
with hematoxylin and eosin (HE) and Masson’s Trichrome,
following the appropriatemethods for histologic observation.
From each aorta description, 10 sections were analyzed by 3
independent observers (J.M., E.M., and R.MC.).

2.7. Image Processing. After the staining procedures, pho-
tographs (40x) were obtained with a Primo Star Carl Zeiss
trinocular microscope used for this purpose and a Canon
EOS Rebel XSI camera with the software EOSUtility (version
2.4, Copyright© CANON INC, USA, 2008) was used for
image capturing. Later, they were quantified to determine the
indirect presence of lipids as well as the degree of inflamma-
tion of the lesions, in terms of the presence of inflammatory
cells; determining representative areas in each artery lesion
with a dimension of 50𝜇m2, the software AxioVision Release
4.8.1 (Carl Zeiss version 11. 2008) was used for this pur-
pose, and the software Micrometrics SE Premium (version
2,8; ACCU-SCOPE Inc., Commack, NY, USA, 2008) was
used for counting inflammatory cells. The lesion surface

was quantified by using the ImageJ software (version 1,46j;
National Institute of Health, USA, 2006) to determine the
degree of fibrosis. Each image was analyzed through the
Colour Deconvolution Plugin, selecting the vector for Mas-
son’s Trichrome, determining the quotient (density/area),
and allowing the characterization of each lesion [23]. From
each of the image analyses, 10 sections were measured by 2
independent operators (J.M. and W.D.).

2.8. Statistical Analysis. The results are presented as means ±
standard deviation (SD). Comparisons between groups were
done by the analysis of variance (ANOVA) using Graphpad
software. A statistical difference was evaluated using a confi-
dence interval of 95%, with Dunnett’s and Newman-Keuls as
post hoc tests.

3. Results

3.1. Nutritional Composition of Diets. First, we prepared diets
supplemented with apple products. Table 1 shows the analysis
of each diet administered to mice, in which, according to the
results, ND can be homologated to a human diet since they
have similar percentage of several components, while the rest
of the diets have higher content of fat. These, except FD +
HAP, present low percentage of myristic acid. While all diets
have high content of oleic, linoleic, and palmitic acids and low
contents of stearic, palmitoleic, and myristic acids, ND and
FD do not have palmitoleic acid methyl ester (Table 1). Table
1 shows the content of total phenols and antioxidant activity
of different diets. A low (nondetectable) content of phenols
in ND and FD is observed compared with higher content of
phenols and antioxidant activity in FD + HAP, FD + DAP,
and FD + SDAP. Table 1 shows the quercetin content (Q); in
general, a higher content of different Q in FD + HAP, FD +
DAP, and FD + SDAP is observed. Diet supplemented with
SDAP shows the highest content of all evaluated quercetins,
except Q. rutinoside (Table 1).

3.2. Impact of Apple Consumptions in CF-1 Mice: AMSModel.
Next, we tested our diets in an animal model of MS, for 43
days. Table 2 shows the body weight of mice, at the beginning
and at the end of the experimental period. Mice subjected
to FD present a higher weight gain (7.49 ± 0.35 g) than the
ND group (6.90 ± 0.12 g, 𝑃 < 0.01). On the other hand, mice
subjected to FD+HAP, FD+DAP, and FD+ SDAP presented
a lower weight gain when compared to the FD group.

Regarding blood pressure, the group ofmice that received
FD presented significantly higher SAP (111±1.4mmHg, 𝑃 <
0.01) thanmice subjected toND (79.14±10.1mmHg) (Figure
1(a)). On the other hand, mice subjected to FD + HAP, FD
+ DAP, and FD + SDAP presented a significantly lower SAP
than mice subjected to FD.The FD +HAP group was the one
which presented lower SAP (𝑃 < 0.01).

Mice that received FD presented high levels of blood
cholesterol (164 ± 17mg/dL, 𝑃 < 0.05 versus ND), triglyc-
erides (171 ± 3mg/dL, 𝑃 < 0.01), and glycemia (343 ±
2.0mg/dL, 𝑃 < 0.01) when compared to mice subjected to
ND (102 ± 3.0; 106 ± 6.0; 311 ± 5.5mg/dL, resp.) (Table
2). Mice subjected to FD + HAP, FD + DAP, and FD + SDAP
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Table 1: Nutritional report in percentage of lipid composition, total phenols, antioxidant content, and quercetin content of the different diets
employed.

Component ND FD FD + HAP FD + SDAP FD + DAP
Carbohydrates (%) 69.4 57.0 59.8 57.6 56.2
Proteins (%) 21.0 17.6 12.5 18.2 17.3
Lipids (%) 1.8 16.8 20.2 16.4 17.5
Water (%) 6.0 15.3 19.4 18.3 12.2
Ash (%) 6.0 5.1 4.8 4.8 5.1
Fiber (%) 2.8 3.5 2.8 3.0 3.9
Myristic acid (14:0) 1.6 0.1 1.1 0.0 0.1
Palmitoleic acid (16:1) 0.0 0.0 1.5 4.6 1.4
Palmitic acid (16:0) 40.0 14.0 14.1 38.9 29.7
Linoleic acid (18:2) 11.6 34.0 31.5 15.5 28.2
Oleic acid (18:1) 29.8 44.4 39.4 32.0 19.0
Stearic acid (18:0) 9.7 7.5 6.5 9.0 7.3
Total phenols 0.0 0.0 1.6 ± 0.5 2.0 ± 0.1 1.8 ± 0.1
Antioxidant activity 0.0 0.0 0.2 ± 0.02 0.3 ± 0.1 0.2 ± 0.02
Q. rutinoside 0.0 0.0 16.4 ± 7.2 19.2 ± 4.3 29.0 ± 1.4
Q. galactoside 0.0 0.0 55.9 ± 9.1 93.8 ± 16.8 46.0 ± 4.5
Q. glucoside 0.0 0.0 10.6 ± 5.8 29.9 ± 5.0 10.2 ± 0.4
Q. xyloside 0.0 0.0 7.9 ± 4.4 16.3 ± 2.8 8.9 ± 0.2
Q. arabinoside 0.0 0.0 15.6 ± 4.6 29.7 ± 5.7 20.9 ± 1.1
Q. rhamnoside 0.0 0.0 10.2 ± 3.4 14.5 ± 3.3 14.1 ± 0.9
ND, normal diet; FD, fat diet; HAP, healthy apple peel; SDAP, sun damaged apple peel; DAP, dehydrated apple peel. All lipid components have a methyl ester
conjugation. Total phenols and antioxidant capacity expressed with mg eq. chlorogenic acid/sample g. The quercetin glycoside expressed with 𝜇g/sample g.

Table 2: Biochemical parameters and initial and final weight and weight gain of the different groups of CF-1 mice subjected to different diets.

Biochemical component ND FD FD + HAP FD + SDAP FD + DAP
Total cholesterol (mg/dL) 102 ± 5 164 ± 30∗ 101 ± 9& 103 ± 3& 112 ± 7&

HDL cholesterol (mg/dL) 56 ± 7 66 ± 13 53 ± 6 50 ± 4 61 ± 9
Total/HDL cholesterol (mg/dL) 1.8 ± 0.1 1.5 ± 0.1 2 ± 0.1 1.8 ± 0.3 1.9 ± 0.1
Triglyceridemia (mg/dL) 106 ± 8 171 ± 5∗∗∗ 81 ± 9∗&&& 74 ± 8∗&&& 80 ± 7∗&&&

Glycemia (mg/dL) 311 ± 10 343 ± 4 134 ± 30∗∗∗&&& 278 ± 28 294 ± 28
GOT (UI/L) 166 ± 48 144 ± 21 94 ± 19 116 ± 16 94 ± 33
Uric acid (mg/dL) 1.8 ± 0.2 2.7 ± 1.0 0.8 ± 0.6& 1.2 ± 0.4 1.2 ± 0.6
Initial weight (g) 37.3 ± 1.3 38.0 ± 0.9 37.0 ± 1.4 36.4 ± 1.3 36.5 ± 1.1
Final weight (g) 44.3 ± 0.9 45.1 ± 1.1 45.2 ± 1.3 43.3 ± 1.5 43.2 ± 1.5
Gain (g) 6.9 ± 0.12 7.5 ± 0.35∗∗ 6.2 ± 0.55∗&&& 6.0 ± 0.58∗&&& 6.7 ± 0.60∗

ND, normal diet; FD, fat diet; HAP, healthy apple peel; SDAP, sun damaged apple peel; DAP, dehydrated apple peel.
HDL: high density lipoprotein and GOT: glutamic-oxaloacetic transaminase.
The results are expressed as the ±SD average. Statistical significance: ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001 are compared with the ND group and &

𝑃 < 0.05
and &&&

𝑃 < 0.001 are compared with the FD group.

presented lower levels in these parameters when compared
to the FD group. The FD + HAP group (134 ± 30mg/dL,
𝑃 < 0.001) was the one that presented lower levels of glycemia
and the group FD + SDAP apple was the one which presented
lower levels of triglyceridemia (74 ± 8.3mg/dL, 𝑃 < 0.001),
when compared to FD group.

The group of mice that received FD (2.34 ± 0.37 ng/mL)
presented significantly higher insulin levels than mice fed
withND (1.23±0.25 ng/mL) (Figure 1(b)). On the other hand,

mice subjected to FD + SDAP presented significantly lower
insulinemia values (1.53±0.32 ng/mL) when compared to FD
group.

The group of mice subjected to FD presented higher
serum ADMA levels than mice subjected to ND (𝑃 < 0.001)
(Figure 1(c)), while mice fed with FD + HAP, FD + DAP, and
FD + SDAP presented lower concentrations than FD group
(𝑃 < 0.001; 𝑃 < 0.01; 𝑃 < 0.01, resp.), the FD + HAP group
being the one that presented the lower ADMA levels.
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Figure 1: (a) Systolic blood pressure of mice subjected to different diets. ND, normal diet; FD, fat diet; HAP, healthy apple peel; SDAP, sun
damaged apple peel; DAP, dehydrated apple peel. Statistical significance: ∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001 versus normal diet. Statistical significance:
&
𝑃 < 0.05, &&&𝑃 < 0.001 versus fat diet. All groups have a minimum of 4 mice. (b) Average insulinemia in mice fed with different diets.

Statistical significance: ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus normal diet. Statistical significance: &
𝑃 < 0.05 versus fat diet. All groups have a

minimum of 4 individuals. (c) Serum ADMA of mice fed with different diets. ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 versus normal diet. Statistical
significance: &𝑃 < 0.05 versus fat diet. All groups have a minimum of 4 individuals.

3.3. Impact of Apple Consumptions in ApoE−/−Mice: AModel
of Atherosclerosis. Next, we tested our diet with apple peel
supplement in the ApoE−/−mouse, a model of dyslipidemia
and atherosclerosis. Total cholesterol, triglycerides, and basal
glycemia were determined in mice fed with the three types
of diets, and control group of C57BL6 (WT) mice were
incorporated for this analysis. Total cholesterol of ApoE−/−
mice fed on a ND (𝑃 < 0.01), FD (𝑃 < 0.001), and FD +
HAP (𝑃 < 0.001) was higher than control group (WT). Only
glycemia of FD group had a significant increase with respect
to the control group (𝑃 < 0.05).

Total cholesterol of the FD group and the FD + HAP
group had statistically significant increase with respect to the
ND group (𝑃 < 0.01), and only basal glycemia of the FD
group had a statistically significant difference compared to
the ND group (𝑃 < 0.05) (Table 3).

The final weight was higher in FD group than in FD +
HAP group, with a value of 𝑃 < 0.05 (Table 3).

Besides, using ANOVA to compare the initial and final
body weight of all groups, it could be determined that the
increase in body weight of mice on FD and mice on FD +
HAP compared to the initial body weight of mice on ND was
statistically significant (𝑃 < 0.0001). Also, mice on FD had
higher body weight than mice on FD + HAP (𝑃 < 0.05).

3.4. Atherosclerosis. Finally, we analysed the progress of the
atherosclerosis process in ApoE−/− mice fed with apple
peel supplemented diets for 20 weeks. For this, we collected
the thoracic aorta from animals treated and untreated and
they were processed for HE and collagen staining. Figure 2
depicts representative histologic sections of HE andMasson’s
Trichrome from ApoE−/−mice.

Figures 2(a1) and 2(a2), as well as Figures 2(b1) and 2(b2),
correspond to control groups (wild type (WT) and ApoE−/−
fed with ND) showing histological sections corresponding
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FD
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Figure 2: Aorta histochemical staining in mice: (a1) to (a3) control group C57BL6WT; (a1): Hematoxylin and eosin (HE) staining,
magnification 10x; (a2): HE staining, magnification 40x; (a3): Masson’s Trichrome staining, magnification 40x. (b1) to (b3): ApoE−/− normal
diet group: (b1): HE staining, magnification 10x; (b2): HE staining, magnification 40x; (b3): Masson’s Trichrome staining, magnification 40x.
(c1) to (c3): ApoE−/− fat diet group: (c1): HE staining, magnification 10x; (c2): HE staining, magnification 40x; (c3): Masson’s Trichrome
staining, magnification 40x. (d1) to (d3): ApoE−/− fat diet plus apple peel group: (d1): HE staining, magnification 10x; (d2): HE staining,
magnification 40x; (d3): Masson’s Trichrome staining, magnification 40x. Scale bar: 200 𝜇m.

to thoracic aorta, in which a vascular wall of conserved his-
toarchitecture is observed, with inner, middle, and adventitia
layers without morphological evidence of lesion.

Figures 2(a3) and 2(b3) show histological sections of
control groupsWT and ApoE−/−with ND, corresponding to
thoracic aorta, stained withMasson’s Trichrome technique. A
vascular wall of conserved histoarchitecture is observed, with
inner, middle, and adventitia layers without morphological
evidence of lesion.

Figures 2(c1), 2(c2), and 2(c3) are histological sections
of aorta artery of ApoE−/− mice fed with FD correspond-
ing to an elastic artery wall. Figures 2(c1) and 2(c2) were
stained with HE technique and Figure 2(c3) was stained with
Masson’s Trichrome technique. A vascular wall presenting
a high degree of histoarchitecture distortion, significant
expansion, and partial detachment of the inner layer is
observed. Figure 2(c2) highlights the composition of the
histoarchitecture distortion, with abundant foam cells, some
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Table 3: Biochemical parameters and initial and final weight in different groups of ApoE−/−mice subjected to different diets.

Biochemical component WT ApoE−/− ND ApoE−/− FD ApoE−/− FD + HAP
Total cholesterol (mg/dL) 86 ± 9 317 ± 67 533 ± 154∗∗ 515 ± 132∗∗

Triglyceridemia (mg/dL) 55 ± 4 141 ± 16 185 ± 42 146 ± 55
Glycemia (mg/dL) 157 ± 44 161 ± 58 324 ± 128∗ 231 ± 107
Initial weight (g) 29.1 ± 1.8 32.5 ± 1.9 34.0 ± 2.2 34.1 ± 1.6
Final weight (g) 32.1 ± 1.8 35.1 ± 1.2 43.4 ± 4.3∗∗∗ 40.1 ± 1.9∗∗,&

ND, normal diet; FD, fat diet; HAP, healthy apple peel.
The results are expressed as the ±SD average.
Statistical significance: ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 final weight compared with the ND group and &

𝑃 < 0.05 compared with the FD group.
Statistical significance ∗𝑃 < 0.05.

inflammatory cells, and abundant optically empty spaces
compatible with cholesterol crystals. Figure 2(c3) highlights
degenerative changes of the extracellular matrix at the level
of the distortion area.

The image analysis is presented in Figure 3 for the FD
and FD + HAP groups. With the images obtained by HE
staining, areas of 50 𝜇m2 were delimited and the empty area
compatible with cholesterol accumulationwasmeasured.The
results show that animals fed with a fat diet supplemented
with apple peel developed lower size plaques with lower
cholesterol content than controls which consume only FD.
In the same groups of images and sections, the amount of
inflammatory cell nuclei and the intensity of blue colouring
in Masson’s Trichrome staining were measured.These results
show that animals receiving apple peel supplement developed
lower degree of fibrosis than animals on fat diet.

4. Discussion

4.1. MS Mice Model. Murine models for MS research are
widely used. Moore-Carrasco et al. standardized a MSmodel
in CF-1 mice fed with a high fat diet and developedmetabolic
alterations similar to those observed in human MS [19].

MS corresponds to a series of metabolic alterations
that double the risk of suffering CVD [24]. The alteration
of parameters, such as glycemia, insulin, triglycerides, and
arterial pressure, in addition to the increase of prothrombotic
molecules such as TNF𝛼, ADMA, and P-selectin, contributes
to the development of this pathology. The consumption of
flavonoids as those present in apples might contribute to
the decrease in cardiovascular risk factors. To evaluate this
hypothesis, the development ofMSwas induced in CF-1 mice
with a fat-rich diet for a period of 43 days [19] and the
effect of different types of Fuji apple peel was determined.
Here we showed that the consumption of a hyper caloric
diet supplemented with fresh, dehydrated, or sunburned
apple peel prevents the metabolic and hormonal alterations
triggered by the MS. For instance, apple peel supplemented
diets reduced blood glucose levels while they also reduced
insulin levels in CF-1 mice. These results suggest a role
in glucose metabolism. The mechanism for this improve-
ment remains to be determined but may involve improved
insulin sensitivity, decreased intestinal glucose absorption, or
decreased hepatic glucose output.

The composition of lipids present in the different types
of diets used for this study is very similar to other diets used
in previous studies [25].Themurine model developed by our
group [19] was validated in this study; when subjecting CF-
1 mice to a diet rich in fat (17%) for a 43-day period, they
developed MS.

Mice fed with FD presented a significantly higher weight
gain when compared to mice subjected to ND. Mice fed with
FD + HAP, FD + DAP, and FD + SDAP presented a lower
weight gain than the group fed only with FD. These results
agree with a study by Conceição de Oliveira et al. (2003) [26].

Mice that received FD show higher SAP than mice fed
with ND. Mice subjected to FD+ HAP showed lower SAP
compared to FD.These results are in agreement with other in
vivo studies that have demonstrated that flavonoids present
in apple decrease blood pressure [12] and with a study in
a model of hypertensive rats in which antioxidants, such as
the quercetins present in apples, decrease arterial pressure
[27]. Recently, the capacity of a beverage prepared from fruits
(cranberry, apple, and blueberry juices at the portions of
12.5%, 37.5%, and 50%, resp.) was described to reduce blood
pressure in rats [28].

Mice that consumed a FD showed an increase in gly-
cemia, triglycerides, and cholesterol when compared to the
ND group, while mice subjected to FD + HAP, FD + DAP,
and FD + SDAP showed significantly lower levels of these
parameters compared to the FD group. These results agree
with the study by Zhao et al. (2004) [29], using transgenic
mice for type II diabetes. They demonstrated that the treat-
ment with phloridzin, a component which is present in apple
peel, reduced significantly the hyperglycemia in these mice.
Aprikian et al. [30] evidenced a significant decrease of choles-
terol levels in rats fed with a high fat diet complemented with
lyophilized apple; the samewas observed in obese Zucker rats
[30]: the consumption of apples decreased the plasmatic LDL
cholesterol [31].

The group of mice that received FD showed insulin levels
significantly higher than the control group, andmice with FD
+HAP showed insulin values significantly lower compared to
the FD group. Gao et al. (2010) [32] demonstrated that mice
fed with a high fat diet developed obesity and hyperinsuline-
mia, in only two weeks.

Studies have shown that the intake of polyphenol-rich
foods influences cardiovascular health and decreases the
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Figure 3: Image analysis of atherosclerotic lesions in ApoE−/−mice. (a) shows the area of cholesterol expressed as 𝜇m2 of the lesion. In (b),
the degree of infiltration expressed as number of cores in the lesion is shown. (c) illustrates the degree of infiltration expressed by the color
intensity of the area. Statistical significance: ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus fat diet.

expression of P-selectin [33]. Also, it has been observed
that quercetins reduce significantly the concentrations of this
adhesion molecule [34]. However, in this study, we did not
find significant differences of P-selectin levels among groups
(data not shown). It is known that platelet activation followed
by inflammatory stimuli leads to the expression of surface
receptors as P-selectin. Endothelial dysfunction, an early
characteristic in atherosclerosis, is associated with the low
degree inflammation inside the vascular wall [35].This might
explain partly the results obtained in this study in regard to
P-selectin, insomuch as mice developed MS which causes a
low degree of inflammation appearing usually in early stages
of atherosclerosis.

We found that mice subjected to FD showed higher
ADMA levels when compared to the ND group, which indi-
cates that endothelial dysfunction is associatedwithMS.Mice
subjected to FD + HAP, FD + DAP, and FD + SDAP showed
lower plasma concentrations of ADMA compared with the
FD group, specially the FD + HAP group. Some authors
have stated that there is a reciprocal relation between ADMA
and insulin resistance, suggesting that when there are meta-
bolic alterations leading to insulin resistance, plasma levels
of ADMA increase and vice versa [36, 37]. In this study,

mice with FD showed high plasmatic levels of both ADMA
and insulin. A study of a group of young adults evidenced a
positive association between ADMA plasma levels, obesity,
arterial pressure, and glycemia and it was observed that
those individuals that consume diets with high content of
antioxidants showed significantly lower levels of ADMA [38].

With the data obtained in this study, it can be concluded
that an apple peel enriched diet decreased significantly
several MS criteria in CF-1 mice.

4.2. Atherosclerosis Model. It is well established that raw or
processed fruit and vegetable consumption decreases the
incidence of CVD [39]. The mechanisms by which apple
consumption decreases the CV risk is unknown; however,
there is evidence that relates its favourable effect to a high
antioxidant content, mostly flavonoids, with peel the main
presenting antioxidant activity [14], in which its protecting
effect would be related to its capacity to decrease serum
cholesterol [40].

In the advanced atherosclerosis model obtained in
ApoE−/− mice fed with FD + HAP, we observed a signif-
icant decrease of the fat content at the atheroma plaque,
expressed as a lipid infiltration area. With these results, we
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can postulate that the apple peel supplement in diet may
have a protecting effect in the advance of the atherosclerotic
disease, directly at the fat content level of the plaque, reducing
endothelial dysfunction and serum cholesterol. This effect
is possibly due to stimulation of cholesterol catabolism,
or inhibition of its intestinal absorption, correlating with
previous reports in ApoE−/−mice [41], and Sprague-Dawley
rats [42]. Flavonoids,mainly fromwine, also present in apples
have been related to a decrease inmigration and proliferation
of smooth muscle cells as a response to a decrease of LDL
[43]. In our study we observe a significant decrease of fibrosis
in ApoE−/− FD +HAPmice, compared to the control group,
confirming the results observed with wine flavonoids. How-
ever, this is the first time that this characteristic is provedwith
apple peel. Finally, the data of inflammation level expressed
by the number of inflammatory cells infiltrating the plaque
were not statistically significant compared with the control
group, maybe because the beneficial effects of flavonoids
present in apple peel are mainly related to stopping the pro-
gression of plaque formation, by reducing cholesterol accu-
mulation, compared with its effect of improving endothelial
dysfunction, corroborating the results mentioned above.

As a conclusion, apple peel consumption improves
metabolic alterations associated with a fat-rich diet and also
slowed the atherogenesis development, one of the most lethal
consequences of a hypercaloric diet. Our results contribute to
the concept of having a functional food from apple products
with beneficial effects on risk factors for cardiovascular
disease [44].
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To study the effect of Huangzhi oral liquid (HZOL) on I/R after 2 h and 4 h and determine its regulatory function on caspase-3 and
protein networks. 70 SDmale rats were randomly divided into seven groups and establishedmyocardial I/R injurymodel by ligating
the left anterior descending coronary artery. Myocardial infarction model was defined by TTC staining and color of the heart. The
levels of CK-MB, CTnI, C-RPL, SOD, and MDA were tested at 2 h and 4 h after reperfusion. HE staining and ultramicrostructural
were used to observe the pathological changes. The apoptotic index (AI) of cardiomyocyte was marked by TUNEL.The expression
levels of caspase-3, p53, fas, Bcl-2, and Bax were tested by immunohistochemistry and western blot. HZOL corrected arrhythmia,
improved the pathologic abnormalities, decreased CK-MB, CTnI, C-RPL, MDA, AI, caspase-3, p53, fas, and Bax, and increased
SOD ans Bcl-2 with different times of myocardial reperfusion; this result was similar to the ISMOC (𝑃 > 0.05). HZOL could inhibit
arrhythmia at 2 and 4 h after I/R and ameliorate cardiac function, which was more significant at 4 h after reperfusion. This result
may be related to decreased expression of caspase-3, p53, and fas and increased Bcl-2/Bax ratio.

1. Introduction

The function of apoptosis in cardiovascular disease is gaining
recognition. Necrosis is a myocardial cell injury caused
by myocardial ischemia. Recent studies demonstrated that
oxidative stress and ischemia/reperfusion (I/R) injury not
only cause myocardial necrosis but also induce cardiomy-
ocyte apoptosis. The degree of myocardial cell apoptosis is
associated with the I/R time [1]. Apoptosis is controlled by
a series of pathological processes that mediate the signaling
pathway; blocking the signaling pathway helps block apopto-
sis, thereby preventing myocardial apoptosis and improving
heart function [2]. Increasing evidence has indicated that
traditional Chinese medicine (TCM) significantly influences
the protection of myocardial apoptosis [3]. TCM provides

alternative options for preventing myocardial apoptosis to
ameliorate the prognosis of I/R. Huangzhi prescription is a
TCM that has long been used in China. Previous literature
indicated that Huangzhi can improve blood viscosity and
hyperlipidemia in patients [4]. Huangzhi oral liquid (HZOL)
consists of Huangzhi prescription boiled and alcohol sunk.
HZOL ameliorates coronary heart disease by promoting
blood circulation and removing blood stasis and turbidity
for gasification [5]. However, the effects of HZOL on I/R
have been rarely explored. In one of our previous prospective
animal studies [6], we found that HZOL can significantly
improve cardiac and coagulation functions. The mechanism
involved in apoptosis has not been reported. To confirm the
effects of HZOL on I/R and explore its potential mechanism,
this study was performed.
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2. Materials and Methods

2.1. Preparation of HZOL. HZOL consists of leech, rhubarb,
and Fructus arctii, which were mixed at a ratio of 5 : 3 : 3,
with a concentration of 2.2 g/mL. HZOL was purchased from
the Affiliated Zhongshan Hospital of Traditional Chinese
Medicine for Guangzhou University of Chinese Medicine
(Guangzhou, China).The quality of HZOL was controlled by
thin layer chromatography analysis. The solution was stored
in aliquots (10mL/vase) at −20∘C.

2.2. Preparation of Rat I/R Model. Male Wistar rats (SPF, no.
0099755, 200 g to 240 g) were purchased from the Exper-
imental Animal Center of Southern Medical University,
housed individually in clear plastic cages at a temperature-
and humidity-controlled environment with a 12 h light/dark
cycle (23 ± 1∘C; 12 h light/dark cycle, light on at 7 a.m.) and
given ad libitum access to rodent chow and water. Animals
were handled in accordance with the Guidelines of Animal
Care at Southern Medical University.

A total of 70 rats were randomly divided into seven
groups, namely, theModel-2 h group (reperfusion for 2 h after
30min of myocardial ischemia), Model-4 h group (reperfu-
sion for 4 h after 30min of myocardial ischemia), HZOL-2 h
group (application of HZOL before Model-2 h), HZOL-4 h
group (application of HZOL before Model-4 h), isosorbide
mononitrate capsule- (ISMOC-) 2 h group (application of
ISMOC before Model-2 h), ISMOC-4 h group (application
of ISMOC before Model-4 h), and sham group (subjected to
the same surgical procedure in the absence of left anterior
descending (LAD) coronary artery). Rats in the HZOL-
2 h, HZOL-4 h, ISMOC-2 h, and ISMOC-4 h groups were
intragastrically administered with HZOL (2 g/kg/d) and
ISMOC (3.6mg/kg/d) at 1 h before surgery. This procedure
was performed for seven consecutive days. Normal saline
was used as control. Rats were anesthetized with pentobar-
bital sodium (80mg/kg, Fluka), intubated, and ventilated
artificially using a rodent ventilator (SAR-830, IITC, USA).
Ischemia-reperfusion made mould method as mentioned in
the paper [7]. Coronary artery occlusion was confirmed by
epicardial cyanosis, ST-segment elevation, and an increase
in R-wave amplitude. Reperfusion was achieved by releasing
the snare and confirmed by recovery from cyanosis and
reversal of ECG changes [8]. Rats in the sham group were
subjected to the same surgical procedure in the absence of
LAD coronary artery. We not only observed cyanosis of
the left ventricle using ECG, but also performed 30min of
myocardial ischemia in four rats randomly selected from the
sham (two rats) and model groups (two rats). After ischemia,
the suture around the LAD coronary artery was retightened,
and 1mL of 1% triphenyl tetrazolium chloride (TTC) stain
was injected via the thoracic aorta. After 10min, the heart was
cut into five to six transverse slices, which were 2mm thick
and parallel to the atrioventricular groove. The infarct area
was confirmed as the unstained part in the risk area following
TTC.

2.3. Assessment of Arrhythmias. The incidence of arrhyth-
mias was determined and diagnosed based on the criteria of
the Lambeth Conventions [9], including ventricular tachy-
cardia (VT), ventricular fibrillation (VF), and other types of
arrhythmias (single extrasystoles, bigeminy, and salvos).

An arrhythmia score was used to evaluate the severity of
arrhythmias by giving a grade to each animal as follows: 0 =
no arrhythmias; 1 = less than 10 s of VT or other arrhythmias,
no VF; 2 = 11 s to 30 s of VT or other arrhythmias, no VF; 3 =
31 s to 90 s of VT or other arrhythmias, no VF; 4 = 91 s to 180 s
of VT or other arrhythmias, and/or less than 10 s of reversible
VF; 5 = more than 180 s of VT or other arrhythmias, and/or
more than 10 s of reversible VF; 6 = irreversible VF [10].

2.4. Exclusion Criteria. Experiments were terminated or
excluded from the final data analysis if any of the following
conditions occurred: absence of signs of successful coronary
artery occlusion, severe arrhythmias prior to LAD occlusion
and reperfusion, or severe atrioventricular block during the
first 5min of ischemia [11]. Four rats were unsuccessful
(Model-2 h, Model-4 h,HZOL-2 h, and ISMOC-4 h groups).

2.5. Sample Preparation after Reperfusion. 5mL of blood
was collected through the abdominal aorta of live rats to
detect levels of serum creatine kinase mb isoenzyme (CK-
MB), cardiac troponin I (CTnI), C reactive protein (CRP),
superoxide dismutase (SOD), and malondialdehyde (MDA).
The AAR of the left ventricle of rats in the sham, Model-2 h,
Model-4 h, HZOL-2 h, HZOL-4 h, ISMOC-2 h, and ISMOC-
4 h groups was removed and divided into four parts. One
part was fixed in 10% formalin, another was fixed in 0.1M
phosphate buffer containing 2.5% glutaraldehyde and 2%
paraformaldehyde, and the other two parts were flash-frozen
in liquid nitrogen and stored at −80∘C for use.

2.6. Serum Examination. Serum CK-MB, CTnI, CRP, SOD,
and MDA determination. The serum biochemical parame-
ters CK-MB, CTnI, and CRP, which closely reflect cardiac
function [12], were analyzed by the clinical laboratory of
Nanfang Hospital Affiliated to Southern Medical Univer-
sity (Guangzhou, China). The serum levels of SOD and
MDA were determined using an SOD and MDA detection
kit (Jiancheng, Nanjing, China). The assay was performed
according to the manufacturer’s instructions.

2.7. Histological and Transmission. Electron microscopy
(TEM) examination part of the AAR of the left ventricle was
fixed in 10% formalin, embedded in paraffin, cut into 4 𝜇m
sections, and mounted on slides. The samples were stained
with hematoxylin and eosin (HE) for histopathological exam-
ination. For TEM examination, samples containing a 2mm
portion from the edge of the incision were immediately fixed
in 0.1M phosphate buffer containing 2.5% glutaraldehyde
and 2% paraformaldehyde for 4 h. The samples were then
fixed with 1% osmium tetroxide for 2 h, dehydrated through
a graded ethanol series, and embedded in epoxy resin.
Resin-embedded blocks were cut into 60 nm to 80 nm ultra-
thin sections with an ultramicrotome (PT-XL, RMC, USA).
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The ultrathin sections were placed on carbon-coated nickel
grids and examined with an H-7500 transmission electron
microscope (H-7500, Tokyo, Japan) operating at 80 kV.

2.8. Apoptosis Assay. We purchased a terminal deoxynu-
cleotidyl transferase dUTP nick end labeling (TUNEL) apop-
tosis assay kit for paraffin sections from Nanjing KeyGen
Biotech. Inc. (Nanjing, Jiangsu, China). Based on the man-
ufacturer’s instructions, all the procedures were performed.
Cells were defined as apoptotic if the entire nuclear area of
the cell was positively labeled. The apoptotic cells and bodies
were counted in five high-power fields. The apoptotic index
(AI) was calculated as the percentage of positively stained
cells using the following equation: AI = number of apoptotic
cells/total number of nucleated cells [13].

2.9. Immunohistochemistry. Immunohistochemical staining
for caspase-3, p-53, fas, Bcl-2, and Bax was performed
using routine immunohistochemistry streptavidin peroxi-
dase method. This method contained a rabbit polyclonal IgG
antibody against caspase-3 (1 : 100; Cell Signaling Technology
Inc., no. 9662, USA), p-53 (1 : 50; Bioworld Technology
Inc., BS3736, Louis Park, USA), fas (1 : 100; Assay Designs,
ADI-AAP-221D, USA), Bcl-2 (1 : 50; Bioworld Technology
Inc., BS1511, Louis Park, USA) (Cell Signaling Technology,
no. 2876, USA), and Bax (1 : 50; Bioworld Technology Inc.,
BS2538, Louis Park, USA) (Cell Signaling Technology, no.
2772, USA). Nuclear counterstaining was performed using
hematoxylin. Five randomly selected fields from each section
were examined at amagnification of×200 and analyzed using
Image-Pro Plus 6.0. The positive content (PC) was calculated
using the following formula: PC = mean optical density ×
positive area [10].

2.10. Western Blot. Aliquots of heart tissue (50mg) were
homogenized in liquid nitrogen and dissolved in lysis buffer.
Protein concentrations were determined by BCA protein
quantitative assay. The protein lysates were loaded onto 10%
SDS-polyacrylamide gel for separation, electrotransferred to
PVDF membranes, and blocked in 5% nonfat milk in Tris-
buffered saline, Membranes were incubated overnight using
primary antibodies, (caspase-3 (Cell Signaling Technology
Inc., no. 9662, USA) diluted to 1 : 1000, p-53 (Bioworld
Technology Inc., BS3736, Louis Park, USA) diluted to 1 : 500,
fas (Assay Designs, ADI-AAP-221D, USA) diluted to 1 : 500,
Bcl-2 (Cell Signaling Technology, no. 2876, USA) diluted to
1 : 1000, and Bax (Cell Signaling Technology, no. 2772, USA)
diluted to 1 : 1000) at 4∘C.This stepwas followed by secondary
antibodies, which were conjugated using horseradish
peroxidase. We performed enhanced chemiluminescence
(Merck-Millipore, Germany) detection.The imageswere cap-
tured and documented using a CCD system (image station
2000MM,Kodak, Rochester, NY, USA). Quantitative analysis
of these images was performed using Molecular Imaging
SoftwareVersion 4.0, whichwas provided byKodak 2000MM
System. The optical density was normalized against actin
[10].

2.11. Statistical Analysis. Each experiment was repeated at
least three times. Data were represented in the form of
means ± SD. Data were analyzed using SPSS statistical
package (version 13.0, Armonk, NY, USA). Mean values were
compared using one-wayANOVA, andmultiple comparisons
were performed. Data were analyzed using a homogeneity
test for variance. If the variances were homogeneous, mean
values were compared through ANOVA. The differences
between two groups were analyzed based on least significant
difference test. If the variances were not homogeneous, mean
values were compared using Welch’s test. The differences
between two groups were analyzed by Games-Howell. Statis-
tical significance was set at 𝑃 < 0.05.

3. Results

3.1. Effects of HZOL for I/R 2 h- and I/R 4 h-Induced Arrhyth-
mias and Infarct Size. Naked eye observations showed that
the heart color from the model group was paler than that of
the sham group (Figure 1(a)). Effects of different treatments
on I/R-induced arrhythmias are shown in Figure 1(c). In
the sham group, neither VT nor VF was observed, and
only a few ventricular premature beats appeared during
the entire procedure. By contrast, almost all rats in the
Model-2 h and Model-4 h groups experienced obvious ST-
segment elevation, VT occurrence, and high VF frequency.
Furthermore, the frequency of arrhythmias was significantly
reduced in the Model-2 h and Model-4 h groups. During
reperfusion, malignant arrhythmias were observed in the
rats of the I/R group. Pretreatment with HZOL and ISMOC
markedly reduced the mean duration of VT (𝑃 < 0.05), VF
(𝑃 < 0.05), and arrhythmia score compared with those of the
I/R group (Figure 1(d)).

3.2. Effects of HZOL for I/R 2 h and I/R 4 h on the Serum
Levels of CK-MB, CTnI, CRP, SOD, and MDA. The serum
levels of CK-MB, CTnI, CRP, SOD, andMDA after treatment
are shown in Figure 2. Results show that CK-MB, CTnI, CRP,
and MDA significantly increased, whereas SOD significantly
decreased after Model-2 h and Model-4 h (𝑃 < 0.05). All
these parameters indicate severe myocardial ischemia. How-
ever, the HZOL-2 h, ISMOC-2 h, HZOL-4 h, and ISMOC-
4 h groups could improve cardiac function by decreasing
CK-MB, CTnI, CRP, and MDA and increasing SOD levels
(𝑃 < 0.01). The effects were more significant in the HZOL-
4 h and ISMOC-4 h groups. Compared with the HZOL-2 h
group, the HZOL-4 h group showed more significant effects
by decreasing CK-MB and CTnI and increasing SOD levels
(𝑃 < 0.05).

3.3. Effects of HZOL for I/R 2 h and I/R 4 h on the Histological
and Ultrastructural Changes in the Myocardium. Results of
HE staining of AAR are shown in Figure 3(a). Massive
necroses were found in the myocardial tissues of the Model-
2 h and Model-4 h groups. The necroses were reduced in the
HZOL-2 h, HZOL-4 h, ISMOC-2 h, and ISMOC-4 h groups,
but the effects were more significant in the HZOL-4 h and
ISMOC-4 h groups. TEM images of ultrathin sections of
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Figure 1: Histological and electrocardiography (ECG) parameters. (a) Representative gross images of whole hearts. (b) Representative
of 1% triphenyl tetrazolium chloride (TTC) staining results. (c) Representative of 2-lead electrocardiogram results. (d) Arrhythmia was
scored according to 2-lead electrocardiogram. Model-2 h group (after 30min of myocardial ischemia, reperfusion 2 h), Model-4 h group
(reperfusion for 2 h after 30min of myocardial ischemia), Model-4 h group (reperfusion for 4 h after 30min of myocardial ischemia), HZOL-
2 h group (application ofHZOLbeforeModel-2 h),HZOL-4 h group (application ofHZOLbeforeModel-4 h), isosorbidemononitrate capsule
(ISMOC)-2 h group (application of ISMOC beforeModel-2 h), ISMOC-4 h group (application of ISMOC beforeModel-4 h), and sham group
(subjected to the same surgical procedure in the absence of left anterior descending coronary artery). #𝑃 < 0.05 versus sham group; &𝑃 < 0.05
versus Model-2 h group; ∗𝑃 < 0.05 versus Model-4 h group.

myocardial tissues are shown in Figure 3(b)A. We observed
cardiomyocytes in a well-arranged myofilament and interca-
lated disc manner, as well as abundant normal mitochondria
with no swelling, normal matrix density, and intact cristae, in
the sham group (Figure 3(b)). However, in the I/R 2 h and I/R
4 h groups, myocardial I/R produced remarkable ultrastruc-
tural damages associated with irregularities and edematous
separation of myofilaments and shortening of sarcomeres.
Large areas of cytoplasmic vacuolization and mitochondrial
swelling were evident with decreasing matrix density and
cristae distortion (Figures 3(b)B and 3(b)C).HZOL treatment
showed clear protection with relatively parallel arrangement
of myofilaments and normal sarcomeres. Mitochondria were
normal with mild swelling, normal matrix density, and
slightly damaged cristae. However, mild cytoplasmic rarefac-
tion with mild edema could still be observed (Figures 3(b)D
and 3(b)E). These results were consistent with those of
ISMOC (Figures 3(b)F and 3(b)G).

3.4. Effects of HZOL Pretreatment for I/R 2 h and I/R 4 h
on Myocardial Apoptosis and Caspase-3 Expression. TUNEL
staining suggested that more brown stained cells were found

in the Model-2 h and Model-4 h groups than those in the
sham group (𝑃 < 0.05). Compared with the Model-2 h and
Model-4 h groups, HZOL significantly decreased the number
of apoptotic cells (𝑃 < 0.05) (Figure 4(a)).

Western blot showed that caspase-3 expression (𝑃 < 0.05)
(Figure 4(c)) in the Model-2 h and Model-4 h groups signif-
icantly increased than that in the sham group. Compared
with the Model-2 h and Model-4 h groups, the HZOL-2 h,
HZOL-4 h, ISMOC-2 h, and ISMOC-4 h groups significantly
decreased caspase-3 expression (𝑃 < 0.05). The effects were
more significant in the HZOL-4 h and ISMOC-4 h groups.
Compared with the HZOL-4 h group, the HZOL-2 h group
significantly decreased caspase-3 expression (𝑃 < 0.05).
The immunohistochemical results were similar to those of
western blot (Figure 4(b)).

3.5. Effects of HZOL Pretreatment for Expression Levels
of p53, Fas, and Bcl-2/Bax in I/R 2 h and I/R 4 h. The
expression levels of p53, fas, and Bcl-2/Bax are shown in
Figure 5. The immunohistochemical results show that p53
and fas significantly increased, whereas Bcl-2/Bax significant-
ly decreased in the Model-2 h and Model-4 h groups than
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Figure 2: The serum levels of CK-MB, CTnI, CRP, SOD, and MDA after treatment. (a) CK-MB; (b) CTnI; (c) CRP; (d) SOD; (e) MDA;
Model-2 h group (after 30min of myocardial ischemia, reperfusion 2 h), Model-4 h group (reperfusion for 2 h after 30min of myocardial
ischemia), Model-4 h group (reperfusion for 4 h after 30min of myocardial ischemia), HZOL-2 h group (application of HZOL before Model-
2 h), HZOL-4 h group (application of HZOL before Model-4 h), isosorbide mononitrate capsule (ISMOC)-2 h group (application of ISMOC
before Model-2 h), ISMOC-4 h group (application of ISMOC before Model-4 h), and sham group (subjected to the same surgical procedure
in the absence of left anterior descending coronary artery). #𝑃 < 0.05 versus sham group; &𝑃 < 0.05 versusModel-2 h group; ∗𝑃 < 0.05 versus
Model-4 h group; 𝑃 < 0.05 versus HZOL-2 h group.
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Figure 3: The effects of HZOL for I/R 2 h and I/R 4 h on the histological and ultrastructural changes in the myocardium (a) representative
microscopic images of HE stain. (b) TEM images of ultrathin sections of myocardial tissue are changed. A: sham group; B: Model-2 h group;
C: Model-4 h group; D: HZOL-2 h group; E: HZOL-4 h group; F: ISMOC-2 h group; G: ISMOC-4 h group.

those in the sham group (𝑃 < 0.01). However, the HZOL-
2 h, ISMOC-2 h, HZOL-4 h, and ISMOC-4 h groups could
improve myocardial apoptosis by decreasing p53 and fas and
increasing Bcl-2/Bax expression (𝑃 < 0.01). The effects were
more significant in the HZOL-4 h and ISMOC-4 h groups
(𝑃 < 0.01). Compared with the HZOL-2 h group, the HZOL-
4 h group was more significant in decreasing p53 and fas and
increasing Bcl-2/Bax expression (𝑃 < 0.01) (Figures 5(a)
to 5(c)). Western blot results were similar to those of
immunohistochemical analysis (Figure 5(d)).

4. Discussion

Our results indicate that the activation of HZOL at the
beginning of reperfusion produced a protective effect in I/R
injury and participated in a cascade of events that resulted in
apoptosis.This study is the first to demonstrate the protective
effect of HZOL inhibition against apoptosis caused by I/R
injury.

The effects of HZOL prevented arrhythmias in rats by
myocardial I/R for 2 and 4 h. Naked eye observations showed
that the color of the heart in the model group was paler
than that in the sham group. Almost all rats in the Model-
2 h and Model-4 h groups experienced obvious ST-segment
elevation, VT occurrence, and high VF frequency, which was
the frequency of arrhythmias. By contrast, neither VT nor VF
was observed in the sham group, and only a few ventricular
premature beats appeared during the entire procedure. The
serum results illustrate that CK-MB, CTnI, CRP, and MDA
significantly increased, whereas SOD significantly decreased
in the Model-2 h and Model-4 h groups (𝑃 < 0.05). All
these parameters indicate severe myocardial ischemia. How-
ever, the HZOL-2 h, ISMOC-2 h, HZOL-4 h, and ISMOC-4 h
groups could improve cardiac function by decreasing CK-
MB, CTnI, CRP, and MDA and increasing SOD levels (𝑃 <
0.01). These effects were more notable in the HZOL-4 h and
ISMOC-4 h groups. CK-MB, CTnI, and CRP are important
indicators of cardiac function. MDA is an unsaturated fatty

acid in free radical and lipid peroxidation metabolites. The
content of MDA, which is an indirect marker of cellular
damage, reflects the extent of systemic lipid peroxidation.
The antioxidant SOD protects cells by reducing free radical-
induced injury. SOD levels reflect the body’s capacity to
scavenge oxygen free radicals [11–13]. In the present study,
myocardial SOD activity was attenuated in theModel-2 h and
Model-4 h groups, combined with increased MDA content
in the Model-2 h and Model-4 h groups. Our data suggest
that myocardial oxidative stress may exacerbate I/R injury.
The HZOL-2 h and HZOL-4 h groups could improve cardiac
function by decreasing MDA and increasing SOD levels
(𝑃 < 0.01). HZOL prevented arrhythmias by improving both
cardiac function and resistance to oxidative stress.

The use of HZOL has been practiced for many years in
the Affiliated Hospital of Zhongshan University of Tradi-
tional Chinese Medicine and is highly effective in relieving
hypertension and hyperlipidemia [5]. This TCM includes
leech, rhubarb, and Fructus arctii in its recipe. Leech
secretions include vasodilation, bacteriostatic, analgesic,
anti-inflammatory, anticoagulant, and antiedematous effects,
which eliminate microcirculatory disorders, restore the dam-
aged vascular permeability of tissues and organs, eliminate
hypoxia, reduce blood pressure, and increase immune system
activity [14–16]. Rhubarb has antioxidant, antiplatelet, and
anticoagulant activities and can treat experimental jaundice
in rats [17, 18]. Arctiin is one of the major lignans in Fructus
Arctii that can enhance immunological function and acts
as an anti-inflammatory agent [19], platelet-activating factor
antagonist [20], Ca2+ antagonist, and antihypertensive agent
[21, 22]. Moreover, arctiin can be metabolized into arctigenin
by human intestinal bacteria [23]. Thus, the direct protective
effects of HZOL on ischemia-induced arrhythmias can be
assumed. Our research is related to these active constituents,
especially those associated with the antiapoptotic compo-
nents of HZOL.

Apoptosis typically proceeds through one of two signal-
ing cascades, known as extrinsic and intrinsic pathways, both
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Figure 4: Effects of HZOL on apoptosis and expression of caspase-3. (a) TUNEL analysis of apoptosis in left ventricular AAR.
(b) Immunohistochemical assay of caspase-3 expression. (c) Western blotting assay of caspase-3 expression. A: sham group; B: Model-2 h
group; C: Model-4 h group; D: HZOL-2 h group; E: HZOL-4 h group; F: ISMOC-2 h group; G: ISMOC-4 h group; #𝑃 < 0.05 versus sham
group; &𝑃 < 0.05 versus Model-2 h group; ∗𝑃 < 0.05 versus Model-4 h group; 𝑃 < 0.05 versus HZOL-2 h group.
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Figure 5: Continued.
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Figure 5: Effects of HZOL on apoptosis proteins expression. (a) Immunohistochemical assay of p53 expression. (b) Immunohistochemical
assay of Fas expression. (c) Immunohistochemical assay of Bcl-2 and Bax expression. (d) Western blotting assay of p53, Fas, Bcl-2, and
Bax expression. A: sham group; B: Model-2 h group; C: Model-4 h group; D: HZOL-2 h group; E: HZOL-4 h group; F: ISMOC-2 h group;
G: ISMOC-4 h group; #𝑃 < 0.05 versus sham group; &𝑃 < 0.05 versus Model-2 h group; ∗𝑃 < 0.05 versus Model-4 h group; 𝑃 < 0.05 versus
HZOL-2 h group.

of which converge to activate the executioner caspase-3 [24].
The results in Figure 4 show that caspase-3 expression signifi-
cantly increased in theModel-2 h andModel-4 h groups than
that in the sham group. The HZOL-2 h, HZOL-4 h, ISMOC-
2 h, and ISMOC-4 h groups significantly decreased caspase-3
expression and the number of apoptotic cells (𝑃 < 0.05). The
extrinsic pathway is initiated by binding of death receptors,
such as fas or tumor necrosis factor (TNF), with their
respective ligands (fas ligand and TNF-𝛼). These proteins
further bind initiator procaspase-8 (or procaspase-10) and
form the death-inducing signaling complex (DISC), thereby
enabling their autoactivation [25–27]. Depending on the
efficiency of DISC formation, activated caspase-8 can either
directly activate the downstream executioner caspase-3 [28]
or initiate the cleavage of the proapoptotic BH3-interacting
domain death agonist (Bid), which subsequently engages
the mitochondrial apoptotic cascade [29, 30]. The intrinsic
(mitochondrial) pathway is activated by stimuli that trigger
the permeabilization of the outer mitochondrial membrane
followed by the release of proapoptotic proteins from the
mitochondrial intermembrane space, leading to executioner
caspase activation [31, 32]. This pathway is regulated by
members of the Bcl-2 family of proteins that contain one or
more Bcl-2 homology (BH) domains [33–35]. By contrast, the
proapoptotic proteins Bax and Bak contain BH domains 1 to
3 [36, 37]. A larger group of proapoptotic proteins, including
Bcl-2-associated death promoter, Bcl-2-interacting mediator
of cell death, and Bid, contains only the BH3 domain. The
Bcl-2 and Bax protein levels are directly related to apoptosis

regulation.The increase in Bax levels promotes cell apoptosis,
whereas Bcl-2 increases the inhibition of cell apoptosis;
the Bcl-2/Bax ratio determines the viability of cells after
apoptotic stimulation [38, 39]. The activation of p53 triggers
apoptosis by transcriptional activation of proapoptotic genes
and transcription-independentmechanisms. p53 canmediate
apoptosis by inducing the expression of Bax [40] and other
proapoptotic proteins. p53 induced by transient ischemia
possibly switches off Bcl-2 expression and switches on Bax
expression within the discrete area [38]. In this context,
apoptosis of myocardial I/R in myocardial cells may be com-
monly regulated by endogenous and exogenous apoptosis
mechanisms, thereby initiating the apoptotic factor caspase-
3, which results in apoptosis of myocardial cells. Results
show that HZOL increased the Bcl-2/Bax ratio and decreased
the activities of p53, fas, and caspase-3. HZOL reduced
the apoptosis rate induced by ischemia through decreased
caspase-3 expression. This result occurred in association
with heart failure and apoptosis of experimental animals
[41]. In TEM, a large area of cytoplasmic vacuolization
and mitochondrial swelling was evident with decreasing
matrix density and cristae distortion in the I/R 2 h and
I/R 4 h groups. Results of HZOL treatment showed normal
mitochondria with mild swelling, normal matrix density,
and slightly damaged cristae. HZOL ameliorated myocardial
I/R through multiple apoptosis-related signal pathways that
decreased p53, fas, and caspase-3 and increased the Bcl-
2/Bax ratio. The regulation of these factors on apoptosis will
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be instrumental in defining novel therapeutic approaches to
ischemic injury.
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Ginsenoside (GS-Rb1) is one of the most important active compounds of ginseng, with extensive evidence of its cardioprotective
properties. However, the miRNA mediated mechanism of GS-Rb1 on cardiomyocytes remains unclear. Here, the roles of
miRNAs in cardioprotective activity of GS-Rb1 were investigated in hypoxic- and ischemic-damaged cardiomyocytes. Neonatal
rat cardiomyocytes (NRCMs) were first isolated, cultured, and then incubated with or without GS-Rb1 (2.5–40 𝜇M) in vitro
under conditions of hypoxia and ischemia. Cell growth, proliferation, and apoptosis were detected by MTT and flow cytometry.
Expressions of various microRNAs were analyzed by real-time PCR. Compared with that of the control group, GS-Rb1 significantly
decreased cell death in a dose-dependent manner and expressions of mir-1, mir-29a, and mir-208 obviously increased in the
experimental model groups. In contrast, expressions of mir-21 and mir-320 were significantly downregulated and GS-Rb1 could
reverse the differences in a certain extent.ThemiRNAsmight be involved in the protective effect of GS-Rb1 on the hypoxia/ischemia
injuries in cardiomyocytes. The effect might be based on the upregulation of mir-1, mir-29a, and mir-208 and downregulation of
mir-21 and mir-320. This might provide us a new target to explore the novel strategy for ischemic cardioprotection.

1. Introduction

MicroRNAs (miRNAs) are a kind of conservative single
stranded noncoding RNA molecules found in animals,
plants, virus, and other organisms and regulate proliferation,
differentiation, apoptosis and metabolism, and other cellular
processes [1, 2]. In recent years, investigations found that
miRNAs play an important role in the development of
cardiovascular diseases and may become a possible new
target in the treatment of cardiovascular diseases [3].

Myocardial ischemic injury resulting from severe impair-
ment of the coronary blood supply is a severe stress that
leads to the loss of cardiomyocytes by apoptosis and necrosis.

MicroRNAs have been proved to be potential biomarkers for
ischemic heart disease, such as mir-1, mir-133, mir-208, and
mir-499 [4–6]. Several studies also demonstrated that miR-
NAs dysregulation has a key role in the ischemic heart disease
process. Various miRNAs can regulate gene expression at
the posttranscriptional level by either translational repression
of a target mRNA or degradation of myocardial death
induced mir expression in the genome of most eukaryotes.
Many studies have revealed that microRNAs could be the
therapeutic targets for common used drugs or new drug
design, which could be potentially used as complementary
and alternative interventions for the treatment of ischemic
heart disease.
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Ginseng, the root of Panax ginseng C.A. Meyer, has
been widely used in traditional Chinese medicine for sev-
eral thousand years [7]. Ginseng plays critical roles in the
endocrine, immune, central nervous, and especially the
cardiovascular systems [8]. Ginsenoside-Rb1 (GS-Rb1), a
major pharmacological extract, is one of the most important
active compounds of ginseng, with extensive evidence of its
cardioprotective properties.Numerous studies have indicated
that the cardioprotective effect of GS-Rb1 was affected by
multiple pathways [9]. However, regulatory roles of GS-
Rb1 in miRNA during cardiomyocytes apoptosis are rarely
studied. In the present investigation, ratmyocardial cells were
first isolated, cultured, and incubated with GS-Rb1 in vitro
under conditions of hypoxia and ischemia. The protective
roles of GS-Rb1 were explored, and five circulation-related
microRNAs’ expression change in each group was then
analyzed by poly(A) tailing SYBR Green real-time PCR.

2. Materials and Methods

2.1. Materials. GS-Rb1 (catalog number 110704) purchased
from National Institutes for Food and Drug Control was
dissolved in phosphate-buffered saline (PBS) to create a
stock solution for subsequent dilution. miRNA extracting kit
(CW0627), reverse transcription kit (CW2141), and fluores-
cent quantitation PCR (CW2142) kit were all purchased from
BeiJing Cowin Biotech Co., Ltd. Annexin V-FITC/PI kit was
purchased from Kaiji Biological Engineering Institute.

2.2. Isolation and Culture of Neonatal Rat Cardiomyocytes.
All experiments were approved by the Beijing Ethics Com-
mittee for theUse of Experimental Animals. Primary cultures
of NRCMs from 12–24-hour-old Sprague Dawley rats (Vital
River Laboratories, Beijing, China) were prepared by means
of gentle serial trypsinization as described before with slight
modification [10]. Briefly, the ventricular myocardium was
removed and cut into small pieces (1-2mm3). The ventricles
obtained were washed three times in cold PBS and digested
5 times for 5min each at 37∘C with 0.18% (w/v) trypsin
and 0.01% EDTA. Addition of an equal volume of cold
Dulbecco’s modified Eagle’s medium (DMEM) containing
10% (v/v) newborn calf serum was used to terminate the
digestion. Then, cells were collected by centrifugation for
10min at 1000 g/min at room temperature. Cells were then
resuspended in DMEM with 20% (v/v) FCS for 60min to
facilitate separation of ventricular myocytes from the faster-
attaching nonmyocytes.TheNRCMs were then collected and
plated in collagen-coated 96- or 6-well plates andmaintained
at 37∘C in a 5% CO

2
/95% air humidified incubator in DMEM

containing 10% (v/v) fetal bovine serum, 100U/mLpenicillin,
and 100mg/mL streptomycin. The following experiments
used spontaneously beating cardiomyocytes 48–72 h after
plating.

2.3. Hypoxia/Ischemia Treatment. To generate hypoxic/
ischemic conditions, culture medium was replaced with
DMEM (no glucose) (Gibco, Grand Island, USA) with serum
free. NRCMs with or without GS-Rb1 were then placed in

a W-Zip package (an0010, Oxide Anaerobe Pouch System),
which was capable of depleting the concentration of O

2

down to 10% in 2 h. The sealed package was subsequently
placed into a 37∘C incubator for 12 h after pretreatment with
GS-Rb1 for 6 h. The control plates were kept in normoxic
conditions for the corresponding times.

2.4. MTT Assay. NRCMs viability was determined using the
MTT assay. Cardiomyocytes were plated on 96-well dishes
at 2 × 104 cells/well. MTT at 5mg/mL was added to each
well immediately after 12 h of hypoxia/ischemia. Plates were
incubated for 4 h at 37∘C. The medium was aspirated from
each well and 100 𝜇L of DMSO was added to dissolve the
formazan crystals.The optical density of each well was read at
492 nm using a Microplate Reader (Bio-Rad, Hercules, CA).
Results are given as percentages of the control group taken as
100%.

2.5. Apoptosis Assay by Annexin V/PI Staining. NRCMs
with different concentration of GS-Rb1 exposed to
hypoxia/ischemia conditions were harvested and washed
with PBS. The percentage of normal nonapoptotic cells was
measured by double supravital staining with Annexin V and
PI, using an Annexin V Apoptosis Detection kit (KeyGen,
Nanjing, China). Flow cytometric analysis used a Cytomics
FC500 flow cytometer with CXP software (Beckman Coulter,
Fullerton, USA), the operator being blind to the group
assignment.

2.6. Detection of miRNA Expression Using Poly(A) Tailing
SYBR Green Real-Time PCR. Total RNA (5𝜇g) was treated
with DNase I for 15 minutes at 22∘C (Invitrogen) and
then poly(A)-tailed using poly(A) polymerase (NEB) at
37∘C for 1 hour. The final reaction mixture was extracted
with phenol/chloroform, precipitated with isopropanol, and
redissolved in 25𝜇L of diethylpyrocarbonate-treated water.
Poly(A)-tailed RNA (6𝜇L) was reverse-transcribed into first-
strand cDNA using a miRNA cDNA kit (cw2141, BeiJing
Cowin Biotech Co., Ltd.). For PCR, 30 ng of cDNA was used
as a template in each reaction using miRNA Real-Time PCR
Assay Kit (cw2142, BeiJing Cowin Biotech Co., Ltd.). The
forward primer for each miRNA was

mir-1: 5-GCGTGGAATGTAAAGAAGTGTGTAT
AAA-3;

mir-29a: 5-TAGCACCATCTGAAATCGGTT
AAAA-3;

mir-208: 5-ATAAGACGAGCAAAAAGCAAAAA
AAA-3;

mir-21: 5-GCTAGCTTATCAGACTGATGTTG
AAAA-3;

mir-320: 5-AAGCTGGGTTGAGAGGGCGA-3; U6
small noncoding RNA sequence was amplified
as an internal control using the primers 5-
CTCGCTTCGGCAGCACA-3 (forward) and
5-AACGCTTCACGAATTTGCGT-3 (reverse).



Evidence-Based Complementary and Alternative Medicine 3

+ +

∗∗∗

++ ++

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Control Model
H/I + GS-Rb1 (𝜇M)

2.5 5 10 20 40 80 160

N
RC

M
s c

el
l v

ia
bi

lit
y 

(%
 o

f c
on

tro
l)

Figure 1: Protective effect of GS-Rb1 onH/I-inducedNRCMsdeath.
NRCMs were copretreated with or without GS-Rb1 during H/I
condition for 12 h. Cell viability was determined by MTT assay.
Error bars represent mean ± SD. Error bars represent mean ± SD.
∗∗∗
𝑃 < 0.001 versus control, +𝑃 < 0.05, and ++𝑃 < 0.01 versus H/I

group (𝑛 = 3).

The anneal temperature was 63∘C. The SYBR Green-based
real-time PCR was performed using ABI 7500 Real-Time
PCR System (Applied Biosystems). The relative expres-
sion of miRNA was calculated based on the formula:
2
−(ΔCtmiR−ΔCtU6).

2.7. Statistical Analysis. The data obtained were presented
as the mean ± SEM of 3 independent experiments. The
relationship between two factors was analyzed by Pearson
correlation analysis. Bootstrap was used in paired samples
tests. Group resultswere analysed for variance usingANOVA.
Two groups were compared by Student’s 𝑡-test. All analyses
used GraphPad Prism 5.0 software. A 𝑃 < 0.05 indicated
that the difference was statistically significant. A 𝑃 < 0.01
indicated that the difference was extremely and statistically
significant.

3. Results

3.1. Effects of GS-Rb1 on Hypoxic- and Ischemic-Induced Dam-
aged Cardiomyocytes. Ginsenoside plays important roles in
physiological and pathological conditions of various cells.
In this research, neonatal rat cardiomyocytes were treated
under hypoxia and ischemic conditions in the presence or
absence of GS-Rb1. As shown in Figure 1, addition of GS-Rb1
significantly decreased cell death in a dependentmanner at an
optimal concentration of 40 𝜇M, indicating that GS-Rb1 has
a protective role in hypoxic- and ischemic-induced damaged
myocardial cells.

3.2. Effects of GS-Rb1 on Cell Apoptosis of Cardiomyocytes. To
examine the effect ofGS-Rb1 on the cell death induced byH/I,
Annexin V-FITC /propidium iodide (PI) double-staining
assay of cells was analyzed by flow cytometry (Figure 2).
The percentage of apoptotic cells (including early and late
apoptotic cells) markedly increased in H/I group compared
to the control group. With GS-Rb1, apoptosis accounted

for 31.0 ± 1.8% at 40 𝜇M GS-Rb1, with the surviving cells
increasing 52.8 ± 3.1%. These data indicate that GS-Rb1
can inhibit hypoxic- and ischemic-induced cell apoptosis of
neonatal rat cardiomyocytes.

3.3. Expression of MicroRNAs in Hypoxic- and Ischemic-
Treated Cardiomyocytes. The level of microRNAs was
detected by real-time RT-PCR assay. The expression level of
mir-1, mir-29a, and mir-208 was increased in the H/I group
(5.9-, 3.4-, and 9.3-fold versus control, relatively), while that
of mir-21 and mir-320 was significantly decreased (0.35-
and 0.41-fold versus control, relatively). With the treatment
of GS-Rb1, the expression change of miRNAs in H/I group
could be reversed in a certain extent (Figure 3).

4. Discussion

GS-Rb1 is one of the most important active compounds of
ginseng, and it has multiple pharmacological actions [11–
14] and the protective effects of different organs [15–20].
Furthermore, GS-Rb1 has been proved to have cardiovascular
protective effect by considerable research.

MicroRNAs (miRNAs) are a kind of conservative sin-
gle stranded noncoding RNA molecules found in animals,
plants, virus, and other organisms and are important regu-
lators of gene expression and fundamentally impact on car-
diovascular functions. In recent years, investigations found
that miRNAs play an important role in the development
of cardiovascular diseases and may become a possible new
target in the treatment of cardiovascular diseases. Some
researchers have revealed that the miRNAs could be the tar-
gets of traditional Chinesemedicine to protect cardiovascular
system. Tanshinone IIA, a lipid-soluble pharmacologically
active compound extracted from the rhizome of traditional
Chinese herb Salvia miltiorrhiza, has been reported to
improve hypoxic cardiac myocytes and postinfarction rat
cardiomyocytes by regulating mir-133 and mir-1 and MAPK
pathways [21, 22]. In the present research, we have found
that GS-Rb1 could protect primary cardiomyocytes from
hypoxia and ischemia injuries by reducing cell apoptosis and
modulating circulation of miRNAs. Compared with that of
the control group, expressions of mir-1, mir-29a, and mir-
208 obviously increased in the experimentalmodel groups. In
contrast, expressions ofmir-21 andmir-320 were significantly
downregulated and GS-Rb1 incubation inmodel group could
reverse the differences in a certain extent.

Specifically, mir-1 is skeletal and cardiac muscle specific
microRNA necessary for postmitotic muscle proliferation
and differentiation [23]. Many researchers have proved that
mir-1 plays an important part during cardiac apoptosis [24,
25]. Overexpression of mir-1 could exacerbate cardiac injury;
on the contrary, knockdown of mir-1 significantly attenuated
cardiac ischemia/reperfusion injury [26]. Mir-29 has shown
relationship with cancer cell apoptosis by activating p53
[27]. Downregulation of mir-29 (mir-29a and mir-29c) by
antisense inhibitor also protected H9c2 cardiomyocytes from
simulated IR injury. Antagomirs against mir-29a or mir-29c
significantly reducedmyocardial infarct size and apoptosis in
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Figure 2: Flow cytometry analysis of GS-Rb1 on cell death induced by H/I. (a) NRCMs were cotreated with or without GS-Rb1 (40𝜇M)
during H/I for 12 h and stained with Annexin V-FITC/PI. (b) Quantification of the percent of apoptotic and living cells in each group. Error
bars represent mean ± SD. ∗∗∗𝑃 < 0.001 versus apoptotic cells in control group; ###𝑃 < 0.001 versus living cells in control group; +++𝑃 < 0.001
versus apoptotic cells in H/I group; &&&𝑃 < 0.001 versus living cells in H/I group (𝑛 = 3).
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Figure 3: Real-time PCR analysis of GS-Rb1 onmiRNAs expression
change induced by H/I. NRCMs were cotreated with or without GS-
Rb1 (40 𝜇M) during H/I for 12 h. Detection of miRNA expression
was performed using poly(A) tailing SYBR Green real-time PCR.
The relative expression of miRNA was calculated based on the
formula: 2−(ΔCtmiR−ΔCtU6). Error bars represent mean ± SD.

hearts subjected to IR injury [28]. Our results demonstrated
that GS-Rb1 suppressed the expression of mir-1 and mir-29a
in the model group, which might be the microRNA targets of
GS-Rb1 to protect cardiomyocytes from H/I injuries.

Mir-21 is another cardiac enriched microRNA, which
has been proved to be involved in ischemic heart disease,
myocardial remodeling, and vascular proliferative diseases
[29]. Overexpression ofmir-21 plays an important role during
cardiomyocytes apoptosis and ischemia/reperfusion- (I/R-)
induced heart damages [30, 31]. Mir-320 has the familiar
function with mir-21. Mir-320 expression was significantly
decreased in the hearts on ischemia/reperfusion in vivo and
in vitro. Overexpression of mir-320 enhanced cardiomyocyte
apoptosis and increased extent of apoptosis and infarc-
tion size in the hearts. Conversely, in vivo treatment with
antagomir-320 reduced infarction size and showed cytopro-
tective [32]. Our results showed that mir-21 and mir-320
significantly decreased in the H/I injured cardiomyocytes
and increased by GS-Rb1 treatment following H/I, which
suggested that mir-21 and mir-320 might be the potential
microRNA targets of GS-Rb1 to protect cardiomyocytes.

Mir-208 is produced exclusively in the heart. A growing
number of studies have demonstrated that mir-208 could be
selected as a possible biomarker of myocardial injury and
myocardial infarction [33, 34]. Plasma mir-208 increased
significantly after isoproterenol-induced myocardial injury
and showed a similar time course to the concentration of cTnI
[35]. Therapeutic inhibition of mir-208a by systemic delivery
of antisense oligonucleotide could improve cardiac function
and survival during hypertension-induced heart failure [36].
But there was no enough evidence shown that overexpression
or knockdown mir-208 was related to the hypoxia/ischemia
injuries and cardiomyocytes apoptosis. Our results showed

that GS-Rb1 could suppress the expression of mir-208 in
model group. The relationship of mir-208 and cardiomy-
ocytes injury or cell apoptosis needs to be further studied.

In conclusion, GS-Rb1 protects hypoxic- and ischemic-
induced damaged myocardial cells by regulating expression
ofmiRNAs, which not only is important in uncoveringmech-
anism of GS-Rb1 in hypoxic- and ischemic-induced damage
of myocardial cells, but also may provide a new method for
treating myocardial diseases in clinical applications.
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miR-1, miR-133a, miR-133b and miR-208 are dysregulated in
human myocardial infarction,” Cardiology, vol. 115, no. 3, pp.
163–169, 2010.

[34] Y. Cheng, X. Wang, J. Yang et al., “A translational study of urine
miRNAs in acute myocardial infarction,” Journal of Molecular
and Cellular Cardiology, vol. 53, no. 5, pp. 668–676, 2012.

[35] X. Ji, R. Takahashi, Y. Hiura, G. Hirokawa, Y. Fukushima, and
N. Iwai, “Plasma miR-208 as a biomarker of myocardial injury,”
Clinical Chemistry, vol. 55, no. 11, pp. 1944–1949, 2009.

[36] Y. Cheng, X. Wang, J. Yang et al., “A translational study of urine
miRNAs in acute myocardial infarction,” Journal of Molecular
and Cellular Cardiology, vol. 53, no. 5, pp. 668–676, 2012.



Research Article
Effects of an Aqueous Extract of Dangguijagyagsan
on Serum Lipid Levels and Blood Flow Improvement in
Ovariectomized Rats

In Sil Park, Hye Won Lee, Jin Ah Ryuk, and Byoung Seob Ko

Korean Medicine Based Herbal Drug Development Group, Herbal Medicine Research Division, Korea Institute of
Oriental Medicine, 1672, Yuseong-daero, Daejeon 305-811, Republic of Korea

Correspondence should be addressed to Byoung Seob Ko; bsko@kiom.re.kr

Received 26 July 2014; Revised 12 August 2014; Accepted 12 August 2014; Published 7 September 2014

Academic Editor: Myeong Soo Lee

Copyright © 2014 In Sil Park et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Dangguijagyagsan (DJS), a traditional herbal prescription, has long been used to treat menopause-related symptoms.We identified
the cardioprotective effects of an aqueous extract of DJS using an ovariectomized (OVX) and ferric chloride- (FeCl-) induced
carotid thrombosis rat model. Female Sprague-Dawley (SD) rats were ovariectomized or Sham-operated (Sham-control). The
ovariectomized rats were divided into three groups: OVX with saline (OVX-control), aspirin 30mg/kg/day (OVX-ASA), and DJS
100mg/kg/day (OVX-DJS).The treatments were administered for 5 weeks.Then, blood samples were collected to analyze the serum
lipid levels and platelet aggregation.The topical application of 40% FeCl

3
induced intravascular thrombosis, which was used to test

thrombotic occlusion and for histological examination. Body weight and the levels of total cholesterol (TC), triglyceride (TG), and
LDL-cholesterol (LDL-C) increased in the OVX rats. These effects were reduced by ASA and DJS treatment. In addition, ASA and
DJS treatment significantly inhibited platelet aggregation. These treatments also increased time to occlusion and decreased both
thrombus size and the presence of collagen fibers in surrounding vessel walls compared with the Sham-control and OVX-control
groups. These results suggest that DJS has beneficial effects in terms of preventing cardiovascular disease in menopausal woman
because it can reduce the serum lipid levels and improve blood flow by inhibiting platelet aggregation and thrombus formation.

1. Introduction

The incidence of cardiovascular disease (CVD) remains the
leading cause of death, with high morbidity and mortality
after menopause. Estrogen deficiency may cause an increase
in cardiovascular risks by affecting lipoprotein metabolism,
platelet aggregation ability, and vessel resistance. It is well
established that the incidence of CVD is due to hyperlipi-
demia, a condition characterized by significant increases in
total cholesterol (TC), triglycerides (TG), and low-density
lipoprotein cholesterol (LDL-C) and a reduction in high-
density cholesterol (HDL-C) [1, 2]. Platelets from hyperc-
holesterolemic patients were more reactive to aggregating
reagents such as epinephrine and adenosine diphosphate
(ADP) than were platelets from normal individuals, and
platelets from hypercholesterolemic patients showed hyper-
activity and shortened platelet survival ex vivo [3]. Estrogen

deficiency in OVX animals and menopausal woman can
cause activated platelet aggregation and thrombosis by affect-
ing platelet agonist hydrolysis and nitric oxide production
in blood vessels. An atherosclerotic plaque rupture releases
collagen, lipids, and smooth muscle cells and leads to platelet
activation and occlusive thrombosis, thereby stimulating
the coagulation cascade system. Thus, abnormal platelet
activation plays a key role in interrupting blood flow, for
which antiplatelet drugs are available to prevent intravascular
thrombosis [4]. Hormone replacement therapy (HRT) is
the combination treatment with estrogen or progestin. As
a primary therapy, HRT has been observed to exert a
protective effect against menopausal cardiovascular disease
by modulating the serum lipid profiles and augmenting the
response to atherosclerosis [5]. However, HRT studies in
menopausal women have reported side effects such as breast
cancer, thromboembolic disease, and ischemic stroke [6].
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Table 1: Composition of DJS aqueous extract and ingredients.

Ingredients Contents (g)
Paeonia lactiflora Pallas 93.75
Cnidium officinale Makino 56.25
Alisma orientale Juzepzuk 56.25
Angelica gigas Nakai 28.13
Poria cocos Wolf 28.13
Atractylodes japonica Koidzumi 28.13
Total 290.00

Considering the negative side effects, herbal medicines have
been given further attention as candidates for alternative
therapy for safe and effective HRT [7]. Dangguijagyagsan
(DangQui-Shaoyao-San in Chinese; Tokishakuyakusan in
Japanese) is a traditional medicinal prescription that has long
been used for the treatment of menopause-related symptoms
in East Asia. Previous gynecologic reports related to DJS
have documented its improvement of ovarian hormones [8],
estrogenic action [9], and neurotoxicity effects of DJS under
postmenopausal conditions [10]. However, no studies have
investigated the effectiveness of DJS in restoring blood flow.
In this study, aspirin was used as a positive control. Aspirin
is a widely used anti-thrombosis drug, and low-dose aspirin
has been shown to have a preventive effect on thrombus
formation in animal testing [11].Thus, we aimed to investigate
the oral administration of DJS (100mg/kg/day) for 5 weeks
to determine the beneficial effects on serum lipid levels and
blood flow improvement in OVX and thrombosis-induced
rat models in comparison with a Sham-control group.

2. Materials and Methods

2.1. Chemicals and Reagents. Acetonitrile (100%), formic acid
(99.9%), and distilled water were purchased from J.T. Baker
(HPLC grade, USA). Reference compounds of albiflorin
and paeoniflorin were purchased from Wako (Japan). 𝑧-
Ligustilide was purchased from ChromaDex (USA). Nodak-
enin and decursin were divided from Ministry of Food and
Drug Safety (Korea).

2.2. Plant Extracts. The formula of DJS consists of 6 herbs,
including Paeonia lactiflora (93.75 g), Cnidium officinale
(56.25 g), Alisma orientale (56.25 g), Angelica gigas (28.13 g),
Poria cocos (28.13 g), and Atractylodis rhizoma alba (28.13 g).
Briefly, 290 g of the 6-herb mixture was boiled in 6 L of
distilled water for 4 h at 100∘C and filtered using filter paper
(Whatman, Maidstone, UK). After filtration, the extract was
evaporated and lyophilized. The DJS product (KIOM PH
130005) was stored at Korea Institute of Oriental Medicine
(KIOM, Daejeon, Korea) until used in this experiment. The
composition of DJS extract and contents of ingredients are
shown in Table 1.

2.3. Chromatographic Conditions of HPLC-DAD. The con-
tents albiflorin, paeoniflorin, z-ligustilide, decursin, and
nodakenin in the DJS water extract were analyzed using

an HPLC instrument (Agilent Technologies, USA) with a
Atlantis dC

18
column (4.6 × 250mm, 5 𝜇m; Waters, USA).

The mobile phase consisted of the solvents, distilled water
(A) and acetonitrile with 0.1% formic acid (B). The following
gradient was used: 0min, A : B 90 : 10 (v/v); 20min, A : B
75 : 25; 25min, A : B 75 : 25; 30min, A : B 50 : 50; 45min,
A : B 20 : 80; and 60min, A : B 0 : 100. The mobile phase flow
rate was 1.0mL/min, the column temperature was 30∘C, the
injection volume was 10 𝜇L, and UV detection was at 230 and
330 nm.

2.4. Animals. Seven-week-old female Sprague-Dawley rats
(180–200 g) were purchased from Orient Bio (Seongnam,
Gyeonggi, Korea). Animals were maintained at a regular 12
h light/dark cycle, at 21 ± 2∘C, with a relative humidity of
50 ± 5%, and were fed a commercial diet (Ralston-Purina,
St. Louis, MO, USA). After 1 week of acclimation, rats were
Sham-operated (saline; Sham-control group), or bilateral
ovariectomies were performed under general anesthesia.The
ovariectomized rats were randomly divided into 3 groups:
(A) vehicle control (saline; OVX-control group) (B) aspirin
30mg/kg/day (OVX-ASA group); (C) DJS 100mg/kg/day
(OVX-DJS group). The rats were orally administered the
drugs for 5 weeks. Food intake was recorded daily, and the
body weight was recorded weekly. The animals used in this
study were treated in accordance with the Guide for Care
and Use of Laboratory Animals by the Institutional Animal
Care and Use Committee (IACUC) of Institute of Oriental
Medicine (approval number: 14-003, 14-021).

2.5. Serum Lipid Levels. At the end of the experiment, rats
were fasted for 12 h, anesthetized with Zoletil (1mL/kg
intraperitoneally), and sacrificed. Blood samples were col-
lected from the inferior vena cava and centrifuged at
3000 rpm for 10min to collect the serum. Measurements of
TC, TG, and HDL-C levels were performed enzymatically
using a Roche Modular P Autoanalyzer (Roche Diagnostics,
Indianapolis, IN). The concentration of LDL-C was calcu-
lated using the Friedewald equation [12].

2.6. Measurement of Platelet Aggregation. Platelet-rich
plasma (PRP) was separated from the blood using an
anticoagulant citrate dextrose (ACD) solution that contained
0.8% citric acid, 2.2% sodium citrate, and 2% dextrose at
a concentration of 3 × 108 cells/mL. Platelet aggregation in
response to collagen (2.5 𝜇g/mL) was performed in PRP
using an aggregometer (Chrono-Log Co., Harbortown,
CA, USA). The extent of aggregation was expressed as a
percentage of the Sham-control stimulated with collagen.

2.7. FeCl
3
-Induced Carotid ArteryThrombosis Models. Saline

or test compoundswere administered 4 h before the initiation
of thrombotic occlusion. During operative procedures, body
temperature was maintained at 37.0 ± 0.2∘C using a heating
pad. After isoflurane anesthesia, one of the carotid arteries
was exposed and aDoppler flow probe (Powerlab/8SP, ADIn-
struments Pty Ltd, Castle Hill, NSW, Australia) was placed on
it. After stabilization for 3min, vascular injuries were induced
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Table 2: Effect of DJS administration on body weight gain and food intake in OVX rats.

Group Final body weight (g) Body weight gain (g/day) Food intake (g/day)
Sham 306.83 ± 19.04

a
3.74 ± 2.67

a
17.02 ± 2.12

a

OVX-control 341.15 ± 21.85
b

5.72 ± 2.43
b

17.72 ± 2.84
a

OVX-ASA 345.91 ± 19.93
b

5.39 ± 2.43
b

19.14 ± 3.71
b

OVX-DJS 346.54 ± 23.62
b

5.11 ± 2.18
b

19.39 ± 3.22
b

Results are mean ± S.D. (𝑛 = 15). Means of letters recorded as a and b within a column indicated the same level of body weight and food intake within the
values determined by one-way ANOVA. OVX: ovariectomized; ASA: aspirin; DJS: Dangguijagyagsan.

by a topical application of a FeCl
3
-saturated filter paper (2 ×

2mm).Thefilter paperwas removed and the common carotid
artery was washed with saline. A Doppler flow probe was
placed on the exposed artery and blood flow was measured
continuously with Laser Doppler Flowmetry (LDF; BFL21,
Transonic Instrument, USA) for 30min. To determine the
time to occlusion (TTO), arterial occlusion was determined
by decreased blood flow, and complete occlusion was defined
as cessation of the carotid artery blood flow for 10 minutes.

2.8. Histology. The injured artery of rats was fixed in 4%
paraformaldehyde and embedded in paraffin for histological
analysis.These were sectioned longitudinally into 4 𝜇m slices
and stained with hematoxylin-eosin (H&E) and Masson’s
trichrome.The thrombus for each animal was imaged using a
light microscope (Axio Imager D2; Carl Zeiss Microimaging,
Oberkochen, Germany) and the Zeiss AxioVision software
(AxioVs40V4.8.1.0; Carl Zeiss imaging Solution) to obtain an
image slice that represented the largest part of the thrombus.

2.9. Statistical Analysis. The results are presented as amean ±
standard deviation (SD). Statistical significance was analyzed
using SPSS (version 20.0, SPSS Inc., Chicago, IL, USA).
Differences among groups were compared with a one-way
ANOVA test, followed by Tukey’s post hoc test. 𝑃 values less
than 0.05 were considered significant.

3. Results

3.1. HPLC Analysis of Reference Compounds in DJS. The
standard curves for the five components containing albiflorin,
paeoniflorin, 𝑧-ligustilide, decursin, and nodakenin were 𝑦 =
13.026𝑥+70.072 (𝑅2 1.000), 𝑦 = 13.446𝑥+124.71 (𝑅2 0.999),
𝑦 = 25.841𝑥 + 40.72 (𝑅2 1.000), 𝑦 = 38.995𝑥 + 31.219
(𝑅2 0.999), and 𝑦 = 19.043𝑥 + 108.95 (𝑅2 1.000), respec-
tively. HPLC analysis of DJS and standard mixtures was
carried out at 230 and 330 nm. The retention time of each
compound was 15.6min (albiflorin), 17.1min (paeoniflorin),
22.3min (nodakenin), 42.9min (𝑧-ligustilide), and 43.8min
(decursin). The contents of each component in DJS aqueous
extract were albiflorin 2.97 ± 0.065mg/g and paeoniflorin
16.17±0.120mg/g at 230 nm, nodakenin 3.63±0.005mg/g, 𝑧-
ligustilide 0.11±0.004mg/g, and decursin 0.020±0.001mg/g
at 330 nm, respectively (Figure 1).

3.2. Effects of DJS on Body Weight Gain and Food Intake.
The final body weights after 5-week treatments increased

significantly in the OVX-control compared with that in the
Sham-control group (𝑃 < 0.05). OVX-ASA and OVX-
DJS groups showed similar body weight with OVX-control
group. In theOVX-control group, treatment with saline dem-
onstrated a significant increase in body weight gain com-
pared to the Sham-control group (5.7 ± 2.4 g/day versus 3.7 ±
2.7 g/day, 𝑃 < 0.001). The body weight gain was slightly
decreased in the OVX-ASA (5.4 ± 2.4 g/day) and OVX-DJS
groups (5.1 ± 2.2 g/day) compared with OVX-control group,
although not significantly compared with the Sham-control
group (𝑃 > 0.05). When animals were allowed free access
to food following an experimental period, the food intake
was the same in the Sham-control (17.02 ± 2.12 g/day) and
OVX-control groups (17.72 ± 2.84 g/day). Food intake was
increased in the OVX-ASA (19.14 ± 3.71 g/day) and OVX-
DJS groups (19.39 ± 3.22 g/day) compared with the Sham-
control (𝑃 < 0.001) and OVX-control groups (𝑃 < 0.01)
(Table 2).

3.3. Effects of DJS on Serum Lipid Levels. Ovariectomy caused
a substantial increase in the TC, TG, and LDL-C levels
compared with the Sham-control group (𝑃 < 0.001,𝑃 < 0.05,
and 𝑃 < 0.01). In OVX rats, treatment with 30mg/kg/day
of ASA (OVX-ASA group) and 100mg/kg/day of DJS (OVX-
DJS group) significantly attenuated the increase in theTC,TG
and LDL-C levels but did not affect HDL-C levels compared
with the OVX-control group (𝑃 < 0.05, resp.). Additionally,
the OVX-ASA and OVX-DJS groups exhibited no significant
changes in the HDL-C levels compared with the Sham-
control and OVX-control groups (𝑃 > 0.05) (Figure 2).

3.4. Effects of DJS on Platelet Aggregation. There was no dif-
ference in the inhibition of platelet aggregation between the
OVX-control and Sham-control groups (79.5% ± 7.4% versus
74.5% ± 9.0%, 𝑃 > 0.05). Treatment with 30mg/kg/day of
ASAmarkedly suppressed platelet aggregation (32.3%± 4.7%,
𝑃 < 0.001), as did treatment with 100mg/kg/day of DJS
(47.3% ± 2.6%, 𝑃 < 0.001) compared with the OVX-control
group (74.5% ± 9.0%) (Figure 3).

3.5. Effects of DJS inOVXRats with FeCl
3
-InducedThrombosis.

The mean time to occlusion in the OVX-control group was
significantly decreased (7.80 ± 0.84min) compared with that
of the Sham-control group (30.00 ± 0.00min). Therefore,
the application of 40% FeCl

3
to the external surface of

the carotid artery for 3min induced a rapid decrease in
blood flow and was considered optimal for measuring blood
flow. In comparison, treatment with either 30mg/kg of ASA
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Figure 1: HPLC-DAD chromatogram of five reference compounds in DJS detected at 230 nm (albiflorin, paeoniflorin) and 330 nm
(nodakenin, 𝑧-ligustilide, and decursin). DJS: Dangguijagyagsan aqueous extract (29.28mg/mL).
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Figure 2: Effects of ASA (30mg/kg/day) and DJS (100mg/kg/day)
on serum lipid profiles in SD rats compared with their correspond-
ing controls: serum total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) levels in Sham (white bar) and OVX SD rats
after 5weeks of oral demonstrationwith saline (grey bar), ASA (dark
grey bar, 30mg/kg/day), or DJS (black bar, 100mg/kg/day). Values
of the same measured parameter that are not followed by the same
alphabetical letter are significantly different (𝑛 = 5–7 in each group).

0

20

40

60

80

100

Sham-control OVX-control OVX-ASA OVX-DJS

Pl
at

el
et

 ag
gr

eg
at

io
n 

(%
) a

b
c

a

Figure 3: Inhibition by ASA (30mg/kg/day) and DJS (100mg/
kg/day) of platelet aggregation induced by collagen (2.5𝜇g/mL).
Values of the same measured parameter that are not followed by
the same alphabetical letter are significantly different (𝑛 = 5 in each
group).

(OVX-ASA group) (16.80 ± 1.30min) and 100mg/kg of DJS
(OVX-DJS group) (13.20 ± 0.84min) also prolonged time
to occlusion by 2.49 ± 0.33 ratio and 1.94 ± 0.08 ratio,
respectively (Figure 4).
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Figure 4: Time to occlusion of DJS in a carotid arterial thrombosis
model. The horizontal lines represent the mean of the displayed
values for time to occlusion in each group. Values of the same
measured parameter that are not followed by the same alphabetical
letter are significantly different (𝑛 = 5 in each group).

3.6. Histology of the Carotid Artery withThrombotic Occlusion
after FeCl

3
Treatment. Complete occlusionwas defined as the

absence of blood flow for 10 minutes after the application of
FeCl
3
. We collected those arteries and processed them with

H&E and Masson’s Trichrome for collagen fiber staining. In
this study, histological changes were observed in the carotid
arteries after FeCl

3
-induced thrombosis. In these images, the

type I collagen fiber stained blue, the nuclei stained black,
and the background stained red. Thrombotic occlusion and
collagen fiber damage were observed in the carotid artery
of the OVX-control group after FeCl

3
treatment. However,

treatment with ASA and DJS provided an excellent recovery
of collagen fiber in the thrombotic vessels induced by FeCl

3

(Figure 5).

4. Discussion

Postmenopausal women frequently experience weight gain
and are thus vulnerable to obesity-related diseases, which
lead to an increased risk of cardiovascular diseases (CVD)
such as coronary heart disease, hypertension, and non-
insulin-dependent diabetes mellitus [13, 14]. In the present
study, body weight gain was significantly increased in OVX-
control group compared to Sham-control group for five-
week treatment and there were no significant weight gain
differences in OVX-ASA and OVX-DJS groups compared to
OVX-control group. However, food intake in OVX-ASA and
OVX-DJS group had much consumption compared to OVX-
control group and these results suggest that administration of
DJS could have beneficial effect on obesity in menopause.

Large number of pharmacological studies were carried
out on the influence of the menopause on serum lipids and
lipoproteins profiles. Menopausal statement increases the
incidence of CVD due to hyperlipidemia, which is charac-
terized by increases in total cholesterol (TC), triglycerides
(TG), and low-density lipoprotein cholesterol (LDL-C) and
a reduction in high-density lipoprotein cholesterol (HDL-C)
[15–18].Many attempts have beenmade to use herbal extracts
to improve serum lipid levels in postmenopausal women

suffering from hyperlipidemia associated with CVD [19–21].
In the present study, DJS treatment significantly reduced the
TC, TG, and LDL-C levels (𝑃 < 0.05). Contrary to the
conventional studies, HDL-C level of OVX-control did not
appear to be significantly increased (𝑃 > 0.05). These results
indicate that the rodent model for studying lipid metabolism
physiology may have limitations, but it still provides a good
model for studying the effects on serum lipid levels. There-
fore, it is suggested that the effects of the DJS on serum lipid
levels are very complex and should be investigated further.
It has been reported that ovariectomy caused an elevation
of TC and LDL-C in serum, leading to the development of
atherosclerosis and coronary heart disease [22]. Furthermore,
we further investigated the antithrombosis activity based on
the serum lipid level changes of DJS treatment.

We also determined the effect of DJS on thrombus forma-
tion. Endothelial dysfunction is considered the first step in
the atherosclerotic process, and our experimental approach
was based on endothelial injury and platelet aggregation
being key events in the pathogenesis of thrombus formation
[23, 24]. Intravascular thrombosis is involved a series of
complex events including platelet adhesion, activation, aggre-
gation, granule release, and coagulation cascade activation,
is likely to platelets contribute to thrombosis in several ways
[25]. Platelets provide the membrane surface required for the
generation of thrombin and express surface receptors that
affect platelet-platelet and platelet-vessel wall interactions
[26]. As a positive control, we used aspirin, one of the most
widely used blood thinning agents, is used long-term in
low doses to prevent heart attacks, strokes and blood clot
formation in people at high risk for these events [27, 28]. In
this study, although the cardiovascular protective effects of
DJS treatment were not as strong as ASA, DJS treatment was
successful in inhibiting platelet aggregation and thrombus
formation. Previous studies have reported that biochanin
A, a phytoestrogen that acts as a weak estrogen receptor
agonist, restored endothelial function in an animal model of
vascular injury [29]. This study showed the possibility that
DJS treatment can restore endothelial function in an animal
model of carotid artery injury, an effect similar to the vascular
effects of estrogen.

Measurement of platelet aggregation has been a useful
method to examine inhibition of thrombus formation. Fur-
thermore, FeCl

3
-induced thrombosis model method in rats

is the optimal technique as it exhibits simplicity and repro-
ducibility. In a previous test, we demonstrated the arterial
response to various concentrations (10–50%) of FeCl

3
and

found that filter paper saturated with a 40% concentration of
FeCl
3
resulted in fast, effective recanalization. FeCl

3
triggers

an oxidative vascular endothelial matrix. Then, platelets
interact with collagen and vWF in the matrix via their
respective platelet surface receptors, leading to platelet adhe-
sion [30]. According to the in vitro results, the in vivo
antithrombotic efficacy of DJS was anticipated. Indeed, the
oral administration of DJS delayed the occlusion time in
a FeCl

3
-induced artery thrombosis model. Notably, DJS

doubled the occlusion time at 100mg/kg compared with the
OVX-control group. In this study, we did not design the
Sham-vehicle and OVX-control groups to measure time to
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Figure 5: Histological examination of a FeCl
3
-induced thrombus from the Sham-control group, OVX-vehicle group, OVX-ASA group, and

OVX-DJS group. All sections were stained with hematoxylin and eosin (H&E, two left columns, and magnification ×100, 400) and Masson’s
trichrome (MT, two right columns, and magnification ×100, 400).

occlusion after the FeCl
3
topical application. Our previous

study investigated the effects of saline administration on rats
following Sham operation and ovariectomy, which is similar
to the Sham-control and OVX-control groups. In support
of our hypothesis, the histological staining methods also
demonstrated that DJS inhibited arterial thrombus formation
and damage of collagen fiber in arterial vessel wall.

Various clinical studies have shown that herbal extraction
components have significant association antioxidant effects; it
leads to antithrombotic properties by increase of platelet NO
release and radical scavenging activity [31, 32]. DJS consists
of 6 herbs and each herb also has antioxidant effects [33–37].
Wehypothesize that antioxidant effects are responsible for the
results from above antithrombotic studies.

Female sex appears to be associatedwith cardioprotection
and menopauses are major risk factors for cardiovascular
disease. In fact, the ideal postmenopausal cardiovascular
protective therapy is expected to reproduce the beneficial
effects of blood flow without producing any adverse effects.
Although the exact mechanism of action remains to be
clarified, we have demonstrated the beneficial effects of DJS
on the improvement of plasma lipid profiles and restora-
tion of blood flow. These beneficial effects may be caused
by (1) decreased TC, TG, and LDL-C; (2) inhibition of
platelet aggregation; or (3) inhibition of thrombus formation.

In conclusion, DJS could be a candidate for inhibiting the
development of cardiovascular risk factors.
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Objective. To evaluate the efficacy of Xuefu Zhuyu Tang (XFZYT) for treating angina pectoris (AP). Methods. Six databases were
searched (up to December, 2013). Eligible randomized controlled trials (RCTs) evaluating the efficiency of XFZYT plus traditional
antianginalmedications (TAMs) comparedwith TAMs alone in patients withAPwere included.The outcomeswere relief of anginal
symptoms (RAS) and improvement of electrocardiogram (ECG) and blood high-density lipoprotein cholesterol (HDL-C) level.
Result. Finally 14 RCTs were included. There were evidences that XFZYT combined with TAMs was more effective in improving
RAS (RR = 1.29; 95% CI = [1.20, 1.38]), ECG (RR = 1.37; 95% CI = [1.22, 1.54]), and blood HDL-C level (MD = 0.29mmol/L; 95%
CI = [0.23, 0.35]) compared with TAMs alone. Our meta-analysis also showed the pooled number needed to treat (NNT) of the
group with stable angina pectoris (SAP) was smaller in improving RAS (4.2 versus 5.7) and ECG (3.1 versus 5.5) compared with
the group with both SAP and unstable angina pectoris (UAP). Conclusion. Combination therapy with XFZYT and TAMs is more
effective in treating AP compared with TAMs alone. And XFZYTmay be a more suitable choice for the treatment of SAP. However,
the findings should be interpreted with caution due to the mediocre methodological quality of the included RCTs.

1. Introduction

Cardiovascular diseases are the number one cause of death
globally [1]. According to the World Health Organization
(WHO), an estimated 17.3 million people died from car-
diovascular diseases in 2008, representing 30% of all global
deaths. Of these deaths, an estimated 7.3 million deaths were
due to coronary heart disease. Angina pectoris is the most
prevalent manifestation of coronary artery diseases and has a
major negative impact on the general health status and quality
of life [2].

Angina pectoris is clinically classified into stable angina
pectoris (SAP) andunstable angina pectoris (UAP). Both SAP
andUAP can use traditional antianginalmedications (TAMs)
such as organic nitrates, antiplatelet drugs, antithrombotic
drugs, and 𝛽 blockers. Antiplatelet drugs include aspirin,
platelet glycoprotein IIb/IIIa inhibitor, and clopidogrel,
antithrombotic drugs include heparin and low-molecular-
weight heparin, and 𝛽 blockers included metoprolol tartrate

[3, 4]. Despite the effectiveness of TAMs, episodes of
angina may still persist or become even worse, and many
patients cannot tolerate a combination of TAMs due to
their many serious adverse effects, such as antithrombotic
complications, decreasing heart rate or blood pressure, and
other hemodynamic changes [5, 6]. Therefore, we need to
research a new medication which is effective and tolerant
in improving the symptoms of angina and will provide an
alternative option for patients.

Xuefu Zhuyu Tang (XFZYT) originated from the “Cor-
rections on the Errors of Medical Works” in Qing Dynasty.
It is a very famous traditional Chinese formula in promoting
Qi circulation and removing blood stasis according to tradi-
tional Chinesemedicine (TCM) theory [7].This formula con-
sists of rehmannia root (shengdi), peach seed (taoren), saf-
flower (honghua), Chinese angelica (danggui), red peony root
(chishao), platycodon root (jiegeng), orange fruit (zhiqiao),
hare’s ear root (chaihu), sichuan lovage root (chuangxiong),
two-toothed achyranthes root (niuxi), and prepared liquorice
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root (gancao). Some pharmacological researches showed
that XFZYT could improve blood rheology, reduce blood
lipid level, and prevent antimyocardial ischemia [8, 9]. This
Chinese herbal medicine (CHM) is commonly used for the
treatment of patients with cardiovascular diseases [7, 10].

How about the efficacy of XFZYT in improving AP
outcomes and the application of XFZYT in the treatment of
different AP subtypes? We therefore conducted an updated
systematic review and meta-analysis of published RCTs to
answer these questions.

2. Materials and Methods

2.1. Search Strategy. Two authors (G. Z. Yi and Y. Q. Qiu) sys-
tematically searched the Medline database (1989–December
2013), Cochrane Library (1993–December 2013), Chinese
National Knowledge Infrastructure database (CNKI, 1989–
December 2013), Chinese Biomedical Literature database
(CBM, 1990–December 2013), Wanfang database (1989–
December 2013), and Chinese Scientific Journal database
(VIP, 1989–December 2013). The following keywords were
used: coronary heart disease, CHD, angina pectoris, AP, and
Xuefu Zhuyu.

2.2. Eligibility Criteria. We included RCTs met criteria as
follows: (1) involving patients who were diagnosed with
SAP or UAP according to the American College of Cardiol-
ogy Foundation/American Heart Association (ACCF/AHA)
Guideline for the Diagnosis and Management of Patients
with Unstable Ischemic Heart Disease [11], the International
Society and Federation of Cardiology/World Health Organi-
zation (ISFC/WHO) guideline [12], or the Chinese Society of
Cardiology (CSC) guidelines [13, 14]; (2) comparing XFZYT
plus TAMs with TAMs alone for maintenance therapy for
at least 4 weeks and the two groups were comparable on
the basis of the characteristic of patients and studies, such
as gender, age, and sample size; (3) using improvement of
the relief of angina symptoms (RAS) and electrocardiogram
(ECG) as the outcome measures [15] and quality of life (QL),
blood lipid (HDL-C, LDL-C, TC, and TG) level, reduction of
nitroglycerin use (RNU), and adverse events (AEs) were also
included.

2.3. Data Extraction. Two researchers (G. Z. Yi and Y. Q.
Qiu) independently extracted from each article the authors
information, year of publication, types of AP, sample size,
the number of participants in each group, percent of male
and average age, criteria for inclusion and exclusion, method
of randomization, details of blinding, interventions of each
group, duration of treatment, criteria for outcome assess-
ments, and data reported. Disagreements were resolved after
discussion with a third researcher (Y. Xiao).

2.4. Statistical Analysis. Meta-analysis was carried out using
Review Manager software (version 5.2), provided by the
Cochrane Collaboration. Dichotomous data were presented
as risk ratios (RRs) and continuous outcomes as mean
difference (MD), both with 95% confidence interval (CI).

The chi-squared test and 𝐼-squared statistic were performed
to assess the heterogeneity, and heterogeneity was presented
as significant when 𝐼2 was over 25%. In the absence of
statistical heterogeneity, a fixed-effectmodel was used to pool
the result; otherwise, a random-effect model was used [16].
In subgroup analysis, we used the number needed to treat
(NNT) to evaluate the usefulness of XFZYT plus TAMs for
each subgroup with different AP subtypes; the NNT was
calculated as 1/(Therapeutic Gain). And we also performed a
funnel plot of the improvement of RAS between XFZYT plus
TAMs group and TAMs group to assess the publication bias.

3. Results

3.1. Description of Included Trials. A total of 1044 studies were
identified by computer search and manual search of cited
references. After further reading, we excluded 1030 studies
according to the eligibility criteria. Finally, a total of 14 studies
[17–30] were included in the meta-analysis and systematic
review, of which 4 studies [18, 21, 26, 28] included patients
with SAP, 2 studies [23, 24] included patients with UAP, and
8 studies [17, 19, 20, 22, 25, 27, 29, 30] included patients with
SAP or UAP. All these studies were published in Chinese.
Figure 1 is a flow diagram of studies selection process.

All 14 studies included were RCTs, and all of them
recruited participants for treatment with XFZYT combined
with TAMs versus TAMs. Most of the studies used the
improvement of RAS and ECG as the primary outcome
measures; the reduction of nitroglycerin use (RNU) and
blood lipid level were also reported in some studies. One
study [23] used the Seattle Angina Questionnaire (SAQ) [31]
and Short Form-36 (SF-36) [32] to evaluate the quality of
life of patients after treatment. The characteristics of these
original studies are presented in Table 1.

3.2. Methodological Quality of Included Trials. The method-
ological quality of the RCTs included in our study was
assessed by the criteria in the Cochrane Handbook for
Systematic Review [16]. The quality of trials was evaluated
as having low risk of bias, uncertain risk of bias, and
high risk of bias according to the risk of trials, includ-
ing sequence generation, allocation concealment, blinding,
incomplete outcome data, selective outcome reporting, and
other potential sources of bias. All studies had described a
correct randomizationmethod, but only 2 [19, 23] mentioned
allocation concealment. 5 studies [19, 20, 23, 25, 30] described
blinding of participants and 4 RCTs [19, 23, 25, 28]mentioned
withdrawal and dropout information. Among all these RCTs,
the characteristics of participants in each study arm were
similar at baseline (age, race, sex, and disease course). The
details are shown in Table 2.

3.3. The Effect of XFZYT in Patients with AP. All the 14
RCTs tested XFZYT plus TAMs versus TAMs alone, and we
analyzed the following outcomes: RAS (12 trials), ECG (9
trials), blood lipid (HDL-C, LDL-C, TC, and TG) level (3
trials), reduction of nitroglycerin use (2 trials), and quality
of life (1 trial).
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Studies included in this
systematic review (n = 14)

Studies retrieved for
evaluation (n = 169)

Studies identified in literature
search (n = 1044)

Excluded (n = 875) because
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not appropriate (n = 287)
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intervention (n = 80)
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not being an RCT (n = 21)

not being the interest of

Figure 1: The flow diagram of study selection process.

3.3.1. RAS. The improvement of RASwas reported in 12 RCTs
[17–22, 25–30] involving 992 participants and results favored
XFZYT combined with TAMs group (RR = 1.29; 95% CI =
[1.20, 1.38]) without significant heterogeneity (𝜒2 = 5.38;
𝐼
2
= 0%) (Figure 2).

3.3.2. ECG. After analyzing 9 RCTs [17, 18, 20, 22, 24, 26–
28, 30] involving 683 participants, the result also indicated
favoring XFZYT combined with TAMs group (RR = 1.37;
95% CI = [1.22, 1.54]) in the improvement of ECG and with
significant homogeneity (𝜒2 = 6.17; 𝐼2 = 0%) (Figure 3).

3.3.3. Blood Lipid (HDL-C, LDL-C, TC, and TG) Level. 3
RCTs [17, 18, 29] involving 342 participants reported the
improvement of blood lipid level. HDL-C was significantly
increased in XFZYT combined with TAMs group (MD =
0.29mmol/L; 95% CI = [0.23, 0.35]) and without significant
heterogeneity (𝜒2 = 1.05; 𝐼2 = 0%) (Figure 4), while LDL-C,
TG, andTCwere significantly decreased inXFZYTcombined
with TAMs group (MD = 1.08mmol/L, 0.98mmol/L, and
1.27mmol/L; 95% CI = [0.72,1.44], [−0.05, 2.02, 0.63, 1.91])
but with significant heterogeneity (𝜒2 = 5.31, 88.48, and
11.48; 𝐼2 = 62%, 98%, and 83%) (Figures 5, 6, and 7).

3.3.4. Reduction of Nitroglycerin Use. 2 RCTs [19, 24] involv-
ing 121 patients showed that the dosage of nitroglycerin can be
significantly reduced after the treatment with XFZYT com-
bined with TAMs. We did not perform a meta-analysis for
the significant heterogeneity (𝜒2 = 13.08; 𝐼2 = 92%). Results

of the two trials are as follows: the dosage of nitroglycerin
decreased from 3.96 ± 1.27 to 1.15 ± 0.58 pills/day [19] and
from 2.2 ± 0.6 to 2.0 ± 0.9 pills/day [24].

3.3.5. The Quality of Life. A randomized, double-blinded,
double-dummy, and placebo controlled study [23] used
Seattle Angina Questionnaire (SAQ) [31] and Short Form-
36 (SF-36) [32] as the criteria to evaluate the efficacy of
XFZYT combined with TAMs on patients with UAP after
percutaneous coronary intervention (PCI). The SAQ results
showed that the XFZYT combined with TAMs group could
significantly improve (𝑃 < 0.05) the score of angina stability
(AS), angina frequency (AF), and treating satisfaction (TS).
And the score of body pain (BP), general health (GH), vitality
(VT), social function (SF), and role emotional (RE) of the SF-
36 was also significantly (𝑃 < 0.05) improved in the XFZYT
combined with TAMs group.

3.3.6. Subgroup Analysis. For our key analysis of the add-on
effect of XFZYT for treating different AP subtypes, 13 studies
provided the data necessary to perform our evaluation. Of
these RCTs, 1 RCT [24] involved participants with UAP, 4
RCTs [18, 21, 26, 28] involved participants with SAP, and
the other 8 RCTs [17, 19, 20, 22, 25, 27, 29, 30] involved
participants with SAP or UAP. Overall, (1) for patients with
SAP, 94.3% reported RAS improvement after the treatment
with XFZYT plus TAMs compared with 70.7% after the
treatment with TAMs only (therapeutic gain = 23.6% with a
number needed to treat (NNT) = 4.2) (Table 3), and 77.0%
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Figure 2: Forest plot of trials comparing XFZYT plus TAMs with TAMs, outcome = RAS.
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Figure 3: Forest plot of trials comparing XFZYT plus TAMs with TAMs, outcome = ECG.

comparedwith 45.0% in ECG improvement (therapeutic gain
= 32.0% with an NNT = 3.1) (Table 4). (2) For patients with
UAP, 76.7% reported ECG improvement in the experimental
group comparedwith 63.3% in the control group (therapeutic
gain = 13.4% with an NNT = 7.5) (Table 5). (3) For patients
with diagnosis of either SAP or UAP, 86.6% reported RAS
improvement in the experimental group compared with
69.1% in the control group (therapeutic gain = 17.5% with
an NNT = 5.7) (Table 6), and ECG improvement was 70.8%
versus 52.7% (therapeutic gain = 18.1% with an NNT = 5.5)
(Table 7).

3.4. Publication Bias. We performed a funnel plot of the
improvement of RAS between XFZYT plus TAMs group
and TAMs group (Figure 8). Visual inspection suggested that
there was no publication bias.

3.5. Safety. A total of 9 trials [17, 19, 20, 23–25, 28–30]
mentioned the occurrence of adverse effects. 2 trials [23, 25]

of these reported adverse effects in the experiment group (2%,
3/150), stomachache, dry mouth, and loose stool included.
Other 2 trials [19, 24] reported adverse effects in the control
group (3.3%, 4/121), including stomachache, dizziness, and
headache. And the remaining 5 trials [17, 20, 28–30] reported
that no adverse effects occurred. And no serious adverse
effects were reported.

4. Discussions

We performed a series of meta-analyses involving 14 RCTs
with a total of 1116 participants, and what we can get from
this review are as follows: (1) XFZYT combined with TAMs
was more effective than TAMs alone for treating patients
diagnosed with AP. It could significantly improve ECG and
the relief of AP symptoms. The combination therapy of
XFZYT and TAMs could also reduce the nitroglycerin use,
improve blood HDL-C level which benefits patients with
cardiovascular diseases [33], and decrease blood LDL-C, TG,
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Figure 4: Forest plot of trials comparing XFZYT plus TAMs with TAMs, outcome = blood HDL-C level (mmol/L).
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Figure 5: Forest plot of trials comparing XFZYT plus TAMs with TAMs, outcome = blood LDL-C level (mmol/L).

and TC level which seemed as risk factors of cardiovascular
disease [34]. No significant differences were identified on
the incidence of adverse effects between XFZYT plus TAMs
and TAMs. (2) For patients with UAP, XFZYT combined
with TAMs could improve ECG and quality of life in some
aspects. The data of RAS was not reported, so we could not
make a conclusion about the efficacy of XFZYT plus TAMs
in improving RAS on patients with UAP. (3) The therapeutic
gain and NNT showed that the SAP group could get more
clinical benefits from the add-on effect of XFZYT than other
groups. So XFZYTmay be a more suitable choice for treating
patients with SAP than those with UAP.

We are not able to make confident statements about the
safety of XFZYT for reason of insufficient RCTs included
and the short treatment duration, nor can we draw firm
conclusion that XFZYT can benefit patients with UAP, for
there was only one RCT [24] included into the meta-analysis
and only the data of ECG improvement was reported; the
NNT of the UAP group for ECG improvement (NNT =
7.5) was also larger compared with the other two groups.
Although one RCT [23] with superiormethodological quality
showed that XFZYT can improve the quality of life of patients
with UAP after PCI, more studies should be performed to
confirm the efficacy of XFZYT for treating patients with UAP.

However, our meta-analysis showed that patients with
SAP could get more clinical benefits such as RAS and ECG
improvement from the add-on effect of XFZYT compared
with the other two groups.We also found that theNNTvaried
from 3.7 to 32.3 for RAS improvement and from 3.6 to 23.8 for
ECG improvement in the SAP andUAP group, whichmay be
relevant to the variance in the percent of SAP of each study.
But we failed to detect the correlation coefficient between

the therapeutic gain and the percent of SAP, due to the fact
that the number of patients with SAP in each included study
was not reported. So the future studies should pay attention
to the difference of the outcomes between SAP and UAP
patients after the treatment with XFZYT, which may have
important implication for clinical practice.

There are also limitations to this study. Visual inspection
of the funnel plot revealed symmetry, so the publication bias
may be minimized. But the methodological quality of the tri-
als included was generally not high; only 3 [19, 23, 25] of these
RCTs were scored as having superior quality. And only two
RCTs [19, 23] mentioned allocation concealment process, so
the potential selection bias may exist. A few trials mentioned
the blinding and withdrawal/dropout, and no multicenter,
large sample, and cooperative RCTs were included. Apart
from the limitations on the mediocre methodological quality
of included studies, for outcome measures of patients with
UAP, only the quality of life and ECG improvement were
reported, and the estimates of some outcomes, such as the
blood lipid level and reduction of nitroglycerin use, were
limited by relatively small sample size, which may influence
the precision of estimates.

5. Conclusion

In summary, these data suggest that XFZYT combined with
TAMs is more effective than TAMs alone at improving the
clinical symptoms of patients with AP, especially with SAP.
And there is no significant difference in the incidence of
adverse effects. XFZYT combined with TAMmay be an alter-
native option for patients suffering from AP. However, most
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= 11.48, df= 2 (P = 0.003); I2 = 83%

1.49

1.95

0.65

1.3

0.63

1.92

92
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50

0.05

0.22

0.29

1.4

0.65
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Test for overall effect: Z = 3.88 (P = 0.0001)

Figure 7: Forest plot of trials comparing XFZYT plus TAMs with TAMs, outcome = blood TC level (mmol/L).

Table 3: The effect of XFZYT for SAP group, outcome = RAS.

Study ID Treatment
duration

Response rate, %; (response/𝑁) Therapeutic
gain, % NNT RR

Experimental Control
Li, 2008 [21] 4 weeks 95.0 (38/40) 70.0 (28/40) 25.0 4.0 1.36
Wang, 2011 [28] 8 weeks 95.0 (19/20) 70.0 (14/20) 25.0 4.0 1.36
Zhao, 2009 [26] 4 weeks 90.0 (27/30) 66.7 (20/30) 23.3 4.3 1.35
Yang, 2010 [18] 4 weeks 96.0 (48/50) 74.0 (37/50) 22.0 4.5 1.30
Pooled RR — 94.3 (132/140) 70.7 (99/140) 23.6 4.2 1.33
NNT: number needed to treat; RR: risk ratio.

Table 4: The effect of XFZYT for SAP group, outcome = ECG.

Study ID Treatment
duration

Response rate, %; (response/𝑁) Therapeutic
gain, % NNT RR

Experimental Control
Li, 2008 [21] 4 weeks NA NA — — —
Wang, 2011 [28] 8 weeks 95.0 (19/20) 65.0 (13/20) 30.0 3.3 1.46
Zhao, 2009 [26] 4 weeks 70.0 (21/30) 40.0 (12/30) 30.0 3.3 1.75
Yang, 2010 [18] 4 weeks 74.0 (37/50) 40.0 (20/50) 34.0 2.9 1.85
Pooled RR — 77.0 (77/100) 45.0 (45/100) 32.0 3.1 1.71
NNT: number needed to treat; NA: not available; RR: risk ratio.

Table 5: The effect of XFZYT for UAP group, outcome = ECG.

Study ID Treatment
duration

Response rate, %; (response/𝑁) Therapeutic
gain, % NNT RR

Experimental Control
Zheng and Wang,
2009 [24] 8 weeks 76.7 (23/30) 63.3 (19/30) 13.4 7.5 1.21

Pooled RR — 76.7 (23/30) 63.3 (19/30) 13.4 7.5 1.21
NNT: number needed to treat; RR: risk ratio.
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Table 6: The effect of XFZYT for SAP and UAP group, outcome = RAS.

Study ID Treatment
duration

Response rate, %; (response/𝑁) Therapeutic
gain, % NNT RR

Experimental Control
Lv, 2009 [22] 4 weeks 93.8 (30/32) 76.7 (23/30) 17.1 5.8 1.22
Wang et al., 2000 [18] 4 weeks 73.5 (25/34) 70.4 (19/27) 3.1 32.3 1.04
Du et al., 2013 [29] 6 weeks 79.3 (73/92) 64.0 (32/50) 15.3 6.5 1.24
Wang and Jing, 2007
[19] 4 weeks 87.1 (27/31) 60.0 (18/30) 27.1 3.7 1.45

Li and Zhang, 2011
[27] 4 weeks 90.0 (54/60) 66.7 (40/60) 23.3 4.3 1.35

Liu et al., 2007 [25] 8 weeks 86.0 (37/43) 76.7 (33/43) 9.4 10.6 1.12
Zhang, 2012 [17] 4 weeks 94.0 (47/50) 70.0 (35/50) 24.0 4.2 1.34
Li, 2009 [30] 4 weeks 95.0 (38/40) 70.0 (28/40) 25.0 4.0 1.36
Pooled RR — 86.6 (331/382) 69.1 (228/330) 17.5 5.7 1.25
NNT: number needed to treat; RR: risk ratio.

Table 7: The effect of XFZYT for SAP and UAP group, outcome = ECG.

Study ID Treatment
duration

Response rate, %; (response/𝑁) Therapeutic
gain, % NNT RR

Experimental Control
Lv, 2009 [22] 4 weeks 84.4 (27/32) 63.3 (19/30) 21.1 4.7 1.33
Wang et al., 2000 [18] 4 weeks 41.2 (14/34) 37.0 (10/27) 4.2 23.8 1.11
Du et al., 2013 [29] 6 weeks NA NA — — —
Wang and Jing, 2007
[19] 4 weeks NA NA — — —

Li and Zhang, 2011
[27] 4 weeks 91.7 (55/60) 66.7 (40/60) 25.0 4.0 1.37

Liu et al., 2007 [25] 8 weeks NA NA — — —
Zhang, 2012 [17] 4 weeks 48.0 (24/50) 36.0 (18/50) 12.0 8.3 1.33
Li, 2009 [30] 4 weeks 82.5 (33/40) 55.0 (22/40) 27.5 3.6 1.50
Pooled RR — 70.8 (153/216) 52.7 (109/207) 18.1 5.5 1.34
NNT: number needed to treat; NA: not available; RR: risk ratio.
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Figure 8: Funnel plot of trials comparing XFZYT plus TAMs with
TAMs, outcome = RAS.

of included RCTs were scored as having mediocre method-
ological quality; the findings should be interpreted with
caution. Hence, future studies of XFZYT in the treatment of
AP are warranted in rigorously designed, multicentre, and
large-scale trials worldwide.
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Aim. To investigate the effect of Ginsenoside Rb1 (GS-Rb1) on hypoxia/ischemia (H/I) injury in cardiomyocytes in vitro and the
mitochondrial apoptotic pathway mediated mechanism.Methods. Neonatal rat cardiomyocytes (NRCMs) for the H/I groups were
kept in DMEMwithout glucose and serum, and were placed into a hypoxic jar for 24 h. GS-Rb1 at concentrations from 2.5 to 40𝜇M
was given during hypoxic period for 24 h. NRCMs injury was determined byMTT and lactate dehydrogenase (LDH) leakage assay.
Cell apoptosis, ROS accumulation, and mitochondrial membrane potential (MMP) were assessed by flow cytometry. Cytosolic
translocation of mitochondrial cytochrome c and Bcl-2 family proteins were determined byWestern blot. Caspase-3 and caspase-9
activities were determined by the assay kit. Results. GS-Rb1 significantly reduced cell death and LDH leakage induced by H/I. It
also reduced H/I induced NRCMs apoptosis induced by H/I, in accordance with a minimal reactive oxygen species (ROS) burst.
Moreover, GS-Rb1markedly decreased the translocation of cytochrome c from themitochondria to the cytosol, increased the Bcl-2/
Bax ratio, and preserved mitochondrial transmembrane potential (ΔΨm). Its administration also inhibited activities of caspase-9
and caspase-3. Conclusion. Administration of GS-Rb1 during H/I in vitro is involved in cardioprotection by inhibiting apoptosis,
which may be due to inhibition of the mitochondrial apoptotic pathway.

1. Introduction

Myocardial ischemic injury resulting from severe impair-
ment of the coronary blood supply is a severe stress that
leads to the loss of cardiomyocytes by apoptosis and necrosis.
Activation of the mitochondrial apoptotic pathway is seen as
a common cause of cell death in numerous cardiac diseases
[1, 2]. The mitochondrial apoptotic pathway is character-
ized by mitochondrial dysfunction with release of caspase
activators, including mitochondrial permeability transition
pore (mPTP) opening, loss of mitochondrial transmembrane

potential (ΔΨm), cytochrome c release, and changes in
Bcl2/Bax ratio, which are followed by activation of caspase-
9 and caspase-3 [3, 4]. Specific inhibition of the mitochon-
drial apoptotic pathway could protect cardiomyocytes from
injuries, which implies that mitochondria could be a critical
site for intervention [5, 6].

Ginseng, the root of Panax ginseng Meyer, has been
widely used for more than 2,000 years in China. [7]. Its ben-
eficial effects act on the endocrine, immune, central nervous
and, especially, the cardiovascular systems [8]. Ginsenoside
Rb1 (GS-Rb1), the major pharmacological extract, is one of
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themost important active compounds of ginseng, with exten-
sive evidence of its cardioprotective properties. GS-Rb1 can
protect cardiomyocytes from H

2
O
2
induced oxidative injury

by suppressing JNK activation [9]. It can exert its cardio-
protective effect against ischemia reperfusion (MI/R) injury
in diabetic rats by activation of the phosphatidylinositol 3-
kinase (PI3 K)/Akt pathway [10], and GS-Rb1 precondition-
ing can enhance eNOS expression and attenuate myocardial
ischemia/reperfusion injury in diabetic rats [11].However, the
specificmechanisms of cardioprotective properties of GS-Rb1
in a hypoxic environment in vitro and the changes of the anti-
and proapoptotic proteins involved need clarification.

In the present research, we have investigated the protec-
tive effect of GS-Rb1 and its impact on the mitochondrial
apoptotic pathway, in neonatal rat cardiomyocytes (NRCMs)
exposed to hypoxic/ischemic damage. It had antiapoptotic
activity under the hypoxic/ischemic conditions in vitro and
inhibited activation of the mitochondrial apoptotic pathway.

2. Materials and Methods

2.1. Materials. GS-Rb1 (catalog number #110704), purchased
from National Institutes for food and drug Control, was
dissolved in phosphate-buffered saline (PBS) to create a
stock solution for subsequent dilution. Dulbecco’s Modified
Eagle Medium (DMEM) and fetal bovine serum (FBS) were
obtained from Gibco (Grand Island, NY, USA). DMSO
and 3-(4, 5-dimethyl-thiazol-2-yl)-2, 5-diphenyltetrazolium-
bromide (MTT) were obtained from Sigma (St.Louis, MO,
USA). Cell Lysis Buffer for Western blotting and IP and
Enhanced BCA Protein Assay Kit were obtained from Bey-
otime (Haimen, China). The primary antibodies against Bcl-
2 (catalog number #2870), Bax (catalog number #2772), cyto-
chrome c (catalog number #4272), GAPDH (catalog number
#2118), and horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies were obtained from Cell Signaling Tech-
nology (Danvers, MA, USA). Enhanced chemiluminescence
kit was obtained fromMillipore (Billerica, MA, USA).

2.2. Culture of Neonatal Rat Cardiomyocytes. Primary cul-
tures of NRCMs from 12 to 24 h old Sprague Dawley rats
(Vital River Laboratories, Beijing, China) were prepared by
means of gentle serial trypsinization as described before with
slight modification [12]. All experiments were approved by
the Beijing Ethics Committee for the Use of Experimental
Animals. The NRCMs were plated in collagen-coated 96-
or 6-well plates and maintained at 37∘C in a 5% CO

2
/95%

air humidified incubator in DMEM containing 10% (v/v)
fetal bovine serum, 100U/mL penicillin, and 100mg/mL
streptomycin.The following experiments used spontaneously
beating cardiomyocytes 48–72 h after plating.

2.3. Hypoxia/Ischemia Treatment. For hypoxic/ischemic pro-
tocol, hypoxia was achieved by using the MGC AnaeroPack
System in a AnaeroPack jar (Mitsubishi Gas Chemical Co.,
Tokyo, Japan), which was capable of depleting the concen-
tration of O

2
down to 10% in 2 h. Ischemic condition was

achieved by replacing culture medium with DMEM without
glucose (Gibco, Grand Island, USA) and serum.NRCMswith

or without GS-Rb1 were placed in the AnaeroPack jar and
then put into a 37∘C incubator for 24 h. Control plates were
kept in normoxic conditions for the corresponding times.

2.4. MTT Assay. NRCMs viability was determined using the
MTT assay. Cardiomyocytes were plated on 96-well dishes at
2 × 104 cells/well. MTT at 5mg/mL was added to each well
immediately after 24 h of hypoxia/ischemia. Plates were incu-
bated for 4 h at 37∘C. The medium was aspirated from each
well and 100 𝜇L of DMSOwas added to dissolve the formazan
crystals. The optical density of each well was read at 492 nm
using a Microplate Reader (Bio-Rad, Hercules, CA). Results
are given as percentages of the control group taken as 100%.

2.5. Assay of LDH Activity. The extent of cellular injury was
monitored by LDH leakage. Culture medium (120 𝜇L) was
taken to measure LDH activity using a commercial kit with
a spectrophotometer (JianCheng Bioengineering Institute,
Nanjing, China).

2.6. Apoptosis Assay by Annexin V/PI Staining. NRCMs
with different concentration of GS-Rb1 exposed to hypoxia/
ischemia conditions were harvested and washed with PBS.
The percentage of normal nonapoptotic cells and apop-
totic cells was measured by double supravital staining with
Annexin-V and PI, using an Annexin V-FITC Apoptosis
Detection kit (KeyGen, Nanjing, China). Flow cytometric
analysis used a Cytomics FC500 flow cytometer with CXP
software (Beckman Coulter, Fullerton, USA), the operator
being blind of the group assignment.

2.7. Fluorescent Measurement of Intracellular ROS. Determi-
nation of ROS concentration was based on the oxidation
of 2,7-dichlorodihydrofluorescein (DCFH) (JianCheng Bio-
engineering Institute, Nanjing, China). In brief, the cells were
collected after hypoxia/ischemia and washed with DMEM
without FBS and incubated with DCFH-DA at 37∘C for
20min. Dichlorofluorescein (DCF) fluorescence intensity
was detected at 488 nm excitation and 525 nm emission by
flow cytometry and the mean fluorescence intensity used to
represent the amount of ROS.

2.8. Determination of ΔΨm. The mitochondrial transmem-
brane potential (ΔΨm) was estimated by monitoring fluore-
scence aggregates of 5,5,6,6-tetrachloro-1,1,3,3-tetraethyl
benzimidazolo carbocyanine iodide (JC-1), (Beyotime,
Haimen, China). Briefly, NRCMs were collected and incu-
bated at 37∘C for 30min with JC-1 (1×), washed twice with
PBS for detection of the fluorescent ratio by flow cytometry.
JC-1 fluorescence was measured to assess the emission shift
from green (530 nm) to red (590 nm) using 488 nm excita-
tion. Data are given as the relative ratio of green to red fluo-
rescence intensity, indicating the level of depolarization of
the mitochondrial membrane potential.

2.9. Isolation of Mitochondria. Cytochrome c release from
mitochondria was measured byWestern blotting. The prepa-
ration of the mitochondrial and cytosolic protein fractions
was done with a Cell Mitochondria Isolation Kit (Beyotime,
Haimen, China). Briefly, cells were collected and resuspended
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Figure 1: Protective effect of GS-Rb1 onH/I inducedNRCMs death. NRCMswere copretreated with or without GS-Rb1 duringH/I condition
for 24 h. (a) Cell viability determined by MTT assay. (b) LDH release determined by the LDH activity kit. Error bars represent mean ± SD.
∗∗∗
𝑃 < 0.001 versus control; #𝑃 < 0.05 and ##

𝑃 < 0.01 versus H/I group (𝑛 = 3).

inmitochondrial isolation reagent containing PMSF and pro-
tease inhibitors, centrifuged at 600×g for 10min at 4∘C. The
supernatant was transferred to a fresh 1.5mLmicrocentrifuge
tube and centrifuged at 11,000×g for 10min at 4∘C. The
supernatant was collected as the cytosolic fraction and the
pellet was resuspended in 0.1mL mitochondrial lysis buffer,
which was kept as the mitochondrial fraction.

2.10. Western Blotting. The mitochondria and NRCMs with
under hypoxic and ischemic conditions treated with different
concentrations of GS-Rb1 for 24 h were harvested and lysed
with Cell Lysis Buffer for Western blotting and IP. Protein
concentration was measured using a BCA Protein Assay Kit.
Equal amounts of sample lysate were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred by electroblotting to a nitrocellulose
membrane (Millipore). The membrane was blocked with 5%
nonfatmilk in TBSTbuffer (20mMTris-HCl, pH 7.4, 150mM
NaCl and 0.1% Tween 20) overnight at 4∘C. The membrane
was incubated with specific primary antibodies for 2 h and
an IgG HRP conjugated specific secondary antibody for 1 h
at room temperature. The signals were visualized with an
enhanced chemiluminescence (ECL) kit (Pierce) on Syngene
G: BOX Chemi gel documentation system (Syngene, Cam-
bridge, UK). Densitometric values were normalized using
GAPDH in each group as an internal control.

2.11. In Vitro Caspase-3 and Caspase-9 Activity Assay. Cas-
pase activities was measured by Caspase-3 and Caspase-
9 Activity Assay Kit (Beyotime, Haimen, China). Briefly,
NRCMs lysates were prepared after treatment with different
dose of GS-Rb1 for 24 h under hypoxia/ischemia conditions.
Assays were performed on 96-well microtitre plates by incu-
bating 10𝜇L protein cell lysate per sample in 80 𝜇L reaction
buffer containing 10 𝜇L substrate (Asp-Glu-Val-Asp (DEVD)-
p-nitroaniline (pNA) for caspase-3, and Leu-Glu-His-Asp
(LEHD)-pNA for caspase-9, 2mM). Lysates were incubated

at 37∘C for 4–6 h. Samples were measured with a Microplate
Reader (Bio-Rad, Hercules, CA) at an absorbance of 405 nm.
Caspase activity was expressed as the percentage relative to
the control group.

2.12. Statistical Analysis. Data are expressed as the mean ±
SD of at least three independent experiments. Group results
were analysed for variance using ANOVA. Two groups were
compared by Student’s 𝑡-test. All analyses used GraphPad
Prism 5.0 software. 𝑃 < 0.05 was taken as statistically
significant.

3. Results

3.1. Effect of GS-Rb1 on the Viability of NRCMs. The effect
of GS-Rb1 on NRCMs viability was examined by the MTT
assay (Figure 1(a)). Those given H/I accounted for 25% of
the normal control cells (𝑃 < 0.001). Compared with
the control group, GS-Rb1 from 2.5 to 40 𝜇M incubation
increased viability from 31.7%±1.3% to 53.3%±1.7%.GS-Rb1
alone had no effect on cell viability.

3.2. Effect of GS-Rb1 on the LDH Leakage Induced by H/I.
H/I treatment increased LDH leakage from NRCMs by
3.5 ± 0.2-fold in comparison with the control group. GS-Rb1
incubation significantly reduced leakage induced to 1.9±0.12-
fold (Figure 1(b)).

3.3. GS-Rb1 Reduced Apoptotic Cells Induced by H/I in
NRCMs. To examine the effect of GS-Rb1 on the cell
death induced by H/I, Annexin V-fitc/propidium iodide (PI)
double-staining assay of cells was analyzed by flow cytometry
(Figures 2(a) and 2(b)). The percentage of apoptotic cells
(including early and late apoptotic cells) markedly increased
in H/I group compared to the control group. With GS-Rb1,
apoptosis accounted for 70.4±2.4, 56.5±1.7, and 31.0±1.8%
at 10, 20, and 40 𝜇M GS-Rb1 for 24 h, respectively, with the
surviving cells increasing from 6.8 ± 0.4 to 52.8 ± 3.1%.
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Figure 2: Flow cytometry analysis of GS-Rb1 on cell death induced by H/I. (a) NRCMs were cotreated with or without GS-Rb1 (10, 20, and
40 𝜇M) during H/I, for 24 h, and stained with Annexin V-fitc/PI. (b) Quantification of the percent of apoptotic and living cells in each group.
Error bars represent mean ± SD. ∗∗∗𝑃 < 0.001 versus apoptotic cells in control group; ###𝑃 < 0.001 versus living cells in control group;
++
𝑃 < 0.01 and +++𝑃 < 0.001 versus apoptotic cells in H/I group; &

𝑃 < 0.05, &&
𝑃 < 0.01, and &&&

𝑃 < 0.001 versus living cells in H/I group
(𝑛 = 3).

3.4. Effect of GS-Rb1 on the Intracellular ROS Level in NRCMs.
Cells in different groups were harvested and stained with flu-
orescent probe DCFH before being analyzed by flow cytom-
etry. H/I treatment significantly increased the intracellular
level of ROS, with the fluorescence intensity increasing from

9.3 ± 0.9 to 313.3 ± 11.9 (Figures 3(a) and 3(b)). Cotreatment
with GS-Rb1 significantly inhibited the raised intracellular
concentration of ROS induced by H/I. These results indicate
that the cardioprotective effect of GS-Rb1 from H/I injury is
associated with the inhibition of cellular ROS.
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Figure 3: Flow cytometry analysis of GS-Rb1 on intracellular ROS induced by H/I. (a) NRCMs were cotreated with or without GS-Rb1 (10,
20, and 40𝜇M) during H/I for 24 h. The intracellular ROS level was measured by the fluorescent probe DCFH-DA. (b) Analysis of the mean
fluorescence intensity of each group. Error bars represent mean ± SD. ∗∗∗𝑃 < 0.001 versus control, #𝑃 < 0.05, ##𝑃 < 0.01, and ###

𝑃 < 0.001

versus H/I group (𝑛 = 3).

3.5. Effect of GS-Rb1 on ΔΨm in NRCMs. Loss of ΔΨm
indicates mitochondrial dysfunction that ultimately leads to
apoptosis. JC-1 staining was carried out before flow cytomet-
ric analysis. NRCMs exposed to H/I condition for 24 h
resulted in dissipation of ΔΨm compared with the control
group (Figures 4(a) and 4(b)), seen as increased green fluo-
rescence. Cotreatment with different concentrations of

GS-Rb1 moderated the dissipation of ΔΨm, indicating its
protective effect. The ratio of green and red fluorescence was
used to demonstrate the mitochondrial membrane potential
(ΔΨm) change induced by H/I treatment and the protective
effect of GS-Rb1. In the control group, JC-1 aggregated in
mitochondria with a ratio of 1.87 ± 0.065, that of the H/I
group being 0.797 ± 0.018. The groups cotreated with 10,
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Figure 4: Flow cytometry analysis of GS-Rb1 onmitochondrial membrane potential (ΔΨm) induced by H/I. (a) NRCMs were cotreated with
or without GS-Rb1 (10, 20, and 40𝜇M) during H/I for 24 h. ΔΨm was measured by JC-1 and analyzed by flow cytometry. (b) Analysis of
the red/green fluorescence ratio of each group. Error bars represent mean ± SD. ∗∗∗𝑃 < 0.001 versus control, #𝑃 < 0.05, ##𝑃 < 0.01, and
###
𝑃 < 0.001 versus H/I group, (𝑛 = 3).

20, and 40 𝜇M GS-Rb1 showed increases of 1.090 ± 0.067 to
1.487±0.020, which suggests that themitochondria-mediated
pathwaywas involved in the cardioprotective effect of GS-Rb1
on H/I injuries.

3.6. Effects of GS-Rb1 on the Release of Cytochrome c. The
release of cytochrome c from mitochondria into cytosol
is one of the early events leading to apoptosis. Increased

mitochondrial membrane permeability was confirmed by the
translocation of cytochrome c from the mitochondria to the
cytosol. Few cytochromes c in the cytoplasm were found
in the control group (Figures 5(a) and 5(b)) whereas an
obvious increase of cytochrome c in cytosol occurred in H/I
treated cells (348.2 ± 16.9). Compared with the H/I group,
cytochrome c in cytosol in the GS-Rb1 treatment group
decreased from 298.9±6.3 to 139.6±5.9. Gs-Rb1 cotreatment
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Figure 5: Effect of GS-Rb1 on cytosolic cytochrome c level change
induced by H/I. NRCMs were cotreated with or without GS-Rb1
(5, 10, 20, and 40 𝜇M) during H/I for 24 h. (a) Cytochrome c was
measured by Western blot. (b) Quantitative data was analysed for
each group. Error bars represent mean ± SD. ∗∗∗𝑃 < 0.001 versus
control; ##𝑃 < 0.01 and ###

𝑃 < 0.001 versus H/I group (𝑛 = 3).

significantly inhibitedH/I-induced cytochrome c release into
the cytoplasm, which shows again that GS-Rb1 acts on the
mitochondriamediated pathway in its cardioprotective effect.

3.7. Effect of GS-Rb1 on the Expression of Bax and Bcl-2
following H/R Injury. Bcl-2 family proteins have a function
inmitochondriamediated apoptosis. Expression of antiapop-
totic Bcl-2 and proapoptotic Bax proteins were analyzed by
Western blot afterH/I andGS-Rb1 treatment. Comparedwith
the control group, H/I significantly increased Bax expression
and decreased Bcl-2.The ratio of Bcl-2 to Bax decreased over
10-fold. With GS-Rb1 cotreatment, increased levels of Bcl-
2 and a marked reduction in Bax were observed in a dose-
dependent manner (Figures 6(a), 6(b), and 6(c)). Thus, GS-
Rb1 inhibits apoptosis induced by H/I by upregulating the
ratio of Bcl-2 to Bax.

3.8. Effect of GS-Rb1 on the Activation of Caspase 3 and
Caspase 9. Activation of caspase-3 and caspase-9 is a key irre-
versible point in mitochondria mediated apoptosis. When
compared with the controls (Figure 7), H/I significantly
increased the activity of caspase-3 and caspase-9 by 355.3±6.0
and 286.2± 6.1%, respectively. When cotreated with different
doses of GS-Rb1, activities of caspase-3 and caspase-9 were
attenuated from 247.8 ± 7.0 to 153.7 ± 13.1 and 217.3 ± 7.8%
to 97.8 ± 19.0%, respectively. These results indicated that GS-
Rb1 could inhibit apoptosis induced by H/I by attenuating
caspase-3 and caspase-9 activity.

4. Discussion

GS-Rb1 is one of the most important active compounds
of ginseng, which has multiple pharmacological actions,
including antifatigue [13], reducing fatty liver [14], antiobesity
[15], antiskin aging [16], protective effects of central nervous
system [17], retinal ganglion [18], lung [19], liver [20], and
renal injury [21]. GS-Rb1 has an established cardiovascular
protective effect.The protective effects of GS-Rb1 on neonatal
rat cardiomyocytes (NRCMs) have been shown here byMTT
combined with LDH leakage assay in increasing the viability
of NRCMs when subjected in the H/I conditions in a dose-
dependent manner. Flow cytometric analysis showed that
cardioprotection in response to GS-Rb1 was due to inhibition
of apoptosis, cellular ROS production, and prevention of
ΔΨm loss. Our novel finding is that GS-Rb1 significantly inhi-
bited the release of cytochrome c from mitochondria into
cytosol and maintained the ratio of Bcl-2 to Bax. It also
regulated downstream both caspase-3 and caspase-9 activity.

Apoptosis is heavily involved in the development and
progression of cardiovascular disease [22]. Blocking it can
prevent the loss of contractile cells and minimize cardiac
injury [23]. H/I induces NRCMs apoptosis (including early
and late apoptosis). With H/I alone, GS-Rb1 attenuated
cardiomyocyte apoptosis from 81.6 to 31.0%, while living cells
rose from 6.78 to 52.8%.Therefore, cotreatment with GS-Rb1
mitigates H/I-induced apoptosis of cardiomyocytes.

Ischemia injuries provoke ROS generation in cardiomy-
ocytes [24], and these have a secondary messenger function
because of their ability to influence MMP and mitochondrial
function, thereby activating the caspase cascade [25]. When
ROSs reach a threshold level, opening of transition pores
is triggered, which decreases ΔΨm and induces the side
leakage of caspase-activating proteins, that is, cytochrome c
to the cytosol [26, 27]. GS-Rb1 is known to be protective
to neonatal rat cardiomyocytes treated with from CoCl

2

to induce hypoxic injuries by inhibiting GSK-3𝛽-mediated
mPTP opening [28]. Our results demonstrate that H/I induce
ΔΨm loss and ROS accumulation and that GS-Rb1 signif-
icantly inhibits ΔΨm depolarization and ROS production.
These results suggest that the cardioprotective effects of GS-
Rb1 might be related to the inhibition of ROS rather than the
generation and preservation of the mitochondria.

It has been demonstrated that mitochondrial permeabil-
ity and release of the apoptosome could be controlled by
Bcl-2 family [29]. An increase of proapoptosis proteins (Bax
and Bid) and/or a decrease in antiapoptosis proteins (Bcl-2
and Bcl-xL) could lead to a decrease in mitochondrial mem-
brane potential and an opening of mitochondrial permeabil-
ity transition pores, leading to cytochrome c release from
mitochondria into cytosol [30]. The current research showed
that ratio of Bcl-2 to Bax was increased by GS-Rb1 treatment
followingH/I, which suggested that Bcl-2 familywas involved
in the cardioprotection of GS-Rb1 in H/I.

Mitochondria play an important role in cardiomyocytes
injuries by releasing cytochrome c and other apoptogenic
proteins into the cytosol [31]. Cytochrome c in the cytosol
forms a complex that is composed of apoptosis-activating
factor-1 (Apaf-1), which recruits and activates the death
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Figure 6: Effect of GS-Rb1 on Bcl-2 and Bax changes induced by H/I. NRCMs were cotreated with or without GS-Rb1 (5, 10, 20, and 40𝜇M)
during H/I for 24 h. (a)The protein levels of Bcl-2 and Bax were quantified byWestern blot. (b) Quantitative data analysis for each group. (c)
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Figure 7: Effect of GS-Rb1 on caspase-3 and caspase-9 activities
induced by H/I. NRCMs were cotreated with or without GS-Rb1
(5, 10, 20, and 40 𝜇M) during H/I for 24 h. NRCMs were lysed
and caspase-3 and caspase-9 activities were analyzed. Error bars
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effector caspase-9 [32]. The activated caspase-9 subsequently
activates caspase-3, which in turn activates the early apoptosis
process [33]. Our results showed that GS-Rb1 significantly
inhibited mitochondrial cytochrome c release and caspase-3
and caspase-9 activity following H/I, which suggested that
cytochrome c release and the mitochondrial dependent
pathway were involved in the cardioprotection of GS-Rb1 in
H/I.

5. Conclusion

In conclusion, GS-Rb1 exerts a protective effect in hypoxia/
ischemia-induced cell death, which may underlie the inhi-
bition of the mitochondrial apoptotic pathway. The car-
dioprotective effect seems to act by decreasing cellular
ROS production, restoring ΔΨm, attenuating H/I-mediated
mitochondrial cytochrome c release, reducing the ratio of
Bax to Bcl-2, and thereby affecting caspase-3 and caspase-
9 activity. Further work will be required to understand the
beneficial role and the effect on other organs of GS-Rb1 in
postischemic injury in vivo, with the hope that these benefits
can be translated to clinical interventions in the treatment of
ischemic heart diseases.
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Fermented red yeast rice has been traditionally consumed as medication in Asian cuisine. This study aimed to determine the in
vivo hypocholesterolemic and antioxidant effects of fermented red yeast rice water extract produced using Malaysian Agricultural
Research and Development Institute (MARDI) Monascus purpureus strains in mice fed with high cholesterol diet. Absence of
monacolin-k, lower level of 𝛾-aminobutyric acid (GABA), higher content of total amino acids, and antioxidant activities were
detected in MARDI fermented red yeast rice water extract (MFRYR). In vivo MFRYR treatment on hypercholesterolemic mice
recorded similar lipid lowering effect as commercial red yeast rice extract (CRYR) as it helps to reduce the elevated serum liver
enzyme and increased the antioxidant levels in liver. This effect was also associated with the upregulation of apolipoproteins-E and
inhibition of VonWillebrand factor expression. In summary,MFRYR enriched in antioxidant and amino acid withoutmonacolin-k
showed similar hypocholesterolemic effect as CRYR that was rich in monacolin-k and GABA.

1. Introduction

Red yeast rice, a product of Monascus fermentation, has tra-
ditionally been used as a medicine (to improve digestion and
blood circulation), preservative (Chinese bean curd/cheese,
meat, fish, etc.), and coloring agent and inoculant for alco-
holic beverages (Anchu, somsu) in Asian countries since
ancient time [1]. It can be produced through either the
submerged or the solid state fermentation system. Rice is
the common fermentation medium [2] to produceMonascus
fermentation products [3] besides other agricultural products
including dioscorea, cassava, sweet potato, potato [4], barley

[5], mixture of rice and garlic [6], soybean [7], corn meal,
peanutmeal, coconut residue, and soybeanmeal.Monacolin-
k (that is identical to lovastatin)was themost commonly stan-
dardized monacolin compound in fermented red yeast rice
for its lipid lowering property via inhibition of the 3-hydroxy-
3-methylglutaryl-coenzyme A reductase [8]. Other sec-
ondary metabolites including 𝛾-aminobutyric acid (GABA),
dimerumic acid, andmonascin, which are potential hypoten-
sive, antioxidant, and anti-inflammation agents, were also
reported as being present in fermented red yeast rice [4, 9, 10].

Over the past decades, red yeast rice has gained drastic
attention and sales due to its use as statin alternative therapy
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for hyperlipidemia and dyslipidemia management [11]. Clin-
ical studies have reported that red yeast rice can significantly
reduce lipid level and prevent recurrence of coronary events
in human subjects [12, 13]. However, the Food and Drug
Administration (FDA, USA) issued a consumer warning
to avoid online promotion of commercial red yeast rice
products in August 2007 due to the presence of monacolin-
k, which is biosimilar to the active pharmaceutical ingredient
lovastatin [14]. Use of statin drug has been reported to cause
some side effects such as headache, dizziness, rash, stomach
discomfort, hepatic dysfunction, muscle weakness, or even
rhabdomyolysis symptoms [15]. Although many studies have
proven the potential lipid lowering properties of Monascus
fermented red yeast rice, the effects of fermented red yeast
rice water extract produced using theMARDIMonascus pur-
pureus strains, which did not contain monacolin-k and their
derivatives, are not yet to be determined and compared with
fermented red yeast rice extract that contains monacolin-k.
Hence, the aim of this study was to determine and compare
the hypocholesterolemic and antioxidant effects of fermented
red yeast rice water extract (MFRYR) produced from the
MARDI Monascus purpureus strains with commercial red
yeast rice extract (CRYR) in high cholesterol diet mice model
in vivo.

2. Materials and Methods

2.1. Materials. Cholesterol, 94%, was purchased from Sigma
Aldrich (USA). Commercial red yeast rice extract (CRYR)
was purchased from the local pharmacy store. Hypoxanthine,
xanthine oxidase, superoxide dismutase, Folin-Ciocalteu
reagent, aluminium chloride, sodium nitrate, ascorbic acid,
and gallic acid were obtained from Sigma Aldrich (USA).
Griess reagent was from Invitrogen (USA). All solvents used
were of analytical reagent or HPLC grade. Monascus pur-
pureus strain inoculumwas obtained from MARDI’s culture
collection center.

2.2. Preparation of MARDI Fermented Red Yeast Rice Water
Extract (MFRYR) UsingMonascus purpureus Strains. Broken
rice (1000 g) was washed 6 times and soaked in cold water
at room temperature for 18 h. The soaked broken rice was
washed, autoclaved at 121∘C for 20min, and cooled down
to room temperature. The broken rice was then inoculated
with MARDI Monascus purpureus strains and incubated
aerobically at 32∘C for 16 days. It was then harvested, oven-
dried, ground into powder, and extracted with deionized
water. The MARDI Monascus purpureus strains fermented
red yeast rice water extract (MFRYR) was lyophilised using
a Virtis BenchTop freeze dryer (SP Industries, Inc., USA)
and stored in a 4∘C chiller until analysis. Nonfermented rice,
MFRYR, and commercial red yeast rice extract (CRYR) were
subjected tomonacolin-k andGABAquantification using the
UPLC method. Monacolin-k analysis was conducted using
the Acquity UPLC system (Waters Corp., USA) equipped
with a RP-18 column (1.7𝜇m, 2.1 × 100mm, Waters Acquity,
USA) and gradient mobile phase of 100% acetonitrile (Eluent

A) and 0.1% trifluoroacetic acid (Eluent B). The linear gradi-
ent mode was performed (flow rate at 0.2mL/min) from 35%
to 75% Eluent A for 7.8min and maintained at 75% Eluent A
for another 3.2min before being reverted back to 35% Eluent
A for 0.8min. Total analysis time was set for 14min with an
injection volume of 1 𝜇L and column temperature of 30∘C.
Monacolin-k was detected using a Photodiode array (PDA)
detector at 237 nm with the detection range between 210 and
350 nm. On the other hand, the concentration of GABA and
amino acidswas determined according toAli et al. [16].The in
vitro antioxidant effects of nonfermented rice, MFRYR, and
CRYRwere compared using total phenolic content and Ferric
reducing power (FRAP) tests [17].

2.3. Hypocholesterolemic Study. Male Balb/c mice (8 weeks
old, average body weight of 25 ± 2 g), obtained from the
Animal Housing Department, Institute of Bioscience, Uni-
versiti Putra Malaysia, were used for the experiments below.
The mice were kept in prebeded plastic cages in controlled
conditions of 22 ± 3∘C and standard 12 hours of day/dark
light cycles with food and water ad libitum. The procedures
for this study were carried out according to the guidelines
of the National Institute of Health for the Care and Use of
Laboratory Animals (ref.: UPM/FPV/PS/3.2.1.551/AUP-R2).
Male Balb/c mice were randomly assigned into five groups
with eight animals each, namely:

group 1: normal control, mice (p.o.) receiving normal
saline daily only;
group 2: negative control,mice (p.o.) receiving choles-
terol at 1000mg/kg concentration and normal saline
daily only;
group 3: MFRYR treated group, receiving cholesterol
at 1000mg/kg concentration and 6mg/kg of body
weight MFRYR daily;
group 4: MFRYR treated group, receiving cholesterol
at 1000mg/kg concentration and 60mg/kg of body
weight MFRYR daily;
group 5: CRYR treated group, receiving cholesterol
at 1000mg/kg concentration and 60mg/kg of body
weight CRYR daily.

All groups (except group 1) were preincubated with
cholesterol 1000mg/kg body weight (p.o.) for 8 weeks and
continued with cholesterol and the respective extract treat-
ments for another 2 weeks. On the last day of the experiment,
the mice were sacrificed. Blood and liver were collected for
the following analyses.

2.3.1. Biochemical Assays of Lipid and Liver Profiles in Serum.
The lipid profile (total cholesterol, TAG, LDL, and HDL) and
liver profile (ALT, ALP, and AST) in serum were measured
using a biochemical analyzer (Hitachi 902 Automatic Ana-
lyzer) and adapted reagents from Roche (Germany) [16].

2.3.2. Liver Histopathological Evaluation. Liver was removed,
fixed, and stained in haematoxylin and eosin (H&E) [16].
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Table 1: Monacolin-k, GABA, total amino acid (free and essential), total phenolic content, and FRAP antioxidant activity of nonfermented
rice, MARDI fermented red yeast rice water extract (MFRYR), and commercial red yeast rice extract (CRYR).

Nonfermented rice MFRYR CRYR
Monacolin-k (𝜇g/g sample) ND ND 182.61 ± 0.02
GABA (g/100 g sample) ND 0.14 ± 0.01 0.48 ± 0.03
Total free amino acid (g/100 g sample) ND 3.33 ± 0.54 0.03 ± 0.01
Total essential amino acid (g/100 g sample) ND 1.32 ± 0.26 0.03 ± 0.01
Total phenolic content (𝜇g GAE/mg sample) 7.60 ± 0.10 16.20 ± 0.10 0.81 ± 0.10
FRAP (mg ascorbic acid equivalent (AAE)/g sample) 29.80 ± 0.01 74.04 ± 0.02 5.40 ± 0.02
ND: not detected; values were mean ± standard deviation of three independent experiments.

The histopathological alterations of the liver from differ-
ent groups were observed using a bright-field microscope
(Nikon, Japan).

2.3.3. In Vivo Antioxidant Assays for Mice Liver Homogenate.
Liver homogenates were prepared by meshing the harvested
liver in ice-cold PBS followed by homogenization and cen-
trifugation at 2000 rpm and 4∘C for 5 minutes. The super-
natants collected were subjected to superoxide dismutase
(SOD) and malondialdehyde (MDA) assays [16]. One unit
of SOD was calculated as the amount of protein needed to
achieve 50% inhibition and was expressed as unit SOD/mg
protein while MDA activity was expressed as nmol MDA/g
protein.

2.3.4. PCR Array on Atherosclerosis Related Gene Expres-
sion in Blood. Blood from group 2, group 4, and group 5
was collected and subjected to RNA extraction using the
RNeasy mini kit (Qiagen, USA). cDNA synthesis and mouse
atherosclerosis RT2 Profiler PCR array (SABiosciences, USA)
were performed using an iCycler iQ real-time PCR system
(Bio-Rad, USA) according to the manufacturer’s protocols.
The results were normalizedwith the five housekeeping genes
which were included in the kit and the relative fold change
was determined by dividing the normalized data of the genes
from samples of groups 4 and 5 with the normalized data of
the genes from the untreated group 2.

2.4. Statistical Analysis. All quantitative measurements were
conveyed asmean± S.D.Analyseswere performedusing one-
way analysis of variance (ANOVA) and the groupmeanswere
compared by Duncan test.𝑃 values < 0.05were considered as
statistically significant.

3. Results and Discussion

3.1. In Vitro Monacolin-k, GABA, Amino Acid, Total Phe-
nolic Contents, and Antioxidant Effects (FRAP Activity) of
MFRYR. Fermentation using Monascus spp. was recorded
with enhanced levels of nutritious compounds including
𝛾-aminobutyric acid (GABA) and monacolin-k. However,
monacolin-k was found to be associated with several side
effects including hepatotoxicity [15] and it was advised by
the FDA for it is not to be present in commercial red
yeast rice supplements [14]. A previous study has reported

that alterations of fermentation conditions including fer-
mentation temperature, aeration, and nutritional factors and
method (submerged and solid state fermentations) were able
to prevent the production of monacolin-k by M. purpureus
without altering the hypocholesterolemic effect of this red
yeast rice [18]. For example, Ajdari et al. [18] suggested that
the hypocholesterolemic effect of this fermented product
without monacolin-k was contributed by other bioactive
compounds. In this study, we have evaluated the monacolin-
k, GABA, total amino acid, and antioxidant levels in the
water extract of MARDI’s Monascus purpureus fermented
red yeast rice (MFRYR). Chromatographic analyses showed
that monacolin-k, GABA, and amino acid (both free and
essential) were not detected in the nonfermented rice sample.
The commercial fermented red yeast rice (CRYR) sample
was detected to have high level of monacolin-k (182.61 ±
0.02 𝜇g/g) but it was not found in theMFRYR sample. GABA
content was recorded to be 3.4- fold higher in the CRYR
sample as compared to MFRYR sample (Table 1). Wang et al.
[19] had demonstrated that the alteration of the fermentation
process could modulate the production of monacolin-k and
GABA in a similar trend by using M. purpureus. Thus,
it was not surprising to find that MFRYR which did not
contain monacolin-k had a lower GABA concentration since
these two compounds were always produced with similar
trends during fermentation [19]. On the other hand, MFRYR
recorded the highest total free and essential amino acids as
compared to CRYR. Nevertheless, both nonfermented rice
and MFRYR were recorded to have 2-fold higher phenolic
content and antioxidant activities in the FRAP antioxi-
dant test when compared to CRYR. These indicated that
MARDI’s Monascus purpureus strains were able to increase
the antioxidant level during the fermentation process. The
results showed that the MFRYR contained higher levels of
total amino acid (free and essential) and antioxidants as
compared to commercial red yeast rice extract (CRYR) and
nonfermented rice (Table 1).

3.2. In Vivo Hypocholesterolemic and Antioxidant Effects of
MFRYR. In this experiment, high cholesterol mice were
induced by feeding cholesterol p.o. at concentration of
1000mg/kg body weight daily for continuously 8 weeks
before proceeding with cholesterol and extract treatments for
another 2 weeks. The results showed significant reductions
of total cholesterol, triglycerides (TAG), and low density
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Table 2: Blood serum lipid and liver profile.

Treatment Cholesterol
(mg/dL)

Triglyceride
(mg/dL) LDL (mg/dL) HDL (mg/dL) ALT (U/L) ALP (U/L) AST (U/L)

Group 1
(𝑛 = 8) 115.05 ± 10.53∗ 177.11 ± 13.19∗ 39.00 ± 2.39∗ 47.19 ± 3.17∗ 62.50 ± 3.55∗ 90.13 ± 4.45∗ 120.42 ± 13.05∗

Group 2
(𝑛 = 8) 230.47 ± 15.99 264.33 ± 23.40 113.85 ± 3.90 56.55 ± 4.29 277.20 ± 9.76 127.83 ± 4.29 320.13 ± 30.71

Group 3
(𝑛 = 8) 201.72 ± 24.57 202.03 ± 25.86 62.40 ± 1.56∗ 64.16 ± 1.95∗ 155.33 ± 9.73∗ 106.75 ± 4.69∗ 170.49 ± 31.69∗

Group 4
(𝑛 = 8) 179.85 ± 10.12∗ 171.30 ± 12.60∗ 44.28 ± 4.33∗ 70.59 ± 6.17∗ 173.13 ± 5.58∗ 105.80 ± 1.08∗ 181.16 ± 17.59∗

Group 5
(𝑛 = 8) 181.07 ± 11.06∗ 176.22 ± 24.08∗ 52.26 ± 3.12∗ 77.42 ± 4.29∗ 263.58 ± 5.08 137.00 ± 3.70 424.42 ± 43.07∗

Values were mean ± standard deviation of 8 animals in each group and significant difference indicated by ∗(P < 0.05) was determined using ANOVA followed
by Duncan’s multiple range test.

lipoprotein (LDL) levels and significant increment of high
density lipoprotein (HLD) among extract treatment groups as
compared to the untreated control group 2 (Table 2). MFRYR
had a dose-dependent hypocholesterolemic effect whereby
hypercholesterolemicmice treated with higher concentration
(60mg/kg body weight) showed more significant reduction
of serum lipid profiles (Table 2). Besides, MFRYR had com-
parable hypocholesterolemic properties comparing to CRYR
where treatment with 60mg/kg body weight of MFRYR and
CRYR showed approximate 22% of total cholesterol, 30% of
TAG, and 55% of LDL reduction. In terms of HDL level, the
highest increment (∼36%) was recorded in CRYR treatment
group. Besides the serum lipid profile, liver histopathology
observation was carried out in this experiment. Figure 1
showed the histology of the liver sections for groups 1, 2, 4,
and 5. Lipid droplets were only observed in livers of untreated
mice, which indicated that all treatments were able to reduce
fat accumulation in the livers of the high cholesterol diet
mice. Besides monacolin-k, GABA which was reported as
one of the major active ingredients in germinated brown rice
could also contribute to the hypocholesterolemic effect [20].
In this study, although monacolin-k was not detected and
GABA was 3.4-fold lower, MFRYR recorded equally good
hypocholesterolemic effect as CRYR in a dosage dependent
manner (Table 2 and Figure 1).This effectmay be contributed
by the increased levels of phenolic content and total amino
acids in MFRYR. Afonso et al. [21] and Børsheim et al.
[22] reported the potential use of phenolic compounds and
amino acid supplementation to reduce serum lipid profile
which in turn complemented our observations in this study.
More importantly, phenolic compounds have been reported
as one of the most important dietary bioactive compounds
that contributed to the antioxidant effect [21].

In general, consumption of a high fat diet could con-
tribute to the formation of fatty liver and subsequently
elevated the liver enzyme levels as observed in the untreated
high cholesterol diet group (Table 2). All extract treatments
showed different degrees of liver enzyme recoveries when
compared to the untreated cholesterol control (group 2).
MFRYR at both concentrations managed to recover the
elevated liver enzymes to lower levels in the dosage dependent

Table 3: Liver homogenate lipid peroxidation and SOD enzyme
levels.

Treatment MDA
(nMMDA/mg sample)

SOD
(unit SOD/mg sample)

Group 1 (𝑛 = 8) 0.72 ± 0.15∗ 0.90 ± 0.12∗

Group 2 (𝑛 = 8) 2.21 ± 0.13 0.60 ± 0.01
Group 3 (𝑛 = 8) 1.11 ± 0.20∗ 0.72 ± 0.09∗

Group 4 (𝑛 = 8) 0.90 ± 0.03∗ 0.83 ± 0.03∗

Group 5 (𝑛 = 8) 1.46 ± 0.21∗ 0.70 ± 0.19∗

Values were mean ± standard deviation of 8 animals in each group and
significant difference indicated by ∗(P< 0.05)was determined usingANOVA
followed by Duncan’s multiple range test.

manner. Nonetheless, the elevated liver enzyme levels in the
MFRYR treatment groups at both concentrations were still
higher than the normal control (group 1). On the other
hand, the CRYR group was found to have higher serum liver
enzyme profile, which was close to the untreated cholesterol
control (group 2). Recovery from liver damage was always
correlated to the antioxidant, lipid peroxidation, and nitric
oxide level in the liver [16]. Similar to the serum liver
profile, liver homogenates from the untreated cholesterol
control and CRYR treated group were recorded to have the
higher lipid peroxidation and the lower SOD antioxidant
enzyme level. On the other hand, MFRYR was able to
reduce lipid peroxidation and increase SOD level in a dosage
dependent manner (Table 3). Red yeast rice produced by M.
purpureus via fermentation was also found to be associated
with higher in vitro and in vivo antioxidant effects [23]. The
degree of enhanced antioxidant level may differ based on
the initial antioxidant level found in the raw material used
[24]. In this study, nonfermented rice was found to contain
higher antioxidant level (total phenolic content and FRAP
antioxidant activity) than CRYR. Thus, it was not surprising
to observe that MFRYR with further enriched antioxidants
than the nonfermented rice had recorded much higher in
vitro (Table 1) and in vivo (Table 3) antioxidant activities.
Unlike MFRYR, higher level of serum liver enzyme profile
and lower level of liver antioxidant in CRYR treated group
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Figure 1: Representative histological micrograph of liver sections from groups 1, 2, 4, and 5 of 14-day treatment stained with H&E (×100,
Bar = 50𝜇m). Only untreated group (group 2) showed lipid droplet in the histological section. CV = central vein, LD = lipid droplet, and PV
= portal vein.

Table 4: Relative expression of atherosclerosis related gene in blood of 60mg/kg body weight of MFRYR (group 4) and CRYR (group 5)
treated mice as compared to the untreated mice (group 2).

Genes Group 4 (MFRYR 60mg/kg body weight) Group 5 (CRYR 60mg/kg body weight)
Relative expression (fold change)

ATP-binding cassette transporter 1 (Abca1) N.S 2.00 ± 0.02
Apolipoproteins-E (ApoE) 2.66 ± 0.11 3.68 ± 0.09
Chemokine (C-C motif) ligand 2 (CCL2) N.S −2.00 ± 0.03
CD44 N.S −2.01 ± 0.01
Fibronectin (Fn1) N.S −2.03 ± 0.01
Integrin, alpha 2 (ITGA2) N.S −2.00 ± 0.03
Lipoprotein lipase (LPL) N.S −2.00 ± 0.02
Macrophage scavenger receptor 1 (MSR1) N.S −2.01 ± 0.04
Neuropeptide Y (Npy) N.S −3.85 ± 0.01
Prostaglandin-endoperoxide synthase 1 (PTGS1) N.S −2.00 ± 0.03
Selectin P (SELP) N.S −2.00 ± 0.05
Transforming growth factor, beta 2 (TGFB2) N.S −2.01 ± 0.02
Tumor necrosis factor (TNF) N.S −2.00 ± 0.01
Vascular cell adhesion molecule 1 (Vcam1) N.S −2.00 ± 0.01
Von Willebrand factor (Vwf) −3.00 ± 0.13 −4.24 ± 0.12
N.S.: not significant, only fold change greater than ±2 was recorded and presented as significant results.
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might be due to the presence of the potentially hepatotoxic
monacolin-k [15] and the lower level of antioxidant (Table 1)
compared to MFRYR.

High level of serum cholesterol is often associated with
increased risk of atherosclerosis [25]. To understand the
possible mechanism of the hypocholesterolemic effect by
MFRYR and CRYR, RNA was extracted from blood and
subjected to PCR array for evaluation of atherosclerosis
related gene expressions. Only fold changes greater than
±2 were recorded in Table 4 as significant regulated genes
in comparison to the untreated cholesterol group (group
2). MFRYR only showed significant upregulation of Apoe
and downregulation of Vwf gene expressions. On the other
hand, CRYR was able to significantly upregulate Abca1 and
Apoe (∼3-fold) while downregulating Ccl2, Cd44, Fn1, Itga2,
Lpl, Msr1, Npy (∼4-fold), Ptgs1, Selp, Tgfb2, Tnf, Vcam1, and
Vwf (∼4-fold). The regulations of Apoe and Vwf by MFRYR
showed similar trends as CRYR but at lower magnitudes.
Furthermore, MFRYR also showed regulations of Abca1,
Ccl2, Cd44, Fn1, Itga2, Lpk, Msr1, Npy, Ptgs1, Selp, Tgfb2,
Tnf, and Vcam1 with similar trends as CRYR but with fold
changes of less than 2 (results not shown). The deficiency
of ApoE is related to the elevation of blood cholesterol level
and subsequently leads to increased risk of atherosclerosis
[26]. On the other hand, Vwf is a procoagulant glycoprotein
which has been widely used as an indicator of endothelial
damage during atherosclerosis [27]. These two genes have
been significantly regulated by both MFRYR and CRYR.
More atherosclerosis related genes were regulated in the
CRYR treated mice indicating that MFRYR and CRYR which
contained different types of active metabolites possessed
hypocholesterolemic effects via different mechanisms. As
indicated by Table 1, total phenolic contents of MFRYR were
20 times higher than CRYR. Previous study has reported
that common polyphenol that is in grape seed, which were
gallic acid and catechin, inhibited the pancreatic cholesterol
esterase and reduced solubility of cholesterol in micelles thus
slowing the adsorption of cholesterol [28]. Thus, polyphe-
nols that are present in MFRYR may also utilize similar
mechanism to reduce adsorption of cholesterol in this study.
However, further detailed transcriptome analysis on the
hypercholesterolemic mice treated with amino acid and
phenolic compounds isolated fromMFRYR is needed to have
a better understanding of the different hypocholesterolemic
regulations between MFRYR which does not and CRYR
which does contain monacolin-k.

4. Conclusion

MFRYR contained higher free amino acid (111-fold) and total
phenolic level (20 times) comparing to unfermented rice and
CRYR. Furthermore, MFRYR reduced the cholesterol level
similarly and more effectively enhanced the antioxidant level
in hypercholesterol mice comparing to CRYR. Atherosclero-
sis related gene expression study proposed that MFRYR may
differentially regulate hypocholesterolemic effect comparing
to CRYR. These results concluded that MFRYR that is free

from monacolin-k possesses good and comparable hypoc-
holesterolemic properties as CRYR with better hepatoprotec-
tive effect contributed by the enhanced antioxidants present
in MFRYR.
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To investigate the potential cardioprotective effects of Shuang Shen Ning Xin on myocardial ischemia/reperfusion injury. Wistar
rats were treated with trimetazidine (10mg/kg/day, ig), Shuang Shen Ning Xin (22.5, 45mg/kg/day, ig), or saline for 5 consecutive
days. Myocardial ischemia/reperfusion injury was induced by ligation of the left anterior descending coronary artery for 40min
and reperfusion for 120min on the last day of administration. It is found that Shuang Shen Ning Xin pretreatment markedly
decreased infarct size and serum LDH levels, and this observed protection was associated with reduced myocardial oxidative stress
and cardiomyocyte apoptosis after myocardial ischemia/reperfusion injury. In addition, further studies on mitochondrial function
showed that rats treated with Shuang Shen Ning Xin displayed decreasedmitochondrial swelling and cytosolic cytochrome c levels,
which were accompanied by a preservation of complex I activities and inhibition of mitochondrial permeability transition. In
conclusion, the mitochondrial protective effect of Shuang Shen Ning Xin could be a new mechanism, by which Shuang Shen Ning
Xin attenuates myocardial ischemia/reperfusion injury.

1. Introduction

Myocardial ischemia/reperfusion (MI/R) has been shown
to result in mitochondrial dysfunction, and the importance
of mitochondria as both targets and mediators of MI/R
injury is well recognized [1, 2]. The mitochondrion is a vital
component in cellular energy metabolism and intracellu-
lar signaling cascades. As the high energy requirement of
contracting cardiac myocytes, the mitochondria cover 30%
of the cell’s total volume providing energy via oxidative
phosphorylation, and as a result these cells are particularly
vulnerable to mitochondrial defects [3]. During myocardial
ischaemia and reperfusion, mitochondria can quickly turn
into death-promoting organelles by depressing respiratory
chain complex activity, disrupting adenosine triphosphate
synthesis, releasing pro-death proteins, producing reactive
oxygen species, and inducing themitochondrial permeability

transition pore (mPTP) opening [4]. Thus, mitochondrial
dysfunction is widely acknowledged as an important event
in necrotic and apoptotic cell death and is emerging as a key
mediator of MI/R injury. In this context, the preservation of
mitochondrial integrity and function is a potential therapeu-
tic strategy to limit MI/R injury and attenuate the disease
process.

Traditional Chinesemedicine (TCM) has unique theories
of etiology, diagnosis, and treatment. According to TCM,
the pathogenesis of MI/R injury is usually diagnosed as
Qi stagnation and blood stasis [5, 6]. Shuang Shen Ning
Xin (SSNX), a traditional Chinese medicine for invigo-
rating Qi, activating blood circulation, and relieving pain,
has been developed for the treatment of coronary heart
diseases. The SSNX is composed of three kinds of effective
fractions in certain proportion including total ginsenosides,
total salvianolic acids, and total alkaloids which are isolated
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from Ginseng Radix et Rhizoma, Salviae miltiorrhizae Radix
et Rhizoma, and Corydalis Rhizoma, respectively, and the
quality control of SSNX is satisfactory. Experimental studies
have shown that SSNX can effectively inhibit myocardial
infarction andpreserve left ventricular structure and function
in a porcine myocardial ischemia model [7–9]. Moreover,
these beneficial effects can be partly attributed to improving
cardiac energy metabolism during ischemia or reperfusion
[10]. These results indicate that mitochondria may be a
potential therapeutic target of SSNX to reduce cell damage
during MI/R. Therefore, the aim of this study is to ascertain
whether the mitochondrial protection was involved in the
above cardioprotective effects of SSNX.

2. Materials and Methods

2.1. Drugs and Reagents. SSNX was provided by Institute of
Basic Medical Sciences of Xiyuan Hospital (Beijing, China).
In brief, three kinds of Chinese herbs including Ginseng
Radix et Rhizoma, Salviae miltiorrhizae Radix et Rhizoma,
and Corydalis Rhizoma were extracted by alcohol according
to a standard method to obtain “full components” and were
separated by macroporous resin column to isolate target
effective fractions such as total ginsenosides (containing in
% the following: 18.6 ginsenoside Rg

1
; 6.2 ginsenoside Re;

14.6 ginsenoside Rb
1
; 2.6 ginsenoside Rd; 7.7 ginsenoside Rc;

2.5 ginsenoside Rb
2/3

; 3.7 ginsenoside Rf), total salvianolic
acids (containing in % the following: 1.3 salvianolic acid A;
55.1 salvianolic acid B; 3.0 rosmarinic acid; 2.9 lithospermic
acid), and total alkaloids (containing in % the following: 0.8
berberine; 3.5 tetrahydropalmatine; 5.0 palmatine; 17.4 dehy-
drocorydaline; 2.6 corydaline; 0.4 worenine; 3.1 protopine;
1.2 epiberberine; 2.0 tetrahydrocolumbamine; 3.4 coptisine;
2.2 A-allocryptopine; 3.6 glaucine; 3.0 Jatrorrhizine; 3.1
tetrahydrojatrorrhizine; 0.2 canadine), respectively. SSNX
was composed of these three kinds of effective fractions in
certain proportion.

Trimetazidine (TMZ) was produced by Servier Phar-
maceutical Co., Ltd., Tianjin, China. Nitroblue tetrazolium
(NBT) was purchased from Amresco (Solon, OH, USA).
The in situ cell apoptosis detection kit was purchased from
Boster Biological Technology (Wuhan, China). The assay
kit of lactate dehydrogenase (LDH) was purchased from
Hitachi High-Tech (Japan). The assay kits of malondialde-
hyde (MDA) and glutathione peroxidase (GSH-Px) were
purchased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). The assay kits of Cytochrome c (Cyt c)
Protein Quantity and Complex I Enzyme ActivityMicroplate
were purchased from Abcam (Cambridge, UK). The rabbit
anticleaved caspase-3 was purchased from Cell Signaling
Technology (Beverly, MA, USA).

2.2. Animal Treatment. Wistar rats (SPF grade, male, 230–
280 g) were purchased from the Vital River Laboratories
(VRL, Beijing, China). The animals were kept in rooms
maintained at 23±2∘C in a 12 h light/dark cycle andwere fed a
rodent standard diet with free access to water following inter-
national recommendations. All animal experiments in this

study were performed in accordance with China Academy of
ChineseMedical Sciences Guide for Laboratory Animals that
conforms to the Guide for the Care and Use of Laboratory
Animals published by the U.S. National Institutes of Health
(NIH Publications number 85-23, revised in 1996). Rats were
randomly divided into five groups and treated as follows: (1)
the sham group; (2) the I/R group; (3) the I/R group treated
with TMZ solution at doses of 10mg/kg TMZ; (4) the I/R
group treated with SSNX solution at doses of 22.5, 45mg/kg
SSNX, respectively. TMZ or SSNX was given intragastrically
one time a day for five consecutive days, while the sham and
I/R groups were given normal saline.

One hour after the last treatment period, rats were
anesthetized with chloral hydrate (350mg/kg, ip) before
operation.The surgical procedure forMI/Rwas performed as
previously described [10]. Briefly, a parasternal incision was
made by cutting the intercostal muscles between the left third
and fourth ribs and the pericardium was excised to expose
the heart.Then, myocardial ischemia was induced by ligation
of the left anterior descending coronary artery at a point 1∼
2mm inferior to the left auricle with a 6-0 silk suture. After
40min of left coronary artery (LCA) ischemia the ligature
was released to allow reperfusion for 2 h.

At the end of the reperfusion period, blood samples were
drawn from the abdominal aorta and serum was separated
by centrifugation at 1620 g for 10min (Thermo Scientific
IEC CL31R Multispeed Centrifuge) and analyzed for LDH
activity. The hearts were subsequently excised and processed
for biochemical, morphological, and molecular studies.

2.3. Assessment of Myocardial Infarct Size. At the end of the
experiments, rat hearts were removed and irrigated with
normal saline to wash out blood. The left ventricle was
separated and sliced into 2mm thick transverse sections
which were incubated with 0.05% NBT solution (dissolved
in phosphate buffer pH 7.2) at 37∘C for 15min to distinguish
the viable myocardium from the necrotic myocardium. The
viable tissue was stained dark blue by NBT, while the infarct
portion without NBT staining remained red. Both sides of
each section were photographed. The area measurement was
performed by a computerized high-resolution pathological
image analysis system (HPIAS-1000, Wuhan, China). Infarct
size was calculated as a percentage of the left ventricle as
follows: infarct size = total area of red tissue/area of the left
ventricle × 100%.

2.4. Biochemical Studies. The 10% heart homogenate was
prepared in ice-cold phosphate buffer (0.1mol/L, pH 7.4) and
centrifuged at 1620 g for 15min at 4∘C. The supernatant was
used for determination of MDA levels and GSH-Px activities
after the measurement of total protein content. Furthermore,
the serum LDH levels were assayed spectrophotometrically
with a commercial kit following the manufacturer’s instruc-
tions.

2.5. Histological Analysis. Left ventricular heart tissues fixed
in 10%phosphate-buffered formalinwere embedded in paraf-
fin, and serial sections (4𝜇mthick)were cut usingmicrotome



Evidence-Based Complementary and Alternative Medicine 3

(Leica RM 2125, Germany). Several sections were stained
with hematoxylin and eosin (HE) and examined under a
light microscope (Olympus BX51, Tokyo, Japan) for any
histopathological changes. Other serial sections were used to
determine myocardial apoptosis.

2.6. Determination of Myocardial Apoptosis by TdT-Mediated
dUTPNick End Labeling (TUNEL). ATUNEL assay was per-
formed with the commercially available in situ cell apoptosis
detection kit, according to the manufacturer’s instructions.
Proteinase K (100𝜇L) was added to each heart tissue slide
for 15min, and then slides were incubated with TdT and
DIG-dUTP mixture labeling buffer at 37∘C for 2 h. After
the reactions were terminated, the slides were washed and
incubated with hematoxylin to determine the number of
nuclei. The TUNEL signals were observed with the Olympus
BX51 microscope. In each slide, the TUNEL signals (brown
signals) were mainly distributed around the border zone of
the ischemic area in which five fields were randomly selected
and the cells positive with TUNEL staining and hematoxylin
staining (blue signals) were counted. Quantitative assessment
of apoptosis was determined as a ratio of the number of
TUNEL-positive cells to total nuclear number in each field.

2.7. Western Blot Analysis. Myocardium tissue samples were
homogenized with ice-cold lysis buffer (Applygen Technolo-
gies Inc., Beijing, China). The lysates were centrifuged, and
protein concentration was determined with BCA protein
assay kit (Applygen Technologies Inc., Beijing, China). Pro-
tein extracts (10 𝜇g) were separated by electrophoresis on
12% sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE)
and then transferred onto polyvinylidene difluoride (PVDF)
membranes. Blots were first blocked in 5% dry milk for
30min and then incubated overnight at 4∘C with primary
antibody (rabbit anticleaved caspase-3 at 1 : 1000 dilution).
The membranes were subsequently washed five times in 1 ×
Tris-buffer saline Tween 20 (TBST) buffer and then incubated
with horseradish peroxidase- (HRP-) conjugated goat anti-
rabbit secondary antibodies (dilution 1 : 40000; Cell Signal-
ing). The protein bands were visualized with an enhanced
chemiluminescent substrate (Applygen Technologies Inc.,
Beijing, China). Glyceraldehyde-3-phosphate dehydrogenase
(GADPH) was chosen as a loading control to further assure
the same volume for all the samples.

2.8. Identification of Cardiac Mitochondria with Transmission
Electron Microscope. Electron microscopy was used to iden-
tify isolated mitochondria from the hearts. Isolated cardiac
mitochondria were fixed in 2.5% glutaraldehyde in phosphate
buffer (0.1mol/L, pH 7.4) at 4∘C. After rinsing in cacodylate
buffer, mitochondrial pellets were postfixed in 1% cacodylate-
buffered osmium tetroxide for 2 h at room temperature and
then dehydrated in a graded series of ethanol solutions.
The specimens were then embedded in Epon Araldite to
block tissue and ultrathin sections. The sections were stained
with uranyl acetate and lead acetate and examined under a
transmission electron microscope (Hitachi H-600, Japan).

2.9. Isolation of Mitochondria and Cytosol. The mitochon-
drial and cytosolic fractions were prepared with the mito-
chondria/cytosol isolation kit (Applygen Technologies Inc.,
Beijing, China) according to the manufacturer’s instruc-
tions [11]. All isolation procedures were conducted at 4∘C.
Heart tissues were homogenized with the ice-cold mitochon-
dria/cytosol buffer as described above. After the first spin, the
supernatant was further centrifuged at 12,000 g for 10min to
obtain pure cytosolic fraction. The pellet was resuspended
in mitochondria/cytosol buffer and centrifuged at 12,000 g
for 10min again, and the final pellet was resuspended and
represented the mitochondrial fraction. Both mitochondrial
and cytosolic fractions were stored at −80∘C until they were
used. Protein content was determined by the BCAmethod as
described above.

2.10. Cyt c Release Assay. The cytosolic fraction samples
were normalized for protein and subjected to enzyme linked
immunosorbent assay (ELISA) for estimating Cyt c contents
following the manufacturer’s instructions. Cyt c contents
were analyzed at 450 nm and the optical density normalized
to total protein content.

2.11. Determination of Mitochondrial Complex I Activity.
The mitochondrial fraction samples were normalized for
protein, and the activity of complex I was determined with
a multimode microplate reader (Bio-Tek, Synergy HT, USA).
Mitochondrial complex I was immunocaptured and the
activity was determined at 450 nm by following the oxidation
of nicotinamide adenine dinucleotide (NADH) to NAD+.

2.12. Measurement of Mitochondrial Swelling. The activation
of the mPTP was determined by Ca2+-induced swelling
of isolated cardiac mitochondria. The intact mitochondria
samples were resuspended in swelling buffer containing (in
mmol/L) 120 KCl, 5 KH

2
PO
4
, 20 MOPS, and 10 Tris⋅HCl,

with pH 7.4 to a final protein concentration of 0.5 g/L.
Mitochondrial permeability transition causes mitochondrial
swelling, which is measured spectrophotometrically as a
decrease in absorbance at 520 nm followed by the addition
of 200 𝜇mol/L CaCl

2
[12, 13].

2.13. Statistical Analysis. All data were expressed as mean
± SD and were subjected to one-way ANOVA followed by
Bonferroni’s multiple comparisons test. All results with 𝑃 <
0.05 were considered statistically significant.

3. Results

3.1. SSNXReducesMyocardial Infarct Size andOxidative Stress
and Preserves LeftVentricular Structure. To examinewhether
SSNX treatment reduces the myocardial injury following
I/R in rat hearts, myocardial infarct size was measured
first. As shown in Figures 1(a) and 1(b), NBT staining
of myocardium revealed that I/R challenged myocardium
resulted in markedly increased percent infarct size (28.36 ±
4.96%). On the other hand, rats pretreatment with SSNX
at dose of 22.5, 45mg/kg, and TMZ at dose of 10mg⋅kg−1
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Figure 1: The effect of SSNX on infarct size after MI/R injury. (a) Representative midmyocardial cross-sections of NBT-stained hearts. The
viable myocardiumwas stained dark blue, and the infracted myocardiumwas not stained. (b) Bar chart of myocardial infarct size determined
by NBT staining. Data are shown as mean ± SD, 𝑛 = 8/group. ∗∗𝑃 < 0.01 versus I/R group.

Table 1: Theeffect of SSNX on serum LDH levels, MDA contents and GSH-Px activities after MI/R injury.

Groups Dose, mg/kg LDH, U/L MDA, nmol/mg protein GSH-Px, U/mg protein
Sham — 489 ± 96 1.58 ± 0.25 29.93 ± 6.11
I/R — 1843 ± 787## 4.55 ± 0.81## 16.14 ± 2.32##

I/R + TMZ 10 911 ± 416∗∗ 1.89 ± 0.26∗∗ 24.77 ± 3.91∗

I/R + SSNX 22.5 953 ± 271∗ 2.32 ± 0.89∗∗ 22.14 ± 4.47
I/R + SSNX 45 828 ± 301∗∗ 2.17 ± 0.49∗∗ 25.10 ± 5.52∗

Note: LDH, 𝑛 = 8/group; MDA, 𝑛 = 6/group; GSH-Px, 𝑛 = 6/group; Date are shown as mean ± SD, ##𝑃 < 0.01 versus Sham group, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01
versus I/R group.

markedly reduced the infarct size as compared to I/R group
(19.05 ± 3.24%, 18.10 ± 4.76%, and 17.89 ± 4.73%, respec-
tively, versus I/R 𝑃 < 0.01). The representative images of
midventricular cross-sections from each group are shown in
Figure 1(a).

Circulating plasma levels of LDH were evaluated as an
additional marker of myocardial injury. As shown in Table 1,
rats subjected to MI/R exhibited significant elevation of
serum LDH activity as compared to the sham group (versus
sham 𝑃 < 0.01). However, as with the standard drug TMZ,
pretreatment with SSNX dose dependently prevented the
leakage of LDH from cardiomyocytes (versus I/R 𝑃 < 0.05 or
𝑃 < 0.01). Moreover, this preventative effect was associated
with antioxidation. Table 1 also represents the effect of SSNX
on the activity of antioxidant enzyme and lipid peroxidation
marker in myocardial tissue. Rats in I/R group exhibited
significant depletion in the activities of GSH-Px, with a
concomitant increase inMDA levels as compared to the sham
group (versus sham 𝑃 < 0.01). However, pretreatment with
SSNX for 5 days markedly reduced the production of MDA
(versus I/R 𝑃 < 0.01), and this preventive effect was partly
associated with a significant increase in the GSH-Px activities
(versus I/R 𝑃 < 0.05), but pretreatment with SSNX at the
dose of 22.5mg/kg showed no significant effect on the GSH-
Px activities.

Tissue sections were also stained with HE for the histo-
pathological evaluation of hearts. As shown in Figure 2,
I/R challenged hearts showed extensive myofibrillar degen-
eration, with infiltration of inflammatory cells and intersti-
tial edema as compared with the sham group. TMZ and
SSNX treated rats displayed a reduced degree of tissue
edema, degenerative changes and disruption of myofibers,
and inflammatory cell infiltration as compared to the sham
group.

3.2. SSNXReduces CardiomyocyteApoptosis afterMI/R Injury.
Since inhibition of the apoptotic processes has been shown
to prevent the MI/R injury, we hereby studied the effect of
SSNX on apoptotic markers including TUNEL positivity and
cleaved caspase-3 expressions’ levels. As shown in Figures
3(a) and 3(b), the percentage of TUNEL-positive myocyte
nuclei was markedly increased in I/R rats compared with
the sham group (34.53 ± 2.92%, versus sham 𝑃 < 0.01).
As with the standard drug TMZ (23.81 ± 2.06%, versus I/R
𝑃 < 0.01), rats’ pretreatment with SSNX markedly reduced
TUNEL-positive cells (26.28±3.43%and 23.79±2.10%versus
I/R 𝑃 < 0.01).

To further investigate the effects of SSNX on caspase-3
activation, we measured cleaved caspase-3 expression levels
bywestern blot assay in tissue lysates. As shown in Figure 3(c),
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(a) Sham (b) I/R

(c) TMZ 10mg/kg (d) SSNX 22.5mg/kg
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Figure 2: Representative HE-stained histological images after 40min LCA ischemia and 2 h reperfusion (200x). 𝑛 = 5/group.

I/R caused a significant increase in cleaved caspase-3 expres-
sion as compared with that in the sham group (versus sham
𝑃 < 0.01). On the other hand, rats treated with TMZ and
SSNX at the dose of 45mg/kg were found to have a significant
decrease in cleaved caspase-3 expression levels (versus I/R
𝑃 < 0.01).

Mitochondrial dysfunction may initiate apoptosis by
releasing proapoptotic factors, such as Cyt c, from the mito-
chondrial intermembrane space into the cytosol to trigger
apoptosis via a caspase-3-dependent pathway [14, 15]. Thus,
changes in cytosolic Cyt c levels were measured by ELISA
with the data normalized to total protein. As shown in
Figure 3(d), the ELISA analysis revealed I/R group rats to have
a significant increase in cytosolic Cyt c levels as compared
with the sham group rats (versus sham 𝑃 < 0.01) which
indicated the release of Cyt c from the mitochondria into

the cytosol, while this subcellular shift of Cyt c was markedly
inhibited by pretreatment with SSNX and TMZ (versus I/R
𝑃 < 0.01).

3.3. SSNX Preserves Mitochondrial Function and Membrane
Integrity after MI/R Injury. After 40min of ischemia and
2 h reperfusion, myocardial samples were also qualitatively
assessed by transmission electron microscopy for structural
mitochondrial changes. As shown in Figure 4, longitudinal
sections of the I/R group hearts displayed uniformmitochon-
drial swelling with disorganized cristae and decreased matrix
density, and the presence of amorphous matrix densities in
a number of mitochondria revealed a distinctive feature of
irreversiblemyocardial cell injury after reperfusion. TMZand
SSNX-pretreated hearts displayed little change in mitochon-
drial structure. Generally, mitochondria seemed to be highly
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Figure 3: The effect of SSNX on cardiomyocyte apoptosis after MI/R injury. Representative photographs (a) and quantitative data (b) on
cardiomyocyte apoptosis obtained by TUNEL staining, 𝑛 = 5/group; (c) representative western blot images and densitometry analysis of
immunoreactive bands of cleaved caspase-3, 𝑛 = 6/group; (d) the effect of SSNX on cytosolic Cyt c levels after MI/R injury, 𝑛 = 6/group. Data
are shown as mean ± SD; ##

𝑃 < 0.01 versus sham group; ∗∗𝑃 < 0.01 versus I/R group.

dense with well-organized cristae and a decreased mitochon-
drial swelling as compared with I/R group myocardium.

The complex I (NADH-CoQ reductase) activities were
measured in all the above preparations of mitochondria.
As shown in Figure 5, mitochondria from I/R group rat
hearts exhibited a marked decrease of 42% in the activities
of complex I, compared with the sham group hearts (versus
sham 𝑃 < 0.01). As with the standard drug TMZ (versus
I/R 𝑃 < 0.05), rats pretreatment with SSNX at dose of 22.5,
45mg/kg, had a protective effect and actually attenuated the
decline in the complex I activities (versus I/R 𝑃 < 0.05 and
𝑃 < 0.01, resp.).

3.4. SSNX Reduces Mitochondrial Permeability Transition
Induced by MI/R Injury. Mitochondrial swelling is a hall-
mark of mitochondrial dysfunction and is an important

indicator of the opening of mPTP [16, 17]. To test if SSNX
modulates the mitochondrial permeability transition, the
mitochondrial swelling following calcium addition was mea-
sured as changes in absorbance in isolated mitochondria. As
shown in Figure 6, MI/R induced an increase in the swelling
rate of mitochondria by 215% compared with the sham group
(versus sham 𝑃 < 0.01). In contrast, pretreatment with TMZ
and SSNX showed a much smaller increase in the swelling
rate of mitochondria, implying that SSNX can prevent the
mitochondrial permeability transition (versus I/R 𝑃 < 0.05
and 𝑃 < 0.01, resp.).

4. Discussion

First, TMZ was used as a positive control drug because it was
a known metabolic anti-ischemic agent [18–20], which had
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(a) Sham (b) I/R

(c) TMZ 10mg/kg (d) SSNX 22.5mg/kg

(e) SSNX 45mg/kg

Figure 4: Representative electron micrographs of myocardial tissues after 40min LCA ischemia and 2 h reperfusion (12,000x). 𝑛 = 2/group.

a preferential action on mitochondrial function of ischemic
hearts [21, 22]. In this study, we showed that pretreatment
with SSNX for 5 days limited the extent of myocardial injury
in a rat model in vivo. A dose-response study revealed that

SSNX displayed a marked reduction in infarct size which
had previously been reported by Liu et al. with a Chinese
miniporcine myocardial ischemia model [7]. We also found
that SSNX markedly reduced MI/R-induced cardiomyocyte
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Figure 6: Effect of SSNX on mitochondrial permeability transition in cardiac tissue after MI/R injury. (a) Ca2+-induced mitochondrial
swelling measured as decrease in the initial optical density (OD520) within 10min. Note: cyclosporin A (CsA) is an mPTP inhibitor. (b)
Mean changes in the initial optical density (OD520) at 10min. Data are shown as mean ± SD, 𝑛 = 6/group. ##

𝑃 < 0.01 versus sham group;
∗

𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus I/R group.

apoptosis measured by TUNEL staining. Furthermore, the
effects of SSNX against MI/R injury were confirmed by the
improved histopathological changes and decreased intracel-
lular LDH leakage. Importantly, the above protective effects
were partly attributed to reduced oxidative stress in terms
of decreasing MDA production and increasing GSH-Px
activities.

Mitochondria play an important role in regulating the
life and death of cells. They provide the cell with energy but
can quickly switch from a supporter of life to a promoter
of death in response to stress [23–25]. It is well established
that myocardial ischemia and reperfusion are associated

with mitochondrial dysfunction and cell death via both
apoptosis and necrosis. Thus, another important research
field in myocardial cytoprotection is the preservation of
mitochondrial function [3, 4].

Complex I, also known as NADH-ubiquinone oxidore-
ductase, is a multisubunit integral membrane complex of
the mitochondrial electron transport chain that catalyzes
electron transfer from NADH to ubiquinone. Complex I is
considered an important site of superoxide anion generation
in mitochondria [26]. Moreover, it has been reported that
MI/R injury resulted in a marked defect of complex I
activities, of which the defect is the most important factor
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responsible for ROS production by increasing the electron
leak from the electron transport chain [27]. This study
demonstrated that mitochondria isolated from rats given
TMZ displayed a significant increase in complex I activities,
which is consistent with previously reported results [22].
Compared with TMZ, rats pretreated with SSNX were found
to have a better recovery of complex I activities. This finding
indicates that the reduced MDA production by treatment
with SSNXmay be partly ascribed to preservation of complex
I activities, resulting in a decreased production of ROS.

In addition, a key aspect of mitochondrial involvement
in cell demise is responsible for the opening of the mPTP
[28]. The mPTP is a highly dynamic, nonselective pore
which is thought to mediate the lethal permeability changes
of the outer mitochondrial membrane (OMM) and the
inner mitochondrial membrane (IMM) that causes release
of proapoptotic proteins and loss of membrane potential
that may lead to apoptotic cell death [24, 29]. It is pro-
posed that MI/R promotes mPTP opening, especially in
reperfusion conditions such as increased matrix Ca2+, Pi,
and ROS which favor long-lasting pore opening, resulting
in swelling and subsequent rupture of mitochondria [30]. In
this study, electron microscopy revealed a striking reduction
in mitochondrial swelling and increased matrix density in
rats receiving SSNX, suggesting a prominent role for the
preservation of mitochondrial function in the observed cyto-
protection. Furthermore, mPTP displayed an increased sen-
sitivity to calcium after MI/R, and pretreatment with SSNX
largely delayed MI/R-induced mitochondrial permeability
transition. As has been established, the permeabilization of
the OMM results in the release of pro-death proteins, such
as Cyt c, from the mitochondrial intermembrane space into
the cytosol [28, 31]. Once it is released into the cytosol,
Cyt c triggers the formation of Apaf-1/caspase-9 apoptosome
and activation of caspases to initiate apoptosis [31], and
caspase-3 has conventionally been considered one of the
executioner caspases. A further exploration of the role of
SSNX involved in apoptotic processes reveals that SSNX
inhibits the activation of caspase-3, which is associated with
lower cytosolic Cyt c levels. Although the precisemechanisms
require further study, this study demonstrates that SSNX
exerts an antiapoptotic effect by blocking the mitochondrial
apoptotic pathway.

In conclusion, we have shown that pretreatment with
SSNX limits the extent of myocardial injury. This protection
is accompanied by a decrease in myocardial oxidative stress
and cardiomyocyte apoptosis, and these are associated with
preservation of mitochondrial function. Furthermore, the
present results can also partly account for the improved
cardiac energy metabolism of the SSNX treated rat heart
after MI/R injury [10], which is reported in our previous
studies. Thus, preservation of mitochondrial function may
be a new mechanism by which SSNX exerts its cardiopro-
tective effects. In addition, another important mechanism
of cardiomyocyte protection by SSNX that we have found
in previous studies is suppression of hypoxia/reoxygenation
induced-calcium overload [32–34]. These studies confirm
that the antimyocardial ischemia effect of SSNX is achieved

through collectively modulating the multitargets of the body
system by its active ingredients, which is one of the significant
advantages of TCM in treating complex diseases.
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Paeonol (Pae) has been previously reported to protect against atherosclerosis (AS) by inhibiting vascular smooth muscle cell
(VSMC) proliferation or vascular endothelial cell (VEC) injury. But studies lack how VSMCs and VECs interact when Pae plays
a role. The current study was based on a coculture model of VSMCs and VECs to investigate the protective mechanisms of
Pae on atherosclerosis (AS) by determining the secretory function of VECs and proliferation of VSMCs focusing on the Ras-
Raf-ERK1/2 signaling pathway. VECs were stimulated by high glucose. Our data showed that high concentration (35.5mM) of
glucose induced damage in VECs. Injury of VECs stimulated VSMC proliferation in the coculture model. Pae (120𝜇M) decreased
vascular endothelial growth factor (VEGF) and platelet derivative growth factor B (PDGF-B) release from VECs and inhibited
overexpression of Ras, P-Raf, and P-ERK proteins in VSMCs. The results indicate that diabetes modulates the inflammatory
response in VECs to stimulate VSMC proliferation and promote the development of AS. Pae was beneficial by inhibiting the
inflammatory effects of VECs on VSMC proliferation. This study suggests the inhibitory mechanism of Pae due to the inhibition
of VEGF and PDGF-B secretion in VECs and Ras-Raf-ERK1/2 signaling pathway in VSMCs.

1. Introduction

Atherosclerosis (AS) is a major pathological disease for car-
diovascular and cerebrovascular problems and also the most
common disease in the cardiovascular system [1]. AS is
harmful to human health seriously and responsible for most
of the deaths in the senior population [2]. Diabetes mellitus
is considered as an important risk factor to the acceler-
ated atherosclerosis [3–5]. High glucose has been shown
to injure vascular endothelial cells (VECs) and vascular
smooth muscle cells (VSMCs), which are two important
cells of artery wall and responsible for AS progression [6].
Among them, VEC inflammatory injury and dysfunction are
initial factors, and VSMC proliferation andmigration are key
pathological features [7–9]. In the native artery, VSMCs are
tightly associated with VECs in structure and function. VECs
dysfunction will release cytokines like VEGF, bFGF, TGF-𝛽,

and PDGF which have shown regulatory effects on VSMC
proliferation and migration.

The mitogen activated protein kinase (MAPK) signaling
pathway is one of the most important pathways for cel-
lular stress response to injury. The MAPK signaling path-
way consists of four subfamilies: p38 kinases, Jun-NH2-
terminal kinases (JNK1/2), extracellular signal-regulated
kinases (ERK1/2), and ERK5 [10]. Signaling through ERK1/2
is typically initiated by Ras, which can be activated by
cytokines like VEGF and PDGF-B [11]. They activate Ras,
which directly couples with the Raf (MAPK kinase kinase)
and then combines with MEK1/2 (MAPK kinases). MEK1/2
functions as a dual specific kinase, which phosphorylates
ERK1/2 directly. High concentrations of glucose (GS) have
been shown to induce VEC membrane damage by increas-
ing the release of inflammatory cytokines, such as vascu-
lar endothelial growth factor (VEGF) and platelet derived
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Figure 1: Chemical structure of paeonol.

growth factor-B (PDGF-B) which bind with VSMC mem-
brane receptors and lead to the receptor phosphorylation
[12–14]. The activated receptors stimulate downstream signal
transduction pathways and eventually activate ERK1/2 pro-
teinwhich lead toVSMCproliferation and intimal thickening
[15, 16]. Previous studies have shown that PDGF-B expression
was increased when VECs were damaged [17]. PDGF-B then
activates the ERK1/2 related signaling pathway, which mainly
mediates growth factor-induced cell proliferation [14, 18,
19]. Statistical analysis also showed that VEGF increased in
diabetics and associated with blood glucose concentration
which can also activate signal pathway involved in ERK1/2
participate [20]. Accordingly, we hypothesise that high glu-
cose induced VECs producing a series of biologically active
substances which stimulated VSMC proliferation.

Paeonol (Pae, 2-hydroxy-4-methoxyacetophenone,
Figure 1) is the major biologically active compound
contained in Cortex Moutan (Paeonia suffruticosa Andrews,
Ranunculaceae), which is a Chinese herbal remedy widely
used in clinical treatment of inflammatory diseases such
as atopic dermatitis, hyperlipidemia, and atherosclerosis
[21, 22]. Our previous investigations suggested that Pae had
a significant effect on different aspects of AS. In vivo, Pae
prevented AS in our experimental model and protected
against arterial endothelial cell hyperlipidemia [21, 23, 24].
In vitro, serum containing Pae significantly inhibited TNF-
𝛼-induced VSMC proliferation. Furthermore, our most
current research confirmed that Pae significantly reduced
the phosphorylation levels of JNK1/2, p38, and ERK1/2,
which was activated by TNF-𝛼, ox-LDL, and/or bacterial
lipopolysaccharide in VECs [25]. Unfortunately, the previous
in vitro studies were based only on a single cell type (VECs
or VSMCs) and ignored the interactions between these two
important cell types.

The current study was focused on a coculture model
to determine essential crosstalk pathways between VECs
and VSMCs. The coculture model is a novel method which
could simulate the environment in native artery to study
Pae action. The principal aim of this study was to inves-
tigate the effects of Pae on VECs cellular damage and its
downstream effects on VSMC proliferation, which ultimately
leads to the pathological feature observed in AS. In addition,
this study worked to determine the relationship between
the secretion function of damaged VECs and the Ras-Raf-
ERK1/2 signaling pathway in VSMCs in order to clarify
the therapeutic mechanisms of Pae. This experiment model

provided a theoretical basis for Pae intervention in AS and
optimized a technical platform to determine the cellular
target of novel therapeutic compounds.

2. Materials and Methods

2.1. Chemicals and Reagents. The compound paeonol (99%
purity) was obtained from Baicao Plants Biotech Co.,
Ltd. (Anhui, China). Dulbecco’s modified Eagle’s medium
(DMEM), Transwell chamber, type I collagenase, and fetal
bovine serum (FBS) were purchased from Gibco Life Tech-
nologies, Co., Ltd. (Paisley, UK). 3-(4,5-dimethylthiazolyl-
2)-2,5-diphenyltetrazolium bromide (MTT) was obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Lactic
dehydrogenase (LDH) reagent was purchased from Nan-
jing Jiancheng Bioengineering Institute (Nanjing, China).
Antibodies against PDGF-B, Ras, Raf, phosphorylated Raf
(P-Raf), ERK1/2, and phosphorylated ERK1/2 (P-ERK1/2)
were obtained from Cell Signaling Technology (Beverly,
MA, USA). PDGFR inhibitor (Sunitinib Malate) and ERK1/2
inhibitor (PD98059) were purchased from Santa Cruz
Biotechnology Co. (Santa Cruz, CA, USA).

2.2. Animals. Sprague-Dawley (SD) rats (160 ± 10 g) were
obtained from Shanghai Super-B&K Laboratory Animal
Corp. Ltd. (license number: SCXK 2008-0016). All animal
protocols were conducted in accordance with animal welfare
protocols at the local institution Animal Care and Use
Committee.

2.3. Cell Culture. VECs and VSMCs were isolated from rat
thoracic aortas by primary explants techniques according to
a previously published protocol [26, 27]. Briefly, the cells
were incubated in a 50mL culture flask at 37∘C in a humid-
ified atmosphere containing 5% CO

2
. Culture medium was

composed of DMEM supplemented with 20% FBS, NaHCO
3

(1.8 g/L), penicillin 100 kU/L, and gentamicin 100 kU/L. The
culture media were changed every 3 d. Cells were grown to
an 80% confluence state and subcultured using 0.2% trypsin.
VECs and VSMCs at passages three to five were used in the
current study.

2.4. VECs and VSMCs Coculture. The coculture model was
created to investigate the effects of damaged VECs on
VSMCs through polycarbonate filter membrane (Transwell
chamber). The coculture model was created according to
the methods of Fillinger et al. [28, 29]. VECs and VSMCs
were diluted into cell suspension of 1 × 105 cells/mL. VECs
were inoculated into the bottom of a 6-well chamber and
pretreatedwith a high glucose (HG) concentration (35.5mM)
for 48 h, whereas 5.5mM was considered as normal glucose
concentration. Then, VSMCs were inoculated into the top
of the Transwell plate. The Transwell chamber was then set
into the 6-well chamber and cocultured. The two types of
cells were not physically connected but were able to interact
by secreting soluble factors through a polycarbonate filter
membrane.
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2.5. Cell Survival Rate Assay. The cytotoxic effects of glucose
and Pae on VECs growth were determined through the 3-
(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide
(MTT) assay. VECs were grown to 80% confluence and
then seeded into a 96-well flat-bottom plate and incubated
with DMEM supplemented with 20% FBS. Different con-
centrations of glucose (5.5, 15.5, 25.5, 35.5, and 45.5mM)
at multiple time points (0, 12, 24, 48, and 72 h) were used.
Furthermore, to investigate the effects of Pae on VECs, cells
were pretreated with different concentrations of Pae (7.5, 15,
30, 60, and 120 𝜇M) for different time points (0.5, 6, 12,
and 24 h) before being stimulated by glucose at a suitable
concentration (35.5mM) for 48 h. Cells were incubated with
glucose at 5.5mM, which is indicated as the normal glucose
(NG) group. After treatment, cells were incubated with MTT
(20𝜇L/well) (Sigma Chemical, USA) for 4 h at 37∘C. The
medium was then removed and DMSO (200𝜇L/well) was
added to solubilize the precipitate. The absorbance then was
measured at 490 nm on an absorbance microplate reader
(Molecular Devices, USA).

2.6. Lactic Dehydrogenase (LDH) Release Assay. The LDH
release was used to investigate the cytoprotective effects of
Pae on VEC injury due to high glucose concentrations. VECs
were centrifuged at 160×g for 8min to obtain a supernatant
comprised of extracellular VEC components. VECs were
incubated with 2% Triton X-100, freezed and thawed three
times, and centrifuged at 240×g for 5min to obtain a
supernatant comprised of intracellular components. LDH
concentrations in the extracellular medium and intracellular
mediumwere quantified through the LDHreagent for clinical
diagnosis.

2.7. Immunocytochemistry Assay. VECs seeded on coverslips
were rinsed with ultrapure water twice, fixed with acetone
for 20min, and then rinsed with phosphate-buffered saline
(PBS). Cells were soaked in 3%H

2
O
2
at room temperature for

30min. After washing with PBS, blocking buffer containing
1% goat serum was added and incubated for 20min. The
primary antibody (1 : 200 diluted) against VEGF or PDGF-
B was added and incubated at 4∘C overnight. A biotinylated
secondary antibody was incubated for 20min; then Strep-
tavidin/Peroxidase (SP) reagent was incubated for 20min
at room temperature. The slides were colored with DAB
under a light microscope for 10min before examination.
Immunocomplexes were visualized by the DAB detection
system. Brown or dark brown stained cells were considered
positive cells. Ten randomly selected fields were visualized at
200x magnification.

2.8. Western Blotting Analysis. Cytoplasmic proteins were
obtained using a cell lysis buffer (20mM HEPEs, 2mM
MgCl

2
, 1 mM EDTA, 2mM DTT, 1mM PMSF, pH 7.4) and

stored at −80∘C. The protein concentrations were quantified
by the BCA method. Aliquots (30 𝜇L) were separated on a
10% SDS-PAGE and transferred to an equilibrated polyvinyli-
dene difluoride membrane (PVDF) by electroblotting. Mem-
branes were blocked in 5% fat-free milk for 2 h at room

0
0.40

0.45

0.50

0.55

0.60

0.65

0.70

12 24 48 72
Time (h)

Ab
so

rb
an

ce

#

#

GS 5.5mM
GS 15.5mM
GS 25.5mM

GS 35.5mM
GS 45.5mM

##

##

##

##

Figure 2: Effect of high glucose onVECs injury. VECswere induced
by various concentrations (5.5, 15.5, 25.5, 35.5, and 45.5mM) of
glucose and incubated for different time points (0, 12, 24, 48, and
72 h) to explore the effect of glucose on VECs.
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Figure 3: Effect of high glucose onVSMCproliferation in the cocul-
ture model. VECs were pretreated with high glucose concentration
(35.5mM) for 48 h and then cocultured with VSMCs for another
24 h to stimulate VSMC proliferation. #𝑃 < 0.05, ##𝑃 < 0.01 versus
NG (5.5mM) coculture group; ∗𝑃 < 0.05 versus HG (35.5mM)
coculture group.

temperature and incubated at 4∘C overnight with primary
antibodies (rabbit anti-Ras, rabbit anti-Raf, rabbit anti-
phospho-Raf, mouse anti-ERK1/2, and rabbit anti-phospho-
ERK1/2). Horseradish peroxidase labeled secondary anti-
bodies were added and incubated at room temperature for
2 h. Bands were detected by enhanced chemiluminescence
(ECL) kit. Beta-actin protein levels were used as an endoge-
nous control to allow the normalization of target proteins.
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Figure 4: Effect of paeonol on survival and LDH release in VECs. VECs survival (a) and LDH release (b) induced by high glucose (35.5mM)
were determined by MTT assay. ##𝑃 < 0.01 versus NG (5.5mM) group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus HG (35.5mM) group.

Theband intensitywas quantified and analyzedwithQuantity
One software (Bio-Rad, USA).The results were quantified by
using the integrated optical density of each band with the
background subtracted.

2.9. Statistical Analysis. Data were analyzed by a one-way
ANOVA or independent 𝑡-test. Data are presented as mean ±
S.D. averaging three or more independent experiments.
Significance was noted at a 𝑃 < 0.05.

3. Results

3.1. High Glucose Injured VECs. VEC survival was measured
by MTT assay. VEC survival rates in glucose concentrations
of 5.5 and 15.5mM increased in a dose- and time-dependent
manner. When the concentration was up to 25.5mM, VEC
survival rate was a little inhibited after incubatation for 48 h.
However, the rate was inhibited significantly in glucose con-
centrations of 35.5 and 45.5mMeven in 24 h incubation. VEC
morphology changed into contraction, rounded and smaller
in glucose concentrations of 35.5 and 45.5mM. Moreover,
cells cultured in glucose concentrations of 35.5mM for 48 h
showed the most significant inhibition (Figure 2).

3.2. HighGlucose InducedVSMCProliferation in the Coculture
Model. VECs were pretreated with a high glucose (HG)
concentration (35.5mM) for 48 h and then cocultured with

VSMCs for 24 h to induce VSMC proliferation. Glucose
concentration of 5.5mM was considered as normal group.
VSMCs inoculated in the upper chamber alone and stimu-
lated with 35.5mM glucose were set as the single cultured
group. Compared with the normal group, VSMCs prolifer-
ated significantly in the cocultured group (𝑃 < 0.01), as well
as in the single cultured group (𝑃 < 0.05). Compared with
the single cultured group, VSMCs in the coculture group also
proliferated significantly (𝑃 < 0.05), which suggested that
injured VECs stimulated VSMCs proliferation (Figure 3).
These results showed that VSMC proliferation stimulated by
high glucose injured VECs was even much stronger than that
stimulated directly by high glucose.

3.3. Paeonol Partially Restored Survival and Reduced LDH
Release in VECs. VECs were pretreated with Pae at 7.5, 15,
30, 60, and 120 𝜇M for 24 h prior to being stimulated by
high glucose. Compared with control group, VEC survival
increased in a dose- and time-dependent manner. The effect
of Pae was greatest (𝑃 < 0.01) when VECs were pretreated
with Pae at 120𝜇M (Figure 4(a)). Additionally, the LDH
level was increased by the stimulation of 35.5mM glucose.
LDH release was gradually reduced as the Pae concentration
increased. At a final concentration of 15 𝜇MPae, LDH release
was significantly decreased (𝑃 < 0.05). When the concentra-
tion of Pae was 60 𝜇M and 120 𝜇M, the difference in LDH
release was highly significant (𝑃 < 0.01) (Figure 4(b)).



Evidence-Based Complementary and Alternative Medicine 5

(A) (B) (C)

(D) (E) (F)

(a)

V
EG

F 
ex

pr
es

sio
n

4

3

2

1

0

##
∗

∗∗ ∗∗

∗∗

−

−
− − − − −

−−

+ + + + +

+

HG 35.5mM
Pae 𝜇M

Su5416 0.04 𝜇M
30 60 120

(b)

(A) (B) (C)

(D) (E) (F)

(c)

4

3

2

1

0

Sunitinib 0.135𝜇M

##
∗

∗∗ ∗∗

∗∗

−

−
− − − − −

−−

+ + + + +

+

HG 35.5mM
Pae 𝜇M 30 60 120

PD
G

F-
B 

ex
pr

es
sio

n

(d)

Figure 5: Effect of paeonol on VEGF and PDGF-B expression in VECs. VEGF (a and b) and PDGF-B (c and d) expression in VECs was
performed through immunocytochemical staining as described in Section 2. (A) NG (5.5mM); (B) HG (35.5mM); (C) HG + Pae (30 𝜇M);
(D) HG + Pae (60 𝜇M); (E) HG + Pae (120 𝜇M); (F) HG + Sunitinib (0.135 𝜇M). ##𝑃 < 0.01 versus NG (5.5mM) group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01
versus HG (35.5mM) group.

3.4. Paeonol Inhibited VEGF and PDGF-B Overexpression in
VECs. Through immunocytochemical staining, VEGF and
PDGF-B expression were quantified inside VECs. Positive
cytoplasm was brown. The positive rate of VEC was used
to evaluate the effect of high glucose and Pae. High glucose
resulted in increasing expression of VEGF and PDGF-B in
vascular endothelial cells. The expression decreased with
increasing concentrations of Pae (Figures 5(a) and 5(c)).
Concentrations of 60 𝜇M and 120𝜇M Pae decreased the
expression of VEGF and PDGF-B significantly (𝑃 < 0.01).
As shown in Figures 5(b) and 5(d), the VEGFR inhibitor,
SU5416, not only decreased the expression of VEGF signif-
icantly (𝑃 < 0.01) but also decreased the number of cells
with brown nuclei. The PDGFR inhibitor, Sunitinib, showed
the same results.These results suggested that the proliferation
of VSMC induced by high glucose may be achieved by
upregulating VEGF and PDGF-B factors. And Pae reversed
the effect of high glucose. Based on the results, we chose
an appropriate signaling pathway to further explore how the
cytokine mediates proliferation of VSMC.

3.5. Paeonol Blocked Ras-Raf-ERK1/2 Pathway in VSMCs in
Coculture Model. One of the most important downstream

signaling cascades of VEGF and PDGF-B is the Ras-Raf-
ERK pathway [30]. To inhibit this signaling pathway initially,
SU5416 and Sunitinib were used to inhibit the respective
receptor and associated downstream proteins. In order to
explore the cellular target of Pae, PD98059 was used to
inhibit ERK1/2 protein expression. As shown in Figure 6,
high glucose (35.5mM) significantly induced the expression
of Ras, P-Raf, and P-ERK1/2 in VSMCs (𝑃 < 0.01). Pae
(120 𝜇M) significantly inhibited the expression of Ras, P-
Raf, and P-ERK1/2 (𝑃 < 0.05). For protein Ras and P-Raf,
SU5416 and Sunitinib significantly reduced the expression
(𝑃 < 0.01). Likewise, cells treated with SU5416, Sunitinib, or
PD98059 showed significantly inhibitory effect on P-ERK1/2
expression. Moreover, the cotreatment of Pae (120 𝜇M) with
SU5416, Sunitinib, or PD98059 had a greater inhibitory effect
than treating VSMCs with each individual compound. These
results indicated that the effect of Pae to block Ras-Raf-ERK
signaling pathway may be due to the ability to inhibit the
expression of VEGF and PDGF-B.

3.6. Paeonol Inhibited VSMCProliferation in CocultureModel.
VECs were pretreated with different concentrations of
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Figure 6: Effect of paeonol on Ras-Raf-ERK1/2 signaling pathway in VSMCs in the coculture model. VECs were pretreated with various
concentrations of Pae for 24 h before being incubated with HG (final concentration of 35.5mM) for another 48 h. Then VSMCs were
inoculated into the top of the Transwell plate and cocultured with VECs for another 24 h. Protein concentrations were analyzed by Western
blot. ##𝑃 < 0.01 versus NG (5.5mM) coculture group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus HG (35.5mM) coculture group.

Pae (30, 60, and 120 𝜇M) before being stimulated by high
glucose (35.5mM) for 48 h.The results ofMTT indicated that
Pae (30, 60, and 120 𝜇M) inhibited VSMC proliferation (𝑃 <
0.01) compared with high glucose group.The levels of VSMC
proliferation were also inhibited with Pae plus Sunitinib or

PD98059 group. The level of inhibition was greater than
each single treatment group, but no significant difference was
observed (Figure 7). The results proved the protective effect
of Pae on VSMC proliferation which cocultured with VECs
in high glucose.



Evidence-Based Complementary and Alternative Medicine 7

0

0.1

0.2

0.3

0.4

0.5

VS
M

C 
pr

ol
ife

ra
tio

n

HG 35.5mM
Pae 𝜇M

SU5416 0.04 𝜇M

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

−

− −

−−

−

−

− − −

−

−

−−

−

+ + + + +

+

+

+

+

+

+

+

+

+

+

+

30 60 120 120 120 120

##

∗

∗∗
∗∗ ∗∗

∗∗ ∗∗
∗∗ ∗∗

Sunitinib 0.135𝜇M
PD 98053 20𝜇M
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group; ∗𝑃 < 0.05, ∗∗𝑃 < 0.01 versus HG (35.5mM) coculture group.

4. Discussion

Diabetes is one of themain predisposing factors of atheroscle-
rosis. Type 2 diabetic vascular complications are based on
diabetes-induced arteriosclerosis [31]. High glucose concen-
trations exerted a harmful effect on VECs and VSMCs,
which are important components of artery wall. Impaired
VECs destroy the structure of the endothelial monolayer and
lead to vascular barrier dysfunction [32]. Large numbers of
damagedVECs have been shown to impact the vasodilatation
function andVECs regeneration [33].These effectsmay be an
important mechanism of diabetic complication of AS [34].
Our present study indicated that high glucose concentra-
tions increased membrane permeability and decreased VEC
survival. VSMC proliferation and phenotypic transformation
are critical pathological features of AS, which depend on
growth factors, cytokines, and vasoactive substances. VEGF
is the initial factor for early VEC angiogenesis and VSMC
proliferation. However, a mature vascular system can not
be generated alone. PDGF-B also had a strong effect on
promoting inflammation in this study. Several reports sup-
port the hypothesis that PDGF-B plays a crucial role in the
development of atherosclerotic plaques [35–37]. Our study
demonstrated that VEGF and PDGF-B expression in VECs
was increased significantly by high glucose. Treatment with
Pae significantly attenuated VEGF and PDGF-B expression.
Therefore, our results indicate that Pae may act against VEC
injury by reducing VEGF and PDGF-B release as an anti-
inflammatory and antithromboembolic effect.

Monolayer cell culture, in many cases, is difficult to
simulate the interaction between various types of cells in
vivo. Coculture model can simulate the internal in vivo
environment to observe important interactions between cells
[38]. In addition to the morphological changes, a variety of
angiogenesis-related gene expression changes occur in VECs
cocultured with VSMCs [39, 40]. Thus, the coculture model
in this study not only retained the cellular microenvironment

of material and structural basis in vivo but also showed
the advantages of controllability and macroscopic visibility
of the cell culture. The significant proliferation of VSMCs
in the coculture model confirmed that damaged VECs
could stimulate VSMC proliferation and also indicated that
basic interaction between VECs and VSMCs can be carried
out smoothly. Accordingly, the coculture model provides
the necessary conditions to explore the pathogenesis of
atherosclerosis.

Ras-Raf-ERK1/2 signaling pathway was activated by high
glucose concentration in our coculture model. The phospho-
rylated proteins regulate the target gene expression which
promote cell proliferation [41, 42]. Our study indicated
that Pae protected the integrity and survival rate of VECs
and reduced the VEGF and PDGF-B release of VECs into
the cocultured model to inhibit VSMC proliferation. We
also presume that the effect may relate to the downstream
signaling pathway in VSMCs. For this reason, the study used
the VEGFR and PDGFR inhibitor to explore the possible
targets of Pae. The results showed that Pae in combination
with SU5416 or Sunitinib could further reduce the Ras, P-
Raf, and P-ERK1/2 expression levels. In order to further
clarify whether Pae had effect on protein ERK1/2 as well,
the ERK1/2 inhibitor, PD98059, was utilized. We found that
ERK1/2 expression levels were reduced when treated with
Pae and the inhibitor. These findings indicated that Pae may
decrease the VEGF and PDGF-B expression, resulting in
protecting the VEC and inhibiting the downstream signaling
pathway. Otherwise, Pae may inhibit the VSMC proliferation
due to the direct inhibition of Ras-Raf-ERK1/2 pathway.

Our findings confirmed that Pae can inhibit the prolif-
eration of VSMC cocultured with VECs induced by high
glucose concentration. One reason is that Pae decreased the
release of inflammatory cytokines, VEGF and PDGF-B, in
VECs which combined with VSMC membrane receptors
and led to phosphorylation of the receptors. The inhibited
receptors blocked downstream signaling pathways, Ras-Raf-
ERK1/2, which are responsible for VSMC proliferation. The
other is that Pae inhibited Ras-Raf-ERK1/2 activation directly
to suppress VSMC proliferation. Based on our study, Pae
appears to be a promising inhibitor to AS.

5. Conclusion

Taken together, our findings indicated that the mechanism
of Pae effects on AS might involve its sequential inhibition
of VEGF and PDGF-B in VECs and the Ras-Raf-ERK1/2
signaling pathways in VSMCs.
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