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According to the epidemiological survey, vascular disease is
the leading cause of death in the world. Vascular disease
includes any condition that affects your circulatory system,
such as peripheral artery disease. This ranges from diseases
of your arteries, veins, and lymph vessels to blood disorders
that affect circulation. With the world population aging,
hypertension, stroke, coronary heart disease, and diabetes
incidences are increasing year by year. These diseases seem
to be independent; in fact, vascular disease is able to cause all
these diseases. However, the recent studies suggest that tradi-
tional Chinese medicine (“TCM”) is a potential candidate for
the preventative treatment of vascular disease. For example,
Tongxinluo capsule for the treatment of atherosclerosis has
been recognized around the world.

TCM is an integral part of Chinese culture, which
includes pharmacology of traditional Chinese medical for-
mulae, Chinese patent medicines, and Chinese herbal
monomer. Today both of TCM and western medicine are
being used in providing medical and health services in the
whole world. TCM, with its unique diagnostic methods, sys-
tematic approach, abundant historical literature, and mate-
rials, has attracted many attentions from the international
community. TCM has been very effective in the treatment
of vascular disease, but it still has the following problems.
(1) Many mechanisms of TCM for diseases are not clear.
(2) Large-scale clinical trials based on evidence are lacking.
Therefore, we encourage investigators to contribute original
research articles as well as comprehensive review articles
on the treatment of vascular diseases with TCM. We are
particularly interested in articles reporting the clinical trials

or revealing the action mechanisms of TCM by using cellular
or animal models.

Cerebral Vascular Related Articles. X. Han et al. in their
paper “The Clinical Relevance of Serum NDKA, NMDA,
PARK7, and UFDP Levels with Phlegm-Heat Syndrome
and Treatment Efficacy Evaluation of Traditional Chinese
Medicine in Acute Ischemic Stroke” found that the serum
PAPK7 and UFDP concentration exhibited diagnostic value
for the phlegm-heat syndrome of TCM in patients.The serum
NDKA, NDMA, PAPK7, and UFDP levels did not show a
significant tendency of increase in day 7 compared to 3 days
within onset, but UFDP, but not NDKA levels, exhibited a
tendency of increase in day 14 compared to day 7.

X. Du et al. in their paper “Scutellarin Reduces Endothe-
lium Dysfunction through the PKG-I Pathway” investigated
the protective mechanism of scutellarin (SCU) in vitro and
in vivo for human brain microvascular endothelial cells
(HBMECs). SCU protects against cerebral vascular EtD
through endothelial PKG pathway activation.

Mechanism of Chinese Herbal Medicine on the Protection
of Renal Vascular. B. Liu et al. in their paper introduced
to us the protective effects of curcumin on obesity-related
glomerulopathy. Curcumin is able to alleviate the harmful
reaction of leptin on podocytes and reduce the severity of
ORG. The above protective effects are associated with the
inhibition of Wnt/catenin signaling activation in podocytes.

L. Han et al. in their paper “The Renal Protective
Effect of Jiangya Tongluo Formula, through Regulation of
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Adrenomedullin and Angiotensin II, in Rats with Hyperten-
siveNephrosclerosis”make a conclusion that JiangyaTongluo
Formula can prevent nephrosclerosis through regulation of
adrenomedullin and angiotensin II. JYTL may upregulate
endogenous ADM level in the kidneys and antagonize Ang
II during vascular injury by dilating renal blood vessels and
improving ischemia, thus resulting in the protection of renal
function.

Mechanism of Chinese Herbal Medicine on the Protection
of Diabetic Vascular Disease. M. Li et al. in their paper
“Tang-Tong-Fang Confers Protection against Experimental
Diabetic Peripheral Neuropathy by Reducing Inflammation”
have studied Chinese herbal medicine in the protection of
diabetic vascular disease. TTF treatment also attenuated the
effect of DPN on other parameters including histology and
ultrastructural changes, expression of ICAM-1, MPO, and
TNF-𝛼 in rat sciatic nerves, and plasma sICAM-1 and MPO
levels. Together, our data suggest that TTF treatment may
alleviate DPN via ICAM-1 inhibition.

Mechanism of Chinese Herbal Medicine Treatment on
Atherosclerosis. Q. Kang et al. in their paper “Effect of
Compound Chuanxiong Capsule on Inflammatory Reaction
and PI3K/Akt/NF-𝜅B Signaling Pathway in Atherosclerosis”
suggested that Compound Chuanxiong Capsule can prevent
atherosclerosis through regulation of the inflammatory
reaction and PI3K/Akt/NF-𝜅B signal pathway. They
concluded that CCC can inhibit inflammatory reaction in
the ApoE−/−mice fed with a high fat diet. Its mechanism
may be related to regulation of PI3K/Akt/NF-𝜅B signaling
pathway.

S.-H. Lu et al. in their paper “Experimental Study of
Antiatherosclerosis Effects with Hederagenin in Rats” stud-
ied that hederagenin had the effect of antiatherosclerosis.
The results indicated that hederagenin can inhibit or improve
the pathological changes that occur during atherosclerosis
induced by a high-fat diet plus VD3 in rats. The under-
lying mechanism might be related to the regulation of
lipid metabolism disorders, improvement of blood rheology,
regulation of vascular endothelium imbalance, and inhibition
of the IKK𝛽/NF-𝜅B signaling pathway to reduce the amplifi-
cation cascade of the inflammatory response.

M. Wu et al. in their paper “Polydatin Inhibits Forma-
tion of Macrophage-Derived Foam Cells” have studied that
polydatin protected against atherosclerosis through inhibit-
ing formation of macrophage-derived foam cells. Polydatin
significantly inhibits the formation of foam cells derived
from peritoneal macrophages. Further studies indicated that
polydatin regulates the metabolism of intracellular lipid
and possesses anti-inflammatory effects, which might be
regulated through the PPAR-𝛾 signaling pathways.

The accepted articles mainly introduced TCM which
included pharmacology of traditional Chinese medical
formulae, Chinese patent medicines, and Chinese herbal
monomer, which protected against atherosclerosis through
improving the vascular endothelial function, inhibiting the
oxidative stress, and suppressing inflammatory reaction. In
this special issue, the articles included are not only basic

research, but also clinical research. The diseases to be
intervened included diabetic vascular disease, cardiovascular
disease, cerebrovascular disease, peripheral vascular diseases,
microvascular diseases, and renal vascular diseases. TCM
treatment of the vascular disease may be an effective method.

Yanwei Xing
Dan Hu

Tan Zhang
Charles Antzelevitch



Research Article
Experimental Study of Antiatherosclerosis Effects with
Hederagenin in Rats

Su-Hong Lu,1 Jian-Hua Guan,1 Yan-Li Huang,1 Yu-Wei Pan,1 Wei Yang,1 Hai Lan,1

Si Huang,1 Jing Hu,2 and Guo-Ping Zhao1

1Medical School, Jinan University, 601 Huangpu Road West, Guangzhou, Guangdong 510632, China
2The First Affiliated Hospital of Jinan University, 613 Huangpu Road West, Guangzhou, Guangdong 510632, China

Correspondence should be addressed to Guo-Ping Zhao; tguo428@163.com

Received 7 January 2015; Accepted 6 April 2015

Academic Editor: Zhang Tan

Copyright © 2015 Su-Hong Lu 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.

The research tries to establish Wistar rat’s model of atherosclerosis for evaluating the antiatherosclerotic effect of hederagenin
and exploring its antiatherosclerosis-related mechanisms. The statistical data have shown that hederagenin exhibits multiple
pharmacological activities in the treatment of hyperlipidemia, antiplatelet aggregation, liver protection, and anti-inflammation,
indicating that hederagenin may exert a protective effect on vascular walls by improving lipid metabolism disorders and lipid
deposition. The results show that hederagenin can correct the imbalance of endothelial function by inhibiting the release of large
amounts of iNOS and increasing eNOS contents and inhibits the IKK𝛽/NF-𝜅B signaling pathway to reduce the release of IL-6,
IFN-𝛾, TNF-𝛼, and other inflammatory factors. The experimental results indicated that hederagenin can inhibit or ameliorate the
pathological changes associated with AS, displaying an excellent preventive function against AS.

1. Introduction

Atherosclerosis (AS) is an inflammatory disease caused by
the lesion-like deposition of lipids (primarily cholesterol and
cholesterol ester), carbohydrates, and blood components on
the vasculature intima or under the intima of the artery
and its branches, in addition to the deposition of connective
tissues and calcium. AS is accompanied by the migration
of medial smooth muscle cells into the intima and the
proliferation of these cells, causing intimal thickening and the
formation of AS lesions or fibrous fatty plaque lesions. An
inflammatory response is always present in AS. Deaths from
cardiac and cerebrovascular accidents caused by AS account
for the highest disease mortality in humans. Therefore, AS is
referred to as the “number one killer” in western countries,
and it is one of the most severe cardiovascular diseases
that threaten human health. Hence, strategies for achieving
early diagnosis and effective interventions for this disease
are urgently required. Many studies have been conducted
on the prevention and treatment of AS, both domestically
and abroad. Most of these studies have investigated the

pathogenesis of AS and attempted to delay the progression
of the pathological changes associated with AS through drug
interventions. Currently, hyperlipidemia is considered the
primary factor involved in the occurrence and development
of AS. Good control of blood lipids can significantly slow the
progression of AS lesions and reducemorbidity andmortality
associated with AS-related cardiovascular diseases. There
have been drug studies on the prevention and treatment of
atherosclerosis conducted to date. Statins can contribute to
the prevention of atherosclerosis, but the liver damage they
cause after long-term administration is drawing increasing
attention [1–3]. Natural herbs present the characteristics of
having many available varieties and low toxic side effects.
Identifying single active components of natural herbs that can
prevent and treat atherosclerosis is a trend in modern phar-
maceutical research and development. Hederagenin, with a
molecular formula of C

30
H
48
O
4
, is a pentacyclic triterpenoid

saponin that is relatively enriched in Hedera nepalensisvar
sinensis of the Araliaceae Hedera L. genus, Akebia trifoliata
of the Lardizabalaceae, and Clematis armandii Franch and
Holboellia fargesii Reaub of the Ranunculaceae. Studies have
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shown that hederagenin exhibits multiple pharmacological
activities in the treatment of hyperlipidemia, antilipid perox-
idation, antiplatelet aggregation, liver protection, antidepres-
sion, anti-inflammation, and diuresis [4–12], indicating that
hederageninmay exert a protective effect on vascular walls by
improving lipid metabolism disorders and lipid deposition.
However, there are currently few reports regarding whether
hederagenin can protect arteries from AS lesions through its
lipid-lowering and anti-inflammatory functions. Therefore,
the present study established a Wistar rat atherosclerosis
model in which hederagenin was administered as a preven-
tive intervention to evaluate its preventive function against
atherosclerosis and to explore the underlying mechanism,
providing an experimental basis for clinical drug administra-
tion.

2. Materials and Methods

2.1. Preparation of Drugs. Consider the following: hedera-
genin (purity 95%), Nanjing Spring and Autumn Biological
Engineering Co., Ltd, batch number: 20131020; vitamin D

3
,

specifications: 1mL: 7.5mg, Shanghai General Pharmaceu-
tical Co., Ltd., batch number: 121123; atorvastatin calcium
(Lipitor), specifications: 20mg ∗ 7 tablets, Pfizer, batch num-
ber: H54107; sodium carboxymethyl cellulose (CMC-Na),
Shanghai Bohu Biological Technology Co., batch number:
20130513.

2.2. Animals and High-Fat Diet. Male, Specific Pathogen-
Free- (SPF-) level Wistar rats with weights of 160–200 g, aged
5∼6 weeks (provided by the Experimental Animal Center
of Southern Medical University, license number: SCKK2011-
0015, animal certificate number: 44002100002027), were used
in this study. The animals were fed in animal experimental
center of Jinan University SPF animal housing manage-
ment and given free access to water and food; the feeding
room temperature was set at 23∘C–25∘C, and the relative
humidity was approximately 7%. After one week of feeding
adaptation, the experiments were initiated. The high-fat
diet was composed of 3% cholesterol, 0.5% sodium cholate,
0.2% propylthiouracil, 5% sugar, 10% lard, and 81.3% basic
fodder, which were mixed well and irradiated with cobalt-60
(radiation dose 25.0 kGy) before feeding.

2.3. Experimental Design

2.3.1. Modeling [13–18]. After one week of adaptive feeding
with basic rat fodder, 40 quarantined Wistar rats were
selected and weighed. The rats were randomly divided into
four groups according to a random number table. These
groups included a normal group, model group, atorvastatin
calcium (Lipitor) group and hederagenin group, with 10 rats
in each group. With the exception of the normal group, the
rats in all other groups were administered vitamin D

3
at

600,000 IU/kg/d via intraperitoneal injection, and they were
also fed continuously with the high-fat diet. Furthermore, an
additional 100,000 IU/kg of vitamin D

3
was administered to

these rats via intraperitoneal injection in the 3rd, 6th, and
9th weeks of the experiments. The rats in the normal group

were administered saline through intraperitoneal injection
and were fed with normal fodder.

2.3.2. Grouping and Drug Administration

Doses andMethods.The rats in each group were administered
the corresponding drugs for each intervention. The rats in
the hederagenin group were administered hederagenin at
20mg/kg/d via gavage. The rats in the atorvastatin calcium
group were administered atorvastatin calcium tablets at
5mg/kg/d via gavage. All drugs were prepared as suspension
solutions with 0.5% sodium carboxymethyl cellulose (CMC-
Na). The rats in the normal control group and the model
group were administered an equal amount of 0.5% CMC-Na
via gavage continuously for 12 weeks.

2.4. Determination of Indicators. At the end of 12 weeks,
arteries were collected from the rats to perform HE staining
and observe pathological changes under a light microscope
and electron microscope. A Zeiss-Axioskop 20 microscope
was used to observe the histological changes in HE-stained
sections, and an Axiocan HRc camera was employed to
obtain micrographs. Leica Qwin Image Processing and Anal-
ysis Software was used to analyze AS lesions and the cross-
sectional area of the artery lumen and to calculate the relative
area of atherosclerosis lesions (the ratio of the lesion area
versus the lumen cross-sectional area), which is represented
as a percentage (%). Blood lipids, liver lipids, blood rheology,
inflammatory factors, and the gene expression and protein
expression of eNOS, iNOS, IKK𝛽, p-IKK𝛽, and NF-𝜅Bp65 in
artery tissue were examined.

2.5. Statistical Analysis of the Data. The experimental data
were analyzed using Social Sciences (SPSS, USA) 16.0 statis-
tical software. Measured data were represented as the mean ±
standard deviation (SD), and comparisons of the means
between two groups were carried out with one-way ANOVA.
When the variance was homogeneous, the SNK test and
Tukey test were applied, whereas when the variance was not
homogeneous, the T2 test was used and probability value (𝑃)
less than 0.05 indicated that the difference was statistically
significant.

3. Results

3.1. Observation of Pathological Changes in the Rat Aorta
through Light and Electron Microscopy

3.1.1. Light Microscopy Observations of Rat Aorta HE
Staining (200x)

Normal Control Group. Aorta morphology was normal;
endothelial cells were intact; the intima was smooth; there
was no local damage or thickening; the internal elastic lamina
was continuous without breaks; the tunica media edge was
clear; smooth muscle cells were arranged in an orderly fash-
ion; no inflammatory cell infiltration was observed; and there
was no excrescence in the lumen. Model group: significant
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(a) (b)

(c) (d)

Figure 1: Histological changes of aorta morphology in different groups (HE stain ×200). (a) Normal control group. (b) Model group. (c)
Lipitor group. (d) Hederagenin group.

intimal hyperplasia could be observed in the aorta, which
appeared as continuous intimal damage, and a large number
of foam cells, cholesterol crystals, intermittent calcification,
and unstructured necrotic substances could be observed
in the lumen, forming the fibrous cap of AS plaques. The
tunica media was thickened, and a large number of smooth
muscle cells aggregated and passed through the internal
elastic lamina to gather at the tunica intima. Lipitor group:
slight intimal thickening of rat aorta, protruding into the
lumen, and a thickened tunica media were observed; smooth
muscle cells were arranged in a relatively orderly fashion;
calcification appeared between the intima and the tunica
media; no unstructured necrotic substances were present;
and there was a small amount of cholesterol crystal depo-
sition. Hederagenin group: the aorta intima was relatively
integral without thickening; only a small amount of damaged
intima had detached; the tunica media exhibited intermittent
calcification without unstructured necrotic substances; and
there was a small amount of cholesterol crystal deposition
(Figure 1).

3.1.2. Relative Area of Rat Aorta AS Lesions

The Experimental Results Demonstrated the Following
(Figure 2). A The relative area of model group rat aortic
lesions was increased significantly compared with the normal
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Figure 2: Comparison of relative AS lesion areas in the rat aorta in
each group. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus model
group.

control group, and the difference was statistically significant
(𝑃 < 0.01). B Compared with the model group, the relative
lesion area in the Lipitor group and in the hederagenin
group was decreased significantly, and these differences were
statistically significant (𝑃 < 0.01).
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(a) (b)

(c) (d)

Figure 3: Electron microscopy observations of the rat aorta (12500x). (a) Normal control group. (b) Model group. (c) Lipitor group. (d)
Hederagenin group.

3.1.3. Electron Microscopy Observations of the Rat
Aorta (12500x)

Normal Control Group. Rat aorta endothelial cells pre-
sented a normal morphology; adjacent endothelial cells
were closely connected; nuclei were integral; the internal
elastic lamina was continuous, with a uniform thickness;
no obvious lipid vacuoles or collagen fiber proliferation was
observed. Model group: the rat aorta endothelial cells had
detached completely; the cytoplasm was not dense; there
was a large amount of disorganized lipid deposition. Many
collagen fibers could be observed in the intercellular space.
Endothelial cell necrosis was observed, where the endothelial
cells disappeared and were replaced with cell debris and
a large amount of a fiber-like substance. The continuity
of the internal elastic lamina was severely damaged, with
focal dissolution. There were large amounts of foam cell
infiltration, and the number of collagen fibers was increased
significantly. Lipitor group: endothelial cells were relatively
integral with oval-shaped nuclei; the internal elastic lamina
was not uniform, showing thinning with occasional breaks,
and thickness was not uniform, with some areas showing a
complete loss; the gap between the endothelial cells and the
internal elastic lamina increased; collagen fiber deposition
and a small number of lipid vacuoles could be observed
under the endothelium. Hederagenin group: endothelial cell
morphology was relatively normal; local endothelial cell

damage could be detected, accompanied by a small amount
of smooth muscle cell proliferation; a small number of
collagen fibers could be observed in the intercellular space;
no endothelial cell necrosis was observed; the structure of the
internal elastic lamina was mostly integral; a small amount
of collagen fiber deposition could be observed under the
endothelium (Figure 3).

3.2. Comparison of Rat Serum Lipid Levels, Blood Rheology,
and Liver Function in Each Group

3.2.1. Comparison of Rat Serum Lipid Levels in Each Group

Figures 4(a) and 4(b) Showed the Following. A Compared
with the normal control group, the model group animals
exhibited increased TC, TG, and LDL-C levels and decreased
HDL-C levels, and these differences were statistically sig-
nificant (𝑃 < 0.05 or 0.01). B Compared with the model
group, the Lipitor group and the hederagenin group showed
significantly reduced TC, TG, and LDL-C levels and signif-
icantly increased HDL-C levels, and these differences were
statistically significant (𝑃 < 0.01).

3.2.2. Comparison of Rat Liver Function in Each Group

The Experimental Results Demonstrated the Following
(Figure 5). A Compared with the normal control group, the
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Table 1: Comparison of rat hemorheological parameters in each group. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus model group;
c𝑃 < 0.05 versus atorvastatin calcium group.

Group Whole-blood viscosity/mpa⋅s Hematocrit Erythrocyte
aggregation index

Platelet
aggregation rate/%Low shear Mid shear High shear Viscosity

Normal 10.76 ± 0.83 7.15 ± 0.72 5.18 ± 0.42 1.28 ± 0.12 0.41 ± 0.04 5.12 ± 0.33 39.22 ± 3.69
Model 19.23 ± 2.51a 9.66 ± 0.89a 7.33 ± 0.76a 1.81 ± 0.23a 0.69 ± 0.12a 6.51 ± 0.87a 59.03 ± 5.17a

Lipitor 12.64 ± 0.97b 7.32 ± 0.83b 6.26 ± 0.58b 1.32 ± 0.15b 0.52 ± 0.05b 5.28 ± 0.39b 46.61 ± 4.09b

Hederagenin 12.58 ± 0.89b 7.27 ± 0.71b 5.66 ± 0.53bc 1.37 ± 0.14b 0.53 ± 0.03b 5.37 ± 0.45b 46.38 ± 4.19b
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Figure 4: Comparison of rat serum TC, TG, HDL-C, and LDL-C
contents in each group. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01
versus model group.

rats in themodel group exhibited significantly increased ALT
and AST contents, and these differences were statistically
significant (𝑃 < 0.01). B Compared with the model group,
the hederagenin group showed significantly decreased ALT
and AST contents, and these differences were statistically
significant (𝑃 < 0.01). C Compared with the model group,
the Lipitor group exhibited significantly increased ALT and
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Figure 5: Comparison of rat serum ALT and AST contents. a𝑃 <
0.01 versus normal group; b𝑃 < 0.01 versus model group.

AST contents, though these differences were not statistically
significant (𝑃 > 0.05).

3.2.3. Comparison of Rat Hemorheological Parameters in
Each Group

The Experimental Results Demonstrated the Following
(Table 1). A Compared with the normal control group, rat
hemorheological parameters were significantly increased
in the model group, and these differences were statistically
significant (𝑃 < 0.01). B Compared with the model
group, rat hemorheological parameters in the Lipitor and
hederagenin groups were decreased, and these differences
were statistically significant (𝑃 < 0.01). C Compared with
the Lipitor group, the hederagenin group exhibited an
improved high shear whole-blood viscosity index, and this
difference was statistically significant (𝑃 < 0.05).

3.3. Comparison of Rat Aortic Endothelial Function in
Each Group

3.3.1. Comparison of Rat Serum NO and ET-1 Contents in
Each Group

Figures 6(a) and 6(b) Showed the Following. A Compared
with the normal control group, the contents of NO sig-
nificantly increased while ET-1 significantly decreased in



6 Evidence-Based Complementary and Alternative Medicine

0

20

40

60

80

100

120

140

160

Normal Model Lipitor Hederagenin

a

b b

Th
e c

on
te

nt
s o

f s
er

um
 N

O
 (𝜇

m
ol

/L
)

Group

(a)

0
10
20
30
40
50
60
70
80
90

Normal Model Lipitor HederageninTh
e c

on
te

nt
s o

f s
er

um
 E

T-
1 

(p
g/

m
L)

b

a

bc

Group

(b)

Figure 6: Comparison of rat serum NO and ET-1 contents. a
𝑃 <

0.01 versus normal group; b𝑃 < 0.01 versus model group; c𝑃 < 0.05
versus atorvastatin calcium group.

the model group and these differences were statistically
significant (𝑃 < 0.01). B Compared with the model
group, the contents of NO significantly decreased while ET-1
significantly increased in the Lipitor and hederagenin groups
and these differences were statistically significant (𝑃 < 0.01).
C Compared with the Lipitor group, the hederagenin group
exhibited significantly increased ET-1 contents, and these
differences were statistically significant (𝑃 > 0.05).

3.3.2. Comparison of Rat Aortic iNOS and eNOS Protein
Expression Levels

Figures 7(a) and 7(b) Showed the Following.AComparedwith
the normal control group, the contents of iNOS significantly
increased while eNOS significantly decreased in the model
group, and these differences were statistically significant (𝑃 <
0.01). B Compared with the model group, the contents
of iNOS significantly decreased while eNOS significantly
increased in the Lipitor and hederagenin groups, and these
differences were statistically significant (𝑃 < 0.01). C
Compared with the Lipitor group, the hederagenin group
exhibited significantly increased eNOS contents, and these
differences were statistically significant (𝑃 > 0.05).
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Figure 7: Comparison of rat aortic iNOS and eNOS protein
expression levels. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus
model group; c𝑃 < 0.05 versus atorvastatin calcium group.

3.4. Comparison of the IKK𝛽/NF-𝜅B Signaling Pathway
and Relevant Inflammatory Factors in the Rat Aorta in
Each Group

3.4.1. Contents of the Inflammatory Cytokines IL-6, IFN-𝛾, and
TNF-𝛼 in the Rat Aorta

The Experimental Results Demonstrated the Following
(Figure 8). A Compared with the normal control group, the
contents of IL-6, IFN-𝛾, and TNF-𝛼 significantly increased
in the model group, and these differences were statistically
significant (𝑃 < 0.01). B Compared with the model
group, the contents of IL-6, IFN-𝛾, and TNF-𝛼 significantly
decreased in the Lipitor and hederagenin groups, and these
differences were statistically significant (𝑃 < 0.01).

3.4.2. Relative Expression Levels of IKK𝛽 and NF-𝜅BmRNA in
Rat Aortic Tissue in Each Group

The Experimental Results Demonstrated the Following
(Figure 9). A Compared with the normal control group, the
model group animals exhibited increased gene expression
levels of IKK𝛽 and NF-𝜅B, and these differences were
statistically significant (𝑃 < 0.01). B Compared with the
model group, the Lipitor group and the hederagenin group
showed significantly reduced gene expression levels of IKK𝛽
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Figure 8: Contents of the inflammatory cytokines IL-6, IFN-𝛾, and
TNF-𝛼 in the aorta. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus
model group.
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Figure 9: Relative expression level of IKK𝛽 andNF-𝜅BmRNA in the
rat aorta. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus model
group.

and NF-𝜅B, and these differences were statistically significant
(𝑃 < 0.01).

3.4.3. The Expression of Cytoplasmic IKK𝛽, p-IKK𝛽, and
Nuclear NF-𝜅Bp65 Proteins in the Rat Aorta

Figures 10(a) and 10(b) Showed the Following. A Compared
with the normal control group, the model group animals
exhibited increased protein content of IKK𝛽, p-IKK𝛽, and
NF-𝜅B, and these differences were statistically significant
(𝑃 < 0.01). B Compared with the model group, the Lip-
itor group and the hederagenin group showed significantly
reduced protein content of IKK𝛽, p-IKK𝛽, and NF-𝜅B, and
these differences were statistically significant (𝑃 < 0.01).
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Figure 10:The expression levels ofNF-𝜅B signaling pathway-related
proteins. a𝑃 < 0.01 versus normal group; b𝑃 < 0.01 versus model
group.

4. Discussion

Atherosclerosis (AS) is a complicated pathological process
resulting from interactions between various pathways and
factors. The theory of AS pathogenesis primarily involves
thrombosis theory, lipid filtration theory, endothelial dys-
function theory, oxidation stress theory, and inflammatory
response theory. These theories correspondingly explain
different aspects of the pathogenesis and progression of
atherosclerosis. An increasing number of studies have shown
that atherosclerosis is an inflammatory disease, and the
inflammatory response is present throughout the process of
the pathogenesis and progression of AS. During the early
stage of atherosclerosis, when unstable plaques break, there
are continuous activation and amplification of inflammation.
Therefore, the early identification of unstable AS plaques,
detecting sensitive and specific serological markers of these
plaques and associated inflammation targets, in addition to
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reducing and blocking atherosclerosis and other vascular
events through early anti-inflammation treatment, represent
current research hot spots that will continue to direct future
research.

Hyperlipidemia and hemorheological abnormalities usu-
ally occur at the same time and promote each other’s
occurrence. Epidemiological studies have shown that, as an
initiation factor of atherosclerosis, hyperlipidemia, accom-
panied by hemorheological abnormalities, is generally a risk
factor for atherosclerosis. Studies have demonstrated that an
increase of serum cholesterol levels is positively correlated
with the occurrence of AS and can lead to abnormal plasma
lipoproteins, thereby inducing artery wall lesions. Lipopro-
teins are themajor form of lipids that exists in human plasma.
Low density lipoprotein (LDL) plays an important role in the
pathogenesis of atherosclerosis and is considered the major
risk factor for atherosclerosis. Drug intervention experiments
confirmed that lowering LDL levels can significantly reduce
the risk of the occurrence of cardiovascular diseases for
hypercholesterolemia patients and can also benefit patients
with a normal level of LDL [19]. Studies have shown that
one risk factor that causes AS is an overly low level of
high density lipoprotein (HDL). HDL can carry out reverse
transport of cholesterol to the liver for processing to lower
body cholesterol levels, and HDL therefore exhibits an anti-
AS function [20, 21]. Studies have shown that every stage of
atherosclerosis is accompanied by endothelial dysfunction,
and the occurrence of many coronary events is closely related
to coronary artery endothelial dysfunction. Endothelial dys-
function is an early event in the occurrence of atherosclerosis,
and all of the risk factors that cause atherosclerosis can
also cause coronary artery endothelial dysfunction. Damage
to the endothelium not only is the initiating step in the
occurrence of AS but also serves as a clinical sign of AS
disease, which plays an independent role in predicting the
prognosis of AS [22–29].

AS is an inflammatory disease, and the inflammatory
response is observed throughout the process of the occur-
rence and progression of AS [30, 31]. Studies have shown that
the IKK/I𝜅B/NF-𝜅B signaling pathway plays a key role in the
occurrence of AS. Throughout the course of AS, NF-𝜅B is
involved in multiple signaling pathways in the inflammatory
process. The body’s inflammatory response is not separable
from the participation of various molecules [32], including
IL-6, IL-8, IFN-𝛾, TNF-𝛼, intercellular adhesion molecule-1
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1),
and a prerequisite for the activation of these molecules is
activation of NF-𝜅B. In other words, a prerequisite for the
inflammatory response is the activation of NF-𝜅B, and the
inflammatory response is a prerequisite for AS occurrence
[33–36]. As an important cytokine in the progression of
AS, IL-6 was recently found to be positively correlated with
atherosclerosis. The development of AS lesions is a slow and
complicated process related to the inflammatory response.
IL-6 represents the origin of the inflammatory response
cascade, playing an extremely significant mediating function
[37, 38]. IFN-𝛾 is a cytokine that was recently found to
be positively correlated with atherosclerosis. IFN-𝛾 acts on
multiple types of cells inASplaques, regulating the expression

of cytokines and cytokine receptors in these cells as well as
the proliferation and apoptosis of the cells to promote the
formation of AS plaques. Studies have shown that IFN-𝛾 is
a pro-AS cytokine. Macrophages and smooth muscle cells,
which are found in AS plaques, show lipid accumulation and
express the IFN-𝛾 receptor [39–42].Therefore, NF-𝜅B activa-
tion leads to overexpression of inflammation-related factors,
resulting in the inflammatory response [43]. Meanwhile, the
increased production and release of inflammatory mediators
and cytokines further activateNF-𝜅B, resulting in continuous
amplification of the initial inflammation signal and even loss
of control of the inflammation response, eventually leading
to AS.

Thus, in the present study, we explored and evaluated the
antiatherosclerosis function of hederagenin by establishing
a Wistar rat AS model, and we analyzed the antiatheroscle-
rosis mechanism of hederagenin from the perspective of
lipid metabolism disorders, liver function, blood rheology,
endothelial function, and inflammation signaling pathways.
Studies have shown that, in AS rat models induced by a
high-lipid diet plus VD

3
, hederagenin can effectively reduce

serum lipid, ALT, and AST levels, in addition to improving
liver function, relieving high blood coagulation, and slowing
blood flow and stasis by improving blood rheology. Hed-
eragenin can correct the imbalance of endothelial function
by inhibiting the release of large amounts of iNOS and
increasing eNOS contents. Hederagenin also inhibits the
IKK𝛽/NF-𝜅B signaling pathway to reduce the release of IL-
6, IFN-𝛾, TNF-𝛼, and other inflammatory factors.

5. Conclusion

In conclusion, the experimental results showed that heder-
agenin can inhibit or ameliorate the pathological changes
associated with AS, displaying an excellent preventive func-
tion against AS. The mechanism of hederagenin action may
be related to the regulation of lipid metabolism disorders,
protection of liver function, improvement of blood rheology,
regulation of endothelial dysfunction, and inhibition of the
IKK𝛽/NF-𝜅B signaling pathway, thereby reducing the ampli-
fication cascade of the inflammatory response, to reduce
the release of IL-6, IFN-𝛾, TNF-𝛼, and other inflammatory
factors. Further study is needed to find out whether there
are some other signal transduction pathways involved in the
course.
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Vascular remodeling is closely related to hypertension, atherosclerosis, and restenosis after PCI. Considerable evidence indicates
that the activation and proliferation of adventitial fibroblasts play key roles in vessel injury. The inflammatory response and high
expression of connexins contribute to adventitial remodeling.Therefore, reducing inflammation reaction and connexins expression
in adventitia may become a new target to prevent vascular remodeling. Yiqihuoxuejiedu formula, composed of TCM therapeutic
principle of supplementing qi, activating blood and detoxification, can inhibit restenosis after intimal injury. To further investigate
the effect of Yiqihuoxuejiedu formula on inflammation and connexins, we established a carotid artery injury model. In model
rats, hyperplasia in the intima was mild but obvious in the adventitia; CRP heightened; expressions of MCP-1, CD68, and Cx43
increased. Yiqihuoxuejiedu formula relieved intimal hyperplasia and adventitial area, obviously diminished the expressions of
CD68 and Cx43 in the adventitia, and reduced CRP but did not lower MCP-1. These results indicated that Yiqihuoxuejiedu
formula inhibited vascular remodeling especially adventitial hyperplasia by reducing the inflammation reaction including lowering
macrophages infiltration and systemic nonspecific inflammatory response and also restraining gap junction connexins leading
to less communication among cells. This study provides new ideas and methods for the prevention and treatment of vascular
remodeling.

1. Introduction

Vascular remodeling is a structural and functional variation
of vessels to adapt to the intracorporal environment. For
a long time, vascular smooth muscle cells (VSMCs) in the
media have been regarded as a central link and the adventitia
has been known to play only supportive functions [1].
However, the adventitia is an essential regulator of vascular
wall structure and function. Adventitial fibroblasts (AFs,
the major component of the adventitia) are activated and
transfer intomyofibroblasts, proliferate, andmigrate tomedia
and intima to participate in the progression of vascular
remodeling [2, 3].

In the initial stages of intimal balloon injury, one of the
key triggers of vascular remodeling is early inflammation in
the adventitia [4] including the infiltration of macrophages
[5] and neutrophils [6] and the release of inflammatory
factors, such as interleukin- (IL-) 1𝛽, IL-6, IL-8, and MCP-1
[7, 8]. Research in patients also found that in-stent resteno-
sis is related to macrophage infiltration [9]. Meanwhile
myofibroblasts release various proinflammatory cytokines,
for instance, MCP-1, recruitingmacrophages and neutrophils
to infiltrate into the adventitia [10, 11]. These inflammatory
responses promote activation and proliferation of adventitial
fibroblasts, resulting in adventitial remodeling.
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Cellular interaction in blood vessels is maintained by
multiple communication pathways, including gap junctions.
Gap junctions (GJs) arise from the docking of two hemichan-
nels or connexons, formed by the assembly of six connexins
(Cxs), and achieve direct cellular communication by allowing
the transport of small metabolites, second messengers, and
ions between two adjacent cells [12]. Although Cx37, Cx40,
and Cx43, respectively, are expressed in different layers of
vessel wall, Cx43 is common in all the three layers [13–
16]. Accumulating evidence supports the results that Cx43
has been deeply investigated in cardiovascular diseases.
In atherosclerosis, Cx43 promoted leukocyte to adhere to
endothelium and infiltrate into the media, which deterio-
rated atherosclerosis [17]. Further investigation showed that
reduced Cx43 expression could inhibit atherosclerotic lesion
formation in low-density lipoprotein receptor-deficient mice
[18]. Meanwhile, upregulation of Cx43 promoted SMC phe-
notypic transformation and accelerated intimal hyperplasia,
leading to vascular restenosis [19, 20]. In view of the function
of Cx43, its expression and relationship with inflammation in
the adventitia need to be illustrated.

In 2011 PCI guideline, treatment and prevention after
PCI mainly include antihypertensive therapy including 𝛽-
receptor blockers, angiotensin-converting enzyme inhibitors
(ACEI), lipid-lowering therapy with statins, and antiplate-
let/anticoagulant therapy with aspirin and clopidogrel [21].
Of these drugs, statins not only lower lipid concentration but
also diminish inflammation and expression of GJ [22, 23].
Though western medicine has gained success, a number of
potential risks remain, and we need to find new drugs to
prevent vascular remodeling.

Myofibroblasts play pivotal role in the tissue repair and
remodeling and are also a key player in pathological hyper-
trophic scars and organ fibrosis. The vascular remodeling
after PCI is similar to local wound repair. Based on this
idea, as well as the traditional Chinese medicine treatment
of supplementing qi, activating blood plus detoxification,
Yiqihuoxuejiedu formula was prescribed to prevent and
treat vascular remodeling. The prescription is composed
of astragalus, salvia, honeysuckle, and other components.
Previous researches have shown that the prescription can
reduce vessel stenosis, lower blood lipids [24], inhibit the
activation and proliferation of the adventitial fibroblasts, and
decrease collagen content and type I/III collagen ratio in the
adventitia [25].

In this study, we used a vascular remodeling model of
intimal injury with balloon injury and made Atorvastatin
a positive control to explore the underlying mechanism of
Yiqihuoxuejiedu’s inhibition on adventitial inflammation and
regulation of GJs at the early stages of injury (7 days). This
study may provide a new approach to prevent vascular re-
modeling.

2. Materials and Methods

2.1. Animals. Male Sprague-Dawley (SD) rats weighing
380 to 420 g were purchased from Beijing Weitong Lihua
Experimental Animal Technology Co., Ltd., Beijing, China

(certificate number SCXK (Beijing) 2012-0001). Rats were
raised in SPF room inBeijingUniversity ofChineseMedicine.
All the procedures were conformed to the National Institute
ofHealth’s Guide for theUse andCare of LaboratoryAnimals.

2.2. Establishment of Balloon Injury Model. One hour before
anesthesia, a deep subcutaneous injection of heparin was
given to each rat by 500U/kg. Next, rats were anesthetized
with 40mg/kg sodium pentobarbital. As showed in the
past study [25], a Fogarty 2 F balloon catheter (diameter of
balloon 2mm, length 20mm, Medtronic Company, USA)
was introduced through the left external carotid artery and
advanced 4–4.5 cm into the thoracic aorta while the internal
carotid artery was blocked. The balloon was inflated with
normal saline at 0.5 atm to 0.7 atm to distend the artery.Then
it was pulled back to the entry point.The entire procedurewas
repeated three times to denude the endothelium and cause
vascular injury. After removing the catheter, the external
carotid artery was ligated and the blood circulation of the
internal carotid artery restored. In the sham group, only
the external carotid artery was ligated. The above surgical
operation was done in sterile condition.

2.3. Medications and Grouping. The Yiqihuoxuejiedu for-
mula (Cat. Number 120603), composed of astragalus, salvia,
honeysuckle, and other components, was produced by the
Chinese Herbal Company of Beijing University of Chinese
Medicine (Beijing, China) and the final concentration of
crude drug was 1.2 g/mL.

Rats with balloon injury were randomly divided into
three groups: the model group, the Atorvastatin group, and
the Yiqihuoxuejiedu group. The sham group served as a con-
trol. Rats in the Atorvastatin group were orally administered
with 13.33mg/kg/d of Atorvastatin calcium (Pfizer), while
they were administered with 12 g/kg in the Yiqihuoxuejiedu
group and 10mL/kg/d distilled water in the sham and model
groups. Both doses for the two groups were based on the
typical daily clinical dosages for adults, corresponding with
10 times of clinical dosages. Rats were administered once a
day and seven days later, perfused with 4% paraformaldehyde
through the left ventricle to fix specimen and make paraffin
sections.

2.4. Histomorphometric Analysis. Carotid artery sections
(5 𝜇m) were stained with hematoxylin-eosin. Next, the sec-
tions were examined with amicroscope (magnification ×100)
and photographed formorphological analysis. Image analysis
software (Image-Pro Plus 6.0) was used to analyze the
following morphological indicators: lumen radius (lumen
perimeter/2𝜋), neointimal thickness (internal elastic mem-
brane perimeter/2𝜋 − lumen perimeter/2𝜋), and adventitial
area (total area of vessel − area circled by external elastic
membrane).

2.5. Radioimmunoassay Measurement and Analysis of CRP.
For radioimmunoassay of CRP, a nonequilibrium method
was used. The corresponding antibody was used to the
standard and sample solutions, mixed well, and placed at 4∘C
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Figure 1: Left common carotid artery slices with HE 7 days after injury. (a) Sham group, (b) model group, (c) Atorvastatin group, and (d)
Yiqihuoxuejiedu group.

for 24 h. Next, 125I-VIP (125I-SP, 125I-SS, Beijing Huaying
Biotechnology Institute) was added, mixed well, and placed
at 4∘C for another 24 h. After that, appropriate secondary
antibody was added, mixed thoroughly, and placed at room
temperature for 20min. Then samples were centrifuged
3500 r for 20min, and the supernatants were discarded. The
radionuclide blink count of precipitation was tested and
converted to mg/L according to the standard curve.

2.6. Immunohistochemistry Measurement and Analysis of
MCP-1, CD68, and Cx43. Different antibodies were used to
detect the expressions of MCP-1, CD68, and Cx43 in the
vascular wall. All samples were repaired in a microwave and
incubated in 0.3% hydrogen peroxide before using primary
antibodies (MCP-1, Abcam, UK; CD68 and Cx43, Santa Cruz
Biotechnology, USA) and secondary antibody-HRP multi-
mer (Zhongshan Golden Bridge Biotechnology Company,
China). Samples were then visualized with diaminobenzidine
substrate. The positive expressions of CD68, Cx43, and
MCP-1 appeared as brownish-yellow or a brown granulation
in the cytoplasm. The typical images were captured with

SPOT V3.0II software, and the average optical density or the
positive area was measured and analyzed by image-Pro Plus
6.0.

2.7. Statistical Analysis. Mean differences among groups were
statistically analyzed using one-way analysis of variance
(ANOVA) and between two groups by a TSD test. The level
of statistical significance was considered to be 𝑃 < 0.05.

3. Results

3.1. Lumen Radius and Changes of Neointimal Thickness.
Seven days after balloon injury, there was small reduction
of lumen radius in the model group but had no significant
difference compared with the sham group, neither in Ator-
vastatin nor in Yiqihuoxuejiedu groups. Intimal hyperplasia
appeared obviously in themodel group compared to the sham
group (𝑃 < 0.01). Compared with the model group, the
Yiqihuoxuejiedu formula could reduce neointimal thickness
(𝑃 < 0.01, Figures 1 and 2).
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Figure 2: Lumen radius and changes of neointimal thickness 7 days after balloon injury. (a) Lumen radius. (b) Changes of neointimal
thickness. ∗∗Compared with sham group, 𝑃 < 0.01. ##Compared with model group, 𝑃 < 0.01.
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Figure 3: The area of adventitia 7 days after balloon injury.
∗Compared with sham group, 𝑃 < 0.05. ##Compared with model
group, 𝑃 < 0.01.

3.2. The Area of the Adventitia. There was a significant
increase in the area of the adventitia in model group (𝑃 <
0.05). Compared with the model group, the area of the
adventitia in the Yiqihuoxuejiedu group was decreased (𝑃 <
0.01, Figures 1 and 3).

3.3. The Concentration of CRP in Serum. At the early period
of injury, CRP increased markedly in the serum, especially in
the model group (𝑃 < 0.01). The Yiqihuoxuejiedu formula
decreased CRP (𝑃 < 0.01), while Atorvastatin only had a
trend in reducing CRP (Figure 4).

3.4. The Expression of MCP-1 in Vascular Wall. Immunohis-
tochemistry showed that the expression ofMCP-1 in the three
layers of vascular wall increased after balloon injury, espe-
cially in the adventitia of themodel group.The average optical
density (OD) in the treatment groups was all decreased; the
adventitial positive expression in the Atorvastatin group had
an apparent reduction compared with the model group (𝑃 <
0.01, Figure 5).
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Figure 4: The concentration of CRP in serum. ∗∗Compared with
sham group, 𝑃 < 0.01. ##Compared with model group, 𝑃 < 0.01.

3.5.TheExpression of CD68 inVascularWall. Comparedwith
the sham group, CD68 expression of media and adventitia
in the model group had a significant increase (𝑃 < 0.05 for
media,𝑃 < 0.01 for adventitia).TheYiqihuoxuejiedu formula
inhibited positive expression of CD68 in the adventitia (𝑃 <
0.01), and it had a stronger effect than Atorvastatin (𝑃 < 0.05,
Figure 6).

3.6. The Expression of Cx43 in Vascular Wall. There were no
significant changes in the average OD in the vascular wall
when determining Cx43 expression. However, the positive
areas of Cx43 in surgery groups were increased, and there
was significant difference between the model group and the
sham group (𝑃 < 0.05). Compared with model group, the
positive area of Cx43 in adventitia significantly decreased in
the Yiqihuoxuejiedu group (𝑃 < 0.05).We observed the same
trend in the media but without any significant differences
(Figure 7).
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Figure 5:The expression ofMCP-1 in vascular wall. (a) Sham group, (b) model group, (c) Atorvastatin group, and (d) Yiqihuoxuejiedu group.
∗∗Compared with sham group, 𝑃 < 0.01. ##Compared with model group, 𝑃 < 0.01.

4. Discussion

PCI can lead to two types of vascular remodeling, pos-
itive remodeling and negative remodeling [26]. Positive
remodeling means that the vessels provide compensatory

dilation, and the lumen diameter does not change signifi-
cantly, while negative remodeling means that vessels shrink,
and the lumen diameter narrows. In the early remodel-
ing, adventitial fibroblasts play principal roles, although
VSMCs also contribute to the pathological change. In this
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Figure 6:The expression of CD68 in vascular wall. (a) Sham group, (b) model group, (c) Atorvastatin group, and (d) Yiqihuoxuejiedu group.
∗∗Compared with sham group, 𝑃 < 0.01. ##Compared with model group, 𝑃 < 0.01. △Compared with Atorvastatin group, 𝑃 < 0.05.

study, neointimal thickness slowly increased and lumen
showed no stenosis, but the adventitial area rapidly grew
in model animals. Thus, positive remodeling dominated
vascular remodeling at the early phase of intimal injury. The

Yiqihuoxuejiedu formula could inhibit neointimal thickness
and reduce the adventitial area. Our previous study demon-
strated that 𝛼-SMA expression of the adventitia increased in
model group at 7 days after balloon injury, which indicated
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Figure 7: The expression of Cx43 in vascular wall. (a) Sham group, (b) model group, (c) Atorvastatin group, and (d) Yiqihuoxuejiedu group.
∗Compared with sham group, 𝑃 < 0.05. #Compared with model group, 𝑃 < 0.05.

activation and proliferation of the adventitial fibroblasts
[25].

C-reactive protein (CRP) not only serves as one of the
most widely known biomarkers of cardiovascular disease
and underlying inflammation but also promotes activation
of endothelial cells and monocytes, leading to vascular
remodeling [27, 28]. The concentration of CRP increases

when inflammation occurs in the adventitia [8]. In our study,
CRP increased highly in serum, particularly in the model
group (𝑃 < 0.01), while the Yiqihuoxuejiedu formula could
diminish CRP (𝑃 < 0.01).

Lesion of the intima can lead to an early inflammatory
response, including infiltration of macrophages and neu-
trophils and the release of inflammatory factors, especially
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in the adventitia [29]. MCP-1 is secreted by monocytes-
macrophages and adventitial fibroblasts [30, 31], and it can
stimulate VSMCs to proliferate and migrate [32, 33] and
promote monocytes to gather in the adventitia, leading to
AFs proliferation and adventitial thickness [7]. In our study,
MCP-1 expression increased in all the three layers of the vessel
wall and markedly increased in the adventitia (𝑃 < 0.01).
The concentration ofMCP-1 was higher in the adventitia than
in the media and neointima, indicating severe adventitial
inflammation after vascular injury. The positive medicine,
Atorvastatin, significantly reduced MCP-1 expression to
restore the body’s balance between proinflammatory and
anti-inflammatory responses [34], but the Yiqihuoxuejiedu
formula had no effect on MCP-1.

Thirty minutes after intimal injury, the inflammatory
cells can be detected in the adventitia, with earlier time and
higher concentration than in the media [6]. Macrophages
can release cytokines and promote neointimal hyperplasia
[35–37]. CD68 is a special marker of macrophages. Our
study showed that macrophages infiltrated into the media
and adventitia, particularly in the latter.The Yiqihuoxuejiedu
formula limited the infiltration of macrophages dramatically,
and its effect was better than that of Atorvastatin (𝑃 < 0.05),
while Atorvastatin failed to do this.

GJs are important channels for exchanging matter, en-
ergy, and information between cells. They are closely as-
sociated with vascular function. Connexins (Cxs) are the
main components of GJs, and Cx43 is expressed mostly in
the vascular wall [16, 38]. Previous studies have indicated
that Cx43 in vessel wall increased after PCI and played
a promoting role in vascular remodeling by encouraging
VSMCs to proliferate and be activated together, leading to
inflammation in injured vessels [39–41]. One of the drug
targets is to reduce the level of Cxs and communication
among cells to prevent and treat remodeling. The present
study showed that Cx43 expression increased in the vessel
wall, especially in the adventitia, and cell communication
strengthened, leading to cell proliferation and inflammation.
Yiqihuoxuejiedu formula significantly reduced Cx43 (𝑃 <
0.05). Atorvastatin downregulated Cx43, but the change was
not significant. Other studies found different results with
Atorvastatin, mostly showing that the drug caused limited
Cx43 expression in VSMCs to achieve an antiproliferative
role [23]. Different drug doses may account for the different
results. We used 10 times the clinical dose in our study, but
other studies used higher doses [42, 43]. Thus, it is unclear
whether stains have an effective role in GJs under clinical
doses.

Yiqihuoxuejiedu formula is composed of astragalus,
salvia, honeysuckle, and other components based on Chinese
medicine principle of strengthening qi, activating the blood
plus detoxication. Our previous studies have demonstrated
that this formula reduced levels of lipids and TGF-𝛽 [24],
limited neointimal hyperplasia, and diminished the colla-
gen deposition in neointimal formation [44]. Astragalus,
salvia, and tetramethylpyrazine, the main ingredients, play
effective roles in anti-inflammation, downregulating MCP-1
and inhibiting SMC proliferation and migration [45–50].
All of these targets are the vital pharmacological bases for

the Yiqihuoxuejiedu formula to inhibit neointimal formation
and reduce macrophages infiltration and Cx43 expression in
present study.

5. Conclusion

In summary, the injured vessel presents positive remodeling
with slight neointimal hyperplasia and remarkable adventitial
remodeling, and it also elicits inflammatory reactions with
high expressions of MCP-1, CD68, and Cx43, particularly in
the adventitia at the early phase of intimal injury. Yiqihuox-
uejiedu formula restrained expression of CD68 and Cx43
remarkably in the adventitia and reduced the concentration
of CRP and diminished intimal hyperplasia and area of
the adventitia. These results indicated that this formula
could inhibit vascular remodeling by limiting macrophages
infiltration in the adventitia, depressing systemic nonspecific
inflammatory response and AFs proliferation, and reducing
GJs between cells.This study provides new ideas andmethods
for the prevention and treatment of vascular remodeling.
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Objective. To investigate the effect of 𝛼-allocryptopine (ALL) on delayed afterdepolarization (DAD) incidence and triggered
activity (TA) in mice administered isoproterenol (ISO). Methods. Mouse ventricular myocytes were isolated. And the cellular
electrophysiological properties of ventricular myocytes were investigated. Results. We found that the incidences of DADs and TA in
mouse myocytes were increased by ISO treatment. In sharp contrast, triggered arrhythmia events were rarely observed inmyocytes
with 10𝜇M ALL treatment. Transient inward current (𝐼ti) was reduced significantly with ALL treatment, which contributed to
DAD-related triggered arrhythmia. Compared to Iso-treated group, the L-type calcium current (𝐼Ca,L) densities were decreased after
exposure toALL, alongwith slower activation, quicker inactivation, and longer time constant of recovery from inactivation kinetics.
Conclusion. There is less triggered arrhythmia events in ventricular myocytes treated with ALL. This effect may be associated with
the inhibition of 𝐼ti and 𝐼Ca,L.

1. Introduction

It is widely believed that the incidences of delayed afterde-
polarizations (DADs) and triggered activities (TAs) have dra-
matically increased in heart failure patients [1, 2]. DAD-
mediated TA is believed to play an important role in abnor-
mal autorhythmicity, which causes the majority of sudden
cardiac death during nonischemic heart failure by contribut-
ing to intracellular Ca2+ overload.DAD-mediatedTA leads to
activation of sodium-calcium exchanger (NCX) that extrudes
Ca2+ in exchange for Na+ and generates a net inward current
(𝐼ti) [3, 4]. The larger 𝐼Ca,L plays a vital role in producing
𝐼ti. 𝐼ti induces DADs that may reach threshold and trigger
premature beats [5]. Currently, there is no effective strategy
for the treatment of triggered arrhythmias. Available clinical
antiarrhythmic drugs have a narrow therapeutic index, which
identifies the need for researchers to explore the safety profile
and effectiveness of alternative drugs.

𝛼-Allocryptopine (ALL), a derivative of tetrahydropalma-
tine, is extracted from Corydalis decumbens (Thunb.) Pers.
Papaveraceae [6]. Previous studies have indicated that ALL
has antiarrhythmic effects in various animal models, which
could be accounted for by the electrophysiological effects
of ALL in prolonging the action potential duration [7].
However, it is not clear whether ALL reduces DADs and TAs
in ventricular myocardium to resist the development of trig-
gered arrhythmias. The present study aimed to characterize
the action and mechanism of ALL on DADs and TAs in
mouse ventricular myocytes by using the whole cell patch-
clamp technique.

2. Materials and Methods

All experimental procedures and protocols were carried out
according to the Chinese law on animal experimentation and
approved by theAnimal Experimental Committee of Chinese
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Figure 1: Chemical formula of ALL, an alkaloid extracted from
Corydalis decumbens (Thunb.) Pers. Papaveraceae.

PLA General Hospital. This study conforms to the Guide for
the Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication number 85-
23, revised 1996).

2.1. Alpha-Allocryptopine Preparation and Treatment. Alpha-
allocryptopine (ALL, formula is shown in Figure 1) was
supplied by the Pharmaceutical Department of Lanzhou
University (molecular weight: 365), melting point 168∘C, as
a white crystal powder, and 99.0% purity. ALL was dissolved
in dimethyl sulfoxide (DMSO) to obtain a stock solution
of 1.0M. The effect of ALL was investigated at a maximum
concentration of 0.5mM. Based on the highest employed
drug concentrations, DMSO was added to the media to
produce a final concentration of 0.1%.Thedrug stock solution
was added to the culture media or bath solution to produce
the final concentration as reported in Section 3.

2.2. Patch-Clamp Experiments. Mouse cardiac myocytes
were isolated using an established enzymatic digestion pro-
tocol. Cell pellets were resuspended and plated on laminin-
coated 35mmdishes. Only quiescent, Ca2+-tolerant, and rod-
shaped cells were used. Transmembrane action potentials and
currents were recorded in whole cell configuration as previ-
ously described using a MultiClamp 700B amplifier (Axon
Instruments) [7]. Correction for liquid junction potentials
(which averaged −10mV) was applied only for resting poten-
tial and reversal potential values.

Action potentials and current were recorded using the
whole cell patch-clamp technique with a MultiClamp 700B
amplifier (Axon Instruments). Data were sampled at 10 kHz
and subsequently filtered at 5 kHz for analysis (Digidata
1440A, Axon Instruments). Patch pipettes were pulled from
borosilicate glass on a P-97 horizontal puller (Sutter Instru-
ments). The resistance electrodes of 2MΩ ∼5.5MΩ were
used to record action potentials and currents. A routine series
resistance compensation was performed for values >80% to
minimize voltage clamp errors. Thus, the uncompensated
𝑅series was < 2MΩ.Themembrane capacitance wasmeasured
on each of the cells and was compensated by approximately
80% ∼90% of their initial value.

2.3. Stimulation Parameters of Cardiac Myocytes. Myocytes
were electrically stimulated for 3ms with a 1.5 nA depolariz-
ing pulse. Action potentials were induced in cardiacmyocytes

by 30 trains of suprathreshold current pulses at frequencies
of 1.0, 2.0, 3.0, 4.0, and 5.0Hz while the cells were under
current clamp. DAD is defined as a depolarization >5mV for
>10ms occurring during diastole (phase 4) immediately after
an action potential. TA is defined as a spontaneous action
potential arising from DADs.

To record transient inward current (𝐼ti), serial voltage
stepswere preceded by 20 conditioning pulseswith each pulse
lasting 150ms from −80mV to +50mV at intervals of 100ms.
Following conditioning, serial voltage steps were applied for
2 s from −100mV to +30mV at 10mV increments. Successive
trains were 6 seconds apart. 𝐼ti amplitude was measured as
the difference between the peak and the base of the transient
current with the first peak taken for analysis.

Using an extracellular solution with 0.05mM TTX to
inhibit Na+ current and 5.0mM CsCl to inhibit K+ current,
L-type calcium current (𝐼Ca,L) was recorded with 200ms
depolarizing pulses from a holding potential of −40mV, with
10mV steps from −40mV to +60mV. Current-voltage (𝐼-𝑉)
curves were obtained with 10mV voltage steps (−40mV to
+60mV) from a holding potential of −40mV.

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS version 17.0. One-way ANOVA with a Bonferroni
post hoc test or Student’s 𝑡-test was used. Chi-square tests
(Fisher exact tests) were used to compare differences in the
occurrence of DADs and TAs. Data were expressed as mean
± SEM. 𝑝 < 0.05 was considered statistically significant.

3. Results

3.1. DADs and TA Incidences in Mouse Ventricular Myocytes
of Mice with ALL Treatment. Under fast frequency pacing
pulse (5.0Hz), DADs were elicited in 20% (5/25) of cardiac
myocytes following 30 nM ISO treatment (Figures 2(a) and
2(b)). The occurrence of DADs was significantly decreased
in cardiac myocytes treated with 30 nM ISO treatment when
administered 10 nM ALL (9%, 3/25, 𝑝 < 0.01, Figures 2(a)
and 2(b)). Only 4% of untreated myocytes had DADs (1/25,
Figures 2(a) and 2(b)). Twelve percent of TA events were
observed in cells treated with ISO. In myocytes administered
ISO and then treated with 10 𝜇MALL, only 4% had TA events
(𝑝 < 0.01, Figures 2(a) and 2(c)).

3.2. Frequency Characteristics of ALL on DADs and TA Inci-
dences. Action potentials were recorded from ventricular
myocytes that were stimulated at 1 to 5Hz. Figure 3(a)
displays 30 continuous driven action potentials at each pacing
frequency with the development of DADs and TAs when
pacing was discontinued. DADs and TAs were observed after
relatively faster pacing frequencies. Compared to control
myocytes, the occurrence of DADs and TAs progressively
increased following treatment with 30 nM ISO at higher
frequencies.The numbers of DADs or TAs were reduced after
exposure to 10 𝜇M ALL, and this effect was more significant
during high frequency stimulation (Figures 3(b) and 3(c)).
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Figure 2: Effects of ALL on DADs and TA in mouse ventricular myocytes with 5.0Hz stimulation. (a) The events of DADs or TAs induced
with ISO were decreased after exposure to 10𝜇M ALL. The percent of DADs and TA events is shown in (b and c). ∗∗𝑝 < 0.01, compared to
control myocytes; ##𝑝 < 0.01, compared to myocytes with ISO treatment.

3.3. 𝐼
𝑡𝑖
of Mouse Ventricular Myocytes with ALL Treatment.

It is known that the occurrence of DADs is due to instigation
by 𝐼ti. To evaluate the role of 𝐼ti in development of DADs
and TA, we recorded 𝐼ti among three groups. Compared
to control cells, there was a notable increase of 𝐼ti found
under exposure to 30 nM ISO. On average, the peak current
densities of 𝐼ti increased from −1.03 ± 0.12 pA/pF to −2.38 ±
0.08 pA/pF, which was markedly reduced by 10 𝜇M ALL to
−1.21 ± 0.14 pA/pF (𝑝 < 0.05, 𝑛 = 10, Figures 4(a) and 4(b)).
Current-voltage relationship curves indicated that maximal
inward current density of 𝐼ti was at the potential of −60mV.
Also, the current density of 𝐼ti was greater in myocytes with
ISO treatment, ranging from −80mV to −20mV, compared
to untreated myocytes. The ISO-induced increase of current
in myocytes was reduced by ALL treatment (Figure 4(c)).

3.4. 𝐼
𝐶𝑎,𝐿

of Mouse Ventricular Myocytes with ALL Treatment.
Since DAD events were augmented by both ISO and ALL
treatment, we mainly measured currents of L-type calcium

currents. The 𝐼Ca,L currents of three groups were showed in
Figure 5(a). The current densities of 𝐼Ca,L in myocytes with
30 nM ISO treatment were significantly larger, with −8.5 ±
0.6 pA/pF in the control group and −15.5 ± 0.3 pA/pF in
the ISO-treated group at 0mV of test potential. 𝐼Ca,L was
reduced to −10.3 ± 0.4 pA/pF in ISO-treated myocytes that
were cotreated with 10 𝜇M of ALL (𝑝 < 0.01, 𝑛 = 12,
Figure 5(b)).The concentration-dependent inhibition of ALL
on 𝐼Ca,L is shown in Figure 5(c), with IC

50
: 16.08 ± 1.23 𝜇M

and Hill coefficient: 0.84. The current-voltage relationship
demonstrated that current densities of 𝐼Ca,L from myocytes
treated with ISO were significantly larger than in control
myocytes from −20mV to +20mV. This effect was alleviated
by 10 𝜇MALL treatment (Figure 5(d)).

Steady-state activated curves and steady-state inactivated
curves of 𝐼Ca,L were fitted by the Boltzmann equation func-
tion. The steady-state activated curve of 𝐼Ca,L was shifted
to more negative potential in the presence of 30 nM ISO.
Meanwhile, the steady-state inactivated curve was shifted to
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Figure 3: Frequency characteristics of ALL on DADs and TAs. (a) Hold potential at 0mV, applying 30 wave pulses at 1500 pA for 3ms at
frequencies of 1.0, 2.0, 3.0, 4.0, and 5.0Hz. Compared with untreated myocytes, the events of DADs and TAs progressively increased and
had accelerated frequency following treatment with 30 nM ISO. Numbers of DADs or TAs were reduced in myocytes treated with ISO after
exposure to 10 𝜇MALL in (b and c).

more positive potential by ISO treatment (Figures 6(a) and
6(c)). This suggests a slower activated procedure and faster
inactivated procedure of 𝐼Ca,L. Changes to the steady-state
(in)activated curves were reversed by treatment with 10𝜇M
ALL.𝑉

1/2,act and𝑉1/2,inact were significantly different between
the three groups, whereas 𝑘act and 𝑘inact values in the three
groups had no significant difference (Figures 6(b) and 6(d)).

A faster recovery from inactivation of 𝐼Ca,L in myocytes
with ISO treatment was reversed by 10𝜇M ALL treatment.
The representative currents of recovery from inactivation
before and after Iso and ALL treatment were recorded and
shown in Figure 7(a). The average recovery time constants
from inactivation were 895 ± 20ms in the control group,
312 ± 16ms in the ISO-treated myocytes, and 545 ± 22ms in
myocytes cotreatedwith ISO andALL, respectively (𝑝 < 0.01,
𝑛 = 10, Figure 7(b)).

4. Discussion

Themajor finding of the present study is that mouse ventric-
ular myocytes exhibited a lower incidence of ISO-induced
DADs and TAs in response to 10 𝜇M ALL, which suggests
that ALL has potential antitriggered arrhythmic effects. TAs
have been easily induced by DADs in ventricular myocytes
following the addition of isoproterenol and high calcium [8].
Furthermore, in isolated mouse ventricular myocytes, the
effect of ALL on depressing DADs and DAD-induced TAs is
largely rate-dependent showing stronger inhibitory effects at
higher pulse frequencies.

DADs are generally thought to be initiated by sponta-
neous Ca2+ release from the sarcoplasmic reticulum (SR) and
a Ca2+-activated transient, depolarizing inward current (𝐼ti)
[9, 10]. Several Ca2+-activated currents have been proposed
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Figure 4: Effect of ALL on 𝐼ti in mouse ventricular myocytes. (a) The left inset shows current traces obtained by applying train pulses from
−100mV to +30mV for 2 s after conditioned stimulus ranging from −80 to +50mV at intervals of 150ms. (b) The larger current densities
induced by ISO were significantly reduced with 10𝜇M ALL treatment. (c) Current-voltage relationship showed that densities of inward 𝐼ti
ranging from −80mV to 0mVwere decreased by treatment with ALL with the largest reduction of peak current at −60mV. ∗∗𝑝 < 0.01, versus
control myocytes; ##𝑝 < 0.01, versus myocytes with ISO treatment.

to participate in 𝐼ti, namely, the NCX exchange (𝐼Na/Ca) and
calcium activated chloride channels (𝐼Cl,Ca) [11, 12]. Recently,
Asakura et al. [4] reported that activation of the ryanodine
receptor results in an explicit Ca2+ release initiated by the
subthreshold Ca2+ accumulation and the progressive accu-
mulation of [Ca2+]i, which rapidly increases the rate of DAD
events. During heart failure, it has been shown that there is
an increase in magnitude of 𝐼Na and 𝐼Ca,L and NCX exchange
protein can double. Together, this will increase 𝐼Na/Ca andwill

double 𝐼ti amplitude, which depolarizes the cell towards TA
threshold. 𝐼ti induces DADs during the diastolic interval that
may trigger premature beats by reaching threshold potential.
Triggered arrhythmias cause the majority of sudden car-
diac death during nonischemic heart failure [2]. Our data
demonstrates the ability of ALL to suppress DADs and DAD-
induced TA and that this effect could be explained by its
action to reduce 𝐼ti currents. Current-voltage relationships
of myocytes undergoing stimulation showed that densities
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Figure 5: Effect of ALL on 𝐼Ca,L in mouse ventricular myocytes. (a) Representative 𝐼Ca,L traces in mouse ventricular myocytes of the indicated
three groups. Current amplitudes of 𝐼Ca,L with ISO treatment were significantly higher and were reduced by treatment with ALL (b). The
concentration-dependent inhibition of ALL on 𝐼Ca,L is shown in (c), with IC

50
: 16.08 𝜇M and Hill coefficient: 0.84. The current-voltage

relationship demonstrated that current densities of 𝐼Ca,L frommyocytes with ISO treatment were significantly larger than in control myocytes.
The effect of ISO on 𝐼Ca,L was alleviated by 10𝜇MALL treatment (d). ∗∗𝑝 < 0.01, versus control myocytes; ##𝑝 < 0.01, versus myocytes with
ISO treatment.

of inward 𝐼ti range from −80mV to 0mV were decreased by
ALL, with the largest reduction peak current at −60mV. The
lower amplitude of 𝐼ti leads to fewer events of DADs and
subsequent DAD-induced TAs.

During heart failure, 𝐼Ca,L is essential for the electrical
and biochemical function of the heart because they are
the primary pathway for Ca2+ influx into cardiac myocytes.
We found a notable 𝐼Ca,L increase in myocytes with ISO
treatment.The steady-state activated curve of 𝐼Ca,Lwas shifted
to negative potential, while the steady-state inactivated curve
was shifted to positive potential by ISO treatment. The main
mechanism of channel gating is a shorter time constant of
recovery from inactivation in ISO-treated cells. The time
constant of recovery from inactivation was prolonged and

changes of the steady-state (in)activated curves were reversed
by ALL treatment. Also, the increased effect of ISO on 𝐼Ca,L
was alleviated by ALL with less DAD events as a response.
For these reasons andmore, the effects of ALL on 𝐼Ca,L and 𝐼ti
may attenuate ISO-induced arrhythmogenesis by decreasing
the genesis of DADs.

The data in this study should be interpreted with caution
because of its potential limitations. First, normal mouse
ventricular myocytes are employed to determine the effect of
ALL on DADs and TAs. As we know, triggered arrhythmias
are prone to develop in heart failure. It is difficult to establish
a heart failure model in mice, but normal cells do not mirror
disease states. Therefore, ventricular myocytes isolated from
mice with heart failure should be adopted in future research.
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Figure 6: Continued.
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Figure 6: Effect of ALL on steady-state activated and inactivated curve of 𝐼Ca,L. (a) The representative currents of 𝐼Ca,L activation and
inactivation before and after being treated with Iso 30 nM and ALL 10𝜇M. (b and c) The steady-state activated curve of 𝐼Ca,L was shifted
to negative potential, while the steady-state inactivated curve was shifted to positive potential following ISO treatment. Changes of steady-
state (in)activated curves were reversed with 10 𝜇MALL treatment.𝑉

1/2,act and𝑉1/2,inact were shown in (d and e); 𝑘act and 𝑘inact were shown in
(f and g). ∗∗𝑝 < 0.01, versus control myocytes; ##𝑝 < 0.01, versus myocytes with ISO treatment.
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Figure 7: Effect of ALL on recovery from inactivation of 𝐼Ca,L. (a) The representative currents of 𝐼Ca,L recovery from inactivation after being
treated with Iso 30 nM and ALL 10𝜇M. (b) A faster recovery from inactivation of 𝐼Ca,L in myocytes treated with Iso was observed. The time
constant of recovery from inactivation was prolonged in myocytes treated with ALL.
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Second, DADs and TA events are regulated by many currents
such as 𝐼Ca,L, 𝐼ti, 𝐼K1, 𝐼NCX, and 𝐼Cl,Ca [13, 14]. We only
investigated 𝐼Ca,L and 𝐼ti in this study. The effects of ALL on
other currents should be investigated in future research.

In conclusion, DADs and TA events were decreased in
mice ventricular cells treated with ALL. The underlying
mechanism through which these cells exhibited a lower
incidence of triggered arrhythmias was unclear. A possible
explanation is that the decrease of 𝐼Ca,L leads to NCX
exchanger inhibition and generates 𝐼ti. On the other hand, 𝐼ti
current can be directly blocked byALL. Together, these effects
on 𝐼ti will explain the reduced incidence of DADs and TAs in
mouse by ALL.
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Purpose. In this report, we investigated the protective mechanism of scutellarin (SCU) in vitro and in vivo which could be involved
in endothelial cGMP-dependent protein kinase (PKG), vasodilator stimulated phosphoprotein (VASP) pathway, and vascular
endothelium dysfunction (EtD). Method. Human brain microvascular endothelial cells (HBMECs) with hypoxia reoxygenation
(HR) treatment and rats with cerebral ischemia reperfusion (CIR) treatment were applied. Protein and mRNA expression of PKG,
VASP, and p-VASP were evaluated by Western blot and RT-PCR methods. Vascular EtD was assessed by using wire myography
to determine endothelium-dependent vasorelaxation in isolated rat basilar artery (BA). Result. In cultured HBMECs, SCU (0.1, 1,
and 10𝜇M) increased cell viability, mRNA, protein level, and phosphorylative activity of PKG and VASP against HR injury. In HR
model of BA, SCU increased protein level of P-VASP. In rat CIR model, wire myography demonstrated that SCU (45 and 90mg/kg,
i.v.) significantly reduced ischemic size by partially restoring the endothelium dependent vasodilation of BA; PKG inhibitor Rp-
8-Br-cGMPS (50 𝜇g/kg, i.v.) reversed this protection of SCU in CIR rats. Conclusion. SCU protects against cerebral vascular EtD
through endothelial PKG pathway activation.

1. Introduction

Vascular endothelium has complex physiological functions
such as maintaining vascular tone, inhibiting platelet aggre-
gation, reducing endothelial permeability, reducing adhesion
molecules expression, and inhibiting vascular smoothmuscle
cell (VSMC) proliferation [1]. Endothelial cells, in easily dam-
aged anatomical functional interface, are firstly affected by a
variety of injuries including ischemia reperfusion (IR), that
stimulating effect leads to the damage of structural integrity
and reduce of function and then endothelial dysfunction
(EtD) occurs. EtD may be an important basis for a number
of diseases [1, 2]. Vascular tension adjustment disorders and
abnormal expression of adhesion molecules are the main
manifests of EtD. Study has shown that IR produces vascular
EtD as defined by abrogated endothelium-dependent dilation

[2]. In addition, previous study indicated that hypoxia reoxy-
genation (HR) caused selective inhibition of response to
acetylcholine (ACh) in the cerebral arteries [3].

Ischemia reperfusion (IR) leads to tissue injury in various
pathophysiological conditions. IR directly affects the vascular
wall and luminal surface of blood vessel, causing damages
including hemorrhage, capillary plugging, adhesion and infil-
tration of granulocytes, impaired vascular permeability, and
endothelial dysfunction (EtD) [4]. Endothelial cells, while
being particularly susceptible to IR injury, play an active
role in IR-induced organ damage [5]. EtD reduces perfusion
to ischemia areas and thereby exacerbates tissue injury and
subsequent damage [6].

cGMP-dependent protein kinase (PKG) is a serine/thre-
onine protein kinase that is activated by cGMP. Accumulat-
ing evidences are demonstrating that PKG phosphorylates
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a number of biologically important targets which are needed
to accomplish multiple cellular functions and its dysregula-
tion has been incriminated in many diseases, such as hyper-
tension, atherosclerosis, chronic heart failure, left ventricular
hypertrophy, ventricular remodelling, IR injury, diabetes, and
cancer [7]. Among the three isoforms of PKG-I𝛼, PKG-I𝛽,
and PKG-II, PKG-I𝛼 is the strongest vascular tonemodulator
regulating cell motility, migration, proliferation, and vascular
tone [8].

Moreover, there was report that PKG is involved in
testosterone-induced vasodilation of human umbilical artery
[9]. Upon activation, PKG phosphorylates VASP, which in
turn activates downstream ion channels, leading to vascular
smooth muscle relaxation and vasodilation. Previous reports
have suggested that vasorelaxant effects of baicalin aremainly
attributed to voltage-dependent Ca2+ channel (VDCC) inhi-
bition and BKCa channel activation through PKA and PKG
pathways [10].

Vasodilator stimulated phosphoprotein (VASP) belongs
to the Ena/VASP protein family and is an important PKG-I
substrate and actin regulatory protein. Studies [11] suggested
that phosphorylated VASP at serine 239 (p-VASP) has been
shown to be a usefulmonitor for PKG-I activity in intact cells.

Scutellarin (SCU), 4,5,6-trihydroxy flavonoid-7-glucu-
ronide, was reported to be the primary active ingredient
of breviscapine, which is a mixture of flavonoid glycosides
isolated from a Chinese traditional medicine plant Erigeron
breviscapus (Vant.) Hand. Mazz. [12]. The plant extracts and
SCU have been used in China to treat a variety of disorders
including cardiovascular, cerebrovascular, and inflammatory
diseases for many years [13]. In animal studies, SCU has
been reported to be neuroprotective in rat cerebral ischemia
reperfusion (CIR) models [14] via augmentation of antioxi-
dant defense capacity [13]. In addition, SCU prevented EtD
in diabetic rats and inhibited translocation of protein kinase
C in diabetic thoracic aorta of the rat [15]. Our earlier
study [16, 17] showed that relaxation effect of SCU on artery
was predominantly endothelium dependent and partially
involved the catalase-sensitive nitric oxide synthase signaling
pathway.

Based on these observations, we hypothesize that SCU
reduces EtD through the PKG-I pathway. To verify this
hypothesis, we test the protein level and mRNA expression
of PKG-I, VASP, and p-VASP in human brain microvascular
endothelial cells (HBMECs). The effects of SCU on EtD of
brain basilar artery (BA) and infarct size were checked in rats
with CIR injury.

2. Materials and Methods

2.1. Chemicals and Drugs. SCU was obtained from Kun-
ming Longjin Pharmaceutical Co. (Kunming, China). Cell
culture reagents DMEM, modified RPMI-1640 medium,
and fetal bovine serum were obtained from the Hyclone
(Thermo Scientific, USA). Other items include Wire Myo-
graph System DMT (Danish Myo Technology Company,
Denmark) and Power Lab data recording and analyt-
ical system (ADInstruments Ltd., Australia). HBMECs
were purchased from Yangsen Biology Limited Company

(Shanghai, China). U46619 was purchased from Cayman
Chemical Company. PKG inhibitor Rp-8-Br-cGMPS was
purchased from Santa Cruz Biotechnology (Dallas, TX,
USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), triphenyl tetrazolium chloride (TTC), and
ACh were purchased from Sigma-Aldrich (St. Louis, MO,
USA).

2.2. Animals. Sprague-Dawley rats (180–220 g, male and
female in each half) were provided by the animal center of
Kunming Medical University. All animals were housed in
microisolation under conditions of constant temperature and
controlled illumination (light on 12-hour light/dark cycle).
Food and water were available ad libitum. All the animals
used in the experiment received humane care. All surgical
and experimental procedures were in accordance with the
institutional animal care guidelines. The animal study was
approved by the Animal Care and Use Committee of Kun-
ming Medical University and conformed to the standards set
by the Yunnan Experimental Animal Management Board.

2.3. Methods

2.3.1. Endothelial Cell Culture and HR Treatment. HBMECs
were obtained from the Shanghai Yangsen Biochemical
Technology Company (Shanghai, China) and grown in
1640 medium supplemented with 10% fetal bovine serum
and 1% penicillin/streptomycin antibiotics. Tightly confluent
monolayers of HBMECs from 4th−15th passage were used
in all experiments. In experiments checking the effects of
SCU under normal condition, cells were treated with vehicle
control (NS) or SCU (0.1, 1.0, and 10.0 𝜇M) at different con-
centrations for 26 hours. In experiments with HR treatments,
cells were divided into 5 groups including control, HRmodel,
HR + SCU 0.1 𝜇M, HR + SCU 1 𝜇M, and HR + SCU 10 𝜇M
group. Control cells were cultured in parallel and kept in
normal culture condition for the entire time period (26 h).
Simulated HR injury was induced according to previously
described procedures [18] with minor modifications. Briefly,
HBMECs were placed in a humidified hypoxic chamber
(HF100, Heal Force Biotech Co., Shanghai, China) for 12 h of
hypoxia (5% CO

2
+ 2% O

2
+ 93% N

2
) with medium free of

glucose and serum at 37∘C, followed by 12 h of reoxygenation
(5% CO

2
+ 95% air) in complete medium containing glucose

and serum. For HR + SCU groups, cells were incubated
with SCU at different concentrations for 2 h prior to hypoxia
treatment and during hypoxia (12 h) and reoxygenation (12 h)
injury. For control group, cells were treated with vehicle
control (NS) for 26 h, and for SCU groups, cells were given
different concentrations of SCU for 26 h separately. At the end
of the experiment, cell viability was examined using MTT
assay as described below. Furthermore, cells of each group
were also collected for RT-PCR assay and Western blotting
assay as described in the following sections. All experiments
were performed in triplicate.

2.3.2. MTT Assay of Cell Viability. For MTT assay, cells
were plated in 96-well flat-bottomed plates at a density
of 3 × 104 cells/mL and 90𝜇L/well. Cells were cultured in



Evidence-Based Complementary and Alternative Medicine 3

normal culture condition or treatedwith simulatedHR injury
as described above. After the treatments, 20𝜇L of MTT
(5mg/mL) was added to each well and the plates were incu-
bated for 4 h at 37∘C.Then, 100𝜇L of lysis buffer (20% sodium
dodecyl sulfate [SDS] in 50% N,N-dimethylformamide, con-
taining 0.4% [v : v] 1 N HCL and 0.5% [v : v] 80% acetic acid)
was added to eachwell and incubated overnight. Cell viability
was determined by measuring the ability of metabolically
active cells to convert the yellow tetrazolium salt MTT
(5mg/mL, PH = 7.4) into purple formazan crystals with a
microplate reader at 570 nm. Results of three independent
experiments (each conducted in triplicate) were used for
statistical analysis.

2.3.3. Western Blot Analysis. The PKG-I, VASP, and p-VASP
protein levels in lyzed cell were examined by Western
analysis. Protein concentrations were determined by using
BCA Protein Assay Kit (Beyotime Biotechnology, Haimen,
Jiangsu, China). Total protein (20𝜇g) was fractionated on
10% SDS-PAGE and transferred to nitrocellulosemembranes.
Membranes were blocked with 10% defatted milk powder
solution at room temperature for 2 h and incubated overnight
at 4∘C with the rabbit antibodies against VASP (concen-
tration 1 : 500, Cell Signaling Technology, Inc., USA), p-
VASP (Ser239) (concentration 1 : 2000, Santa Cruz Biotech-
nology, USA), and PKG-I (concentration 1 : 1000, Santa Cruz
Biotechnology, USA). After three washes, membranes were
incubated with horseradish peroxidase conjugated goat anti-
rabbit IgG antibody (Santa Cruz Biotechnology, USA) for
1.5 h at room temperature. Then four washes were repeated,
and the protein was visualized with enhanced chemilumi-
nescence kit (Sigma, USA). The density values of bands
were quantified by densitometric analysis of scanned images
(Scion Image 4.03). The relative protein ratio was calculated
by determining the integrated intensity of the bands of each
treated group as a ratio of the control condition.

2.3.4. RT-PCR. Total RNAs were isolated from the cells
by using Trizol reagent (TaKaRa, Japan). The sequences of
primers (human PKG-I𝛼 and GAPDH) used in this study
were PKG-I𝛼 (forward, AGCGGATCGAAGCAGGAG-
GC and reverse, TGACGGTCGCTGTCCGGGTA, 728 bp)
and GAPDH (forward, AATCCCATCACCATCTTCC and
reverse, GAGTCCTTCCACGATACCAA, 309 bp), respec-
tively.

Total RNA (1 𝜇g) was reverse-transcribed into cDNA
using a Quantscript RT Kit (Tiangen, China). PCR was
performed using a PCRMasterMix Kit (BioTeke, China) in a
GeneAmp PCR system 9600 (ABI Int.). cDNA was amplified
under the thermocycling conditions as follows: 3min initial
denaturation at 94∘C (1 cycle), 30 s denaturation at 94∘C (35
cycles), 30 s annealing at 57∘C for human PKG andVASP, and
45 s extension at 72∘C.The last amplification was followed by
a final 7min incubation at 72∘C.PCRproductswere separated
by electrophoresis through 1% agarose gel, stained with
ethidiumbromide, and visualized byUV transillumination in
a Tocan Gel Imaging System (Tocan Co., Shanghai, China).
GAPDH was used as an internal control. The mRNA level
was calculated by determining the integrated intensity of

the bands of each treated group as a ratio of the control. Each
sample was measured in triplicate and the mean threshold
cycle (Ct) value was calculated.

2.3.5. Rat CIR Model and Evaluation of Cerebral Infarct
Volume. At room temperature (22 ± 2∘C) conditions, the
rats with 10% chloral hydrate (0.035mL/kg) intraperitoneal
injection of anesthesia were supinely fixed on the operating
table, giving the tail vein injection of drugs while starting
surgery. The right external carotid artery was ligated, and
then right middle cerebral artery was given reperfusion 24 h
after occlusion for 1 h [19]. At the end of the reperfusion,
rats were decapitated. The brains were rapidly removed and
frozen immediately at −20∘C for 15min, and then the brains
were cut into 2mm thick coronal sections which were stained
with 1% TTC at 37∘C for 10min followed by fixation with 4%
paraformaldehyde for 1 hour. Unstained areas were defined as
ischemic lesions, whereas normal tissue was stained red. The
infarct areas were traced and quantified with IPP software.
Infarct areas of all sections were added to derive the total
infarct area, which was multiplied by the thickness of the
brain sections to obtain the infarct volume. To compensate
for the effect of brain edema, the corrected infarct volume
was calculated as previously described [20]. Corrected infarct
volume equals total infarct volume multiply contralateral
hemisphere volume/ipsilateral hemisphere volume.

To evaluate the effects of SCU on CIR injury, SD rats
were divided into four groups (𝑛 = 10–12 in each group):
sham, CIRmodel, and two SCU groups (45 or 90mg/kg, i.v.).
In another experiment, the influence of PKG inhibitor on
the effects of SCU was assessed. The rats were divided into
four groups (𝑛 = 10–15 each): CIR model, SCU (90mg/kg,
i.v.), PKG inhibitor (50 𝜇g/kg, i.v.), and SCU (90mg/kg,
i.v.) + PKG inhibitor (50𝜇g/kg, i.v.) treated group. Drug
infusion was initiated intravenously during surgery via the
tail vein (2mL/h). The sham and CIR model groups were
given normal saline (NS).

2.3.6. Evaluation of EtD in Isolated BA from CIR Rats. The
above treated rats were sacrificed and the BA was gently
excised and rinsed off blood in 4∘C PSS buffer solution
(140mM NaCl, 4.7mM KCl, 1.6mM CaCl

2
, 1.2mMMgSO

4
,

1.2mM MOPS, 1.4mM Na
2
HPO
4
, 0.02mM EDTA, and

5.6mM D-glucose. The PH of PSS was preadjusted to 7.4 at
37∘C).The BA was cleaned of fat and surrounding tissue, and
then was cut into approximately 1-2mm rings..

An integrated wire myograph system (Model 620M,
DMT Asia Ltd., Shanghai, China) was applied with a Motic
SMZ168-TL stereomicroscope to mount BA rings on 60 𝜇m
steel wires in separated tissue baths of the wire myograph
system for tension recording. The tissue baths were filled
with PSS solution (PH 7.4) at 37 ± 1∘C and aerated with
O
2
. Washout was performed by draining and replacing the

bathing solution using a syringe. Isometric tension signals
were recorded and data were collected by a PowerLab data
acquisition system (ADInstruments Asia, Shanghai, China).
Each ring was stretched to an optimal tension of 1mN and
permitted to equilibrate for 90minutes before the experiment
started. The rings were contracted by U46619 (1𝜇mol/L)
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and relaxed using cumulative addition of ACh (0.001–
1000 𝜇mol/L) to test the endothelial-dependent vasodilation
by calculating EC

50
and 𝐸max values.

2.3.7. Preparation of HR Model of Isolated BA and Treatment
with SCU. Rats were sacrificed by intraperitoneal injection of
10% (0.1mL/100 g) urethane. BA was removed and dissected
free from brain tissues. Isolated BA segments were placed in
anaerobic sugar-free physical salt solution (PSS) with 3-(N-
morpholino)propanesulfonic acid sodium polystyrene sul-
fonate (MOPS), which leads to nitrogen hypoxia for 2 hours;
then the BA segments were changed into normal MOPS-
PSS solution with restoring oxygen and glucose for 2 hours.
During HR damage, SCU (50𝜇M, 100 𝜇M) was incubated
along in SCU groups, while HR model group was given
vehicle (NS). Control group was the normal BA. At the end of
HR injury, BA transferred into a precooled glass homogenizer
containing 200𝜇L precooled RIPA buffer (50mM Tris-HCl,
150mM NaCl, 1mM EDTA, 1mM PMSF, 1mM Na

3
VO
4
,

1 mM NaF, 1% NP-40, 0.25% Na-deoxycholate, 10% glycerol,
and 1mg/mL of each of the phosphatase inhibitors aprotinin,
leupeptin, and pepstatin, PH 7.4). Vessel tissues were then
homogenized for 10min, transferred to a 1.5mL Eppendorf
tube, and centrifuged at 18,000 rpm for 10min at 4∘C. The
supernatant was collected by decantation and stored at −80∘C
until Western blot analysis.

2.3.8. Calculations and Statistical Analysis. Data were ex-
pressed as means ± SEM. Statistical analysis was performed
using statistical software Sigma Stat 3.5. The 𝐸max value rep-
resents the maximal vasodilative response that drug caused;
EC
50

is the concentration in which drug makes 50% of the
maximum vasodilative effect. Nonlinear regression analysis
for individual concentration-response curves was performed
using aHill algorithm in Sigma Plot 10.0, allowing for an indi-
vidual geometric “EC

50
” value to be calculated. 𝐸max = [(the

maximal stress of precontraction − the minimal stress)/the
maximal stress of precontraction] ∗ 100%. Comparisons
were made using one-way ANOVA analysis. 𝑃 < 0.05 was
considered statistically significant.

3. Results

3.1. Effect of SCU on PKG-I and Cell Viability in Normal
Cultured HBMECs. As seen from Figures 1(a), 1(b), and 1(d),
SCU (0.1, 1 and 10 𝜇M) treatment increased the protein levels
PKG-I, p-VASP, and VASP in normal HBMECs compared
with control group. In addition, the ratio of p-VASP to
VASP that indicated the activity of PKG was also increased
under SCU treatment (Figure 1(c)). Particularly, there was
apparent increase in protein levels of PKG-I, P-VASP, VASP,
andPKGactivity in normalHBMECswith SCU (1 and 10𝜇M)
treatment.

As shown in Figures 2(a) and 2(b), under normal con-
dition, SCU (0.1, 1, and 10 𝜇M) incubation increased mRNA
level of PKG-I𝛼, especially in SCU 1 𝜇M group.

In our preliminary experiments checking the influence of
SCU on cell viability of normal HBMECs, SCU with dose <
0.1 𝜇Mdid not cause significant changes in cell viability while

SCU with dose >100 𝜇M exhibited cytotoxicity (data not
shown).Therefore, SCU at doses of 0.1, 1, and 10𝜇Mwas used
in the present study. As shown in Figure 2(c), results of MTT
assay indicated that SCU 10 𝜇M incubation raised apparently
cell viability under normal culture condition, while there are
not significant changes in SCU 0.1 and 1 𝜇M group.

3.2. Effect of SCU on PKG-I and Cell Viability inHBMECswith
HR Treatment. The effects of SCU on protein expression of
PKG-I, VASP, and phosphorylation of VASP (p-VASP) under
HR injury were shown in Figure 3. Compared with control,
HR injury decreased p-VASP, VASP, and PKG, especially
p-VASP; compared with model, SCU preincubations could
significantly raise the protein expression of p-VASP, VASP,
and PKG-I (Figures 3(a), 3(b), and 3(d)). HR injury also
reduced PKG activity in model group (ratio of p-VASP and
VASP) while SCU pretreatment could significantly augment
it, especially in SCU 10 𝜇M (Figure 3(c)).

As seen from Figures 4(a) and 4(b), the expression
of PKG-Ι𝛼 mRNA was significantly reduced in HR model
group, while SCU (0.1, 1, and 10 𝜇M) pretreatment increased
it sharply (Figure 4(b)). The results indicated SCU could
upregulatemRNA expression of PKG-I𝛼 and antagonized the
HR-induced injury.

As shown in Figure 4(c), HR injury greatly reduced cell
viability of HBMECs, and pretreatment of SCU (0.1, 1, and
10 𝜇M) could protect cells fromHR-induced injury, especially
the obvious effect of SCU (10 𝜇M) on viability (Figure 4(c)).
The data indicated that SCU has the protective effects on
HBMECs against HR injury.

3.3. The Effect of SCU and PKG Inhibitor in Rats with CIR
Treatment. As seen from Figures 5(a) and 5(b), compared
withmodel group, SCU (45, 90mg/kg) attenuated infarct size
in rats withCIR treatment, especially in SCU45mg/kg group.
Moreover, the values of vascular tensionwere reduced in SCU
(90mg/kg) group (Figure 5(c)), while the values of vascular
tension in SCU (45mg/kg) have no significant change.

There was similar change in the values of BA cumulative-
response curves of ACh, EC

50
, and 𝐸max in CIR rats. CIR

injury caused BA EC
50

and 𝐸max to be higher, while in
CIR rats handled with SCU (90mg/kg) pretreatment, the
values of BA cumulative-response curves of ACh, EC

50
,

and 𝐸max were low apparently. These above results showed
that SCU (90mg/kg) pretreatment has a protective effect on
vascular EtD induced by CIR, and endothelium-dependent
vasodilation in response to AChwas significantly impaired in
BA exposed to CIR treatment, which showed that CIR model
was successfully made.

In order to check the mechanism of SCU, the PKG
inhibitor was used before the CIR rats were given SCU
treatment. The results showed that PKG inhibitor reversed
the effects of SCU on improving infarct size and BA values
of EC
50
and 𝐸max in CIR rats dealt with SCU. As presented in

Figures 5(d) and 5(e), infarct sizes in rats treated with SCU
and PKG inhibitor were bigger than those in rats handled
with SCU alone. Meanwhile, similar changes occurred in the
EC
50
, 𝐸max, and the values of BA cumulative-response curves

of ACh in CIR rats handled with SCU and PKG inhibitor
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Figure 1: The effect of SCU on the protein level of PKG-I, VASP, and p-VASP protein in normal HBMECs. (a) Representative immunoblot
and quantification of PKG-I, p-VASP, and VASP protein expression in normal HBMECs with SCU treatment. (b) The ratio of p-VASP and
VASP comparedwith control in normalHBMECswith SCU treatment. Protein ratio of control was calculated by determining band integrated
intensity as ratio of control. (c) The ratio of p-VASP compared with VASP in normal HBMECs with SCU treatment. (d) The ratio of PKG-I
compared with control in normal HBMECs with SCU treatment. Protein ratio of control was calculated by determining band integrated
intensity as ratio of control. Normal HBMECs, under normal culture condition: cells were incubated with SCU (0.1, 1, and 10𝜇M) for 24 h
except control group. One-way ANOVA on Rank followed by SNK test, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to control. Data are means ± SEM;
𝑛 = 3 independent experiments with independent culture.

(Figure 5(c) and Table 1). The results indicated that PKG
inhibitor reversed the effect of SCU on BA of rats with CIR
treatment through inhibiting improvement of endothelium
vasodilation and suggested that SCU might protect against
CIR via PKG signal pathway.

3.4. The Effect of SCU on p-VASP in Isolated BA of Rats with
HR Treatment. The effects of SCU on protein expression of
phosphorylation of VASP (p-VASP) under HR injury were
shown in Figures 6(a) and 6(b). HR injury significantly
decreased p-VASP while SCU treatment could significantly
increase the protein level of p-VASP.This shows that SCU can
fight against HR injury in isolated BA blood vessel involved
in PKG pathway.

4. Discussion

This study advances not only our understanding about
the regulation of VASP and PKG-I, but also a mechanism
underlying the beneficial effects of SCU in treating cere-
brovascular diseases. In the present study, we found firstly, to
our knowledge, that SCU increased the protein and mRNA
expression of PKGandVASP inHBMECswithHR treatment.
Moreover, compared with model group, SCU increased the
cell viability and simultaneously raised the viability of PKG-I
inHBMECswithHR treatment.This suggested the protective
effects of SCU on the injury of HBMECs with HR involved in
PKG-I/VASP signaling pathway. In our cell experiment, we
found that the effect of SCU on normal HBMECs is sharply



6 Evidence-Based Complementary and Alternative Medicine

PKG-I𝛼

GAPDH

Control 0.1 1 10

SCU (𝜇M)

(a)

Control 0.1 1 10

1.4

1.6

1.2

1.0

0.8

0.6

0.4

0.2

0.0

PK
G

-I
𝛼

m
RN

A
 (r

at
io

 o
f c

on
tro

l)

∗

∗∗

SCU (𝜇M)

(b)

H
BM

EC
s v

ia
bi

lit
y 

(%
)

40

20

0

60

80

100

120

140
24h ∗

Control 0.1 1 10

SCU (𝜇M)

(c)

Figure 2: The effect of SCU on mRNA expression of PKG-I and cell viability in normal HBMECs. (a) Representative electrophotogram
and quantification of PKG-I𝛼mRNA expression in normal HBMECs. (b) The mRNA ratio of PKG-I𝛼 in normal HBMECs. Ratio of control
was calculated by determining band integrated intensity as ratio of control. (c) The ratio of cell viability compared with control in normal
HBMECs with SCU (0.1, 1, and 10 𝜇M) treatment. Cell viability was examined using MTT assay. Normal HBMECs, under normal culture
condition: cells were incubated with SCU (0.1, 1, and 10 𝜇M) for 24 h except control group. One-way ANOVA on Rank followed by SNK test,
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to control. Data are means ± SEM; 𝑛 = 3 independent experiments with independent culture.

weaker than that of HBMECs with HR treatment; this result
showed that SCU could fight against HR injury.

In CIR rats, SCU preincubations could significantly
decrease brain infarct size, vascular tension, and the values
of BA cumulative-response curves of ACh, EC

50
, and 𝐸max

and increase protein level of p-VASP in HR BA. These
above results showed that SCU (90mg/kg) pretreatment has
a protective effect on vascular EtD induced by CIR, and
endothelium-dependent vasodilation in response toAChwas
significantly impaired in BA exposed toCIR treatment, which
showed that CIRmodel was successfullymade.Moreover, our
results showed that SCU decreased the cerebral infarct size;
this is consistentwith the previous studies by Lin et al. [21, 22].

In order to check the mechanism of SCU, the PKG
inhibitor was used before the CIR rats were given SCU
treatment. The result shows that PKG inhibitor reversed the
effects of SCUon improving infarct size, vascular tension, and
the BA values of EC

50
and 𝐸max in CIR rats dealt with SCU.

This result indicated that PKG inhibitor reversed the effect

of SCU on BA of rats with CIR treatment through inhibiting
improvement of endothelium vasodilation and suggested that
SCU protects against CIR partially via PKG signal pathway.

Endothelial cells play an important role in controlling
local vascular tension. In this study, we proposed one of
the mechanisms of SCU-attenuated EtD induced by IR via
PKG-I/VASP signaling pathway. Our results showed SCU
attenuated the EC

50
and 𝐸max values of ACh in isolated

BA induced by CIR, but the PKG inhibitor reversed the
effects of SCU on improving EC

50
and 𝐸max values of

BA in CIR rats. This confirmed our hypothesis that SCU
attenuated EtD induced by IR via PKG-I/VASP signaling
pathway and supported our group’s previous studies that SCU
vasorelaxation was predominantly endothelium dependent
and involved nitric oxide synthase signaling pathway [17].
Meanwhile, we found that PKG inhibitor blocked the effect of
SCUon reducing the cerebral infarction size.Thismechanism
contributes, at least in part, to elucidating the beneficial
effects of SCU in CIR injury via PKG-I signal pathway.
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Figure 3: The effect of SCU on the protein level of PKG-I, VASP, and p-VASP in HR HBMECs. (a) Representative immunoblot and
quantification of PKG-I, p-VASP, and VASP protein expression in HR HBMECs with SCU treatment. (b) The ratio of p-VASP and VASP
compared with control in HRHBMECs with SCU treatment. Protein ratio of control was calculated by determining band integrated intensity
as ratio of control. (c) The ratio of p-VASP compared with VASP in HR HBMECs with SCU treatment. (d) The ratio of PKG-I compared
with control in HR HBMECs with SCU treatment. Protein ratio of control was calculated by determining band integrated intensity as ratio
of control. Control group: cells were treated with vehicle control (NS) under normal culture condition for 26 h. Model group: cells were
incubated under normal culture condition for 2 h and then given HR treatment (hypoxia 12/reoxygenation 12 hours). SCU groups: cells were
incubated with SCU for 2 h prior to HR injury. One-way ANOVA followed by SNK test, #𝑃 < 0.05, ##𝑃 < 0.01, compared to model of HR
group, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to control group. Data are means ± SEM; 𝑛 = 3 independent experiments with independent culture.

SCU may exert its protection effects in IR by prevent-
ing generation of ROS, directly scavenging ROS or indi-
rectly through enhancement of cellular antioxidant enzymes
[23, 24]. Moreover, SCU could promote angiogenesis in
endothelial cells [25], inhibit the apoptosis and the apopto-
sis inducing factor pathway [26–28], and attenuate mucus
production in vitro and in vivo involving the inhibition of
PKC-ERK signaling pathway [29]. SCU benzyl ester has
a remarkable protective effect against myocardial ischemic
injury and the protective mechanism may associate with
its antiapoptotic effect by inhibiting cytochrome C release
and caspase-3 activation and attenuate inflammation [30],
antitumor [31, 32], antiviral [33], and neuroprotective effect
[24]. Long-term administration of SCU improved the cardiac
function of MI rats by inhibiting interstitial fibrosis, and

the mechanisms may involve the suppression of profibrotic
cytokine TGF𝛽1 expression and inhibition of p38 MAPK
and ERK1/2 phosphorylation [22]. SCU exerts protective
effects against IR injury through inhibiting PKC [15, 34].
However, the current study demonstrates that the PKG/VASP
pathway plays an important role in pharmacological studies
of SCU in vivo combining in vitro IRmodel.This observation
may have further pharmacy implications because it may
contribute to the clarification of the mechanisms behind
the observed decreases in cardiocerebral vascular morbidity
and mortality in patients receiving SCU or other flavonoids.
Studies in another flavonoid baicalin suggest that vasodilator
properties were attributed to endothelium-dependent relax-
ation through the PKG pathway [10]. There are evidences
suggesting that ischemia followed by reperfusion causes local
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Figure 4:The effect of scutellarin (SCU) onmRNA expression of PKG and cell viability inHRHBMECs. (a) Representative electrophotogram
and quantification of PKG-I𝛼 mRNA expression in HR HBMECs. (b) The mRNA ratio of PKG-I𝛼 in HR HBMECs. Ratio of control was
calculated by determining band integrated intensity as ratio of control. (c) SCU increases cell viability in hypoxia reoxygenation- (HR-) treated
human brain microvascular endothelial cells (HBMECs). Cell viability was examined using MTT assay and expressed as ratio of control.
Control group: cells were treated with vehicle control (NS) under normal culture condition for 26 h. Model group: cells were incubated under
normal culture condition for 2 h and then given HR treatment (hypoxia 12/reoxygenation 12 hours). One-way ANOVA followed by SNK test,
#
𝑃 < 0.05, ##𝑃 < 0.01, compared to model of HR group, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, compared to control group. Data are means ± SEM; 𝑛 = 3
independent experiments with independent culture.

dysfunction including EtD [35]. Hypoxia and reoxygenation
are two essential elements of ischemia and reperfusion injury.
HRmay cause different forms of vascular injury, such as hem-
orrhage, change in vascular permeability, and EtD, including
impaired endothelium-dependent vasodilation. Our study
showed that IR caused EtD of BA with CIR, and SCU had
protective effect on the EtD of BA in vivo. This observation
was also in accordance with our previous result that SCU
could relax isolated aortic rings of rat [17].

The roles of PKG-I isozymes have been documented
in many processes including gastrointestinal motility, blood
flow, neuronal plasticity, erectile function, lower urinary tract
functions, endothelial permeability, and cardiac protection
[7, 36–38].Moreover, therewas report that PKG is involved in
testosterone-induced vasodilation of human umbilical artery

[9]. Upon activation, PKG phosphorylates VASP, which in
turn activates downstream ion channels, leading to vascular
smooth muscle relaxation and vasodilation. Previous reports
have suggested that cGMP/PKG/ROS/calmodulin/CaMKII
signaling pathwaymay regulate cardiomyocyte excitability by
opening KATP channels and contribute to cardiac protection
against IR injury [39]. In vascular endothelial cells, PKG-
I regulates cell motility, migration, and proliferation. These
functions are reported to be essential for vascular perme-
ability and angiogenesis. Experiments with PKG-I deficient
vascular model systems have recently established that NO
donor-induced VASP phosphorylation is primarily mediated
by PKG-I [11]. Our result showed that the actions of PKG-
I/VASP signaling may be a novel therapy target for IR injury
of BA.
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Figure 5:The effect of SCU and PKG inhibitor in rats with CIR treatment. (a) Representative images of triphenyl tetrazolium chloride (TTC)
staining of ischemic brain slices from CIR (ischemia 60 minutes/reperfusion 24 hours) rats with SCU treatment. (b) Quantification of the
corrected cerebral infarct volume in CIR rats with SCU treatment. 𝑛 = 10 rats in each group. One-way ANOVA followed by SNK test versus
model, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001. (c) Cumulative concentration response curves of acetylcholine chloride (ACh) in isolated basilar artery
(BA) segments from normal or CIR rats which were given SCU (90mg/kg, i.v.) or PKG inhibitor treatment. Relaxation in response to ACh
is expressed as a percent of precontraction with U46199 (1𝜇mol/L). 𝑛 = 8 segments obtained from 3 rats with different treatments. Two-way
ANOVA test versus model, ∗𝑃 < 0.05, versus SCU, #

𝑃 < 0.05. (d) Representative images of TTC staining of ischemic brain slices from
CIR (ischemia 60 minutes/reperfusion 24 hours) rats, with SCU (90mg/kg i.v.) and PKG inhibitor (Rp-8-Br-cGMPS, 50 𝜇g/kg i.v.) alone
and combined (SCU 90mg/kg + Rp-8-Br-cGMPS 50 𝜇g/kg) treatments. (e) Quantification of the corrected cerebral infarct size in CIR rats
administered with SCU and PKG inhibitor. 𝑛 = 10 rats in each group. One-way ANOVA followed by SNK test versus model, ∗𝑃 < 0.05,
versus SCU, #𝑃 < 0.05. Data are means ± SEM.
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Table 1: Effect of SCU and PKG inhibitor administrations on ACh EC
50
and 𝐸max in BA rings.

Group Dosage (i.v.) 𝑛 EC
50
(𝜇M) 𝐸max (% of U46619)

Sham NS 12 0.39 ± 0.14 79.06 ± 6.57∗∗

Model NS 11 1.11 ± 0.47 36.46 ± 4.90##

SCU 45mg/kg 8 NA 22.47 ± 7.59#

SCU 90mg/kg 11 0.30 ± 0.17 64.33 ± 4.40∗∗

PKG inhibitor 50𝜇g/kg 8 NA 25.24 ± 7.19#

SCU + PKG inhibitor 90mg/kg + 50 𝜇g/kg 15 NA 15.1 ± 4.90∗#

Data are means ± SEM; PKG inhibitor: Rp-8-Br-cGMPS; 𝐸max is the maximum vasodilative effect that ACh caused; EC50 is the ACh concentration that makes
50% of the maximum vasodilative effect. 𝑛: BA segments’ number; in each group blood vessel rings were obtained from 3-4 rats with different treatments.
Blood vessel rings in each group were pretreated by tail intravenous injection with SCU or NS; NA: not available as relaxative response is too weak to be tested;
NS: normal saline; one-way ANOVA on Rank Kruskal-Wallis test, 𝐸max versus model, ∗𝑃 < 0.05; ∗∗𝑃 < 0.01, versus SCU (90mg/kg), #𝑃 < 0.05, ##𝑃 < 0.01.
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Figure 6:The effect of SCUon p-VASP in isolated BA of rats withHR treatment. (a) Representative immunoblot and quantification of p-VASP
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ANOVA followed by SNK test versus control, ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, versus model, #𝑃 < 0.05, ##𝑃 < 0.01. Data are means ± SEM.

Among the downstream targets of PKG is vasodilator-
stimulated phosphoprotein (VASP), a protein implicated in
the control of cytoskeletal dynamics and cell migration [40].
Ser239 is the major site of action PKG. Phosphorylation of
VASP at Ser239 by PKG inhibits growth of vascular smooth
muscle [41], in part, by capping actin filaments, resulting in
filament retraction [42, 43]. The determination of P-VASP
levels could be a novel indicator of both PKG-I activity and
endothelium integrity under physiological and pathophysio-
logical conditions in human tissue [11]. Our study suggested
that VASP and P-VASP protein levels were depressed in IR
model group, but elevated after being given SCU treatment,
which was accompanied with the PKG-I fluctuation and the
change of EtD of BA. Our result showed that the actions of
PKG-I/VASP signaling may be a novel therapy target for IR
injury of BA.

In summary, SCU produces a marked pharmacologic
action and regulates cellular function through multiple path-
ways. Our present study firstly provides important evidence
that SCU induced expression and activation of PKG-I and
increased VASP expression in normal cultured and HR

treatedHBMECs. In CIR rats, SCU treatment decreased cere-
bral infarct size and augmented the endothelium-dependent
relaxation in isolated BA against EtD caused byCIR,while the
protective effects of SCU could be reversed by PKG inhibitor.
These suggest that SCU protects endothelial cells against
HR injury and improves endothelium-dependent relaxation
which involves PKG/VASP signaling pathway. Our studies
provide a new mechanism to explain cerebral protective
effects of SCU.

Abbreviations

SCU: Scutellarin
HR: Hypoxia reoxygenation
CIR: Cerebral ischemia reperfusion
IR: Ischemia reperfusion
PKG: cGMP-dependent protein kinase
EtD: Endothelial dysfunction
BA: Basilar artery
ACh: Acetylcholine
HBMECs: Human brain microvascular endothelial cells
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Rhizoma Polygoni Cuspidati, a Chinese herbal medicine, has been widely used in traditional Chinese medicine for a long time.
Polydatin, one of the major active ingredients in Rhizoma Polygoni Cuspidati, has been recently shown to possess extensive
cardiovascular pharmacological activities. In present study, we examined the effects of Polydatin on the formation of peritoneal
macrophage-derived foam cells in Apolipoprotein E gene knockout mice (ApoE−/−) and explored the potential underlying
mechanisms. Peritoneal macrophages were collected fromApoE−/−mice and cultured in vitro.These cells sequentially were divided
into four groups: Control group, Model group, Lovastatin group, and Polydatin group. Our results demonstrated that Polydatin
significantly inhibits the formation of foam cells derived from peritoneal macrophages. Further studies indicated that Polydatin
regulates the metabolism of intracellular lipid and possesses anti-inflammatory effects, which may be regulated through the PPAR-
𝛾 signaling pathways.

1. Introduction

Complications of atherosclerosis are the leading causes of
death throughout the world. Atherosclerosis is a chronic,
inflammatory disorder characterized by the deposition of
excess lipids in the arterial intima [1–3]. Macrophage-derived
foam cells play essential roles in all stages of atherosclerosis
[4]. From early fatty-streak lesions to advanced plaques,
macrophage-derived foam cells are integral to the develop-
ment and progression of atherosclerosis. Lipid homeostasis,
especially cholesterol homeostasis, plays a crucial role in the
formation of foam cells [5]. Macrophage foam cell formation
is a prominent feature of human atherosclerotic plaques,
usually considered to be correlated to uptake of and inflam-
matory response to oxidized low density lipoproteins (ox-
LDL) [6]. The limited efficacy of current treatment strategies
for atherosclerosis and its complications highlights the urgent
need for new therapeutic options [7].

Recruitment ofmacrophages and their subsequent uptake
of ox-LDL by scavenger receptors are major cellular events

contributing to fatty-streak formation [8]. Among the scav-
enger receptors, cluster of differentiation antigen 36 (CD36)
is known to be the principal receptor in the process of foam
cell formation [9, 10]. The most convincing data supporting
a critical role of CD36 in foam cell formation and atheroscle-
rosis are from studies of a CD36-null engineered mouse
model. Macrophages isolated from CD36-deficient animals
are profoundly defective in uptake of ox-LDL and foam cell
formation. Accordingly, knockout of CD36 in proatherogenic
ApoE-null mice protects the development of atherosclerosis
lesions in these animals. Compared to CD36-intact ApoE-
null mice fed with a western diet, these animals showed a
more than 70% reduction in aortic lesion size [11].

Cholesterol efflux is considered as themost important key
point with regard to maintenance of cholesterol homeostasis
and atherosclerosis. One of the major potential cholesterol
efflux pathways in macrophages is mediated by ATP-binding
cassette transporter A1 (ABCA1). It promotes efflux of phos-
pholipids and cholesterol to lipid-poor ApoA-I in a process
that involves the direct binding of ApoA-I to the transporter.
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SoABCA1was considered as the keymediator ofmacrophage
cholesterol efflux to mature HDL [12]. The intracellular
cholesterol homeostasis in macrophages is dynamically reg-
ulated by cholesterol uptake and cholesterol efflux, processes
that are tightly controlled by these scavenger receptors, such
as CD36 and ABCA1 [13].

Peroxisome proliferators-activated receptor gamma
(PPAR-𝛾) is a nuclear transcription factor that is highly
expressed in macrophages and macrophage-derived foam
cells in atherosclerotic lesions. PPAR-𝛾 regulates cholesterol
metabolism and attenuates inflammation [14]. It inhibits
macrophage foam cell formation and atherosclerosis [15].
PPAR-𝛾 promotesmonocyte/macrophage differentiation and
the uptake of ox-LDL by enhancing CD36 expression [16].
PPAR-𝛾 is in the first step of the reverse-cholesterol-transport
pathway through the activation of ABCA1-mediated
cholesterol efflux in human macrophages [17]. Disruption
of the PPAR-𝛾 gene suppresses the expression of ABCA1 in
macrophage and reduces cholesterol efflux. So PPAR-𝛾 plays
a critical role in the regulation of cholesterol homeostasis by
controlling the expression of a group of genes that mediate
cholesterol efflux from cells and its transport in plasma [18].

Rhizoma Polygoni Cuspidati, a traditional Chinese herbal
medicine, was thought to have actions of “dispelling damp-
ness, alleviating jaundice, clearing heat, subsiding toxin, acti-
vating blood, and removing stasis” [19]. Polydatin, one of its
chief active ingredients, has been shown to possess extensive
cardiovascular pharmacological activities in recent pharma-
cological studies. Polydatin was shown to markedly affect
the regulation of blood lipid, protecting cardiomyocytes,
dilating blood vessels, antagonizing platelet aggregation,
thrombosis, and atherosclerosis [20]. However, the direct
effects of Polydatin on the uptake of ox-LDL by macrophages
and formation of foam cells have not yet been elucidated.The
mechanism of the antiatherosclerotic effects of Polydatin also
remains unclear.

To clarify the effect of Polydatin on peritoneal macro-
phage-derived foam cells of ApoE−/− mice, we investigated
the action of Polydatin on the uptake of ox-LDL, the metabo-
lism of intracellular lipid, the expression of inflammatory
factors, and mRNA expression of PPAR-𝛾, ABCA1, and
CD36 in peritoneal macrophage. Our results demonstrated
that Polydatin significantly inhibits the formation of foam
cells in peritoneal macrophages. Polydatin has significant
anti-inflammatory effects and regulates the metabolism of
lipid, possibly through the PPAR-𝛾 signaling pathways.

2. Materials and Methods

2.1. Animals. Six-week-old ApoE−/− mice were purchased
from the Jackson Laboratory (USA) and bred by the Labora-
tory Animal Center of Beijing University, weighing 19 to 21 g.

2.2. Reagents and Chemicals. Polydatin was extracted and
purified from Rhizoma Polygoni Cuspidati by Xi’an Guanyu
BioTech Co. Ltd. The purity of Polydatin is 99.42%. Lovas-
tatin was purchased by Beijing Winsunny Co. Ltd. RPMI
1640, fetal bovine serum (FBS), and antibiotics (strepto-
mycin/penicillin) were purchased from Gibco (BRL Life

Technologies, Grand Island, NY). TNF-𝛼 and IL-6 ELISA kits
were purchased from Shanghai Westang BioTech Inc., Ltd.,
Shanghai.

2.3. Isolation and Culture of Mouse Peritoneal Macrophages.
The ApoE−/− mice were sacrificed by cervical dislocation,
in accordance with the Principles of Laboratory Animal
Care (NIH publication number 85-23, revised 1985) and the
Guidelines of the Animal Investigation Committee of Peking
University. Sterile ice-cold phosphate-buffered saline (PBS)
was injected into the peritoneal cavity of each mouse and
peritoneal lavage was performed. This fluid was carefully
collected and centrifuged at 1,000 rpm for 6min. After cen-
trifugation, the supernatant was then discarded, and the cell
pellet was resuspended in RPMI 1640 medium (containing
100 IU/mL of penicillin, 100 𝜇g/mL of streptomycin, and
100 𝜇g/mL of l-glutamine) and plated in 6-well tissue culture
plates (Costar) at 1.5 × 106 cells per well. Cells were incubated
in a humidified atmosphere of 5% CO

2

at 37∘C for 2-
3 h to allow adherence, and nonadherent cells were rinsed
away with prewarmed RPMI 1640 medium and 2mL of
complete RPMI 1640 medium (supplemented with 10% fetal
bovine serum) was added. Media with all additions were
replaced daily andmacrophageswere usedwithin 5 days from
harvesting for further analysis [21, 22].

2.4. LDLModification. LDL was exposed to 5 𝜇mol/L CuSO
4

for 24 hours at 37∘C. Cu2+ was then removed by exten-
sive dialysis. The extent of modification was determined
by measurement of thiobarbituric acid-reactive substances.
ox-LDL containing 30–60 nmol thiobarbituric acid-reactive
substances defined as malondialdehyde equivalents per mil-
ligram of LDL protein was used for experiments [23].

2.5. Groups. Peritoneal macrophages of ApoE−/− mice were
collected and divided into 4 groups: Control group (treated
with calf serum 250 𝜇L), Model group (treated with calf
serum 250𝜇L and ox-LDL 250𝜇g), Lovastatin group (treated
with calf serum 250 𝜇L, ox-LDL 250𝜇g, and 110 𝜇g/mL
Lovastatin), and Polydatin group (treated with calf serum
250 𝜇L, ox-LDL 250𝜇g, and 8.9 𝜇g/mL Polydatin). Culture
fluid was added to make up for 2.5mL in all groups.

2.6. Ultrastructural Structure Observation of Macrophage
Cells. After being loaded with ox-LDL, Polydatin, and
Lovastatin for 48 h, those macrophages were centrifuged at
400 g for 10min, and the pellets produced were washed
with PBS and then mixed with 2% (v/v) P-formaldehyde-
glutaraldehyde in 0.05M cacodylate buffer (pH 7.4) for
4 hours at 4∘C. After that, the pellets were prepared for
transmission electron microscope (JEM-1200EX).

2.7. Intracellular Lipid Analysis in Macrophages. Intracellular
lipids in macrophages were extracted with hexane/isopropyl
alcohol (3 : 2) after 0, 24, and 48 h of incubation with
ox-LDL, Polydatin, and Lovastatin, evaporated, and then
dissolved in isopropyl alcohol containing 10% Triton X-
100 for preparation of a sample solution. Free cholesterol
and total cholesterol were determined by commercial assay



Evidence-Based Complementary and Alternative Medicine 3
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Figure 1: Polydatin protects the ultrastructure of peritoneal macrophage. (a) Control group, (b) Model group, (c) Lovastatin group, (d)
Polydatin group.

systems (Wako Chemicals). Cholesterol ester was estimated
by subtracting free cholesterol from total cholesterol. The
experiment was repeated at three times.

2.8. Protein Levels of TNF-𝛼 and IL-1𝛽 Detection with ELISA.
After 24 h and 48 h of incubation with ox-LDL, the levels
of TNF-𝛼 and IL-6 in the cultured media were measured
by ELISA kits according to the manufacturer’s instructions
(Shanghai Westang BioTech Inc., Ltd., Shanghai). The ELISA
data were obtained at least at three independent experiments.

2.9. RT-PCR Analysis of Expression of PPAR-𝛾, ABCA1, and
CD36 mRNA. The total RNA was extracted from cultured
peritoneal macrophages using RNA isolation kit (Sangong
BioTech Co., Ltd., Shanghai), according to themanufacturer’s
instructions. cDNAs were prepared from 0.3𝜇g of RNA.

RT-PCR was performed according to the manufacturer’s
instructions, using oligonucleotide primers to detect PPAR-
𝛾, ABCA1, and CD36 mRNA (Sangong BioTech Co., Ltd.,
Shanghai), PPAR-𝛾 (403 bp): sense 5-CCCTGGCAAAGC-
ATTTGTAT-3, antisense 5-AATCCTTGGCCCTCTGAG-
AT-3; ABCA1 (364 bp): sense 5-CAGATGCCCTACCCC-
TGTTA-3, antisense 5-GGGAGAAGAGCGTGCTAATG-
3; CD36 (418 bp): sense 5-CCTTAAAGGAATCCCCGT-
GT-3, antisense 5-CCAATGGTCCCAGTCTCATT-3; 𝛽-
actin (302 bp): sense 5-TCCTCCCTGGAGAAGAGCTA-3,
antisense, 5-TCA GGA GGA GCA ATG ATC TTG-3 [24].
This experiment was repeated at least three times.

2.10. Statistical Analysis. The results are expressed as mean ±
SD values for the number of experiments. Statistical signifi-
cance was compared in each treated group with the negative
control and determined by one-way ANOVA test. Each
experiment was repeated at least three times. SPSS version
13.0 (SPSS Inc., IL, USA) was used for analysis. Values with
𝑃 < 0.05 were considered significant.

3. Results

3.1. Polydatin Protects the Ultrastructure of Peritoneal Macro-
phage Cells. To examine the potential effects of Polydatin on
macrophage cells, the mouse macrophages were incubated
with ox-LDL for 48 h in the absence or presence of Polydatin
and the ultrastructure was evaluated under electron
microscope.The normal structure ofmacrophage is shown in
Figure 1(a). In comparison, the structure of macrophages in
the Model group was completely damaged and the organelles
in the periplasm disappeared. The nucleus split into multiple
shivers with different sizes.The structure of the nuclearmem-
brane, nucleoli, and euchromatin disappeared (Figure 1(b)).
In Polydatin and Lovastatin group, the structure of nucleus
was integrated.The nuclear membrane, nucleolus, and abun-
dant euchromatinwere observed. A part of the organelles was
damaged and vacuolization was observed. These suggested
that peritoneal macrophage of ApoE−/− mice had favorable
response andphagocytosis ability to ox-LDL.Combined treat-
ment with Polydatin/Lovastatin and ox-LDL significantly
reduced the damage of ox-LDL on intracellular ultrastructure
in macrophages compared to the group of ox-LDL treatment
alone (Figures 1(c) and 1(d)).

3.2. Polydatin Regulates the Metabolism of Intracellular Lipid
in Peritoneal Macrophage Cells. After being loaded with ox-
LDL for 24 h and 48 h, the levels of total cholesterol, free
cholesterol, and cholesterol ester in macrophages in Model
group were elevated. The ratio of cholesterol ester to total
cholesterol in macrophage was more than 50% in Model
group, which is in accordance with the pathological change
of foam cells. After treatment for 24 h and 48 h, Polydatin and
Lovastatin significantly reduced cholesterol accumulation
in ox-LDL loaded macrophages. There was no difference
observed between Polydatin and Lovastatin group (Figures
2(a)–2(d)).
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Figure 2: Polydatin regulates the metabolism of intracellular lipid in peritoneal macrophage cells. (a) Level of total cholesterol, (b) level of
free cholesterol, (c) level of cholesterol ester, (d) ratio of cholesterol ester to total cholesterol. #𝑃 < 0.01, △𝑃 < 0.01, compared with the Control
group. ∗𝑃 < 0.01, compared with the Model group.

3.3. Polydatin Reduces Protein Levels of TNF-𝛼 and IL-1𝛽
in Peritoneal Macrophage Cells. To further investigate the
potential effect of Polydatin on inflammatory factors, the
expression of TNF-𝛼 and IL-1𝛽 in the peritoneal macrophage
cells was evaluated by ELISA. After ox-LDL treatment for
24 h and 48 h, the protein level of TNF-𝛼 and IL-1𝛽 was
significantly increased. Polydatin and Lovastatin reduced
the expression of the TNF-𝛼 and IL-1𝛽 levels. And there
was no difference between Polydatin and Lovastatin group
(Figures 3(a) and 3(b)). This illustrated that chemotropism
of peritoneal macrophages in ApoE−/− mice is enhanced by
ox-LDL, accompanied by produce of abundant inflammatory
factors, such as TNF-𝛼 and IL-1𝛽.

3.4. Polydatin RegulatesmRNAExpression of PPAR-𝛾, ABCA1,
and CD36 in Peritoneal Macrophage Cells. The mRNA
expression of PPAR-𝛾, ABCA1, and CD36 was examined
by RT-PCR to determine whether Polydatin has a sup-
pressive effect on the PPAR-𝛾 pathway in the peritoneal
macrophage cells. After ox-LDL treatment for 24 h and 48 h,
themRNA levels of PPAR-𝛾, ABCA1, andCD36were remark-
ably increased in peritoneal macrophage cells. However, the
mRNA expression of PPAR-𝛾 and ABCA1 was found to
increase in Polydatin and Lovastatin group after 24 and 48 h
treatment, compared to the ox-LDL treatment group. But
the mRNA expression of CD36 was reduced significantly in
Polydatin and Lovastatin group after 24 h treatment. There



Evidence-Based Complementary and Alternative Medicine 5

0

5

10

15

20

25

30

35

40

45

# #
#

0 24 48

Le
ve

l o
f T

N
F-
𝛼

(p
g/

m
L) ∗∗

§ §

Control
Model

Lovastatin
Polydati n

(h)



(a)

0

5

10

15

20

25

#

0 24 48

Le
ve

l o
f I

L-
1𝛽

(p
g/

m
L)

∗
∗



#§ #§

Control
Model

Lovastatin
Polydati n

(h)

(b)

Figure 3: Polydatin reduces the protein level of TNF-𝛼 and IL-1𝛽 in peritoneal macrophage cells. (a) TNF-𝛼 level; (b) IL-1𝛽 level. #𝑃 < 0.01,
△

𝑃 < 0.01, compared with the Control group. §𝑃 < 0.05, ∗𝑃 < 0.01, compared with the Model group.

was no difference in the mRNA expression of PPAR-𝛾 and
CD36 between the Polydatin and Lovastatin group. But the
mRNA expression of ABCA1 in Polydatin group was higher
than that in Lovastatin group (𝑃 < 0.05) (Figures 4(a)–4(f)).

4. Discussion

Atherosclerosis begins early in life and frequently leads to
severe complications in later life with high morbidity and
mortality. Macrophage cholesterol accumulation-induced
foam cell formation is the hallmark of early atherosclerosis
[25]. Elucidation of molecular and cellular processes involv-
ing macrophages has led to numerous therapeutic targets
being suggested [7]. Cholesterol accumulation in macro-
phages can result from an unbalanced cellular cholesterol
flux, increased uptake of atherogenic lipoproteins, and/or
decreased cholesterol efflux from the cells [26–28]. In our
study, we showed that Polydatin could increase cholesterol
efflux from macrophage and decrease the uptake of ox-LDL,
thus resulting in the inhibition of cholesterol accumulation in
macrophage. Its mechanism is possibly induced in a PPAR-𝛾-
dependent manner.

Large sample clinical trials have confirmed that the statins
have antiatherosclerotic effects, including improving endo-
thelial function, suppressing platelet aggregation, increasing
anti-inflammatory effects, and stabilizing atherosclerotic
plaque [29–32].However, the statins result in some significant
side effects. So we try to find the newmedicine from Chinese
herbs which have the antiatherosclerotic effects and regulate
lipid, but with few side effects. The search for new drugs with
antiatherosclerosis and lipid-regulation effects has gained
momentum over the years, resulting in numerous reports
on significant activities of natural agents. Many classes of
dietary components and natural compounds have been

tested to regulate serum lipid concentrations with the aim of
lowering the incidence of atherosclerosis and coronary heart
disease [20, 33]. Our research group found that Polydatin
can decrease carotid intima-media thickness (IMT), plaque
integral and reduce the level of plaque stability related serum
indexes such as Hs-CRP, MMP-1, and TIMP in patients with
carotid atherosclerosis [34, 35].

Rhizoma Polygoni Cuspidati is recorded first in the book
named Miscellaneous Records of Famous Physicians (Ming
Yi Bie Lu). Modern pharmacological studies have shown
that it has obvious antibacterial, anti-inflammation, diuresis,
purgation, andmenstrual restoration effects [36]. As one of its
main ingredients, Polydatin has multiple biological actions,
such as liver protection, anti-inflammation, antitumor, and
antipathogenic microbe, and is applied to prevent/treat car-
diovascular diseases. Particularly, its cardiovascular pharma-
cological actions, such as cardiomyocyte (CM) protection,
vascular smoothmuscle dilation, platelet aggregation, throm-
bosis, and atherosclerosis prevention, have received great
attention from scholars of related fields in latest years [37].

Cholesterol-loaded macrophages or foam cells are a
major contributor to the atherosclerotic plaque. In vitro stud-
ies have shown that modified forms of low density lipopro-
tein cause accumulation of cholesterol esters in cultured
macrophages [38]. In this study, we collected the peritoneal
macrophages from ApoE−/− mice, which have become the
most widely used rodent model for the study of atherosclero-
sis [39, 40]. Then we stimulated the macrophage cells by ox-
LDL to get the “foam cell” model.The results showed that the
ratio of cholesterol ester to total cholesterol in macrophage
is more than 50% in Model group and this is consistent
with the pathological change of foam cells. We used the
MTT analysis method to decide the appropriate dosage of
Polydatin and Lovastatin (data not showed). In our study,
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Figure 4: Polydatin regulates mRNA expression of PPAR-𝛾, ABCA1, and CD36 in peritoneal macrophage cells. Figures (b), (d), and (f) are
the mRNA expression of PPAR-𝛾, ABCA1, and CD36. (a), (c), and (e) are quantitated from these results. #𝑃 < 0.01, △𝑃 < 0.01, compared
with the Control group. ∗𝑃 < 0.01, compared with the Model group, n𝑃 < 0.05, compared with the Lovastatin group.
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we found that combined treatment with Polydatin/Lovastatin
and ox-LDL significantly relieve the damage of ox-LDL on
intracellular ultrastructure in macrophages compared with
the ox-LDL loaded cells. Polydatin and Lovastatin regulate
the metabolism of intracellular lipid and so confer the
protective role in the formation of macrophage foam cells.

In the study, we found that, after incubation with ox-
LDL for 24 h and 48 h, peritoneal macrophage of ApoE−/−
mice had favorable responsibility and phagocytosis ability to
ox-LDL and abundant inflammatory factors were secreted.
Working together, these effects could inhibit the elevation of
TNF-𝛼, IL-1𝛽. We did not observe any difference between
the Polydatin and Lovastatin group, suggesting the efficacy
of Polydatin is comparable to Lovastatin.

CD36 and ABCA1 are the downstream target genes
which are transcriptionally controlled by PPAR-𝛾. CD36 is
correlated to intracellular cholesterol accumulation. ABCA1
can promote diffluence of free cholesterol and phosphatides
from cells. The activated PPAR-𝛾 by ox-LDL can induce
CD36 expression in the macrophage, promote the uptake of
ox-LDL, increase intracellular cholesterol accumulation, and
then motivate foam cell formation [16]. This is the positive
feedback pathway. At the same time, the activated PPAR-
𝛾 also upregulates ABCA1 expression, reduces cholesterol,
and then inhibits foam cell formation. This is the nega-
tive feedback pathway. Therefore, the regulation of the ox-
LDL-PPAR-𝛾-CD36 and ox-LDL-PPAR-𝛾-ABCA1 signaling
pathways is important for inhibition of foam cell formation
and antiatherosclerosis [41]. In our study, we examined
whether the expression of PPAR-𝛾 affects the expression of
ABCA1 and CD36. After treating with ox-LDL, Polydatin,
and Lovastatin for 24 h and 48 h, the expression of PPAR-𝛾,
ABCA1, and CD36 at mRNA levels was increased. Polydatin
and Lovastatin might upregulate the mRNA expression of
PPAR-𝛾 andABCA1 and downregulate themRNAexpression
of CD36. This suggests that Polydatin might regulate the
expression of ABCA1 mRNA and CD36 mRNA through
activating the PPAR-𝛾 signaling, which sequentially inhibit
the formation of macrophage foam cells.

In conclusion, our studies have indicated that Polydatin
inhibits the formation of peritoneal macrophage-derived
foam cells of ApoE−/− mice. Further investigation has shown
that Polydatin has anti-inflammatory effects and regulates the
metabolism of intracellular lipid, possibly through the PPAR-
𝛾 signaling pathway. Thus, our data have provided some
experimental evidences to use Polydatin in prevention and
cure of atherosclerosis.
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Objective. The objective is to observe whether the traditional Chinese medicine (TCM) Nao-Xue-Shu oral liquid improves aphasia
ofmixed stroke.Methods. A total of 102 patients with aphasia ofmixed stroke were divided into two groups by a single blind random
method. The patients treated by standard Western medicine plus Nao-Xue-Shu oral liquid (𝑛 = 58) were assigned to the treatment
group while the remaining patients treated only by standard Western medicine (𝑛 = 58) constituted the control group. Changes
in the Western Aphasia Battery (WAB), Modified Rankin Scale (mRS), National Institutes of Health Stroke Scale (NIHSS), and
hemorheology parameters were assessed to evaluate the effects of the treatments. Results. Excluding the patients who dropped out,
54 patients in the treatment group and 51 patients in the control group were used to evaluate the effects. Significant and persistent
improvements in the WAB score, specifically comprehension, repetition, naming, and calculating, were found in the treatment
group when the effects were evaluated at the end of week 2 and week 4, respectively, compared with baseline. The naming and
writing scores were also improved at the end of week 4 in this group. The comprehension and reading scores were improved at the
end of week 4 in the control group compared with the baseline, but the improvements were smaller than those in the treatment
group. The percentages of patients at the 0-1 range of mRS were increased at the end of week 2 and week 4 in both groups, but
the improvements in the treatment group were much larger than those in the control group. Greater improvements in the NIHSS
scores and the hemorheology parameters in the treatment group were also observed compared with the control group at the end
of week 2 and week 4. Conclusion. Nao-Xue-Shu oral liquid formulation improved aphasia in mixed stroke patients and thus might
be a potentially effective drug for treating stroke aphasia.

1. Introduction

Mixed stroke, also known as hemorrhagic infarction or
infarction with hemorrhage, presents as a cerebral infarc-
tion combined with intracerebral hemorrhage on computed
tomography (CT) brain scans [1, 2]. Current clinical cases of
mixed stroke are caused by middle cerebral artery territory
and lead to massive temporal infarction with hemorrhage.

Mixed stroke patients with brain infarction and hemorrhage
have mutual promoting and mutual transforming character-
istics that often appear as epilepsy, dementia, aphasia, and
other kinds of advanced neural function damage. Also, there
is a higher proportion of patients with mixed apoplexy apha-
sia, including aphasia and dysarthria, or both kinds of symp-
toms coexisting in patients that result in communication
difficulties, and loss of the ability to communicate socially has
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a serious impact on the patient’s quality of life [3]. Western
medicine treatment that consists of decreasing intracranial
pressure and adjusting blood pressure and blood density and
hemostatic measures can produce contradictory effects and,
in other words, may lead to the development of ischemia and
at the same time increase bleeding, and vice versa, causing
contradiction to treat it [4]. In the theory of traditional
Chinese medicine (TCM), one of the integrative medicines
[5] has shown that Nao-Xue-Shu oral liquid may raise 𝑄𝑖
and remove blood stasis, clear pathogenic “heat” and “cool”
blood (make the abnormal activity of the blood quiet stop
bleeding), and eliminate phlegm [6]. In Western medicine,
the oral liquid can increase cerebral blood flow, improve
microcirculation, prolong thrombus formation, bleeding,
and clotting times, and inhibit platelet aggregation, so it can
promote phagocytic function and accelerate the absorption
of blood swollen in cerebral [6] and might be an effective
prescription in the treatment of mixed stroke [7]. For these
reasons, the aim of the present investigation was to evaluate
whether Nao-Xue-Shu oral liquid can improve the aphasia of
mixed stroke.We enrolledmixed stroke aphasia patients from
the Department of Neurology of Shuguang Hospital affiliated
to Shanghai University of Traditional Chinese Medicine
and the Department of Neurology of Hua Shan Hospital
affiliated to Fu Dan University based on whether or not they
were taking Nao-Xue-Shu oral liquid in order to identify
a reliable treatment for improving the prognosis of the
patients.

2. Subjects and Methods

2.1. Subjects. A total of 116mixed stroke patients with aphasia
from our two hospitals were divided into a treatment group
(treatment plus Nao-Xue-Shu oral liquid, 𝑛 = 58) and a
control group (treatment without Nao-Xue-Shu oral liquid,
𝑛 = 58) in a single blind fashion. Inclusion criteria for
the patients with aphasia of mixed stroke were (1) acute
onset, neural function defect syndrome caused by a local
brain blood circulation disorder, and duration of symptoms
of at least 24 hours [8]; (2) diagnosis by CT and/or mag-
netic resonance imaging (MRI) of the brain clearly showing
cerebral infarction accompanied by cerebral hemorrhage;
(3) the patient in a conscious state and with the ability to
speak and no comprehension difficulties, with or without
dysarthria; and (4) the patient or their guardians providing
signed informed consent. Exclusion criteria for thosemeeting
the above inclusion criteria were (1) a patient with an existing
consciousness disorder; (2) cerebral hemorrhage caused by
another reason such as a tumor or brain trauma caused by
cerebral infarction; (3) the existence of serious gastrointesti-
nal bleeding, hemoptysis, or bloody urine; (4) the presence
of other diseases caused by vascular dementia, frontotempo-
ral dementia, Parkinson’s disease (PD), Alzheimer’s disease
(AD), or a central nervous system disease such as a brain
tumor, multiple sclerosis, encephalitis, epilepsy, normal pres-
sure hydrocephalus (NPH), or other types of dementia; (5)
alcohol and/or drug abuse or other known kinds of aphasia
or dementiawhich prohibit the patient fromcooperatingwith
the examiner.

The mixed stroke patients with aphasia selected included
83 males and 33 females (age range, 39–87 y; mean ± SD,
64.28 ± 4.74 y), and time from onset to admission was 0.5∼
2.5 d (0.75 ± 1.08 d). There were 34 cases of left temporal
infarction with hemorrhage, 23 cases of right temporal
leaf infarction with hemorrhage, 14 cases of left putamen
hemorrhage with right basal ganglia infarction, 12 cases of
left putamen hemorrhage with right brain stem infarction,
11 cases of right basal ganglia infarction with hemorrhage in
the left caudate nucleus, 9 cases of left cerebellar hemorrhage
with right basal ganglia infarction, 8 cases of left thalamus
hemorrhage with infarction in the right side of the basal
ganglia area, and 5 cases of left basal ganglia infarction with
right basal ganglia hemorrhage. No significant differences in
gender, age, number of cases, duration, or types of diseases
between the two groups were found, and the 2 groups were
comparable (Table 1).

2.2. Treatment Methods. The control group underwent rou-
tine clinical treatments andmeasures according to the guide-
lines of Western medicine [9], including monitoring fluctu-
ations in the electrocardiograph (ECG) and blood pressure.
To control blood pressure and intracranial pressure,mannitol
and/or furosemidum and citicoline were administered by
intravenous infusion according to the patient’s situation.
The patients in the treatment group were treated using the
same routine treatments as the control group and were also
administered 10mL of Nao-Xue-Shu oral liquid [6, 7] three
times per day (Shandong Wohua Pharmaceutical Polytron
Technologies Inc.), which consists of Astragalus root,Hirudo,
Acorus gramineus, Radix Achyranthis bidentatae, tree Peony
bark, Rheum officinale, and Ligusticum wallichii (batch num-
bers 5040504 and 5040708).The ratio formula of each herb or
insect and the craftsmanship are protected by Chinese patent,
but the effective elements could pass through the blood brain
barrier to modify cerebral hemorrhage by study of cerebral
hemorrhage model [10]. Patients who could not ingest the
liquid orally were given it by nasal feeding. The patients
in the treatment group took Nao-Xue-Shu oral liquid for 4
consecutive weeks. The clinical and laboratory parameters
weremeasured before treatment (baseline), at the end ofweek
2, and at the end of week 4 to evaluate the effects of treatment
in the two groups.

2.3. Assessments. (1) Western Aphasia Battery (WAB) [11] is
the main outcome measure of aphasia. The examination not
only detects fluctuations in aphasia but also assesses the use
of visual spatial function, nonlinguistic intelligence abilities,
spatial structure ability, ability to perform calculations, and
other nonlinguistic function examinations.TheWAB test has
been used as a common tool in evaluating aphasia and ismin-
imally influenced by race and cultural background inWestern
countries [12].The six quotients developed byweightingWAB
scores are as follows: comprehension, repetition, naming,
reading, calculating, andwriting, with the highest score being
100%.

(2) The Modified Rankin Scale (mRS) [13] is a simplifi-
cation of the overall assessment of the patient’s neurological
function scale. The higher the score for neural function
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Table 1: Background characteristics of the patients of mixed stroke with aphasia.

Group 𝑛

Gender Age (y) Educational level (𝑛) Handedness (𝑛) Aphasia type (𝑛)
M F Primary Middle College or more L R Motor Receptive Mixed

Treatment group 54 38 16 63.32 ± 5.1 13 24 17 5 49 23 19 12
Control group 51 37 14 64.6 ± 4.9 11 23 17 4 47 21 17 13

Table 2: Quantitative changes of Western aphasia battery (WAB) between before and after the additional treatments in the treatment and
control groups.

Comprehension Repetition Naming Reading Calculating Writing
Treatment group

Before 0.68 ± 0.22 0.53 ± 0.17 0.46 ± 0.31 0.57 ± 0.26 0.43 ± 0.37 0.62 ± 0.25
Week 2 0.76 ± 0.17∗ 0.70 ± 0.32∗ 0.52 ± 0.28 0.67 ± 0.25∗ 0.56 ± 0.28∗ 0.67 ± 0.21
Week 4 0.87 ± 0.12∗∗# 0.75 ± 0.21∗∗# 0.62 ± 0.24∗# 0.77 ± 0.18∗∗# 0.67 ± 0.22∗∗# 0.77 ± 0.12∗#

Control group
Before 0.69 ± 0.23 0.54 ± 0.12 0.46 ± 0.25 0.56 ± 0.21 0.45 ± 0.29 0.63 ± 0.28
Week 2 0.70 ± 0.21 0.60 ± 0.19 0.49 ± 0.21 0.58 ± 0.24 0.48 ± 0.27 0.65 ± 0.25
Week 4 0.77 ± 0.19∗ 0.63 ± 0.25 0.52 ± 0.17 0.65 ± 0.22∗ 0.53 ± 0.33 0.68 ± 0.19

Note: ∗𝑝 < 0.05 and ∗∗𝑝 < 0.01 compared with before for the same group; #𝑝 < 0.05 compared with control group at the same time.

defect, themore serious the condition; 0means nomovement
dysfunction and 6 means death. After 2 and 4 weeks of
treatment, an increased percentage in the range of 0-1 of mRS
will be used as the main determinant of improvement for
movement dysfunction.

(3)TheNational Institutes ofHealth Stroke Scale (NIHSS)
[14] as the reference index of curative effect include con-
sciousness, gaze, facial paralysis, limb activities, and so on
for a total of 11 scoring categories, with 0 points being
normal. The higher the score of NIHSS, the more serious the
neurologic deficit, NIHSS as a predictor of acute onset for
stroke.

(4) Blood hemorheology as a reference index of the cura-
tive effect include whole blood viscosity low shear (WBVLS),
whole blood viscosity high shear (WBVHS), plasma viscosity
(PV), erythrocyte sedimentation rate equation𝐾 value (ESRE
𝐾 value), fibrinogen, and erythrocyte aggregation index (EA
index).

2.4. Statistics. SPSS17.0 software package was used for sta-
tistical analysis of the data. Data are presented as the mean
and standard deviation (−x + s) or percentage (%). Repeated-
measure ANOVA was conducted to test the differences
among changes in outcomes at baseline and at the end ofweek
2 and week 4 for both groups. Differences at baseline between
the treatment group and control group were analyzed. A
𝑝 < 0.05 was considered to indicate a statistically significant
difference.

3. Results

No significant differences in age, sex, educational level,
handedness, aphasia type, baseline WAB score, mRS score,
or NIHSS score, or blood parameters of hemorheology were
observed between the treatment and control groups (Tables 1

and 2). After two weeks of treatment, there was one death in
the treatment group due to severe lung infection, while three
subjects died in the control group (one due to acute heart
failure, one due to cerebral herniation, and one due to severe
pulmonary infection). After 4 weeks of treatment, contact
with three subjects in the treatment group was lost after they
left the hospital. In the control group, two patients died and
contact with two subjects was lost. Fifty-four patients in the
treatment group and 51 patients in the control group were
ultimately included in the statistical analyses.

The WAB scores in both groups at the end of week 2
and week 4 were better than their baseline scores. The scores
for comprehension, repetition, reading, and calculation at
the end of week 2 and week 4 in the treatment group
were significantly improved compared with before treatment
(baseline) (𝑝 < 0.05 or 𝑝 < 0.01). These scores were much
better at the end of week 4 in the treatment group than in
the control group (𝑝 < 0.05). At the end of week 4, the WAB
scores for naming and writing were better in the treatment
group compared with baseline (𝑝 < 0.05), while only the
comprehension and reading scores in the control group were
significantly improved at the end of week 4. The levels of
improvement at the end of week 4 were worse in the control
group than in the treatment group (𝑝 < 0.05, Table 2).

The mRS score was significantly improved at the end of
week 2 and week 4 in the treatment group (𝑝 < 0.05 and
𝑝 < 0.01) compared with baseline, and the improvements
were markedly better than those in the control group at the
end of week 4 (𝑝 < 0.01).ThemRS score only improved at the
end of week 4 in the control group (𝑝 < 0.05) compared with
baseline (Figure 1, left). The number of patients with an mRS
score in the 0-1 range increased in both groups at the end of
week 2 and week 4 (Figure 1, right), although the change was
significantly greater in the treatment group.
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Table 3: Changes in hemorheology between before and after the additional treatments in the treatment and control groups.

WBVLS (mPa⋅s) WBVHS (mPa⋅s) PV (mPa⋅s) ESRE𝐾 value Fibrinogen (g/L) EA index
Treatment group (𝑛 = 54)

Before 18.83 ± 4.36 3.82 ± 0.57 1.81 ± 0.52 68.27 ± 39.25 4.82 ± 1.25 4.72 ± 0.81
Week 2 17.96 ± 4.09 3.72 ± 0.35 1.68 ± 0.32 59.19 ± 41.62 4.19 ± 1.02 3.96 ± 0.63
Week 4 16.65 ± 3.74∗# 3.53 ± 0.32∗# 1.47 ± 0.44∗∗# 53.56 ± 40.69∗# 3.47 ± 0.72∗# 3.25 ± 0.52∗#

Control group (𝑛 = 51)
Before 18.74 ± 5.05 3.82 ± 0.35 1.81 ± 0.37 67.82 ± 41.25 4.79 ± 1.46 4.70 ± 0.65
Week 2 18.38 ± 5.23 3.79 ± 0.62 1.76 ± 0.42 64.99 ± 39.02 4.02 ± 1.33 4.65 ± 0.92
Week 4 17.99 ± 4.59 3.77 ± 0.53 1.71 ± 0.38 63.47 ± 44.72 3.95 ± 1.49 3.97 ± 0.59

Note. WBVLS: whole blood viscosity low shear; WBVHS: whole blood viscosity high shear; PV: plasma viscosity; ESRE 𝐾 value: erythrocyte sedimentation
rate equation𝐾 value; and EA index: erythrocyte aggregation index. ∗𝑝 < 0.05 and ∗∗𝑝 < 0.01 compared with before for the same group; #𝑝 < 0.05 compared
with control group at the same duration.
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Figure 1: Changes in the modified Rankin score (mRS) between
before and after the additional treatments in the treatment and
control groups. Note: ∗𝑝 < 0.05 and ∗∗𝑝 < 0.01 compared with
before for the same group; ##𝑝 < 0.01 compared with control group
at the same time.

The NIHSS scores were improved at the end of week 2
and week 4 in both groups compared with their respective
baselines, although the levels were markedly better in the
treatment group than in the control group at the end of week
2 and week 4 (Figure 2).

The changes in most parameters in the blood hemorheol-
ogy index in the treatment group at the end of week 4 were
significantly different compared with baseline. The changes
observed in all six parameters of the index in the treatment
group were different compared with the control group at the
end of week 4 (Table 3).

4. Discussion

There were more dropouts and deaths in the control group
compared to the treatment group at the end of the study. Our
results indicate that compared with baseline the treatment
group (Nao-Xue-Shu oral liquid) had improved comprehen-
sion, repetition, reading, and calculating scores for aphasia
parameters at the end of week 2 and the scores for these
factors all had improved significantly at the end of week
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Figure 2: Changes in the National Institutes of Health Stroke Scale
(NIHSS) scores between before and after the additional treatments
in the treatment and control groups. Note: ∗𝑝 < 0.05 and ∗∗𝑝 < 0.01
comparedwith before for the same group; ##𝑝 < 0.01 comparedwith
control group at the same duration.

4 compared with the control group and their baselines
(Table 2). The treatment group exhibited improvements not
only in the aphasia parameters but also in limb function,
indicating that Nao-Xue-Shu oral liquid also can be used
for treating patients with mixed stroke. After 4 weeks of
treatment, the hemodynamic level of the treatment group
improved compared with the control group, making it more
close to the normal range (Table 3).

Mixed stroke is a common clinical cerebrovascular dis-
ease, and the patients experience acute onset and rapid
progression.The cause of the disease is often an arterial lesion
in the carotid artery system of the brain region, and the
infarction area is large and often accompanied by damage
to advanced brain function as the result of coma, aphasia,
dementia, and epilepsy [15]. These have a serious impact on
the quality of life and safety of the patient. Explaining the
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mechanism of action of Nao-Xue-Shu oral liquid in terms of
traditional Chinese medicine (TCM) theory may be difficult
to understand for most Western doctors. Mixed stroke in
TCM is explained as “apoplexia” and an “attack on the viscera
and bowels” [16], caused by a Qi deficiency, blood stasis, and
phlegm.Due to theQi deficiency, the blood stasis and phlegm
obstruct the internal structure of blood vessel then intertwist
each other, causing the blood stasis with phlegm to insert
the vessel in the brain, leading to infarction. The abnormal
blood causes intervessel high blood pressure, and forcing the
blood stasis with phlegm out of the blood vessel may break
the vessel, leading to hemorrhage [17, 18]. In TCM theory,
if blood stasis is accompanied by phlegm, it can lead to a
more significantly damaged lesion in the brain [19]. This is
the mechanism that explains whymixed stroke patients often
also have advanced neuronal damage, including aphasia,
and the two pathological phenomenons of infarction and
hemorrhage can be caused simultaneously. Physiologically,
cleaning and powerful Qi (Qing-yang Qi) can supply energy
to the brain tomaintain its function and collect andmodulate
the blood and force it to circulate in correct way in brain
blood vessels [17, 18]. If the circulation has been obstructed
by the blood stasis with phlegm, the occlusion of blood vessel
orifices will occur and the power of Qi will decrease; Qing-
yang Qi is also like nutrition for the brain; if it cannot rise, it
can lead to the brain lack of power to speak and understand
the language and then can cause dysarthria and dysphagia.
When treating this disease, we should consider three TCM
pathogenic matters: Qi, blood stasis, and phlegm. First, we
should eliminate Qing-yang Qi, which can modulate blood
circulation and control or decrease bleeding. Astragalus root
as amajor component inNao-Xue-Shu oral liquid can provide
a stronger Qing-yang Qi [19]. The Qi also provides energy to
raise the nutrient level in blood to the brain when treating
the infarction and improves the aphasia. In TCM, Qi can
improve circulation throughout the entire system and excrete
metabolin. The other main component in the oral liquid is
hirudo, a type of earthworm that has been used for more than
one thousand years in China, which can rapidly eliminate
blood stasis and treat the second pathogenic condition, that
of blood stasis [20, 21], without side effect as bleeding.
Other than these two components, the Nao-Xue-Shu oral
liquid formulation contains 5 other TCM herbs that can
help increase Qi, remove blood stasis and phlegm, and assist
the body to excrete the pathogenic metabolites of blood
stasis and phlegm. In fact, Nao-Xue-Shu oral liquid contains
two famous prescriptions of TCM; one is Bu-Yang-Huan-
Wu decoction, which originated in the Qing Dynasty (about
185 years ago) and has been used frequently to treat stroke
in China and Asia [22, 23]. The other is Da-Huang-Shu-
Chong pill, which comes from the very famous TCM text
Jin-Gui-Yao-Lue (By Zhang Zhongjing, about 1700 years ago)
and has been used to remove blood stasis from the body
[24]. The combination of these 2 prescriptions is the most
effective treatments in treating for mixed stroke with aphasia.
Clinical pharmacological studies have confirmed that Nao-
Xue-Shu oral liquid accelerates the absorption of hematoma
in the brain of rats, reduces edema around the hematoma
accelerating fibrinolysis and inhibiting thrombosis, increases

cerebral blood flow, and improves brain blood and oxygen
supply, thereby improving blood circulation and promoting
the absorption of hematoma [25].

In this study on treating mixed stroke with aphasia, we
believe the disease is caused by 3 pathogenetic mechanisms:
a deficiency of Qi, blood stasis, and phlegm. The sample
size of this study is relatively small and a single blind
random method was used, so the treatment group might
have experienced placebo effects and we therefore cannot
draw any definite conclusion. In TCM theory, each Chinese
medicine has its own function to modulate the body or deal
with diseases, including treating brain problems, but doctors
in China are still unable to demonstrate how the medicine
passes through the blood brain barrier (BBB). Including
TCM herbs [26, 27], many integrative medicines such as
Ayurveda medicine [28], electric stimulation [29], and Tai
Chi quan [30] cannot confirm that they influence the nerve
system directly byWesternmedical technology, but they have
been used in many countries for treating many diseases [5].
Nao-Xue-Shu oral liquid contains a type of worm and this is
another problem since, according to ethics, it is difficult to
introduce such a treatment into foreign countries, although
worms are frequently used in TCM treatments and TCM
researchers in China have demonstrated they are harmless
and safe. In order to validate the causes of the disease
based on clinical data, large-scale, multicenter, double-blind
randomized control studies will be needed to verify the
effectiveness of Nao-Xue-Shu oral liquid in the treatment of
mixed stroke aphasia.
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We investigated the effect of Jiangya Tongluo (JYTL) formula on renal function in rats with hypertensive nephrosclerosis. A total
of 21 spontaneously hypertensive rats (SHRs) were randomized into 3 groups: valsartan (10mg/kg/d valsartan), JYTL (14.2 g/kg/d
JYTL), and a model group (5mL/kg/d distilled water); Wistar Kyoto rats comprised the control group (𝑛 = 7, 5mL/kg/d distilled
water). Treatments were administered by gavage every day for 8 weeks. Blood pressure, 24-h urine protein, pathological changes in
the kidney, serum creatinine, and blood urea nitrogen (BUN) levels were estimated. The contents of adrenomedullin (ADM) and
angiotensin II (Ang II) in both the kidney and plasma were evaluated. JYTL lowered BP, 24-h urine protein, serum creatinine, and
BUN. ADM content in kidneys increased and negatively correlated with BP, while Ang II decreased and negatively correlated with
ADM, but there was no statistically significant difference of plasma ADM between the model and the treatment groups. Possibly,
activated intrarenal renin-angiotensin system (RAS) plays an important role in hypertensive nephrosclerosis and the protective
function of ADM via local paracrine. JYTL may upregulate endogenous ADM level in the kidneys and antagonize Ang II during
vascular injury by dilating renal blood vessels.

1. Introduction

Hypertensive nephrosclerosis is one of the most common
and serious chronic complications in primary hypertension.
It is an independent risk factor for end-stage renal disease
(ESRD) [1]; approximately 25% of patients with hypertensive
nephrosclerosis require a kidney transplant [2]. Data from the
United States Renal Data System suggest that hypertension is
the second cause of ESRD and the multiple risk factor inter-
vention study revealed that approximately 49% of ESRD cases
are caused by hypertension. By 2002, there were 160 million
patients with hypertension in China and approximately 9.6%
of patients were on dialysis as a result of renal artery sclerosis

due to hypertension. Improvements in the early prevention
and treatment of hypertension have resulted in significant
reductions in mortality from cardiovascular complications
caused by hypertension; however, for hypertensive nephro-
sclerosis, the mortality rates have not significantly improved
[2]. Therefore, research efforts are now being focused on
the mechanism and prevention of hypertensive nephroscle-
rosis. Currently, the treatment of hypertensive nephroscle-
rosis involves controlling blood pressure and preglomeru-
lar arteriolar resistance, reducing intraglomerular pressure,
and improving renal ischemia. However, this approach
has failed to show a curative effect in approximately 50%
of patients and the application of angiotensin-converting
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enzyme inhibitor (ACEI) drugs is limited when renal func-
tion is impaired beyond a specific threshold (serum creati-
nine >3mg/dL). Therefore, further research on new drugs
and treatment approaches to delay the progression of hyper-
tensive nephrosclerosis towards end-stage renal failure is
required.

Adrenomedullin (ADM) is a vasodilator peptide that was
originally isolated from the extract of human pheochromocy-
toma in 1993. It has numerous biological effects and is present
in a variety of tissues and organs, particularly in the heart,
kidney, and lungs [3]. ADM is mainly produced by vascular
endothelial and smoothmuscle cells, whilemesangial and epi-
thelial cells also secrete ADM [4]. When combined with cal-
citonin receptor-like receptors (CRLR) and receptor activity-
modifying proteins 2 and 3 (RAMP2 and RAMP3), ADMhas
a strong vasodilator effect [5]; it increases renal blood flow
and glomerular filtration via the expansion of efferent and
afferent arterioles [4]. ADM exerts important vascular and
renal protective effects through its interaction with Ang II
and other vasoconstrictive substances [6].Therefore, ADM is
considered important in preventing high blood pressure and
hypertension-induced organ damage. Consequently, inves-
tigation of the potential renal protective effects of ADM
has become a research focus in the field of hypertension
nephrosclerosis.

We routinely use Jiangya Tongluo (JYTL) at our daily
clinic to treat hypertensive nephrosclerosis and we have
observed good clinical curative effect. To gain insight into the
mechanisms of regulation of JYTL in hypertensive nephroscle-
rosis, we investigated the effects of JYTL on blood pressure,
renal function, and the expression of ADM and Ang II in
kidney and plasma using a spontaneous hypertensive rat
(SHR) experimental model to explore its decompression and
protective effects on kidney.

2. Materials and Methods

2.1. Animal Models and Drugs. Sixteen-week-old, male SHRs
(mean weight = 200 ± 10 g) were purchased from Vital
River Laboratories (Beijing, China; number SCXK, 2002-
2003). The animals were housed in the Central Laboratory at
BeijingUniversity of ChineseMedicine, with a 12-h light/dark
cycle and free access to food and water. The SHRs were
fed a normal diet for a week and were then randomized to
one of 3 groups: model (5mL/kg/d distilled water by gav-
age), valsartan (10mg/kg/d valsartan by gavage), and JYTL
(14.2 g/kg/d JYTL by gavage). The control group comprised
Wistar Kyoto rats (5mL/kg/d distilledwater by gavage).These
doses were determined from a previous pharmacodynamic
experimental study [7]. Each group was then sacrificed after
an 8-week treatment period. All experimental procedures
were conducted in accordance with the guidelines for the
use of experimental animals and approval was granted by
the Institutional Review Committee on Animal Care and Use
at the Experimental Animal Centre at Beijing University of
ChineseMedicine (Certificate of Conformity: SCXK, Beijing,
2012-0001).

2.1.1. Preparation of JYTL Decoction. JYTL is frequently used
in clinical practice for treatment of hypertension and is
composed of 30 g Nacre (Zhen Zhu Mu, ZZM), 15 g Cassia
occidentalis (Cao Jue Ming, CJM), 12 g Safflower (Hong
Hua, HH), 20 g Salvia miltiorrhiza (danshen, DS), and 15 g
Chrysanthemum (juhua, JH). The medicinal herbs were
provided by Pharmacy Department at Dongfang Hospital,
Beijing, China. The herbs were first cut and boiled together
in 6x volume of water for 0.5 h (first extraction). Residue
from the first extraction was boiled in 8x volume of water
for 25min. Finally, the filtered solutions were combined and
concentrated into an aqueous extract containing 1.2 g/mL raw
herbs. Valsartan was purchased from Novartis Pharma Ltd
(Beijing, China).

2.2. Blood Pressure Detection. Systolic blood pressure (BP)
was monitored prior to treatment (0 weeks) and after 2, 4, 6,
and 8 weeks of treatment using a noninvasive, computerized,
tail-cuff system (BESN-II, Desai Production Biotechnology
Co, Nanjing, China) and performed by specifically assigned
investigators at regular intervals in order to minimize error.
The mean value from 3 measurements of BP was taken for
each rate, representing the sample systolic pressure.

2.3. Pathological Examination of Renal Tissue. After 8 weeks
of treatment, rats were sacrificed under chloral hydrate anes-
thesia (3.5 g/kg administered via intraperitoneal injection).
Blood was rapidly sampled by abdominal aorta puncture and
the serum was stored at −80∘C prior to analysis. Renal tissue
was excised, washed in physiological saline, snap-frozen in
liquid nitrogen, and then stored at−80∘C.Kidney tissueswere
fixed with 4% paraformaldehyde, embedded in paraffin, and
cut into 3-𝜇m thick sections. Hematoxylin-eosin (HE) stain-
ing was performed in order to assess glomerular and vascular
injuries and perivascular lesions such as fibrosis under an
electronic scanner (SIPNO.MIC 01579, Zeiss Co, Germany).

2.4. Determination of Urinary Protein over 24 Hours. Prior
to and after 8 weeks of treatment, the rats were placed in
metabolic cages where food was not provided (but water was
available). Urine samples were collected over 24 h to calculate
the total urinary output and 5mL was collected for centrifu-
gation; the supernatant was stored at −20∘C. A commercial
radioimmunoassay (RIA) kit (PLA Institute of RIA, Beijing,
China)was used to estimate urine protein over 24 h, in accord-
ance with the manufacturer’s protocol.

2.5. Determination of Serum Creatinine and Blood Urea
Nitrogen Levels. After 8 weeks of treatment, blood was
collected from the abdominal aorta and serum was separated
by centrifugation (1500×g) at 4∘C for 10min and stored in
Eppendorf tubes. Blood urea nitrogen (BUN) and creatinine
levels were determined by the Jaffe and diacetyl-oxime
methods, in accordance with the manufacturer protocol.

2.6. Determination of Ang II and ADM Content in the Kidney
and Plasma. After 8 weeks of treatment, rats were sacrificed
and blood was sampled from the abdominal aorta. Fresh
kidney tissues were collected, weighed, quickly ground with
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normal saline, and boiled in water at 100∘C for 10min. The
homogenate was centrifuged (1500×g) at 4∘C for 15min and
the supernatant was preserved at −20∘C. Ang II and ADM
content in the renal tissue and plasma was determined using
an RIA Kit (PLA Institute of RIA, Beijing, China) in accor-
dance with the manufacturer’s protocol. The protein content
of the supernatant was also simultaneously determined for
correction.

2.7. Statistical Analysis. All data were analyzed using SPSS
16.0 software (SPSS Inc., Chicago, USA). Statistical signif-
icance was analyzed using a one-way analysis of variance,
followed by the post hoc Student-Newman-Keuls multiple
comparison test. All data are expressed as mean ± standard
error of the mean (SEM) and 𝑃 < 0.05 was considered
statistically significant.

3. Results

3.1. Effect of JYTL on Blood Pressure. Animal models in this
study comprised SHRswith knocked out genes. Prior to treat-
ment, the BP of rats in the model group and both treatment
groups was significantly higher than in the control group
(𝑃 < 0.01) (Figure 1(a)); the model and treatment groups
were comparable indicating that the model was successfully
established. No decrease in BP of rats was observed in the
valsartan and JYTL groups compared with the model group
after 2 weeks of treatment (Figure 1(b)). However, at 4, 6, and
8 weeks of treatment, the BP of rats in the JYTL and valsartan
groups was significantly lower than that in the model group
(𝑃 < 0.01 and 𝑃 < 0.05). Furthermore, at 4 weeks, the
BP of rats in the valsartan group was lower than that in the
JYTL group (Figure 1(c)), while at 6 and 8 weeks, there was
no statistically significant differences between the two groups
(Figures 1(d) and 1(e)).

3.2. Effects of JYTL on Renal Pathological Morphology. We
observed severely pathological lesion in SHRs by hematoxy-
lin-eosin staining. It comprised glomerular ischemia and
sclerosis, tubular atrophy and hyaline degeneration, and
interstitial fibrosis with inflammatory cells hyperplasia,
and the interlobular arteries show intimal thickening
(Figure 2(b)). Such lesions were considerably diminished
by JYTL and valsartan; the pathological change represented
interlobular artery mild-thickening with tubular vacuolar
degeneration (Figure 2(c)) and tubular ectasia with hyaline
degeneration (Figure 2(d)). Furthermore, the renal structure
of Wistar Kyoto rats appeared normal (Figure 2(a)). This
indicated that JYTL and valsartan could significantly protect
the kidney from hypertension-induced lesions. This result
strongly supported the therapeutic potential of JYTL against
hypertensive nephrosclerosis.

3.3. Effects of JYTL onUrinary ProteinQuantity over 24Hours.
The quantity of urinary protein over 24 h was statistically
significantly higher in the model group and both treatment
groups compared with the control group (𝑃 < 0.01); there
was no statistically significant difference between model
and treatment groups, indicating a successful model. After

8 weeks of treatment, the 24-h urine protein level was
significantly reduced in both themodel and treatment groups
(𝑃 < 0.01); it was slightly lower in the JYTL group than
in the valsartan group; however, these differences were not
statistically significant (Figures 3(a) and 3(b)).

3.4. Effects of JYTL on Renal Function. Following 8 weeks of
treatment, serum creatinine levels were significantly reduced
in both JYTL and valsartan groups (𝑃 < 0.01); serum
creatinine levels in JYTL groupwere slightly lower than in the
valsartan group; however there was no statistically significant
difference between the two groups (𝑃 > 0.05). The blood
urea nitrogen content was significantly reduced in both JYTL
and valsartan groups after the 8-week treatment period (𝑃 <
0.01). While BUN was lower in the JYTL group than in the
valsartan group, this difference was statistically significant
(𝑃 < 0.05) (Figures 4(a) and 4(b)).

3.5. Effects of JYTL on the Expression of Ang II and ADM in the
Kidneys and ADM in Plasma. The results of RIA showed that
kidney Ang II expression in the model, JYTL, and valsartan
groups was statistically significantly higher than that in the
control group (𝑃 < 0.01). Ang II expression was statistically
significantly lower in the valsartan and JYTL groups than
in the model group (𝑃 < 0.01). While Ang II expression
in valsartan group was slightly higher than the JYTL group,
these differences were not statistically significantly different
(Figure 5(a)). Levels of ADM in the model, JYTL, and
valsartan kidneys were statistically significantly lower than
the control (𝑃 < 0.01) and significantly higher in the
valsartan group compared with the model (𝑃 < 0.01).
While the level of ADM in the valsartan group was slightly
higher than that in the JYTL group, this difference was
not statistically significant (Figure 5(b)). After 8 weeks of
treatment, the content of Ang II in plasma in themodel group
was statistically significantly higher than that in the control
group (𝑃 < 0.01). In treatment groups though the levels of
Ang II were higher than that of control group, but there was
no statistically significant difference between them and also
there was no statistically significant difference between the
model and treatment groups (Figure 5(c)). Meanwhile, the
content of ADM in the plasma in the model group and both
treatment groupswas statistically significantly lower than that
in the control group (𝑃 < 0.01 and 𝑃 < 0.05, resp.), but there
was no statistically significant difference between the model
and treatment groups (Figure 5(d)).

3.6. Correlation of ADM with Ang II and BP. There was a
statistically significant negative correlation between ADM
andAng II and between ADMand BP in the kidneys (Figures
6(a) and 6(b)).

4. Discussion

Hypertensive nephrosclerosis is a form of hypertension-
induced arteriolar nephrosclerosis and it results from benign
arteriolar nephrosclerosis. Pathological changes indicative of
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Figure 1: Effect of JYTL on mean ± SEM blood pressure (𝑛 = 7 per study group). (a) Before treatment. (b) After 2 weeks of treatment. (c)
After 4 weeks of treatment. (d) After 6 weeks of treatment. (e) After 8 weeks of treatment. ∗𝑃 < 0.01, model, valsartan, and JYTL rats versus
control rats. #𝑃 < 0.01, rats in the valsartan group versus model rats. △𝑃 < 0.05 and 𝑃 < 0.01, rats in the JYTL group versus model rats.
&
𝑃 < 0.05, rats in the JYTL group versus valsartan group.

the condition include renal afferent arteriole hyaline degen-
eration and myointimal hypertrophy in the arteria inter-
lobulares and arteria arcuata [8, 9]. These lead to ischemic
changes in the glomeruli and interstitium and consequently
compromise renal function [10].

Decompression is the modern, universally accepted form
of hypertensive nephrosclerosis therapy. Studies have demon-
strated a significant contribution of ACE I and Ang II type
1 receptor blockers (ARB) in the prevention of renal and
cardiovascular damage [11, 12]. However, this form of treat-
ment has failed to demonstrate an obvious curative effect in
approximately 50% of patients. Furthermore, the vasodilator

effect of ACEI and ARB on efferent arterioles is superior
to afferent arterioles that impacts the compensatory mech-
anisms of intraglomerular pressure, hypertransfusion, and
hyperfiltration and accelerates renal function aggravation.
For those patients with renal insufficiency, administering
ACEI frequently predisposes them to hyperkalemia. There-
fore, when renal functional impairment crosses a specific
threshold (serum creatinine >3mg/dL), the application of
ACE I and ARB is limited. Consequently, it has become
important to explore new therapeutic methods to delay the
progression of hypertensive nephrosclerosis towards end-
stage renal disease.
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Figure 2: Histologic studies of JYTL in hypertensive nephrosclerosis rats after HE staining. (a) Control group. (b) Model group. (c) Valsartan
group. (d) JYTL group. Bar = 200𝜇m; samemagnification for all panels. (a)The arrows point to the glomerular and the lined epithelia of renal
tubules in normal condition. (b) Glomerular ischemia and sclerosis (blue arrow), interlobular artery with marked myointimal proliferation
(yellow arrows), tubular atrophy and hyaline degeneration (little black arrow), and interstitial fibrosis with inflammatory cells hyperplasia
(black arrow). (c) Interlobular artery mild-thickening with tubular vacuolar degeneration. (d) Tubular ectasia with hyaline degeneration. HE
in 3-𝜇m thick sections, 200.
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Figure 3: Effect of JYTL on the mean ± SEM urine protein content over 24 h (𝑛 = 7 per study group). (a) Before treatment. (b) After 8 weeks
of treatment with JYTL. ∗𝑃 < 0.01, model, valsartan, and JYTL rats versus control rats. #𝑃 < 0.01, rats in the valsartan group versus model
rats. △𝑃 < 0.01, rats in the JYTL group versus model rats.

Thepathogenesis and etiology of hypertensive nephroscle-
rosis are complex. The mechanism behind the condition is as
follows. (1) Glomeruli hypertension results in vascular endo-
thelial cell damage and increases vasoconstrictor (Ang II,
ET-1) and platelet derived growth factors and the synthesis
and secretion of extracellular matrix [11, 12]. (2) Elevations in
the glomerular capillary pressure lead to an increase in some

of the transforming growth factors such as TGF-𝛽1; this
procession stimulates collagen deposition and the prolifera-
tion of mesangial cells and increases the extracellular matrix,
eventually leading to kidney sclerosis [13]. (3)The glomerular
ischemia inflammatory response causes increases in vascular
injury, vasoactive substances, chemical chemokines, and
mitogenic factors and can aggravate kidney damage [14].
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Figure 4: Effect of JYTL on mean ± SEM renal function (𝑛 = 7 in each group). (a) Serum creatinine. (b) Blood urea nitrogen. ∗𝑃 < 0.01,
model, valsartan, and JYTL rats versus control rats. #𝑃 < 0.01, rats in the valsartan group versus model rats. △𝑃 < 0.01, rats in the JYTL
group versus model rats. &𝑃 < 0.05, JYTL versus valsartan group.
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Figure 5: Effect of JYTL on mean ± SEM ADM and Ang II content (𝑛 = 7 per group). (a) Ang II in kidney. (b) ADM in kidney. (c) Ang II in
plasma. (d) ADM in plasma. ∗𝑃 < 0.01 and ∗∗𝑃 < 0.05, model, valsartan, and JYTL rats versus control rats. #𝑃 < 0.01, rats in the valsartan
group versus model rats. △𝑃 < 0.01, JYTL group versus model group.

Reactive oxygen species can stimulate enzymes which have
oxidative stress sensitivity and nuclear transcription factors
(NF-𝜅B and AP-1) and can increase the expression levels of
cytokine and chemotactic and adhesion factors. The final
stages of the mechanism of hypertensive nephrosclerosis
include triggering renal interstitial inflammation, renal
fibroblasts proliferation and conversion, and the formation
of renal fibrosis [15].

The functional impairment of vascular endothelial cells
therefore plays a critical role in the pathogenesis of hyperten-
sive nephrosclerosis. Apoptosis of microvascular endothelial
cells inducesmicrovessel rarefaction and increases peripheral
resistance, which in turn increases BP, decreases the ability of
substance and energymetabolism, and reduces reserve capac-
ity and material exchange ability, resulting in the injury of
target organs.This present study found that Ang II promoted
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Figure 6: (a) Correlation between ADM and Ang II levels in the kidney. (b) Correlation between BP and ADM levels in the kidney.

endothelial cell apoptosis in a concentration-dependentman-
ner. Endothelial cell apoptosis induces an imbalance of
proliferation versus apoptosis of smooth muscle cells. This
procession eventually results in changes to the structure and
function of blood vessels and target organ damage [16–18].
Therefore, inhibition of blood vessel injuries by Ang II is key
to the treatment of hypertension-induced organ injury.

AMD is a novel vasorelaxant peptide. It is critical for both
vascular remodeling and blood pressure regulation and plays
an important role in the protection of kidneys and blood ves-
sels [5]. It dilates the blood vessels in two ways: endothelium-
dependent dilation and endothelium-independent dilation
[19–21]. ADM can increase blood flow and glomerular
filtration rate through the dilation of the afferent and
efferent arterioles [4]. It can also block the action of Ang
II-induced mitogen-activated protein kinase, resulting in
the prohibition of overproliferation of smooth muscle cells
[4, 22] and the inhibition of endothelial cell apoptosis
through a NO-dependent mechanism [23]. ADM promotes
impaired endothelial cells reendothelialization through the
cyclic adenosine monophosphate and phosphatidylinositol
3-kinase pathways, consequently playing a role in vascular
endothelial growth and the promotion of angiogenesis [24,
25].

Collagen and elastin, which are secreted by fibroblasts
and inhibit vascular sclerosis through the regulation of
matrix metalloproteinase-2 activity and protein expression,
are reduced by ADM [26]. Therefore, ADM is regarded as
a crucial factor not only for preventing an increase in BP
but also for preventing target organ damage. Consequently,
studies of ADM have become a research focus in the
field of hypertension nephrosclerosis. ADM is an endogenic
substance involved in a variety of bodily functions in an
autocrine and paracrine manner; however, it is expensive
and therefore unsuitable for long-term therapy. Therefore,
the development of drugs that promote the generation of
endogenous ADM and improve its bioactivity has become an
urgent requirement.

Traditional Chinesemedicine (TCM) has been used since
a long time and positive treatment effects have been observed
in hypertensive nephrosclerosis [27, 28]. JYTL formula used
in this study is composed of Nacre, Cassia occidentalis,
Safflower, Salvia miltiorrhiza, and Chrysanthemum. This
preparation was derived from the JYTM formula invented by
Shikui Guo (one of the most prestigious TCM cardiovascular
specialists) and it has obvious therapeutic effects on car-
diovascular disease [29]. Modern pharmacological research
has shown that Nacre exerts an anti-inflammatory effect
in the treatment of vascular headache. Cassia occidentalis
depresses blood pressure, reduces the extracellular matrix,
inhibits mesangial cell proliferation, reduces proteinuria, and
improves renal function. Safflower and Salvia miltiorrhiza
have antioxidant and anti-inflammatory effects; clinical val-
idation confirms their curative effect in terms of promoting
blood circulation to remove blood stasis.They are also known
to play a major role in renal interstitial fibrosis, vascular
endothelial injury, and oxidative stress [29–33]. Chrysanthe-
mum can cause significant dilation of the coronary artery,
increase in coronary bloodflow, and improvement ofmyocar-
dial cells for hypoxia tolerance. It also plays an important
role in decompression and often synergizes with other drugs
to reduce hypertension [34]. In this study, we used JYTL to
treat hypertensive nephrosclerosis in a rat model and explore
themechanisms underlying its decompression and protective
effects on kidney function.

The results demonstrated that after 4 weeks of treatment
with JYTL, the BP of rats decreased, though valsartan group
showed better results than the JYTL group at this time.
However, with prolonged JYTL treatment, at 6 and 8 weeks,
JYTL group showed similar antihypertensive effect as val-
sartan. Since there are no obvious medical contraindications
to TCM, JYTL also can be used when renal functional
impairment crosses a specific threshold (serum creatinine
>3mg/dL). On the other hand, valsartan causes reduced
glomerular filtration rate (GFR), aggravates renal injury,
and is not recommended to use under such conditions.
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Our results also showed that JYTL reduced albuminuria,
improved renal function, and alleviated renal pathological
damage in SHR. To further explore the mechanism of action
of JYTL, we estimated the content of Ang II and ADM in
the kidneys and plasma. We observed that the plasma ADM
content decreased rapidly in the 24-week-old SHR which is
different from previous research [35, 36]. This may be due
to progressive endothelial cell injury and the self-regulation
function in a state of decompensation. However, valsartan
and JYTL showed no effect on the level of ADM and Ang II
in plasma, which is generally comparable to previous studies
[37, 38]. Some authors have described high levels of Ang II
in kidney tissue [39] and locally generated Ang II has been
implicated in paracrine regulatory mechanisms, leading to
altered proliferative and synthetic responses of cells [40].
Therefore, we speculated that the renal protective effect of
ADM is not associated with circulating ADM and perhaps
renal local RAS plays a more important role in the process
of hypertensive nephrosclerosis. We explored the correlation
between ADM and Ang II in the kidneys. The data showed
that ADM content in SHR kidneys decreased significantly
as compared to that in control rats, while Ang II increased.
ADM protein content showed a statistically significant, neg-
ative correlation between BP and Ang II levels. JYTL and
valsartan upregulated the level of ADM and downregulated
Ang II level in the kidney.Thus, it can be concluded thatADM
may act as a paracrine factor affecting renal function during
hypertensive nephrosclerosis and the renal protective effect
of JYTL may occur via upregulation of endogenous ADM
levels in the kidney and antagonism of vascular injury by Ang
II. Further research is required to address the effect of JYTL
on receptor systems and the signal transduction pathway of
ADM. In addition, further investigations on the molecular
mechanism of hypertensive nephrosclerosis may provide
alternative therapy and new drug screening approaches.

5. Conclusion

JYTL has renal protective effect in SHRs that may be related
to the upregulation of ADM levels in the kidney and the
inhibition of vascular injury.
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Objective. Kawasaki disease (KD) is a multisystemic autoimmune vasculitis. Intravenous immunoglobulin (IVIG) is the first-line
treatment for KD. It is unclear whether traditional Chinese medicine (TCM) has an effect on KD. We aimed to observe the clinical
efficacy of TCM on acute KD via serum interleukin-33 (IL-33) and tumor necrosis factor alpha (TNF-𝛼) measurements.Methods.
Thirty-one KD patients were treated with Qing Re Liang Xue decoction and Western medicine (integrative medicine treatment
group), while 28 KD patients were treated with Western medicine only (Western medicine treatment group). Thirty patients were
included in a febrile group and 28 healthy children were included in the control group. Clinical characteristics and laboratory
findings were gathered and compared. Serum IL-33 and TNF-𝛼 levels were measured by multiplex Luminex assay. Results. The
platelet count in the integrative medicine treatment group was significantly lower than that in the Western medicine treatment
group. The integrative medicine group had a shorter fever duration and lower IL-33 and TNF-𝛼 levels than those in the Western
medicine group, but there were no significant differences between the two KD groups after treatment. Conclusion. Qing Re Liang
Xue decoction improved the hypercoagulable state of KD patients. Potential myocardial protective effects require further research.

1. Introduction

Kawasaki disease (KD) is an acute, self-limiting multisystem
inflammatory vasculitis that occurs in children. More than
85% of patients are younger than 5 years old. Although chil-
dren are treatedwith large doses of intravenous immunoglob-
ulin (IVIG), as many as 3–5% suffer coronary artery lesions
(CAL) [1]. The etiology of KD is unknown, but the most
widely proposed theories include environmental toxin expo-
sure, autoimmune pathogenesis, and infectious diseases
[2].

Cytokines like tumor necrosis factor alpha (TNF-𝛼),
an inflammatory mediator, are believed to be involved in
the vascular lesions of KD. TNF-𝛼 expression is increased
in the peripheral blood of KD patients during the acute
phase [3] and upregulates the expression and activities of
matrix metalloproteinases [4]. Interleukin-33 (IL-33), a novel
member of the IL-1 family, has recently been implicated in
several inflammatory and autoimmune diseases, including

atherosclerosis, sepsis, asthma, allergy, Crohn’s disease, anky-
losing spondylitis, arthritis, and systemic lupus erythemato-
sus [5, 6]. IL-33 is widely expressed in many tissues such as
the lung, liver, central nervous system, and multiple types
of cells including epithelial cells, endothelial cells, smooth
muscle cells, macrophages, and fibroblasts [6–8]. IL-33 is
stimulated by signals like inflammation and is secreted into
the extracellular milieu [9]. IL-33 induces cytokine synthesis
and mediates inflammatory responses through its receptor,
ST2 [7]. KD may be induced by one or more known or
unknown microbes, monocytes, macrophages, or T and
B cells, which generate a systemic inflammatory response
mediated by cytokines and chemical factors.

The first-line treatment of KD is IVIG and oral aspirin.
IVIG reduces the prevalence of coronary artery abnormalities
by reducing tissue inflammation and immune activation [10].
However, IVIG is expensive, and it can cause Qi and Yin
deficiency in later stage of KD. Chinese herbs have a signifi-
cant effect on some pediatric diseases. Therefore, traditional
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Table 1: Clinical characteristics of KD patients, febrile patients, and healthy children.

IG (𝑛 = 31) WG (𝑛 = 28) Febrile group (𝑛 = 30) Healthy group (𝑛 = 28)
Male/female 22/9 25/3 24/6 22/6
Age onset (years) 2.1 ± 1.3 2.1 ± 1.8 3.4 ± 1.7 3.6 ± 1.1

<1 year 8 8 2 3
1–5 years 23 19 24 21
>5 years 0 1 4 4
Note: IG: integrative medicine treatment group (treated with Qing Re Liang Xue decoction and Western medicine); WG: Western medicine treatment group
(treated with IVIG and/or aspirin); febrile group: children who had a fever with pneumonia or bronchitis; healthy group: healthy children without any diseases;
KD: Kawasaki disease.

Chinese treatment might provide a new therapy for KD. We
aimed to observe the clinical efficacy of Qing Re Liang Xue
decoction on serum IL-33 and TNF-𝛼 levels in KD patients to
observe whether Chinese herbs could alleviate inflammation.

2. Materials and Methods

2.1. Patients and Sample Preparations. Fifty-nine patients
diagnosed with KD, 28 healthy children, and 30 febrile
children (including bronchitis and pneumonia)were enrolled
in the study at BeijingChildren’sHospital, China. KDpatients
were divided into two groups with the random number table
method: integrative medicine treatment group (IG) (𝑛 = 31)
and Western medicine treatment group (WG) (𝑛 = 28). All
KD patients met the Diagnostic Guidelines established by the
Kawasaki Disease Research Committee in Japan [11]. All 59
KDpatientswere also diagnosedwith flaring heat in qifen and
yingfen, according to traditional Chinese medicine (TCM)
diagnostic criteria. Exclusion criteria included incomplete
KD, fever time exceeding 7 days, treatment with IVIG before
hospitalization, and not having flaring heat in qifen and
yingfen syndrome.

All KD patients received both IVIG (2 g/kg) and aspirin
(30mg/kg/day).The aspirin dosage was decreased to 5mg/kg
per day after normalization of C-reactive protein (CRP)
values. The IG also received Qing Re Liang Xue decoction.
No response to initial treatment with IVIG was defined as a
fever (𝑇 > 38∘C) lasting more than 36 hours after the end
of the IVIG infusion or recurring fever after fever abatement
with at least one of the clinical features of KD. Patients
not responding to IVIG received additional IVIG (1 g/kg) or
prednisone (1mg/kg).

Serum was obtained from patients in the acute phase of
KD before IVIG administration and in the recovery phase
(7 days after fever abatement). Serum samples from healthy
children and febrile patients were also collected. Patients in
the febrile group had a fever before treatment. All serum
samples were stored at −80∘C until the assay was performed.

2.2. Syndrome Differentiation Treatment. The IG was treated
with Qing Re Liang Xue decoction. The decoction is
composed of Shengshigao (gypsum fibrosum) 15 g, Zhimu
(Rhizoma Anemarrhenae) 9 g, Jinyinhua (Flos Lonicerae)
6 g, Lianqiao (Fructus Forsythiae Suspensae) 6 g, Huangqin
(Radix Scutellariae Baicalensis) 9 g, Danshen (Radix Salviae

Miltiorrhizae) 9 g, Zhuye (Folium Phyllostachydis Heno-
nis) 3 g, Mudanpi (Cortex Moutan Radicis) 9 g, Dihuang
(Radix Rehmanniae) 8 g, Zhizi (Fructus Gardeniae) 6 g, and
Lingyangjiao (Cornu Saigae Tataricae) 0.15 g. All Chinese
herbs were decocted in water and administered orally twice a
day, with 7 days in a course.

2.3. Assay for Serum IL-33 and TNF-𝛼 Level. The levels of
serum cytokines IL-33 and TNF-𝛼 were measured with a
multiplex Luminex assay (EMDMillipore Co., Billerica, MA,
USA), following the manufacturer’s instructions. All samples
were measured in duplicate as previously described.

2.4. Statistical Analysis. All data were analyzed using SPSS
17.0 (IBM Institute, Armonk, NY, USA) software. All data are
expressed as mean ± SD. KD patients, febrile patients, and
healthy children were compared using the Mann-Whitney 𝑈
test for numerical data. Changes in serum IL-33 and TNF-𝛼
levels before and after IVIG treatment were compared with
the paired Student’s 𝑡-test. All 𝑃 values were two-tailed. A 𝑃
value less than 0.05 was considered statistically significant for
all tests.

3. Results

3.1. Clinical Characteristics of KD Patients, Febrile Patients,
and Healthy Children. In this study, 31 KD patients treated
with integrative medicine (aged 7 months to 5 years), 28 KD
patients treated with Western medicine (aged 4 months to 8
years), 30 febrile patients (aged 6 months to 7 years), and 28
healthy children (aged 5 months to 6 years) were evaluated.
The clinical characteristics of all study subjects are shown in
Table 1.

3.2. Changes in Clinical Manifestations of Different Treatment
Groups. Temperature recovery time in the IG was 1.55±1.16
days, whichwas shorter than that of theWG(1.79±1.44days).
However, there was no significant difference between the two
groups (𝑃 = 0.657) (Figure 1). Changes in lips and oral cavity
appearance, hyperemia bulbar, polymorphous exanthema,
changes in extremities, and cervical lymphadenopathy are the
main symptoms of KD. The occurrence of these symptoms
was obviously decreased after treatment in both IG and
WG, but there was no significant difference between the two
groups (Figure 2).



Evidence-Based Complementary and Alternative Medicine 3

Table 2: Comparison of laboratory tests in different treatment groups before and after treatment.

Integrative medicine treatment group Western medicine treatment group
Before treatment After treatment Before treatment After treatment

WBC (×109/L) 13.5 ± 6.3 8.7 ± 2.7a 14.1 ± 6.7 8.5 ± 3.1b

PLT (×109/L) 374.9 ± 110.9 478.9 ± 138.3a 371.3 ± 130.2 541.5 ± 138.4bc

CRP (mg/L) 71.7 ± 48.2 9.0 ± 2.4a 67.4 ± 45.7 8.3 ± 1.2b

ESR (mm/h) 42.4 ± 25.6 33.7 ± 18.4 51.0 ± 30.0 35.9 ± 20.2
Note: WBC: white blood cell; PLT: platelets; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate. Compared with the integrative medicine group
before treatment, a𝑃 < 0.05; compared withWesternmedicine treatment group before treatment, b𝑃 < 0.05; compared with the integrativemedicine treatment
group after treatment, c𝑃 < 0.05.
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Figure 1: Fever clearance time in the integrativemedicine group and
Western medicine group. IG: integrative medicine treatment group
(treated with Qing Re Liang Xue decoction andWestern medicine);
WG: Western medicine treatment group (treated with IVIG and/or
aspirin). Data are presented as the mean ± SEM. No significant
difference was observed between the two groups (𝑃 > 0.05).

3.3. Laboratory Examination of IG and WG before and
after Therapy. White blood cells (WBC), platelets (PLT), C-
reactive protein (CRP), and erythrocyte sedimentation rate
(ESR) were evaluated in all patients. WBC, ESR, and CRP
were lower after treatment, and PLT was higher in both the
IG andWG.There were significant differences in WBC, PLT,
and CRP between before and after treatment in each group.
After treatment, PLT in the IG was significantly lower than
that in the WG (𝑃 = 0.048) (Table 2).

3.4. Comparison of Serum IL-33 and TNF-𝛼 Levels among
Groups. Levels of IL-33 and TNF-𝛼 in serum were detected
in healthy children, febrile children without KD, and KD
patients before and after treatment. Figure 3 shows that the
serum levels of IL-33 in healthy controls (28.1 ± 56.0 pg/mL)
were significantly lower than those in IG before therapy
(43.4 ± 29.0 pg/mL) and after therapy (47.3 ± 36.6 pg/mL)
and WG after IVIG (78.0 ± 143.7 pg/mL) (𝑃 < 0.05)
(Figure 3(a)). There were no significant differences in IL-33
levels between the KD groups and the febrile group.

TNF-𝛼 levels in the WG before therapy (42.3 ±
21.1 pg/mL) were significantly higher than those of healthy
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Figure 2: Comparison of numbers of clinical symptoms between
the integrative medicine group and Western medicine group before
and after therapy. IG: integrative medicine group (treated with Qing
Re Liang Xue decoction and Western medicine); WG: Western
medicine treatment group (treated with IVIG and/or aspirin).

controls (29.0 ± 11.3) and febrile children (27.8 ± 9.3 pg/mL).
After therapy, TNF-𝛼 level increased in the WG
(47.0 ± 57.8 pg/mL). TNF-𝛼 levels were significantly higher
in the WG than those in the febrile group (27.8 ± 9.3 pg/mL)
(Figure 3(b)). No significant differences were observed in
TNF-𝛼 level between the IG before and after treatment and
healthy group or febrile patients.

IL-33 and TNF-𝛼 in the IG were lower than those in
the WG (47.3 ± 36.5 pg/mL versus 78.0 ± 143.7 pg/mL and
36.5 ± 18.4 pg/mL versus 47.0 ± 57.8 pg/mL, resp.), but the
differences were not significant (Figures 3(a) and 3(b)).

4. Discussion

In this study, we found that treatmentwithQingRe LiangXue
decoction plus Western medicine resulted in a significantly
lower increase in PLT levels than in the Western medicine
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Figure 3: Serum IL-33 and TNF-𝛼 levels among groups. IL: interleukin; TNF: tumor necrosis factor; IG: integrative medicine treatment
group (treated with Qing Re Liang Xue decoction andWesternmedicine);WG:Westernmedicine treatment group (treated with IVIG and/or
aspirin). Data are presented as themean ± SEM. Significant differences comparing IL-33 level in the healthy groupwith the IG before and after
treatment and the WG after treatment are marked as 𝑃 < 0.05. Significant differences comparing TNF-𝛼 levels in the WG before treatment
with the healthy and febrile groups and the WG after treatment with the febrile group are marked as 𝑃 < 0.05.

group. Moreover, inflammatory cytokines were lower in
KD patients treated with integrative medicine compared
with Western medicine, although the differences were not
significant.Weusedmultiplex Luminex assay because it offers
a highly sensitive and accurate method of determining serum
levels in samples and uses small quantities.

KD patients treated with integrative medicine had a
normal temperature more quickly than those in the Western
medicine group, although the difference was not significant.
Therefore, Chinese medicine could possibly abate the fever
in KD patients. In Qing Re Liang Xue decoction, Cornu
Saigae Tataricae, gypsum fibrosum, Radix Rehmanniae, and
Cortex Moutan Radicis have cold properties according to
TCM theory, which might have a role in removing heat to
cool the blood and drop temperature.

In the laboratory tests after treatment, only the PLT
level was significantly different between the two KD groups.
Platelet counts are usually evaluated after day 7 of an illness
[12], which makes the patients hypercoagulable. Coronary
artery lesions (CAL) are themost common andworst compli-
cation of KD and are related to cardiac disease progression in
adults who have a KD history. One risk factor for predicting
aneurysms is platelet count.The smaller increase in PLT levels
in the IG compared with the WG might be caused by the
Radix SalviaeMiltiorrhizae andCortexMoutan Radicis.These
two herbs can activate circulation to remove blood stasis,
according to TCM. Radix Salviae Miltiorrhizae can act as
an antiarrhythmic, antiplatelet aggregate and has myocardial
protective effects [13]. Qingying decoction and Qingwen-
baidu decoction are classical Chinese medicine formulae to
clear heat. Qingying decoction is supposed to clear heat
and cool blood and can act as an antipyretic, sedative,
anti-inflammatory, and antibiotic and can repair myocardial

cells [14]. Modern pharmacological study indicates that
heat-clearing and blood-activating Chinese medicines could
improve microcirculation, increase hemodynamics, reduce
platelet aggregation, and prevent thrombus formation. Qing
Re Liang Xue decoction gathered the advantages of many
prescriptions; therefore, we hypothesize that Qing Re Liang
Xue decoction could relieve hypercoagulability and decrease
CAL incidence, but more research is required.

IL-33 expression was significantly higher in KD patients
compared with healthy control patients, but there was no
significant difference between the two KD groups and febrile
group. TNF-𝛼 in the WG before treatment was significantly
higher than that in the healthy and febrile groups. TNF-𝛼,
either alone or in cooperation with other cytokines, regulates
the production of chemokines on endothelial cells [3]. IL-33
is a newly reported cytokine in the IL-1 family and can be
produced by various types of tissues and cells. It has been
reported to participate in the development and progression
of many diseases like rheumatoid arthritis, systemic lupus
erythematosus, ankylosing spondylitis, Behçet’s disease, sys-
temic sclerosis, and coronary artery disease [6, 15]. IL-33
functions by binding to its receptor ST2 as a proinflamma-
tory cytokine [16] and shares the IL-1R accessory protein
(IL-1RAcP) and subsequent IL-1RAcP-dependent signaling
pathway activation with other members of the IL-1 family
[17]. In our study, serum IL-33 levels were higher in the IG
and WG after treatment, although the differences were not
significant. Nevertheless, this slight effect might suggest that
an inflammatory response was present. Immune disorder and
inflammatory cytokine activity increase in the middle stages
of KD, from the 3rd to 5th weeks. During this period, patients
are at high risk of CAL development. Therefore, inhibiting
this acute inflammation is important for reducing the CAL
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risk. Serum IL-33 levels in the IG were lower than the WG
after treatment, and fever duration in the IG was shorter
than that in the WG, although these differences were not
significant. These results indicate that Chinese herbs might
help prevent the progression of KD and possibly protect the
myocardium.

Many studies have focused on the relationship between
IL-33 and TNF-𝛼. Previous studies reported that TNF-𝛼
could stimulate the production of IL-33 [18]. In the synovial
fibroblasts of patients with rheumatoid arthritis, IL-33 was
detected and was markedly upregulated by the addition of
TNF-𝛼 and IL-1𝛽 [19]. Matsuyama et al. also found that IL-
33 expression was induced by IL-1𝛽, and IL-33 expression
was enhanced by costimulation with IL-1𝛽 and TNF-𝛼
[20].

Recent studies have shown that the inflammatory factors
IL-6, TNF-𝛼, C-reactive protein, adhesion molecules, and
Endothelin-1 participate in the formation of blood stasis
directly or indirectly [21]. Some studies have previously
reported that TNF-𝛼 is closely linked to inflammatory
responses and the development and maintenance of arterial
remodeling through the release of cytokines [22]. TNF-
𝛼 appears to be critical during the evolution of coronary
artery damage in a murine model of KD [3], and chronic
overexpression of TNF-𝛼 in the heart resulted in dilated
cardiomyopathy and increasedmortality [23]. Xie et al. found
that the expressions of apolipoprotein A-I and 𝛼

1
-antitrypsin

were different in patients with blood stasis syndrome and
coronary heart disease (CHD) with unstable angina pectoris.
This result indicated that inflammation may be one of the
mechanisms of blood stasis syndrome in CHD [24]. Radix
Salviae Miltiorrhizae can improve blood stasis and reduce
IL-6 levels [25]. KD patients have severe inflammation,
which can causemyocardial damage. However, someChinese
herbal medicines can activate blood and remove stasis to
treat inflammation and myocardial injury. This mechanism
could explain why IL-33 and TNF-𝛼 did not decrease after
treatment in the two KD groups.

Our study has some limitations.The small sample sizewas
not adequate for reliable assessment. The prevalence of KD
has regional and ethnic differences, so a larger sample size
from different populations is required to replicate the results.
Furthermore, we did not detect cellular IL-33 and TNF-𝛼
levels. Serum IL-33 and TNF-𝛼 levels are relatively low and
were occasionally out of range for measurement. Measuring
cellular cytokine expression could contribute more to the
role and origin of IL-33 and TNF-𝛼 during KD progres-
sion. In this study, we collected serum from KD patients
on the 1st and 7th days to observe changes in serology.
There was no significant difference from before to after
treatment in serum IL-33 or TNF-𝛼 levels in either treatment
group. This could be because of the short surveillance time.
KD requires a long rehabilitation and the cytokine levels
could change over time. A follow-up evaluation might be
important in patients with KD. Finally, the decoction has
an unfavorable taste for younger children, so compliance in
the study was poor. Innovation in Chinese traditional drug
agents could help improve this issue, but further study is
required.

5. Conclusion

Qing Re Liang Xue decoction reduced platelet count, which
indicates that the decoction could alleviate hypercoagula-
bility in KD patients. Serum IL-33 and TNF-𝛼 levels were
remarkably elevated in KD patients, which indicates that
KD development involves inflammation. Qing Re Liang Xue
decoction could decrease serum IL-33 and TNF-𝛼 levels.
Therefore, the traditional Chinese medicine might have
an effect on alleviating inflammation and protecting the
myocardium in KD patients.
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[1] J. C. Burns and M. P. Glodé, “Kawasaki syndrome,”The Lancet,
vol. 364, no. 9433, pp. 533–544, 2004.

[2] A. H. Rowley, “Kawasaki disease: novel insights into etiology
and genetic susceptibility,” Annual Review of Medicine, vol. 62,
pp. 69–77, 2011.

[3] J. S. Hui-Yuen, T. T. Duong, and R. S. M. Yeung, “TNF-𝛼 is
necessary for induction of coronary artery inflammation and
aneurysm formation in an animal model of Kawasaki disease,”
The Journal of Immunology, vol. 176, no. 10, pp. 6294–6301, 2006.



6 Evidence-Based Complementary and Alternative Medicine

[4] H. Xue, K. Sun, W.-P. Xie et al., “Etanercept attenuates short-
term cigarette-smoke-exposure-induced pulmonary arterial
remodelling in rats by suppressing the activation of TNF-𝛼/NF-
𝜅B signal and the activities of MMP-2 andMMP-9,” Pulmonary
Pharmacology &Therapeutics, vol. 25, no. 3, pp. 208–215, 2012.
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Endothelial dysfunction and low-grade inflammation are closely associated with hypertension and other cardiovascular diseases.
The combination of Uncaria (U) and Semen Raphani (R) is common in traditional Chinese medicine for the treatment of
hypertension and heart diseases. We aimed to investigate the therapeutic effect of the combination of Uncaria and Semen Raphani
on spontaneously hypertensive rats (SHRs), and valsartan was used as a positive control. In the present study, all extracts decreased
systolic pressure, diastolic pressure, and mean arterial pressure.U alone showed antihypertensive efficacy and effectively decreased
CECs count, while R alone showed efficacy in relieving inflammatory level. The combination of U and R showed enhanced
effectiveness at lowering activatedCECs and improving endothelial integrity of thoracic aorta andmesenteric artery andnormalized
the level of plasma biomarkers of endothelial damage. The combination of U and R decreased the mRNA level of VCAM-1, Sel-
L, TFPI, and Sel-P, while it elevated mRNA expression of FGF-1 and THBD of the thoracic aorta, which may be, at least in part,
involved in the mechanism of protective effect on hypertensive endothelial injury.

1. Introduction

Hypertension is a very common disease and an important
risk factor in cardiovascular events, which are characterized
by functional and structural vascular abnormalities. Vascular
endothelium plays a fundamental role in modulating vas-
cular tone and structure, and the endothelial dysfunction
and resulting structural changes may be responsible for
the adverse outcomes of hypertension [1]. Well-maintained
endothelial function and integrity is of importance in numer-
ous conditions, such as hypertension and inflammatory and
cardiovascular disease and their risk factors [2, 3]. The
damage of vascular endothelium leads to hypercoagulation,
vascular inflammation, and an imbalance of oxidative and
antioxidative systems. These pathological changes increase
the risk of cardiovascular events and one of the pathological
changes of hypertension is to convert mural endothelial cells
into circulating endothelial cells (CECs). The amount of

peripheral CECs correlates to disease intensity and functions
as a valuable damage marker, and these cells are thought to
originate from the sloughing-off of the vessel wall, following
some formof pathological insult [4]. IncreasedCECs number
in the blood is the product of a disease process that irre-
versibly damages the endothelium [5].

Uncaria (U) is a rubiaceous plant growing in SouthChina.
Total Uncaria alkaloids are the alcohol extract of the stems
of Uncaria. Rhynchophylline and Isorhynchophylline are main
pharmacological components in total Uncaria alkaloids. We
know thatRhynchophylline and Isorhynchophylline have phar-
macological effects similar to calcium channel antagonist,
blood pressure lowering, antimyocardial structure, and anti-
vascular smoothmuscle cell andfibroblast proliferation [6, 7].
Semen Raphani (R) is the mature seed of radish, helping
digestive, antibacterial, and antiexotoxin effects. Sinapine
thiocyanate is themain effective ingredient of SemenRaphani.
In recent years, the focus of TCM research on this herb has
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been on its vascular dilation and antihypertensive functions.
One of the advantages of TCM is the combination of several
compatible herbs which may demonstrate dramatic efficacy.

What we are interested in is whether there is enhanced
efficacy combining Uncaria and Semen Raphani to treat
hypertensive disease. In the present study, we aimed to inves-
tigate the therapeutic effect of the combination of Uncaria
and Semen Raphani on SHR, through the assessment of blood
pressure, heart rate, the degree of endothelial damage, and
overall inflammatory level, and then explored the possible
pharmacological mechanism preliminarily by microarray
analysis and quantitative real-time PCR.

2. Materials and Methods

2.1. Drugs and Reagents. Total Uncaria alkaloids and sol-
uble Semen Raphani alkaloid, the two extracts, both of
50% purity, were provided by Pharmacological Department,
Shandong University of Traditional Chinese Medicine. The
content of total Uncaria alkaloids was determined by the
acid dye staining method, and content of Rhynchophylline
was determined by high performance liquid chromatogra-
phy (HPLC). The fingerprint of total Uncaria alkaloids was
established by HPLC and the content of Rhynchophylline
accounted for more than 5.5% of total Uncaria alkaloids. The
HPLC method was employed to ensure that the content of
sinapine thiocyanate accounted for more than 42.53% in the
soluble Semen Raphani alkaloids. After the dose screening
experiments, the extracts were dissolved in saline before use
and kept at 4∘C. The final concentration of total Uncaria
alkaloids solution is 3.853mg/mL, and that of Semen Raphani
alkaloids solutionis4.623mg/mL. Valsartan was purchased
from Beijing Novartis Pharma Ltd., Lot # x1417, dissolved in
saline to a concentration of 1.335mg/mL, and kept at 4∘C.

Rat lymphocyte separation medium was purchased from
Solarbio (Beijing, China, Lot # 20120516); FACS lysing solu-
tion was from BD (USA, Lot # 34543); Monensin Solution,
Cell Stimulation Cocktail (500X), Anti-Rat CD54 (ICAM-
1) PerCP-eFluor 710, Anti-Rat CD3PE, and TNF-𝛼 were
from eBioscience (USA, Lot # E00020-1630, E13495-102,
E14752-101, E00983-1634, and E00877-321); the improved
RPMI-1640 culture medium was from Tianzhu Biochemical
Products Co., Ltd. (Beijing, China, Lot # NYB0813); mouse
serum was from Ding Guo Technology Co. Ltd. (Beijing,
Lot # 23U00130); Triton X-100 was from Solarbio (Beijing,
China, Cat. # T8200); CD31 (TLD-3A12) FITC and rabbit
monoclonal antibody [EPR3208] to CD146 (ab75769) were
from Abcam (UK, Lot # GR79311-3); goat anti-rabbit IgG-
PerCP (sc-45090) and CD62P (P-selectin) [CTB201] PerCP
were from Santa Cruz Biotechnology (USA, Lot # A3009).

2.2. Animals. 200 male spontaneously hypertensive rats
(SHRs), VAH/SPF level, 5-week-old, 94–120 g, and 40 age-
matched normotensive Wistar Kyoto (WKY) rats were pur-
chased from Beijing Weitong Lihua Experimental Animal
Technology Co., Ltd. (certificate: SCXK (Beijing) 20120001).
SHRs were randomly divided into 5 groups and intragas-
trically administrated for 6 days per week for the dura-
tion of 8 weeks: valsartan group (13.350mg valsartan/kg

body weight/d), total Uncaria alkaloids group (U group,
38.525mg total Uncaria alkaloids/kg body weight/d), soluble
Semen Raphani alkaloids group (R group, 46.230mg soluble
Semen Raphani alkaloids/kg body weight/d), 5 : 6 component
compatibility of total Uncaria alkaloids group and soluble
Semen Raphani alkaloids group (U-R group, combination
of 38.525mg total Uncaria alkaloids and 46.230mg soluble
Semen Raphani alkaloids/kg body weight/d), and hyperten-
sion model rats group. 20 SHRs and 20WKY rats which were
intragastrically given the same volume of saline for the same
duration were used as control. The animals, housed under a
12 : 12 light-dark cycle, were allowed food andwater ad libitum
with normal salt intake. Ethical approval for the project
was granted by the Faculty of Medicine & Health Sciences
Ethics Committee for Animal Research, AffiliatedHospital of
Shandong University of Traditional Chinese Medicine.

2.3. Detection of Blood Pressure and Heart Rate. Systolic
pressure, diastolic pressure, mean arterial pressure, and heart
rate were detected daily by the noninvasive rat tail method.
Rats were collected and put in the ALC-HTP animal system,
heated to dilate rat tail artery, and data were measured with
ALC-NIBP noninvasive blood pressure analysis system [8].
All ratsweremeasured 3 times in parallel, and datawas shown
as mean ± SD.

2.4. Ultrastructural Observation of Vascular Endothelium.
Eight SHRs of each group were sacrificed at the end of the
1st, 2nd, 4th, 6th, and 8th week by overdose anesthesia
with sodium pentobarbital (60mg/kg, i.p.). After blood was
collected by venipuncture, the thoracic aorta and mesenteric
artery were taken immediately. The thoracic aorta was cut
into two parts, one part for endothelial morphology obser-
vation by scanning electron microscope (SEM) and the other
part for gene chip analysis andquantitive real-timePCRassay.
For endothelial morphology observation, the thoracic aorta
and mesenteric artery were isolated gently, washed, and fixed
in 2.5% glutaraldehyde solution and then observed under
SEM.

2.5. Measurement of the Number of Peripheral Circulating
Endothelial Cells (CECs). CECs in the peripheral blood can
be considered an indicator of endothelial injury and vascular
integrity [3]. CD31 is a constitutive marker expressed on
endothelial cells (EC). CD146 is the key cell surface antigen
on quantifying blood-borne endothelial cells.

The number of peripheral circulating endothelial cells
was measured by indirect FACS-fluorescence labeled anti-
body by flow cytometry. Mononuclear cells were isolated
from 2mL hemolysin-treated EDTA-anticoagulant periph-
eral blood by centrifugation. The isolated mononuclear cells
were labeled with CD146-PerCP 20𝜇L, CD3-PE 0.25 𝜇g,
and CD31-FITC 10 𝜇L and then detected by flow cytometry.
CD3−CD31+CD146+ cells were regarded as peripheral circu-
lating endothelial cells [5, 9]. The absolute value of WBC was
countedwith hemocytometer undermicroscopy.The amount
of circulating endothelial cells was calculated by multiplying
the absolute value of WBC by the percentage of peripheral
circulating endothelial cells in WBC.
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2.6. Observation of the Activity of Circulating Endothelial
Cells. ICAM-1 (CD54) and P-selectin (CD62P) were taken as
markers of CECs with activity and adhesive ability.Themean
fluorescence intensity of CD54 and CD62P of CD3−CD31+
cells was detected by flow cytometry. Mononuclear cells were
isolated from 1mL lymphocyte separation medium treated
with EDTA-anticoagulant peripheral blood by centrifuga-
tion. After being blocked with 20𝜇Lmouse serum, cells were
triple-stained with anti-CD3-PE, anti-CD31-FITC, and anti-
CD54-PerCP or with anti-CD3-PE, anti-CD31-FITC, and
CD62P-PerCP. Fluorescence intensity was determined in a
FACSCalibur flow cytometer.

2.7. Determination of the Level of Biomarkers of Endothelial
Damage in Plasma. The contents of plasma nitric oxide
(NO), endothelin-1 (ET-1), P-selectin (P-S), von Willebrand
factor (vWF), intercellular adhesion molecule-1 (ICAM-
1), and vascular cellular adhesion molecule-1 (VCAM-1)
were assayed using ELISA kits (R&D Systems, USA, Lot #
20120718). All assays were performed according to the man-
ufacturer’s instructions. Wells were developed with tetram-
ethylbenzidine in the dark and the well absorbance was
measured at 450 nm. The protein content was quantified
against a standard curve calibrated with known amounts of
bovine serum albumin. All samples were assayed in triplicate
and measurements were expressed as mean ± SD.

2.8. Assessment of TNF-𝛼 Secretion of T Cells Subsets in Spleen.
Inflammation is one of the factors closely related to hyper-
tension. The content of TNF-𝛼 in plasma associated with the
spleen can reflect overall inflammatory state. The content of
plasma TNF-𝛼 was assayed using ELISA kit (R&D Systems,
USA, Lot # 20150320). The spleen was dissected under sterile
conditions and ground gently through 200-mesh strainers.
Thereafter, cells were collected by centrifugation and the
sediment was resuspended in PBS. After T cell subsets were
collected using lymphocytes separation medium, they were
adjusted to a concentration of 5 × 106 cells/mL and then
stimulated with PMA plus ionomycin and monensin, for
4 hours. After that, cells were collected and fixed with 4%
polyformaldehyde solution. Fc receptors on the cell surface
were blocked with mouse serums, and cells were stained with
anti-TNF-𝛼-FITC antibodies; then the fluorescence intensity
of the cells was detected in a FACSCalibur flow cytometer. All
the data was analyzed with the software FACSDiva Version
6.13.

2.9. Microarray Analysis. In order to explore the mechanism
of the protective effect of the combination of Uncaria and
Semen Raphani on vascular endothelium, RT-PCR chip for
biological function of endotheliumwas performed to observe
mRNA expression of the thoracic aorta [10].The total RNA of
the thoracic aorta was isolated using the TRIzol method and
then reverse-transcribed into cDNA with the PrimeScript
RT reagent kit (RR047A, TaKaRa, Dalian, China). Following
quantitative detection, the cDNA was hybridized in an
Affymetrix HybridizationOven 640, with subsequent elution
inside a clean workstation (GeneChip Fluidics Station 450,

Affymetrix). The chips were then scanned with a Gene Array
Scanner 3000 7G (Affymetrix) to trace the detection signal.
A GeneSpring GX 7.3.1 was used for the gene expression
analysis and transcripts with low expression levels (<25% of
the median gene expression value) and frequently missed
hybridizations (>2 absent flags among the samples) were
not analyzed further. Transcripts that showed a >2-fold
expression reduction in tissue from drug-treatment groups
relative to SHR groups were extracted. The transcript list
contained 84 transcripts. Both the test group and control
group included three biological replicates [11].

2.10. Quantitative Real-Time PCR. According to the results of
the microarray analysis, key genes (fibroblast growth factor-
1 (FGF-1), L-selectin (Sel-L), P-selectin (Sel-P), tissue factor
pathway inhibitor (TFPI), thrombomodulin (THBD), and
vascular cell adhesion molecule-1 (VCAM-1)) were chosen
for quantitative real-time PCR to verify the gene expression
results. The specific forward/reverse primer sequences (San-
gon Biotech, Shanghai, China) were as follows: FGF-1 (5-
ACAGCAGCAGGAATGCATTGAG-3/5-AACTGTCGA-
TGGTGCGTTCAAG-3), Sel-L (5-CCCTGAGCTGGG-
TACCATGAA-3/5-GCTGCTAGAGGCATGCACTGA-
3), TFPI (5-CAGCAACAACTTTGAGACCTTGGA-3/5-
GCGCTTTGGTAGCCTGAGGA-3), THBD (5- ACA-
TATCTGAGACGGATGGATGGAA-3/5-TGGGACTAC-
AAATGGCAAACACA-3), VCAM-1 (5-CGGTCATGG-
TCAAGTGTTTG-3/5-GAGATCCAGGGG AGA TGT
CA-3), and𝛽-actin (5-CGTTGACATCCGTAAAGA-3/5-
AGCCACCAATCCACACAG-3). Total RNA of vascular
endothelium was isolated using the TRIzol method and
reverse-transcribed into cDNA with the PrimeScript RT
reagent kit. Real-time PCR was performed with a SYBR
Premix Ex Taq kit (RR420A, TaKaRa, Dalian, China). The
reaction mixture contained SYBR Green Premix Ex Taq,
cDNA, and the forward/reverse primers. Reaction mixture
and amplification conditions were maintained according to
themanufacturer’s instructions. Each RNA sample was tested
in triplicate, and the threshold cycle values were normalized
to 𝛽-actin and were presented as the mean ± SD.The relative
gene expressions (fold change) of WKY rats, SHRs, valsartan
group, U group, R group, andU-R groupwere calculated with
the 2−ΔΔCT method [12, 13].

2.11. Statistics. Statistical analyseswere performedusing SPSS
17.0. Values were presented as mean ± SEM. Unless stated
otherwise, statistical comparisons were made using two-
factor analysis of variance (ANOVA). 𝑃 values of less than
0.05 were considered significant.

3. Results

3.1. Blood Pressure and Heart Rate. Blood pressure of
untreated SHRs kept increasing gradually during the study
process and then began to decrease after being treated with
drugs for a week (𝑃 < 0.05). The antihypertensive effect
reached the highest point at the end of the 8 weeks, signifi-
cantly different compared with that of untreated SHRs (𝑃 <
0.05). Systolic blood pressure decreased by about 30mmHg
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Figure 1: The changes of blood pressure and heart rate were detected by noninvasive rat tail method. Systolic pressure (a), diastolic pressure
(b), and mean arterial pressure (c) of SHRs kept increasing gradually during the 8-week study. In the period of the first 4 weeks of drug
treatment, systolic pressure, diastolic pressure, and mean arterial pressure of SHRs still increased and then decreased significantly. Heart rate
(d) of SHRs changed slightly but there was no significance between groups. ∗𝑃 < 0.05 versus SHRs.

in valsartan group, U group, and U-R group, while that in R
groupwas less significant (20mmHg) at the end of the 8-week
treatment (Figure 1(a)). Diastolic pressure decreased by about
20mmHg in all treatment groups (Figure 1(b)). Mean arterial
pressure decreased by 19–24mmHg in treatment groups at
the end of the 8-week treatment (Figure 1(c)). Heart rates of
the rats slightly decreased with advancing age, but there was
no significant difference between groups during the 8-week
study process (Figure 1(d)).

3.2. Endothelial Morphology Change. The SEM study directly
revealed the morphological change of vascular endothelium
directly as shown in Figure 2; both large elastic arteries
(thoracic aorta) and resistance vessels (mesenteric artery)
were damaged seriously in SHRs. The vascular cord of
WKY rats was arranged in neat rows, maintaining structural
integrity and intercellular connection integrity, and mucosa
was smooth, with no obvious fibre or plaque attached.
The vascular endothelium of SHRs had shed significantly
and aggregated, the cable was partly disordered, and cell
connection was lost, with a “hole” or “honeycomb” shaped
endometrium and with attachments adhering to the mem-
brane. Endometrial integrity and shedding state of endothe-
lial cells improved notably after drug treatment. U alone
showed a significant protective effect on endothelium, which
was better in U-R combination. The improvement effects of
the drugs were U-R > valsartan > U > R. The best improve-
ment groups were the valsartan group and U-R group.

3.3. The Amount and Activity of Peripheral Circulating
Endothelial Cells. Compared with the WKY rats, CECs
number of SHRs increased significantly and kept rising with
advancing age (𝑃 < 0.05). When treated with total Uncaria
alkaloids or soluble Semen Raphani alkaloids, respectively, the
count of CECs decreased at different degrees (U group: 25%;
R group: 23%) during 8 weeks (𝑃 > 0.05). The amount of
CECs was decreased notably (𝑃 < 0.05; 37% at 2 weeks’ end;
42% at 8 weeks’ end) after administration of U-R for 2 weeks.
The combination of U-R demonstrated the most powerful
effect on decreasing the amount of CECs (Figures 3(a) and
3(b)).

Compared with theWKY rats, CD54 and CD62P expres-
sion on CECs of SHRs was increased significantly (𝑃 <
0.05). When treated with drugs, CD54 expression on CECs
decreased in different degrees over the 8 weeks. U-R group
showed the best efficacy (decreased by 20% at the end of the
second week and 15.7% at the end of the eighth week), while
the efficacy of other groups was not stable (Figures 3(c) and
3(d)). All groups showed a significantly low level of CD62P
expression in CECs (𝑃 < 0.05), suggesting that all drugs had
beneficial effects on decreasing activity of CECs (Figures 3(e)
and 3(f)).

3.4.TheChange of the Level of Biomarkers of Endothelial Dam-
age in Plasma. Theplasma level ofNOdecreased;meanwhile,
vWF, ET-1, ICAM-1, VCAM-1, and P-S increased significantly
(𝑃 < 0.05) in SHR compared with the WKY rats. The level
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 2: Endothelial morphologies of thoracic aorta and mesenteric artery were observed by scanning electron microscope after 8 weeks of
drug treatment. (a)–(f) Endothelial morphology of thoracic aorta; (g)–(l) endothelial morphology of mesenteric artery. ((a) and (g)) WKY
rats; ((b) and (h)) SHRs; ((c) and (i)) valsartan group; ((d) and (j)) U (Uncaria) group; ((e) and (k)) R (Semen Raphani) group; ((f) and (l))
U-R (effective components ofUncaria and Semen Raphani) group.The arrows point to the endothelial damage and the change of endothelial
morphology.
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Figure 3: Continued.
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Figure 3:The amount and activity of peripheral CECs by flow cytometry. Identification of CD3−CD31+CD146+ cells as peripheral circulating
endothelial cells (CECs) in the mononuclear cells by flow cytometry ((a) and (b)). Observation of activated CECs by CD3−CD31+CD54+ ((c)
and (d)) and CD3−CD31+CD62P+ ((e) and (f)) by flow cytometry. ∗𝑃 < 0.05 versus SHRs.

of all the biomarkers of endothelial damage normalized in
different degrees with the treatments (Figure 4). Valsartan
demonstrated excellent efficacy on regulation of ET-1, ICAM-
1, and VCAM-1; U showed good efficacy in regulation of ET-
1, vWF, VCAM-1, and P-S; R demonstrated good efficacy in
regulation of vWF and P-S, while U-R had excellent efficacy
in regulation of all the factors.

3.5. Assessment of the Overall Inflammatory Level. The
plasma level of TNF-𝛼 was increased (𝑃 < 0.05) in SHR
compared with the WKY rats. The plasma level of TNF-
𝛼 decreased in different degrees after drug administration
(Figure 5(a)). The mean fluorescence intensity of TNF-𝛼 in
T cell subsets of SHR’s spleens was much higher than that of
WKY rats (𝑃 < 0.05). TNF-𝛼 decreased to varying degrees
after treatment, especially in R and U-R groups (𝑃 < 0.05).
We speculated that this was one of the mechanisms of U-
R of protecting vascular endothelium against hypertension
(Figures 5(b) and 5(c)).

3.6. Expression of Key Genes. Changes of gene expression in
microarray analysis were listed in Table 1. QRT-PCRwas then
performed to confirm the microarray findings. Consistent
with the gene chip data, the mRNA expression of VCAM-
1, Sel-L, Sel-P, and TFPI was elevated and that of FGF-1 and
THBDwas decreased in vascular endothelium of SHRs. After

drug treatment, the mRNA levels of these cytokines were
normalized in different degrees (Figure 6).

4. Discussion

Hypertension, to some extent, is a vascular disease. Alteration
of the vascular endothelium is a primary event in the
pathogenesis of vascular diseases, such as atherosclerosis
and systemic hypertension [14]. Hypertension and vascu-
lar endothelial dysfunction are a reciprocal causation. The
abnormal hemodynamics and the change of shear force
of hypertension may cause endothelial dysfunction, which
is one of the initiating factors of endothelial injury. The
injury of vascular endothelial cells often leads to the devel-
opment of hypertension. Damaged endothelial cells tend to
detach from the vessel wall, leaving a thrombogenic and
proinflammatory subendothelial surface, and simultaneously
release many active substances, such as thrombin, 5HT, and
endothelin, resulting in the disordered regulation of vascular
tone and elevation of blood pressure [15]. Elevated blood
pressure further aggravates the vascular endothelial injury
and dysfunction. Therefore, it is vital to study the pathology
of endothelial dysfunction and damage [16].

In the present study, we observed the vascular endothe-
lial injury process of SHRs to speculate the pathophysiol-
ogy in hypertension patients, as well as U-R’s targets and
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Figure 4: Assessment of the level of biomarkers of endothelial damage in plasma. The plasma level of NO, vWF, ET-1, ICAM-1, VCAM-1,
and P-S was determined by ELISA to assess the degree of endothelial damage. ∗𝑃 < 0.05 versus SHRs.
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Figure 5: Assessment of the overall inflammatory level. The level of plasma TNF-𝛼 (a) was measured by ELISA. TNF-𝛼 secretion in spleen
(b) was measured by flow cytometry. The level of plasma TNF-𝛼 and the mean fluorescence intensity of TNF-𝛼 on SHRs were much higher
than those of WKY rats (𝑃 < 0.05). TNF-𝛼 was decreased after drug treatment, except in U group (𝑃 < 0.05). ∗𝑃 < 0.05 versus SHRs.
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Table 1: Changes in gene expression (fold Change, 2−ΔΔCt).

WKY rats/SHRs Valsartan group/SHRs U group/SHRs R group/SHRs U-R group/SHRs
VCAM-1 0.55 0.41 0.60 0.69 0.29
FGF-1 6.00 3.27 2.82 2.97 6.64
Sel-L 0.53 0.23 0.24 0.30 0.35
THBD 5.89 3.33 3.34 3.46 3.96
TFPI 0.26 0.32 0.23 0.21 0.31
Sel-P 0.24 0.30 0.17 0.24 0.18
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Figure 6: Changes of gene expression of the antithrombotic actions related genes.The pharmacological mechanism of U-Rwas speculated by
microarray analysis (a), and the microarray results were verified and antithrombotic action related genes were determined by and quantitive
RT-PCR (b). ∗𝑃 < 0.05 versus SHRs.

pharmacological processes. The combined use of U and R
effectively decreased systolic pressure, diastolic pressure, and
mean arterial pressure. The efficacy of combination of U-R
was better than that of U or R alone, demonstrating similar
efficacy to valsartan. U-R showed particularly prominent
efficacy on lowering systolic blood pressure, which provided
the premise for U-R as vascular protective agents. U-R
improved endothelial morphology of both large elastic arter-
ies (thoracic aorta) and resistance vessels (mesenteric artery).
As the morphology of elastic arteries improved, which
helped cushion the shear force, systolic pressure was lowered.
Accompanied by the improvedmorphology of resistance ves-
sel, the passive expansion capability of peripheral resistance
vessels was increased and diastolic pressure was reduced. U-
R increased the plasma level of NO and decreased the level of
vWF, ET-1, ICAM-1, VCAM-1, and P-S, suggesting the recov-
ery of vascular function. The improvement of endothelial
integrity and elastic vascular and resistance vascular function
may be attributed to the antihypertensive effect.

Vascular endothelial cells (ECs) provide a nonthrombo-
genic and nonadhesive surface in healthy subjects, but under
pathologic conditions they become proadhesive and proco-
agulant [17]. In normal steady-state conditions, the amount
ofmature CECs in the bloodstream is very low, due to the fact
that endothelial turnover is a very slow process in the absence
of pathological stimuli and that nonviable CECs are likely

rapidly cleared by the reticuloendothelial system.The level of
peripheral CECs is expected to increase as a consequence of
any type of damage to the vessel wall [18, 19]. In this study, the
amount of CECs of SHRs was much higher than that ofWKY
rats. During the 8-week study, the peripheral CECs count of
SHRs kept increasing, while that of WKY rats stayed stable.
The count of CECs in treatment groups also increased but
was much lower than that of SHRs, especially in valsartan
and U-R groups. The combination of U-R demonstrated
even better efficacy (41.8%) on lowering CECs count of
valsartan (30.3%). Not only the amount but also the cell
status of CECs has valuable significance [20].We take ICAM-
1 (CD54) and P-selectin (CD62P) as markers of activated
CECs. Endothelial adhesionmolecule CD54 (ICAM-1)medi-
ates cellular adhesion and transcellular migration. CD62P
is expressed appreciably in inflammatory conditions and
participates in a variety of pathological changes [21]. All drugs
showed beneficial efficacy on decreasing CD62P expression.
But only the combination of Uncaria and Semen Raphani
could effectively decrease CD54 to approximate level inWKY
rats, which may effectively reduce the risk of vascular injury
and thrombosis.

Inflammation contributes to the pathophysiology of
hypertension. We observed TNF-𝛼 level in both plasma and
T cell subsets of SHR’s spleens to assess overall inflammatory
level [22]. TNF-𝛼 promotes inflammatory responses and
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activates the adhesion molecules, which leads to the injury
of endothelial cells resulting in endothelium dysfunction,
vasomotor strengthening, diastolic weakening, and systemic
small artery spasm; thus, blood pressure is elevated [23]. Both
Semen Raphani alone and combination of U-R showed good
efficacy in relieving inflammation. Effectively reducing the
low-grade inflammation may be one of the pharmacological
ways in which Semen Raphani is antihypertensive. U alone
showed antihypertensive efficacy and effectively decreased
CECs count, while R alone showed efficacy in relieving
inflammatory level. The combination of U and R proved the
enhanced endothelial protective effects.

According to the results of microarray and qRT-PCR, we
believe that the expression and regulation of antithrombotic
actions and adhesion related genes are closely related to
endothelial dysfunction. A common function of the endothe-
lium is to maintain blood in a fluid state and to limit clot
formation when there is a breach in the integrity of the
vascular wall. On the anticoagulant side, ECs express tissue
factor pathway inhibitor (TFPI), heparan, thrombomodulin,
endothelial proteinC receptor (EPCR), tissue-type plasmino-
gen activator (t-PA), ecto-ADPase, prostacyclin, and nitric
oxide. On the procoagulant side, ECs synthesize tissue factor,
plasminogen activator inhibitor- (PAI-) 1, von Willebrand
factor (vWF), and protease activated receptors [24]. Regula-
tion of coagulation action and inhibition of the inflammatory
cytokine and adhesion molecules may alleviate endothelial
injury and relieve vascular wall inflammation, to slow the
progress of hypertension. The results of the present study
suggested that combination ofU-Rdecreased themRNA level
of VCAM-1, Sel-L, TFPI, and Sel-P, while elevating mRNA
expression of FGF-1 and THBD of the thoracic aorta. The
regulation of extracts of U-R on antithrombotic actions and
adhesion related genes may contribute to the mechanism of
the regulation on hypertension and endothelium injury.

5. Conclusions

The combination of extracts of Uncaria and Semen Raphani
(total Uncaria alkaloids and soluble Semen Raphani alka-
loid) demonstrated good antihypertensive effect and vascu-
lar endothelium protective effect. The possible mechanism
of this protective effect on vascular endothelium may be
attributed to the regulation of antithrombotic actions related
genes (FGF-1, Sel-L, Sel-P, TFPI, THBD, and VCAM-1) and
relieving the overall low-grade inflammation.
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Aim. To explore whether Chinese traditional medicine, tongxinluo (TXL), exerts beneficial effects on endothelial dysfunction
induced by homocysteine thiolactone (HTL) and to investigate the potential mechanisms. Methods and Results. Incubation of
cultured human umbilical vein endothelial cells with HTL (1mM) for 24 hours significantly reduced cell viabilities assayed by
MTT, and enhanced productions of reactive oxygen species. Pretreatment of cells with TXL (100, 200, and 400 𝜇g/mL) for 1 hour
reversed these effects induced by HTL. Further, coincubation with GW9662 (0.01, 0.1mM) abolished the protective effects of TXL
on HTL-treated cells. In ex vivo experiments, exposure of isolated aortic rings from rats to HTL (1mM) for 1 hour dramatically
impaired acetylcholine-induced endothelium-dependent relaxation, reduced SOD activity, and increasedmalondialdehyde content
in aortic tissues. Preincubation of aortic rings with TXL (100, 200, and 400𝜇g/mL) normalized the disorders induced by HTL.
Importantly, all effects induced by TXL were reversed by GW9662. In vivo analysis indicated that the administration of TXL
(1.0 g/kg/d) remarkably suppressed oxidative stress and prevented endothelial dysfunction in rats fed with HTL (50mg/kg/d) for 8
weeks. Conclusions. TXL improves endothelial functions in rats fed with HTL, which is related to PPAR𝛾-dependent suppression
of oxidative stress.

1. Introduction

Hyperhomocysteinemiamight play a role in the pathogenesis
of vascular disorders and it is considered as an independent
risk factor for atherosclerosis in 1969 [1]. Homocysteine
occurs in human blood plasma in several forms, including
the most reactive one which is HTL of a cyclic thioester,
and represents up to 0.29% of total plasma homocysteine [2].
HTL reacts with proteins by acylation of free basic amino
groups. In particular, the epsilon-amino group of lysine
residues forms adducts and induces structural and functional
changes in plasma proteins [3]. High levels of homocysteine
impair endothelial function and cause endothelial damage
in humans and in animal models [4, 5], indicating that the
endothelial monolayer is very sensitive to changes in plasma
homocysteine levels.

Tongxinluo (TXL) is a traditional Chinese compound
prescription and has been approved by the State Food
and Drug Administration of China in 1996 for the treat-
ment of angina pectoris and ischemic stroke. Increasing
evidence has indicated that the TXL has cardioprotective
functions. Treatment with TXL is effective in lowering serum
lipid levels, inhibiting plaque inflammation, and enhanc-
ing stability of vulnerable plaques [6]. It can also reduce
myocardial no-reflow and ischemia-reperfusion injury and
modulate vascular endothelial function [7]. Based on the
aforementioned studies, we tested the hypothesis that TXL
may produce protective effects on endothelial dysfunction
induced by high homocysteine via suppression of oxidative
stress. Here, we reported that pharmacological activation of
peroxisome proliferator-activated receptor gamma (PPAR𝛾)

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2015, Article ID 929012, 9 pages
http://dx.doi.org/10.1155/2015/929012

http://dx.doi.org/10.1155/2015/929012


2 Evidence-Based Complementary and Alternative Medicine

by TXL improves endothelial function in rats with hyperho-
mocysteinemia.

2. Materials and Methods

2.1. Materials. TXL was from Shijiazhuang Yiling Pharma-
ceutical Company, China. GW9662 (2-Chloro-5-nitro-N-
phenylbenzamide, Cat.: M6191, purity >98%), pyrrolidine
dithiocarbamate (PDTC), dihydroethidium (DHE), apoc-
ynin, acetylcholine (Ach), sodium nitroprusside (SNP), and
phenylephrine (PE) were purchased from Sigma Company.
Commercial kits for determinations of malondialdehyde
(MDA) and superoxide dismutase (SOD) activity were from
Cayman Company.

2.2. Components, Preparation, and Chemical Analysis of TXL.
Theherbal drugs of TXLwere authenticated and standardized
on marker compounds according to the Chinese Pharma-
copoeia 2005 as described previously [8]. TXL contains
12 medicinal components: Panax ginseng C.A. Mey, 1.677;
Ziziphus jujube Mill. var. spinosa, 1.173%; Paeonia lactiflora
Pall., 1.558%; Santalum album L., 0.354%;Dalbergia odorifera
T. Chen, 4.005%; Boswellia carteri Birdw., 5.927%; Borneolum
syntheticum, 3.626%; Scolopendra subspinipes mutilans L.
Koch, 3.623%; Buthus martensii Karsch, 18.111%; Steleophage
plancyi, 18.111%; Hirudo nipponica, 27.330%; Cryptotympana
pustulata Fabricius, 18.111%. They were ground to superfine
powder with the diameter of 10 𝜇m or less by a Micronizer
and prepared as capsules. To reduce the dose variability of
TXL capsule among different batches, the species, origin, har-
vest time, medicinal parts, and concocted methods for each
component were strictly standardized. Moreover, high per-
formance liquid chromatography was applied to quantitate
the components of the TXL capsule. Five major components
of the aqueous extract of tongxinluo capsule included paeoni-
florin (6.142mg/g), ginsenoside Rg1 (0.884mg/g), ginsenoside
Rb1 (0.730mg/g), jujuboside A (0.661mg/g), and jujuboside
B (0.646mg/g). Besides, another two peaks on the gas
chromatogram fingerprint of TXL capsule were identified,
which are isoborneol and borneol.

2.3. Animals. Male Sprague-Dawley rats (8 ± 2 weeks old,
180 ± 20 g) were purchased from the Center of Experiment
Animals, Central South University (Changsha, China). Rats
were housed in temperature-controlled cages with a 12-
hour light-dark cycle. The animal protocol was reviewed and
approved by JianghanUniversity andHuazhongUniversity of
Science and Technology.

2.4. Cell Culture. Human umbilical vascular endothelial cells
(HUVECs) from America Type Collection Center (ATCC)
were grown in endothelial cells basal medium (Clonetics Inc.,
Walkersville, MD) supplemented with 2% FBS, penicillin
(100U/mL), and streptomycin (100 𝜇g/mL). In all experi-
ments, cells were between passages 3 and 8. All cells were
incubated at 37∘C in a humidified atmosphere of 5%CO

2
and

95% air. Cells were grown to 70–80% confluency before being
treated with different agents.

2.5. Organ Chamber. Organ chamber study was performed
as described previously [9]. Rats were sacrificed under anes-
thesia by intravenous injection with pentobarbital sodium
(30mg/kg). The descending aorta isolated by removing the
adhering perivascular tissue carefully was cut into rings (3-
4mm in length). Aortic rings were suspended and mounted
to organ chamber by using two stainless clips. The rings were
placed in organ baths filled with Krebs buffer of the following
compositions (in mM): NaCl, 118.3; KCl, 4.7; MgSO

4
, 0.6;

KH
2
PO
4
, 1.2; CaCl

2
, 2.5; NaHCO

3
, 25.0; EDTA, 0.026; pH

7.4 at 37∘C and gassed with 95% O
2
plus 5% CO

2
. Before

contraction, a tension of 2 g was given to the aorta ring
for 90 minutes. During this period, Krebs solution was
changed every 15min. After the equilibration, aortic rings
were challenged with 60mMKCl. After washing and another
30 minutes equilibration period, contractile response was
elicited by PE (1 𝜇M). At the plateau of contraction, accumu-
lative Ach (0.01, 0.03, 0.1, 0.3, 1, and 3𝜇M) or SNP (0.01, 0.03,
0.1, 0.3, 1, 3, and 10 𝜇M) was added into the organ bath to
induce endothelium-dependent or -independent relaxation.

For ex vivo experiments, the rings were contracted by PE
(1 𝜇M) and then dilated with cumulative concentrations of
Ach (0.01–3 𝜇M) to assess the integrity of the endothelium.
The ring whose maximal relaxation induced by Ach (3 𝜇M) is
over 80%was considered to have intact endothelium and was
used in the following study. Then, the rings were pretreated
with TXL (100, 200, 400 𝜇g/mL) for 30 minutes followed
by addition of HTL (1mM) for 90 minutes. After washing,
Ach-induced endothelium-dependent relaxation and SNP-
induced endothelium-independent relaxation were assayed,
respectively. At the end of the experiments, the aortic rings
were collected in liquid nitrogen for measurements of NO
and MDA after homogenization.

2.6. Measurements of MDA Content, SOD Activity, and Nitric
Oxide (NO) Level. The contents of MDA content, SOD activ-
ity, and NO level in aortic tissues or blood were assayed by
using commercial kits following the recommended protocol.

2.7. Evaluation of Cell Viability. Cell viability was assayed
by using 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-di-phenytet-
razoliumromide (MTT) as described previously [10]. Cells
were seeded into 96-well plate at the density of 10000/mL
and incubated for 24 hours. After treatment, 10 𝜇L MTT
(5mg/mL) was added into cultured medium in each well for
2–4 hours until purple precipitate is visible. After the removal
of culture medium, 75 𝜇L dimethyl sulphoxide was added to
each well, leaving the cells at room temperature in the dark
for 2 hours. The absorbance at 570 nm was recorded.

2.8. Detection of ROS. ROSproductions in cultured cells were
assayed by measuring the DHE fluorescence as described
previously [11]. Briefly, before the end of the treatment, 10 𝜇M
DHE was added to the medium, incubated for 30min at
37∘C, and then washed with PBS twice. The image was taken
by fluorescent microscope. The DHE fluorescent intensity
was recorded by fluorescent reader at the wave of excitation
(485 nm) and emission (545 nm). Control was set up as 100%.
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Figure 1: TXL dose-dependently suppresses HTL-induced oxidative stress and improves cell viabilities in cultured HUVECs. Cultured
HUVECs were pretreated with TXL (100, 200, and 400𝜇g/mL) for 1 hour and then incubated with HTL (1mM) for 24 hours. (a) Cell viability
was measured by MTT. (b) Intracellular ROS productions were detected by DHE fluorescence. (c) Quantitative analysis of ROS productions.
All data were expressed as mean ± SEM.𝑁 is 3 in each group. ∗𝑃 < 0.05 versus Con, #𝑃 < 0.05 versus HTL alone.
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Figure 2: Inhibition of PPAR𝛾 abolishedTXL-suppressed oxidative stress andmaintains cell viability inHTL-treated cells. CulturedHUVECs
were pretreated with TXL (200 𝜇g/mL) for 1 hour and then incubated with HTL (1mM) for 24 hours in presence of GW9662 (0.01mM). Cell
was subjected to assay: (a) cell viability byMTT and (b) intracellular ROS productions by DHE fluorescence. (c) Quantitative analysis of ROS
productions. All data were expressed as mean ± SEM.𝑁 is 3 in each group. ∗𝑃 < 0.05 versus Con, &𝑃 < 0.05 versus HTL alone, and $

𝑃 < 0.05

versus HTL + TXL.
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Figure 3: TXL via PPAR𝛾 prevents from the impairment of endothelium-dependent relaxation induced by HTL in isolated rat aortas. (a)The
isolated rat aortic rings were exposed to HTL (1mM) for 1 hour after preincubation with TXL (100, 200, and 400𝜇g/mL) for 30 minutes. The
endothelium-dependent relaxation induced by acetylcholine (Ach) was assayed by organ chamber. All data were expressed as mean ± SEM.
𝑁 is 5 in each group. ∗𝑃 < 0.05 versus Control and #

𝑃 < 0.05 versus HTL alone. (b)The isolated rat aortic rings were exposed to HTL (1mM)
for 1 hour after preincubation with TXL (400 𝜇g/mL) for 30 minutes with GW9662 (0.01, 0.1mM). The endothelium-dependent relaxation
induced by acetylcholine (Ach) was assayed by organ chamber. All data were expressed as mean ± SEM.𝑁 is 5 in each group. ∗𝑃 < 0.05 versus
HTL alone, #𝑃 < 0.05 versus HTL + TXL. (c) Endothelium-independent relaxation was assayed in all groups by using sodium nitroprusside
(SNP).
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Figure 4: TXL via activation of PPAR𝛾 suppresses oxidative stress in isolated rat aortas. The isolated rat aortic rings were exposed to HTL
(1mM) for 1 hour after preincubation with TXL (100, 200, and 400𝜇g/mL) for 30 minutes. Aortas treated with 400𝜇g/mL TXL were in
the presence of GW9662 (0.01, 0.1mM). Homogenates of aortic tissues were subjected to assay (a) SOD activity and (b) MDA content by
commercial kits. All data were expressed as mean ± SEM.𝑁 is 5 in each group. ∗𝑃 < 0.05 versus Control and #

𝑃 < 0.05 versus HTL alone,
and $
𝑃 < 0.05 versus HTL + 400 TXL.

2.9. Statistical Analysis. Data are reported as mean ± SEM.
All data were analyzed with the use of 1- or 2-way ANOVA
followed by multiple 𝑡-tests, and 𝑃 < 0.05 were considered
statistically significant.

3. Results

3.1. TXL Dose-Dependently Normalizes Cell Viabilities in
HTL-Treated Endothelial Cells. We firstly investigated
whether HTL, which is the most reactive one of
homocysteine, affected cell viabilities in cultured HUVECs.
As shown in Figure 1(a), incubation of HUVECs with HTL
(1mM) for 24 hours dramatically reduced cell viabilities
detected by MTT assay, indicating that detrimental effects
of homocysteine are related to the high reactivity of HTL.
We next examined whether TXL protected endothelial cells
against HTL. As depicted in Figure 1(a), TXL alone did
not affect endothelial cell viabilities but dose-dependently
reversed cell viabilities reduced by HTL.

3.2. TXL Dose-Dependently Suppresses HTL-Induced Oxida-
tive Stress in Cultured Endothelial Cells. We then investigated
that TXL via suppression of oxidative stress maintains the
normal phenotypes of vascular endothelial cells. As expected
in Figures 1(b) and 1(c), incubation of HUVECs with HTL
(1mM) for 24 hours remarkably increased ROS productions
in cultured cells. However, preincubation of these cells
with TXL inhibited the enhancements of ROS productions
induced by HTL in a dose-dependent manner. Taking these
together, it indicates that TXL protects cell viabilities reduced
by HTL, which is possibly related to suppression of oxidative
stress.

3.3. TXL via PPAR𝛾 Protects HTL-Treated Endothelial Cells.
Activation of PPAR𝛾 by agonists has been reported to
produce protective effects on oxidative stress in endothelial
cells [12, 13]. We next determined whether TXL via activation
of PPAR𝛾 provided beneficial effects in endothelial cells by
usingGW9662which is a specific antagonist of PPAR𝛾 to dis-
rupt PPAR𝛾 signaling [14]. As expected, inhibition of PPAR𝛾
by GW9662 significantly abolished the protective effects of
TXL on the improvement of cell viabilities (Figure 2(a))
and reductions of ROS productions (Figures 2(b) and 2(c))
in dose-dependent manner. Taking these data together, it
indicates that TXL via PPAR𝛾 activation suppresses oxidative
stress and protects cell viabilities.

3.4. TXL via PPAR𝛾 Preserves Endothelium-Dependent Relax-
ation Impaired by HTL inMice Isolated Aortic Rings. We then
performed ex vivo experiments to test whether TXLprotected
vascular endothelial functions by incubating isolated mice
aortic rings with HTL. Exposure of aortic ring to HTL
dramatically impaired Ach-induced endothelium-dependent
relaxation (Figure 3(a)). Similar to in vitro observations
from cultured cells, TXL dose-dependently reversed Ach-
induced endothelium-dependent relaxation in aortic rings
incubated with HTL (Figure 3(a)), suggesting TXL functions
as a protector on vascular endothelium.

We next determined whether TXL via activation of
PPAR𝛾 provided beneficial effects in endothelial cells by
using GW9662 [14]. As expected, inhibition of PPAR𝛾
by GW9662 significantly abolished the protective effects
of TXL on Ach-induced endothelium-dependent relaxation
(Figure 3(b)), indicating that TXL via PPAR𝛾 activation
protects endothelial function. In addition, SNP-induced
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Figure 5: TXL suppresses oxidative stress and improves endothelial functions in rats fed with HTL in vivo. The rats were intragastric
gavage HTL (50mg/kg/d) and received administration of TXL (1.0 g/kg/d) for 8 weeks. At the end of experiments, rats were sacrificed under
anesthesia. Artery from descending aorta was subjected to assay (a) endothelium-dependent relaxation induced by acetylcholine (Ach) and
(b) endothelium-independent relaxation induced by sodium nitroprusside (SNP) in organ chamber. Blood was collected to assay serum level
of (c) NO by Griess method and (d) MDA by TBAmethod. All data were expressed as mean ± SEM, 5–10 rats in each group. ∗𝑃 < 0.05 versus
Con and #

𝑃 < 0.05 versus HTL alone.

endothelium-independent relaxation was not altered in all
groups (Figure 3(c)), suggesting that the protective effects
produced by TXL on vascular function are limited to
endothelium but not to vascular smooth muscle.

3.5. TXL via PPAR𝛾 Reserves Redox State in Aortas, Which
Is Disturbed by HTL. Decreased NO bioavailability, which is
due to the decreased NO production or aberrant conversion
of NO to ONOO− by ROS, contributes to impairment of

Ach-induced endothelium-dependent relaxation in cardio-
vascular system [15]. We then examined whether HTL main-
tains normal redox state in rat isolated aortic rings.We found
that HTL dramatically decreased SOD activity (Figure 4(a))
and increased the content of MDA (Figure 4(b)), which is
formed when ROS reacts with polyunsaturated fatty acid
chain inmembrane lipids [16]. However, pretreatment of cells
with GW9662 significantly abolished TXL-rescued abnor-
malities in HTL-incubated aortas, suggesting that TXL via
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PPAR𝛾/SOD-MDA reserves the normal balance of antioxida-
tive system.

3.6. Administration of TXL Improves Endothelial Function
in Rats Fed with HTL. We then performed in vivo experi-
ments to confirmwhether TXL improves vascular endothelial
functions in rats with hyperhomocysteinemia.Homocysteine
circulates as different species, mostly protein bound, with
approximately 1% as its reduced form and the cyclic thioester
HTL. Despite the fact that the level of plasma thiolactone
is being markedly low, detrimental effects of homocysteine
are related to the high reactivity of HTL [17]. We fed rats
with HTL (50mg/kg/day) for 13 weeks to mimic the model
of hyperhomocysteinemia-induced endothelial dysfunction.
Endothelial function was determined by measuring the
vascular dilation induced by Ach. As shown in Figure 5(a),
HTL significantly inhibited Ach-induced vascular relaxation.
Importantly, the reduction of Ach-induced vascular relax-
ation was reversed by the administration of TXL. Both
HTL and TXL did not change SNP-induced vessel relaxation
(Figure 5(b)), suggesting that the improvement of TXL on
vascular bioactivity in HTL-fed rats is due to maintaining
endothelial function.

3.7. Administration of TXL Suppresses Oxidative Stress in Rats
Fed with HTL. We finally determined whether TXL pre-
serves the normal redox state in HTL-fed rats. As expected,
HTL induced the alternations, such as decreased serum
NO level (Figure 5(c)), and increased serum levels of MAD
(Figure 5(d)). All these defects induced byHTLwere normal-
ized by the administration of TXL. This evidence indicates
that the in vivo protective effects of TXL may be related to
suppression of oxidative stress.

4. Discussions

The present study firstly demonstrates that HTL in vitro or
in vivo causes accelerated oxidative stress and endothelial
dysfunction, all of which are abrogated by TXL. Mechanis-
tically, the protective effect of TXL on vascular function is
attributable to PPAR𝛾 activation, resulting in suppressions
of oxidative stress. In this way, TXL normalizes the redox
state in endothelial cells and protects endothelial function in
hyperhomocysteinemic rats.

The major finding in this paper is that TXL prevents
HTL-induced endothelial dysfunctions. Recent studies have
found that the conversion of homocysteine into HTL plays
a critical role in the progress of cardiovascular diseases in
patients with hyperhomocysteinemia. In this present study,
we used HTL to treat isolated aortic ring ex vivo or rats
in vivo, by which both impaired Ach-induced endothelium-
dependent relaxation, which is consistent with our previous
study [18]. This supports the observation that detrimental
effects of homocysteine are related to the high reactivity of
HTL, though the level of plasma thiolactone is very low.Most
importantly, HTL-induced endothelial dysfunction both ex
vivo and in vivo was reversed by TXL, which is in dose-
dependent manner. Collectively, our results suggest that TXL

functions as a protector of endothelial cells. This discovery is
also supported by several published studies done in cultured
endothelial cells [19, 20] or animals [21, 22], which have
shown that TXL protects endothelial function. However, a
recent study on human reported that TXL caused endothelial
dysfunction in normal volunteers. Of course, the reason for
this discrepancy between healthy and hyperhomocysteine-
mia needs further investigations.

In summary, these studies support a novel function of
TXL which activates PPAR𝛾 to suppress NF-𝜅B -dependent
nicotinamide-adenine dinucleotide phosphate hydrogenase
NAD(P)H oxidase. This, in turn, inhibits oxidative stress in
endothelial cells, leading to improvement of endothelia func-
tion.The finding that TXL attenuates endothelial dysfunction
induced by HTL through suppression of oxidative stress
may have broad applications for cardiovascular diseases,
since endothelial dysfunction is a common character at the
beginning and in the progress in a number of vascular
diseases including atherosclerosis [23, 24] and diabetes [25].
Thus, TXL may be a useful drug for more effective treatment
of atherosclerosis and hypertension.
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Thepresent studywas designed to evaluate the antihypertensive effect ofGaMiSamHwangSaSimTang (HVC1), a 30% ethanol extract
of a mixture comprising Pruni Cortex, Scutellariae Radix, Coptidis Rhizoma, and Rhei Rhizoma, on spontaneous hypertensive rats
(SHRs). The systolic blood pressure (SBP) was measured every 4 or 7 days using the noninvasive tail cuff system.The vasorelaxant
effects on isolated aortic rings were evaluated. Aortic rings were contracted using phenylephrine (PE) or KCl, and the changes in
tension were recorded via isometric transducers connected to a data acquisition system. In this study, oral administration of HVC1
decreased the SBP of SHRs over the experimental period. HVC1 induced concentration-dependent relaxation in the aortic rings
that had been precontracted using PE or KCl. The vasorelaxant effects of HVC1 on endothelium-intact aortic rings were inhibited
by pretreatment with N𝜔-Nitro-l-arginine methyl ester (L-NAME) or methylene blue. HVC1 inhibited the contraction induced
by extracellular Ca2+ in endothelium-denuded rat aortic rings that had been precontracted using PE or KCl. In conclusion, HVC1
reduced the SBP of SHR and relaxed isolated SHR aortic rings by upregulating NO formation and the NO-cGMP pathway and
blocking the entry of extracellular Ca2+ via receptor-operative Ca2+ channel and voltage-dependent Ca2+ channel.

1. Introduction

Hypertension is a global public health issue and is associated
with increased risk of cardiovascular disease, stroke, and
kidney disease [1]. The disease is regarded as a “silent killer”
as it rarely produces symptoms in its early stages and as
a result many people go undiagnosed [1]. In 2008, the
worldwide prevalence of high blood pressure was reported
to be approximately 40% of adults aged 25 or older; every
year, about 9.4 million deaths are estimated to be caused
by hypertension, which accounts for 12.8% of the worldwide
total [1]. Hypertension has a huge economic impact, and in
higher-income countries, including those in Eastern Europe
and Central Asia, the disease accounts for almost 23% of
health care expenditure [2].

In 2013, in Korea, the prevalence of hypertension in men
and women over 30 years of age was 32.4 and 22.2%, respec-
tively; the prevalence increased with age and in adults over 70
years of age, the prevalence of hypertension in men was 59%

and in women was 64.3% [3]. The number of hypertensive
patients is constantly increasing, and the cost of hypertension
treatment is also steadily increasing in Korea. According to
the National Health Insurance Statistical Yearbook 2013, the
costs paid by national health insurance for the treatment
of hypertension ($1.9 billion) formed a larger proportion of
total medical costs ($46.3 billion) than any other disease,
and—among 13.7 million patients—hypertension was the
most common disease (5.5 million people) [4]. However,
traditional medicines have not been widely used for the
treatment of hypertension in Korea. There are several useful
traditional medicines for the treatment of hypertension [5–
7], but few patients choose to use them, and health insurance
does not pay for them. This is because the herbal medicines
for hypertension have not yet been developed throughout
efficacy and safety studies in Korea.

Scutellariae Radix (SR), Coptidis Rhizoma (CR), and
Rhizoma Rhei (RR) have been commonly used traditional
medicines for cardiovascular diseases in China, Japan, and

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2015, Article ID 802368, 7 pages
http://dx.doi.org/10.1155/2015/802368

http://dx.doi.org/10.1155/2015/802368


2 Evidence-Based Complementary and Alternative Medicine

Korea. A herbal prescription SanHuangXieXinTang (SamH-
wangSaSimTang in Korean) composed of SR, CR, and RRwas
reported to decrease U46619-induced increase in pulmonary
arterial blood pressure [8]. And we found that Pruni Cortex
(PC) has potent vasorelaxant activities in the previous study
[9]. Therefore, these herbal materials are expected to be
useful for the treatment of spontaneous hypertension. For
the development of new antihypertensive herbal medicine, a
new prescription GaMiSamHwangSaSimTang (HVC1) which
consists of four kinds of traditional medicine including Pruni
Cortex, Scutellariae Radix, Coptidis Rhizoma, and Rhei
Rhizoma was developed based on SamHwangSaSimTang. In
the previous animal study, we found that vasorelaxant effect
of HVC1 was better than SamHwangSaSimTang (data not
shown).

In this study, we aimed to demonstrate the hypotensive
effect and mechanisms of action of a HVC1 on sponta-
neous hypertensive rats and we performed standardization of
HVC1.

2. Materials and Methods

2.1. Preparation of GaMiSamHwangSaSimTang. The extract
was prepared from a mixture of dried PC (200 g), SR (100 g),
CR (100 g), and RR (200 g). PC and RR were purchased from
Dongwoodang Co., Ltd. (Yeongcheon, Kyungpook, Republic
of Korea). CR and SR were purchased from Dong Yang Herb
Co., Ltd. (Seoul, Republic of Korea). Professor Hocheol Kim
of Kyung Hee University identified these herbal medicines.
The mixture was extracted with 30% ethanol for 2 h in a
reflux apparatus. After reflux and filtration, the extract was
evaporated using a rotary vacuum evaporator (N-N series,
EYELA, Japan) at 60∘C and lyophilized to yield 159.9 g of
crude extract.

2.2. Chemicals and Drugs. Phenylephrine (PE), KCl, ace-
tylcholine, 𝑁𝜔-Nitro-l-arginine methyl ester (L-NAME),
methylene blue (MB), atropine, indomethacin, and ethylene
glycol-bis-(2-aminoethylether)-N,N,N,N-tetraacetic acid
were purchased from Sigma Aldrich (St. Louis, MO, USA).
Amlodipine besylate was purchased from Kolmar Korea Co.,
Ltd. (Yeongi-gun, Chungnam, Republic of Korea). All other
reagents were of analytical purity.

2.3. Animals. Spontaneous hypertensive rats (SHR/lzm;
male; weight: 200–250 g; age: 8 weeks) were purchased from
Japan SLC Inc. (Hamamatsu, Shizuoka Prefecture, Japan). All
procedures involving animals were conducted according to
the animal welfare guidelines issued by the National Veteri-
nary Research&Quarantine Service andWorldOrganization
for Animal Health (OIE), and this study was approved
(KHUASP(SE)-13-018) by the Kyung Hee University Institu-
tional AnimalCare andUseCommittee.The ratswere housed
under controlled conditions (22±2∘C; lighting, 07:00–19:00),
and food and water were available ad libitum.

2.4. Measurement of Blood Pressure. The systolic blood pres-
sure of SHRs was evaluated using the noninvasive tail cuff
system (CODA 8-Channel High Throughput Non-Invasive

Blood Pressure system, Kent Scientific Co. Ltd., Torring-
ton, CT, USA) [10]. We randomly divided SHRs into four
groups of six animals each. For 50 days, they were orally
administered either distilled water, amlodipine, or HVC1.
Amlodipine and HVC1 were dissolved in distilled water.
Amlodipine was not completely soluble in distilled water;
therefore, an aqueous suspension of amlodipine was used
in this experiment. Control rats were treated with distilled
water (1mL⋅kg−1⋅day−1), positive control rats were treated
with amlodipine (10mg⋅kg−1⋅day−1), and the rats of the
two experimental groups were treated with HVC1 (50 or
300mg⋅kg−1⋅day−1).

2.5. Vasoactivity Measurement. Spontaneous hypertensive
rat aortic rings were isolated and placed in organ chambers
containing Krebs-Henseleit solution (K-H solution; 10mL)
at 37∘C, and then the vasoactivity of HVC1 was evaluated
using previously described methods [9]. HVC1 was dissolved
in K-H solution. The endothelium-intact and endothelium-
denuded aortic rings were contracted using PE (1𝜇M) or
KCl (60mM) treatment. Endothelium-intact aortic rings
were also preincubated with L-NAME (10 𝜇M), MB (10 𝜇M),
indomethacin (10𝜇M), or atropine (1 𝜇M) for 20min before
contraction with PE (1 𝜇M) treatment to investigate the
vasorelaxant mechanisms of HVC1 action. The presence of
functional endothelium was verified by the ability of ACh
(10 𝜇M) to induce more than 80% relaxation in rings that
were precontracted by PE (1 𝜇M).The relaxant effect of HVC1
on the aortic rings was calculated as a percentage of the
contraction in response to PE or KCl.

2.6. High Performance Liquid Chromatography (HPLC) Anal-
ysis of HVC1. Precisely weighed HVC1 (100mg) was dis-
solved in methanol (10mL; HPLC grade; J. T. Baker Co.
Ltd., USA) and the solution was filtered through a 0.45𝜇m
syringe filter (poly(vinylidene difluoride),Milford,USA).The
analytical standards used for the HPLC analysis of HVC1
were as follows: sennoside A and sennoside B (Rhei Rhizoma
standards, Sigma, USA), coptisine, berberine, wogonin (Rhi-
zoma Coptidis standards, Sigma, USA), baicalin, baicalein
(Coptidis Rhizoma standards, Sigma, USA), prunetin (Pruni
Cortex standards, Sigma, USA), genistein-7-glucose, and
prunetin-5-glucose (Pruni Cortex standards, isolated accord-
ing to a previously published procedure [11]). Each standard
(1mg) was dissolved in 100 𝜇g/mL 50% methanol. Equal
amounts of each standard mixture were combined and a
HPLC chromatogram was obtained. The HPLC apparatus
was a Gilson System equipped with a 234 Autosampler,
a UV/VIS-155 detector, and a 321 HPLC Pump (Gilson,
Seoul, Korea). A Luna 4.60 × 264mm C18 reverse-phase
column with 5𝜇m particles (Phenomenex, CA, USA) was
used. The mobile phase consisted of 0.1% formic acid (A)
and acetonitrile (HPLC grade, J. T. Baker Co. LTD., USA)
(B) in a ratio specified by the following binary gradient
with linear interpolation: 0min, 20% B; 60min, 30% B;
70min, 60% B; 100min, 70% B. The column eluent was
monitored at 250 nm, and all solvents were degassed with a
micro-membrane filter (poly(tetrafluoroethylene), Advantec,
Tokyo, Japan). Chromatography was performed at room
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temperature at a flow rate of 0.5mL/min, using 10𝜇L analyte,
for 100min.

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

3. Results

3.1. Effect of HVC1 on Blood Pressure in SHRs. Before the
experiment commenced (day 0), the systolic blood pressure
(SBP) of the control group (198.8±4.6mmHg), the amlodip-
ine 10mg⋅kg−1⋅day−1 treated group (197.5 ± 1.4mmHg), the
HVC1 50mg⋅kg−1⋅day−1 treated group (201.7 ± 1.5mmHg),
and the HVC1 300mg⋅kg−1⋅day−1 treated group (203.3 ±
4.8mmHg) were measured using the noninvasive tail cuff
system. At the end of the experiment (day 50), the SBP of the
control group had increased to 225.2±1.9mmHg.The SBP of
the positive control group (i.e., the amlodipine-treated group)
continuously decreased during the experimental period and
thus this experiment was considered to be reliable.

Orally administered HVC1 doses of 50 and
300mg⋅kg−1⋅day−1 also continuously decreased the SBP
of SHRs during the experimental period. On average, orally
administered HVC1 doses of 50 and 300mg⋅kg−1⋅day−1
decreased the SBP of SHRs to 191.1 ± 2.5 and 186.6 ±
2.9mmHg, respectively. The maximal hypotensive effect
was recorded on day 36 and SBP was 179.8 ± 10.8 and
172.2 ± 5.8mmHg for the 50 and 300mg⋅kg−1⋅day−1
dose-treated groups, respectively (Figure 1).

3.2. Effects of HVC1 on PE- or KCl-Induced Contraction of
Endothelium-Intact or Endothelium-Denuded Aortic Rings.
HVC1 (3, 10, 30, 100, and 300 𝜇g/mL) caused concentra-
tion-dependent relaxation in both endothelium-intact and
endothelium-denuded aortic rings that had been precon-
tracted using PE (1 𝜇M) treatment. However, endothelium-
intact aortic rings were more relaxed than endothelium-
denuded aortic rings (Figure 2(a)). HVC1 (3, 10, 30, 100,
and 300 𝜇g/mL) also caused concentration-dependent relax-
ation in endothelium-intact and endothelium-denuded aor-
tic rings that had been precontracted using KCl (60mM)
treatment. But therewere no significantly differences between
endothelium-intact and endothelium-denuded aortic rings
(Figure 2(b)).

3.3. Effect of HVC1 on Endothelium-Intact Aortic Rings
Preincubated with L-NAME or MB. Incubation with L-
NAME (10 𝜇M)orMB (10 𝜇M) significantly decreasedHVC1-
induced relaxation of endothelium-intact aortic rings that
had been precontracted using PE (1𝜇M) treatment. However,
the vasorelaxant effect of HVC1 300𝜇g/mL was not affected
by preincubation with MB (Figure 3).
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Figure 1: Hypotensive effect of HVC1 on the arterial systolic blood
pressure of spontaneous hypertensive rats. Arterial systolic blood
pressurewasmeasured using the noninvasive tail cuff system.Values
are expressed as mean ± SEM (𝑛 = 6). ∗𝑃 < 0.05; ∗∗𝑃 < 0.01; ∗∗∗𝑃 <
0.001 versus control. Amlodipine = amlodipine 10mg⋅kg−1⋅day−1
oral administration;HVC1 50 =HVC1 50mg⋅kg−1⋅day−1 oral admin-
istration; HVC1 300 =HVC1 300mg⋅kg−1⋅day−1 oral administration.

3.4. Effect of HVC1 on Endothelium-Intact Aortic Rings Prein-
cubated with Indomethacin or Atropine. Incubation with
indomethacin (10 𝜇M) or atropine (1 𝜇M) did not affect
HVC1-induced relaxation of endothelium-intact aortic rings
that had been precontracted using PE (1𝜇M) treatment
(Figure 4).

3.5. Effect of HVC1 on Extracellular Ca2+-Induced Contrac-
tion. In Ca2+-free K–H solution, the cumulative addition of
CaCl
2
(0.3–10mM) induced progressively increased tension

in rat aortic rings that had been precontracted using PE
(1 𝜇M; Figure 5(a)) or KCl (60mM; Figure 5(b)) treatment.
As shown in Figure 5, preincubation withHVC1 (300 𝜇g/mL)
for 20min significantly inhibited the contraction induced by
extracellular Ca2+.

3.6. Standard Material Analysis. The retention times of the
standards in the sample mixture were as follows: senno-
side A, 3.49min; genistein-7-glucose, 4.98min; coptisine,
9.61min; baicalin, 13.78min; prunetin-5-glucose, 17.18min;
berberine, 21.22min; baicalein, 59.76min; wogonin,
72.53min; prunetin, 74.12min (Figure 6(a)). In the HPLC
chromatogram of HVC1, the peaks for the standards were
observed (Figure 6(b)).

4. Discussion

In this study, HVC1, a herbal prescription containing extracts
of PC, SR, CR, and RR, decreased the SBP of SHRs and
relaxed aortic rings that had been contracted by treatment
with PE or KCl.
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Figure 2: Concentration-dependent relaxant effects of HVC1 on precontracted spontaneous hypertensive rat aortic rings. Endothelium-
intact [E (+)] or endothelium-denuded [E (−)] aortic rings were precontracted by phenylephrine (PE, 1𝜇M) (a) or KCl (60mM) (b). Values
are expressed as mean ± SEM (𝑛 = 8). ∗∗𝑃 < 0.01 versus E (−).
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Figure 3: Effect of HVC1 on endothelium-intact aortic rings prein-
cubated with 𝑁𝜔-Nitro-l-arginine methyl ester (L-NAME, 10 𝜇M)
or methylene blue (MB, 10𝜇M). The graph shows the relaxation
responses induced by HVC1 in endothelium-intact spontaneous
hypertensive rat aortic rings that had been precontracted with
phenylephrine (PE, 1𝜇M) in the presence or absence of L-NAME
or MB in Krebs-Henseleit solution. The relaxant effects of HVC1 on
isolated spontaneous hypertensive rat aortic rings were calculated
as a percentage of the contraction in response to PE. Values are
expressed as mean ± SEM (𝑛 = 4). ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus
HVC1.

Over the 50-day long experimental period, the SBP of the
control group (orally administrated distilled water) increased
from 198.8 ± 4.6mmHg on day 0 to 225.2 ± 1.9mmHg
on day 50. On the other hand, the SBP of the HVC1 50
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Figure 4: Effect of HVC1 on endothelium-intact aortic rings prein-
cubated with indomethacin or atropine. Graph showing relaxation
responses induced by HVC1 in endothelium-intact spontaneous
hypertensive rat aortic rings that had been precontracted with
phenylephrine (PE, 1𝜇M) in Krebs-Henseleit solution in the pres-
ence or absence of indomethacin (10𝜇M) or atropine (1 𝜇M). The
relaxant effects of HVC1 on isolated spontaneous hypertensive rat
aortic rings were calculated as a percentage of the contraction in
response to PE. Values are expressed as mean ± SEM (𝑛 = 4).

and 300mg⋅kg−1⋅day−1 treated groups significantly decreased
during the experimental period. These results suggest that
HVC1 has an antihypertensive effect.

Vascular tone is important for the regulation of blood
pressure. In blood vessels, the vascular endothelium and
smooth muscle play an important role in vasorelaxation.The
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Figure 5: Effect of HVC1 on Ca2+-induced aortic ring contraction. Graph showing the inhibitory effect of HVC1 (300 𝜇g/mL) on the
contraction induced by extracellular Ca2+ addition (0.3–10mM) in endothelium-denuded spontaneous hypertensive rat aortic rings that
had been precontracted using phenylephrine (PE, 1𝜇M) (a) or KCl (60mM) (b) treatment in Ca2+-free Krebs-Henseleit solution. Values are
expressed as mean ± SEM (𝑛 = 4). ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus control.
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Figure 6: HPLC chromatogram of HVC1 standard mixtures (a) and HVC1 (b). 1: sennoside A; 2: genistein-7-O-𝛽-glucopyranoside; 3:
coptisine; 4: baicalin; 5: prunetin-5-O-𝛽-glucopyranoside; 6: berberine; 7: baicalein; 8: wogonin; 9: prunetin.

vascular endothelium releases potent vasodilators such as
nitric oxide (NO) and prostacyclin (PGI

2
) [12].

NO is synthesized from l-arginine and when released
from the vascular endothelium, it activates cyclic guani-
dine monophosphate (cGMP), which leads to relaxation
of vascular smooth muscles [12]. Thus, NO synthesis and
the cGMP pathway are important factors in hypertension.
In this study, preincubation with L-NAME (10𝜇M), an
inhibitor of NO synthase, significantly decreased the HVC1-
induced relaxation of endothelium-intact aortic rings that
had been contracted using PE treatment. Preincubation with
MB (10 𝜇M), a soluble guanylate cyclase inhibitor, also sig-
nificantly decreased HVC1-induced relaxation. These results
suggested that the antihypertensive and vasorelaxant effects
of HVC1 are partly related to NO synthesis and the NO-
cGMP pathway.

PGI
2
is synthesized by cyclooxygenase andwhen released

from the vascular endothelium, it activates adenyl cyclase
(AC). Activated AC increases the intracellular concentration
of cyclic adenosine monophosphate (cAMP), which relaxes
vascular smooth muscle by decreasing the intracellular cal-
cium concentration [12]. In this study, preincubation with
indomethacin (10 𝜇M) did not affect the HVC1-induced
relaxation of endothelium-intact aortic rings that had been
contracted using PE treatment. These results suggested that
PGI
2
might not be involved in the antihypertensive and

vasorelaxant effect of HVC1.
Muscarinic receptors located on endothelial or smooth

muscle cells also play an important role in vasorelaxation
[13]. In this work, preincubation with atropine (1 𝜇M), a
nonselective muscarinic receptor antagonist, did not affect
HVC1-induced relaxation of endothelium-intact aortic rings
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that had been contracted using PE treatment. This result
suggested that the muscarinic receptor might not contribute
to the antihypertensive and vasorelaxant effects of HVC1.

The contraction and relaxation of vascular smoothmuscle
can be regulated by extracellular Ca2+ influx via the receptor-
operative Ca2+ channel (ROCC) or the voltage-dependent
Ca2+ channel (VDCC) without endothelial derived fac-
tors [14]. In the present study, preincubation with HVC1
(300 𝜇g/mL) for 20min significantly inhibited the con-
traction induced by extracellular Ca2+ supplementation in
endothelium-denuded aortic rings that had been contracted
using PE or KCl treatment in Ca2+-free K–H solution. These
results suggested that the antihypertensive and vasorelaxant
effects of HVC1 are partly related to blockage of extracellular
Ca2 entry via the ROCC and VDCC.

Furthermore, HVC1 (300 𝜇g/mL) inhibited the PE-
induced contractions to a greater extent than high K+-
induced contractions (Figure 5). Several reports have
described that the involvement of the contractile elements is
more related to agonist-induced contractions than high K+.
Phosphorylation of myosin light chain (MLC) is induced
to a greater extent by receptor agonist like phenylephrine
than by high K+ [15]. Moreover, drugs such as forskolin [16]
and sodium nitroprusside [17] decrease the agonist-induced
contractions to a greater extent than high K+-induced
contractions owing to the involvement of the contractile
elements. The agonists like phenylephrine cause an initial
spike in Ca2+ followed by small sustained rise in Ca2+ above
the basal levels, thus increasing the Ca2+ sensitivity of MLC
phosphorylation and leading to increased contraction.
However, high K+ depolarization results in a maintained
increase in the Ca2+-induced contractions [18]. These
findings suggest that HVC1 involves the contractile elements
of the aortic smooth muscle cells suggesting one of the
possible mechanisms that HVC1 selectively inhibits the
receptor-linked Ca2+ channel or that it decreases the Ca2+
influx or Ca2+ sensitivity.

HVC1 is a herbal prescription consisting of PC, SR, CR,
and RR extracts. Sennoside A is a known standard compo-
nent of RR, baicalin, baicalein, and wogonin are known stan-
dard components of SR, and berberine is a known standard
component of CR [19]. However, the standard components
of PC have not yet been established. In a previous study,
we isolated genistein-7-O-𝛽-glucopyranoside and prunetin-
5-O-𝛽-glucopyranoside from Prunus bark [11]. Prunetin is
known as one of the major components of the Prunus species
[20].Therefore, we used these compounds as standards in the
HPLC analysis of HVC1. Among these compounds, coptisine
[21], baicalin [22, 23], berberine [24, 25], and wogonin [26]
showed vasorelaxant activities and we found that prunetin
also has vasorelaxant activities (data not shown). Therefore,
these compounds might be the active compounds in HVC1
that help treat hypertension.

5. Conclusions

In this study, HVC1 reduced the SBP of SHRs and relaxed
isolated SHR aortic rings by upregulating NO formation

and the NO-cGMP pathway and blocking the entry of
extracellular Ca2+ via ROCC and VDCC. Therefore, HVC1
could be a useful herbal medicine for the prevention and
treatment of hypertension.
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Compound Chuanxiong Capsule (CCC), a Chinese herbal compound, can exhibit antiatherosclerotic effect; however, its
mechanism is still unclear. This study is designed to study the mechanism of CCC on atherosclerosis in the ApoE-knockout
(ApoE−/−) mice fed with a high-fat diet. After 6 weeks of high-fat feeding, 40 ApoE−/− mice were randomized (𝑛 = 10) and treated
with lipitor, high-dose or low-dose CCC, or distilled water (ApoE−/− group) for 7 weeks. The blood lipids in serum and the plaque
areas of the mice were measured and the mRNA expressions of phosphatidylinositol-3-kinases (PI3K), Akt, nuclear factor-kappa B
(NF-𝜅B), tumor necrosis factor-𝛼 (TNF-𝛼), and interleukin-6 (IL-6) of the aortae were determined.The data showed that CCC can
significantly decrease the levels of blood lipids, atherosclerosis index, and plaque areas and increase collagen proportion in plaques
as compared with the untreated mice (𝑝 < 0.05, 𝑝 < 0.01). In addition, CCC can significantly reduce the mRNA expressions
of PI3K, Akt, NF-𝜅B, IL-6, and TNF-𝛼 in the mice fed with a high-fat diet (𝑝 < 0.001). Thus, we concluded that CCC can inhibit
inflammatory reaction in the ApoE−/−mice fed with a high-fat diet.This mechanismmay be attributed to regulating PI3K/Akt/NF-
𝜅B signaling pathway.

1. Introduction

Atherosclerosis, a chronic inflammatory disease, plays a key
role in the occurrence and development of the cardiovascular
diseases, which has become as the most chronic cause of
death worldwide [1]. The data from the report of Cardio-
vascular Disease in China 2013 showed that cardiovascular
disease resulted in 41.1% deaths in the city and 38.7% in the
rural areas [2]. Therefore, it is essential to prevent and treat
atherosclerosis for the better prognosis of the patients with
cardiovascular diseases.

In the inflammatory mechanism of initiating the occur-
rence of atherosclerosis, NF-𝜅B plays one of the most
important roles as multifunctional transcription regulators.
Once activated, it exerts crucial effects on inflammatory
reaction, immune reaction, cell proliferation, and apoptosis
by regulating gene expressions of inflammatory cytokines and
chemokines, such as IL-6 and TNF-𝛼 [3]. The expressions of

NF-𝜅B and its cascade genes can be regulated by PI3K/Akt
signaling pathway, which plays a vital role in the process of
cell proliferation, apoptosis, and inflammatory reaction [4, 5].

CCC, one of the typical Chinese herbal compounds with
the potential of activating blood circulation, is composed of
Chuanxiong (Ligusticum) and Danggui (Angelica sinensis).
Zhao and Niu showed that CCC can decrease the level of
blood lipids in the patients with coronary heart disease [6]
and can reduce the risk of heart failure, for example, the
frequency and severity, and improve clinical symptoms of
cardiac insufficiency [7]. In rat atherosclerosis model, it was
found that CCC could increase the coronary blood flow,
inhibit platelet adhesion and aggregation, reduce blood vis-
cosity, and improve the state of blood stasis in blood vessels
[8].

Themechanismof action ofCCC, inTCM, is attributed to
the potential of Chuanxiong and Danggui in activating blood
circulation. Chuanxiong and Danggui have been widely used
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in the diseases with blood stasis syndrome [9]. It was reported
that CCC can inhibit the aggregation of platelets and lower
the viscosity of the blood [10]. However, the mechanism of
action of CCC on atherosclerosis is still unclear.

Considering the role of PI3K/Akt/NF-𝜅B signaling path-
way and its downstream inflammatory cytokines in athero-
sclerosis, this study was designed to investigate the inflam-
matory mechanism of CCC on atherosclerosis in the ApoE-
knockout (ApoE−/−)mice fedwith a high-fat diet by detecting
the expressions of TNF-𝛼, IL-6, PI3K, Akt, and NF-𝜅B.

2. Materials and Methods

2.1. Animals and Treatment. Eight-week-old male ApoE−/−
mice (𝑛 = 40, 18–20 g) on a C57BL/6J background and 10
C57BL mice introduced and bred by the Animal Unit of
Peking University Health Science Center were used in the
study. The housing and care of the animals and all the proce-
dures were performed in accordance with the guidelines and
regulations of the University of Bristol and the United
Kingdom Home Office.

2.2. Ethics Statement. This study was approved by the Insti-
tutional Animal Care and Use Committee (IACUC) from
Peking University Health Science Center.

2.3. Materials and Reagents. A TRIzol kit was purchased
from Invitrogen Company (California, USA), PCR primers
were synthesized by Sangon Biotech Co., Ltd. (Shanghai,
China), and an M-MLV RT kit and a real-time (RT)-PCR
kit were purchased from Takara Company (Otsu, Shiga,
Japan).The blood lipid kits were purchased fromZhongsheng
Beikong Biotechnology Co., Ltd. (Beijing, China) to mea-
sure total cholesterol (TC), triglycerides (TGs), low-density
lipoprotein (LDL), and high-density lipoprotein (HDL-C).
Van Gieson (VG) staining kit was purchased fromMAIXIN-
BIO (Fuzhou, China). CCC was purchased from Shandong
Phoenix Pharmaceutical Co., Ltd., (Shandong, China; Batch
number: Z20000035) and lipitor (atorvastatin) was pur-
chased from Pfizer Pharmaceutical Co., Ltd. (Dalian, China;
Batch number: H20051408).

2.4. Establishment of Atherosclerosis Model. All the ApoE−/−
mice were fed with a high-fat diet containing 21% (wt/wt)
fat from lard supplemented with 0.15% (wt/wt) cholesterol
[11] and obtained from Beijing Ke’ao Xieli Feed Co. Ltd.
(Beijing, China) for 13weeks. Additionally, 10C57BLmice fed
a standard chow diet containing 4% fat were used as normal
control group. All the mice were inspected at least once every
24 h.

2.5. Drug Treatment. After 6 weeks of high-fat diet, the
ApoE−/− mice were randomized into ApoE−/− (𝑛 = 10),
ApoE−/− + lipotor (𝑛 = 10), ApoE−/− + CCC low (𝑛 = 10),
and ApoE−/− + CCC high (𝑛 = 10) and were treated with
2.973mg/kg/d lipitor (positive-control drug) by intragastric
administration, high dose of CCC (1333.48mg/kg per day),

low dose of CCC (333.37mg/kg per day), or distilled water
(control group) for an additional 7 weeks. The feeding of the
mice in all the groupswas accompanied by a high-fat diet.The
choice of medical doses was based on the clinically relevant
doses in humans (the conversion coefficient between human
and mice is 9.01, and the medical doses in mice are 9.01 ×
the clinically medical doses in humans [12]). Distilled water
was used to dilute the medicine. Distilled water consumption
was monitored twice weekly, and drug concentration was
adjusted as required.

2.6. Histology. All the mice in the five groups were eutha-
nized with 0.1% pentobarbital sodium. The heart from each
mouse was removed and the one-third of the apical heart,
including the aortic sinus, was fixed in 10% formaldehyde,
embedded, and sectioned to determine the morphology of
any atherosclerotic plaque by hematoxylin and eosin (HE)
and VG staining.

2.7. Evaluation of Atherosclerotic Lesions. To quantitatively
evaluate atherosclerotic lesions, eight sections (5𝜇m-thick)
per group were selected and the sections in the same seg-
ment were quantified according to Suzuki et al. [13]. Ten
slides per group were examined for morphometric analysis.
The average of the measured four sections per sample was
recorded.The plaquemorphology and the collagen content of
atherosclerotic plaquewere evaluated byHE andVG staining.
A morphometric analysis was performed using Image Pro
Plus (Media Cybernetics, Rockville, MD, USA). The plaque
area was measured directly and was subtracted from the area
enclosed by the internal elastic lamina to derive the patent
lumen area [14], but the plaque area should be corrected by
dividing the internal elastic lamina surrounding area.

2.8. Determination of Plasma Lipid Concentration. Blood
samples were drawn from the left ventricle of a cohort of all
male ApoE−/− mice that received a high-fat diet for 13 weeks.
TC and TGs were determined by enzyme studies in serum.
LDL-C and HDL-C levels were determined by immuno-
turbidimetry. Finally, all the indices were determined using
the RX-2000 radiometer (Technicon Instruments Company,
Tarrytown, NY, USA), and the atherosclerosis index (AI) was
calculated using the formula [15]:

AI = non-HDL-C
HDL-C

. (1)

2.9. Real-Time Quantitative PCR. The aortic root from each
mouse from all the groups was removed and stored in −80∘C
to examine themRNA expressions of PI3K, Akt, NF-𝜅B, IL-6,
and TNF-𝛼. The total RNA from aortae was extracted using
TRIzol kit according to the manufacturer’s instructions. The
primers of PI3K, Akt, NF-𝜅B, IL-6, and TNF-𝛼 are shown
in Table 1. The protocol used for RT-PCR was similar to
the previously described method [16]. The model of qPCR
machine was ABI 7500 (America) and the program used was
SDS 1.3 version. The data was analyzed by 2−ΔΔCT method,
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Table 1

Genes Forward Reverse
GAPDH 5-GCAAGTTCAACGGCACAG-3 5-CGCCAGTAGACTCCACGAC-3

PI3K 5-TCCAAATACCAGCAGGATCA-3 5-ATGCTTCGATAGCCGTTCTT-3

Akt 5-TACTCATTCCAGACCCACGA-3 5-GAGGTTCTCCAGCTTCAGGT-3

NF-𝜅B 5-GGAGAAGGCTGGAGAAGATG-3 5-GCTCATACGGTTTCCCATTT-3

IL-6 5-GGACCAAGACCATCCAATTC-3 5-ACCACAGTGAGGAATGTCCA-3

TNF-𝛼 5-CTAGCCAGGAGGGAGAACAG-3 5-GCTTTCTGTGCTCATGGTGT-3

1 2

(a)

3 4

(b)

Figure 1: Comparison of pathological morphology of the aorta of the C57BL/6J mice and the ApoE−/− mice under different magnification
at 13 weeks after being fed with different diets. (a) The pathological morphology of the aortae of the C57BL/6J and ApoE−/− mice under ×100
magnification at 13 weeks after being fed with different kinds of diets (scale bars = 500 𝜇m). (b) The pathological morphology of the aortae
of the C57BL/6J and ApoE−/− mice under ×200 magnification at 13 weeks after being fed with different kinds of diets (scale bars = 200𝜇m).
Hematoxylin and eosin (HE) staining: the black arrow indicates the aorta of the mice.

and the internal reference gene used was glyceraldehyde 3-
phosphate dehydrogenase (GAPDH).

2.10. Statistical Analysis. Mean values and standard devia-
tions (mean ± S.D.) were calculated for each of the variables.
All the statistical procedures were performed using Statistical
Package for the Social Sciences (SPSS) 11.5. Normally dis-
tributed data was analyzed using one-way analysis of variance
(ANOVA), while the statistical significance of intergroup
differences in all the tested variables was evaluated using
Bonferroni post hoc test. In all the cases, 𝑝 < 0.05 was as
statistically significant.

3. Results

3.1. High-Fat Diet Induced Atherosclerosis in ApoE−/− Mice
Model. After the ApoE−/− mice were fed with high-fat diet
for 13 weeks, the atherosclerotic plaques in the aortic valves
attachment sites, including cholesterol crystal and foam cells,
were observed in the aortic roots of the ApoE−/− mice,
whereas no plaques were observed in the aortic roots of the
C57 mice (Figure 1).

3.2. Effects of CCC on Blood Lipids. The results showed that,
in comparison with the ApoE−/− group mice, the levels of
TGs, TC, and LDL-C in serum of the ApoE−/− mice in
the high-dose and low-dose CCC groups were significantly

decreased (𝑝 < 0.05), but the level of HDL-C in serum was
not significantly altered (𝑝 > 0.05) (Figures 2(a)–2(d)).

3.3. Effects of CCC on Atherosclerotic Index. The atheroscle-
rotic indexes of mice in the ApoE−/− + lipitor group and the
ApoE−/− + CCC low and ApoE−/− + CCC high groups were
significantly decreased as compared with the ApoE−/− group
mice (𝑝 < 0.05) (Figure 2(e)).

3.4. Effects of CCC on the Atherosclerotic Plaques and Its
Compositions. The corrected areas of atherosclerotic plaque
in the mice of the ApoE−/− + lipitor and the ApoE−/− +
CCC low groups were significantly decreased (𝑝 < 0.01).
Moreover, the area percentage of collagen in the atheroscle-
rotic plaques of the mice in ApoE−/− + CCC high group was
significantly increased (𝑝 < 0.01) as compared to the mice
in ApoE−/− group, while the area percentage of extracellular
lipid of the two ApoE−/− + CCC groups was decreased, but
not significantly changed (𝑝 > 0.05) (Figure 3).

3.5. Effects of CCC on mRNA Expressions of IL-6 and TNF-𝛼.
As shown in Figure 4, the mRNA expression of IL-6 in mice
in the ApoE−/− + CCC high group was more significantly
decreased than in mice in the ApoE−/− group (𝑝 < 0.0001).
Additionally, the mRNA expression of TNF-𝛼 in mice in the
ApoE−/− + CCC low group was significantly decreased (𝑝 <
0.0001).
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Figure 2: Effects of Compound Chuanxiong Capsule (CCC) on blood lipids in serum of ApoE−/− mice fed with high-fat diet. (a) Total
cholesterol (CHOL). (b) Triglyceride (TG). (c) Low-density lipoprotein cholesterol (LDL-C). (d) High-density lipoprotein cholesterol (HDL-
C). (e) Atherosclerotic index (AI, AI = non-HDL-C/HDL). ∗𝑝 < 0.05 versus C57BL/6J group; #𝑝 < 0.05 versus ApoE−/− group (C57BL/6J:
𝑛 = 10; ApoE−/−: 𝑛 = 10; ApoE−/− + lipitor: 𝑛 = 10; ApoE−/− + CCC low: 𝑛 = 10; ApoE−/− + CCC high: 𝑛 = 10).
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Figure 3: Effect of Compound Chuanxiong Capsule (CCC) on atherosclerotic plaque. (a) Hematoxylin and eosin (HE) staining showing the
pathological morphology change of the atherosclerotic plaque in aorta of the ApoE−/− mice after the treatment of CCC. 1: ApoE−/− group; 2:
ApoE−/− + lipitor group; 3: ApoE−/− + CCC low group; 4: ApoE−/− + CCC high group. Scale bars = 200𝜇m, and the black arrow indicates
the atherosclerotic plaque in aorta. (b) The statistical analysis of the corrected area of atherosclerotic plaque and extracellular lipids content
in plaque of the ApoE−/− mice after the treatment of CCC. ∗𝑝 < 0.01 versus ApoE−/− group. (c) Van Gieson (VG) staining showing the
pathological morphology change of content in atherosclerotic plaque in aorta of the ApoE−/− mice after the treatment of CCC. 1: ApoE−/−

group; 2: ApoE−/− + lipitor group; 3: ApoE−/− + CCC low group; 4: ApoE−/− + CCC high group. Scale bars = 200𝜇m, and the black arrow
indicates the collagen content in plaque. (d) The statistical analysis of the corrected area of collagen in atherosclerotic plaque of the ApoE−/−

mice after the treatment of CCC. ∗𝑝 < 0.01 versus ApoE−/− group (ApoE−/−: 𝑛 = 10; ApoE−/− + lipitor: 𝑛 = 10; ApoE−/− + CCC low: 𝑛 = 10;
ApoE−/− + CCC high: 𝑛 = 10).

3.6. Effects of CCC on mRNA Expressions of PI3K, Akt, and
NF-𝜅B. As shown in Figure 5, the mRNA expressions of
PI3K, Akt, and NF-𝜅B in mice in the ApoE−/− + CCC group
were significantly decreased as compared to the mice in the
ApoE−/− group (𝑝 < 0.0001), while the mRNA expressions

of PI3K and Akt in mice in the ApoE−/− + CCC low were
decreased, but not significantly changed (𝑝 > 0.05).

3.7. Effects of CCC on Protein Expressions of PI3K and p-Akt.
As shown in Figure 6, the protein expression of PI3K in mice
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Figure 4: Effect of Compound Chuanxiong Capsule (CCC) on
mRNA expressions of IL-6 and TNF-𝛼 in ApoE−/− mice fed with
high-fat diet. ∗𝑝 < 0.001 versus ApoE−/− group. mRNA indicates
messenger RNA (ApoE−/−: 𝑛 = 10; ApoE−/− + lipitor: 𝑛 = 10;
ApoE−/− + CCC low: 𝑛 = 10; ApoE−/− + CCC high: 𝑛 = 10).
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Figure 5: Effect of Compound Chuanxiong Capsule (CCC) on
mRNA expressions of PI3K, Akt and NF-𝜅B. ∗𝑝 < 0.001 versus
ApoE−/− group. mRNA indicates messenger RNA (ApoE−/−: 𝑛 = 10;
ApoE−/− + lipitor: 𝑛 = 10; ApoE−/− + CCC low: 𝑛 = 10; ApoE−/− +
CCC high: 𝑛 = 10).

in the ApoE−/− + CCC low and high group was significantly
decreased as compared to the mice in the ApoE−/− group
(𝑝 < 0.01). The protein expression of p-Akt in the ApoE−/− +
CCC low group was decreased, but not significantly changed,
as compared to the mice in the ApoE−/− group (𝑝 > 0.05).

4. Discussion

In this study, we have demonstrated that CCC can dramati-
cally ameliorate atherosclerosis in the ApoE−/− mice fed with

high-fat diet by improving the blood lipid levels and reducing
the plaque areas, which is consistent with the results of the
previous studies [7, 10, 17]. In addition, we showed that CCC
may inhibit the expression of IL-6 and TNF-𝛼 by regulating
PI3K/Akt/NF-𝜅B signaling pathway in transcriptional level,
which may be the main mechanism of CCC exerting the
antiatherosclerotic effect.

CCC is one of the typical Chinese herbal compounds,
which has beenwidely used in clinical practices at the physio-
logical relevance dosage of 4T and Tid (666.7mg/kg per day).
It was shown that CCC, at the dosage of 666.7mg/kg per day,
could decrease the blood lipids and C-reactive protein sig-
nificantly [18] and improves the symptoms of cardiac insuf-
ficiency [7, 19]. In this study, the results showed that CCC
inhibited atherosclerosis by regulating PI3K/Akt/NF-𝜅B sig-
naling pathway. The potential active ingredients of CCC, we
supposed, might be ligustrazine, the main active ingredient
of Chuanxiong, and ferulic acid, the main active ingredients
of both Chuanxiong and Danggui. Previous studies showed
that ligustrazine exhibited protective effects by reducing the
levels of TNF-𝛼 [20] and ox-LDL [21] and others Ferulic acid
could significantly decrease TC and the ratio of apo B to apo
A and prevent the formation of aortic fatty plaques [22].
However, Xu et al. [23] reported that the contents of ligus-
trazine in the mixture of Chuanxiong and Danggui were
higher than it in the Chuanxiong alone, while Danggui was
devoid of ligustrazine. Thus, the inhibitory effect of CCC on
atherosclerosismaynot be contributed to the individual phar-
macological effect of Chuanxiong or Danggui, but the overall
effect of CCC, which was consistent with the holistic concept
of TCM.

In the present study, the data showed that CCC can
significantly decrease the blood lipid, especially TC and LDL-
C, in themice. CCC is composed of Chuanxiong (Ligusticum)
andDanggui (Angelica sinensis); thus its actionwas attributed
to the effects of ligustrazine, the main ingredients of Chuanx-
iong, or ferulic acid, the main ingredient of both Chuanxiong
andDanggui, since the data from the previous studies showed
that ligustrazine and ferulic acid can decrease blood lipids
and produce a tangible protection in atherosclerosis.

The extracellular lipids and collagen in atherosclerotic
plaque were responsible for its stability of atherosclerotic
plaque. The data showed that CCC can decrease the percent-
age of extracellular lipids and increase the percentage of colla-
gen in atherosclerotic plaque.This findingwas suggestive that
CCC may have the potential effect of promoting the stability
of atherosclerotic plaque.

Atherosclerosis has been considered as a chronic inflam-
matory disease since 1999 [24] and inflammatory factors
play an important role in its occurrence and development
of atherosclerosis [25–27]. IL-6, an intense inflammatory
cytokine, plays a critical role in cardiovascular disease [28],
and it can activate endothelial cells and regulate the extra-
cellular lipids [29]. Moreover, IL-6 can induce the synthesis
of matrix metalloproteinases and regulate their function to
make the atherosclerotic plaques vulnerable [30, 31]. TNF-𝛼
is a vital cytokine involved in the progress of atherosclerosis
[32]. Kivirikko et al. showed that TNF-𝛼 can inhibit the
expression of P4H, which promotes the formation of collagen
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Figure 6: Effect of of Compound Chuanxiong Capsule (CCC) on protein expressions of PI3K and p-Akt. (a) Western blotting (WB) results
of PI3K and p-Akt levels in mouse aorta. (b) Quantitative analysis (column diagram) of PI3K and p-Akt levels in mouse aorta based on WB
results. ∗𝑝 < 0.05 versus ApoE−/− group (ApoE−/−: 𝑛 = 6; ApoE−/− + lipitor: 𝑛 = 6; ApoE−/− + CCC low: 𝑛 = 6; ApoE−/− + CCC high: 𝑛 = 6).

that makes the atherosclerotic plaques vulnerable [33, 34],
and it can inhibit the endothelial cells’ function, induce lipid
deposition, and promote the generation of inflammatory
cytokines to aggravate atherosclerosis [25, 35]. In this study,
the data showed that CCC can inhibit the mRNA expression
of IL-6 and TNF-𝛼 in the aorta in the ApoE−/− mice fed
with high-fat diet. Based on the effects of IL-6 and TNF-𝛼 in
inflammatory reaction and atherosclerosis, the role of CCC
in preventing atherosclerosis may be related to inhibiting the
inflammation reaction.

NF-𝜅B is one of the crucial multifunctional transcription
regulators. Once activated, it exerts effects on inflammatory
reaction, immune reaction, cell proliferation, and apoptosis
by regulating the gene expressions of inflammatory cytokines,
and chemokines, such as IL-6 and TNF-𝛼 [3]. Kuang and
Wang reported that, in ApoE−/− atherosclerosis mice model
fed with high-fat diet, the level of NF-𝜅B was significantly
increased and exhibited a positive correlationwith inflamma-
tion [36], and the results in our study showed that the expres-
sion of NF-𝜅B was significantly decreased in the ApoE−/− +
lipitor group and ApoE−/− + CCC high group as compared
with the model group. In addition, several studies showed
that both IL-6 and TNF-𝛼 were under the influence of NF-
𝜅B [37–39] and, in turn, IL-6 and TNF-𝛼 could promote the
activation of NF-𝜅B to result in an inflammatory response
[40–42]. In this study, our results showed that CCC can
inhibit the expressions of NF-𝜅B in the aorta in mice fed with
high-fat diet. These findings suggest that CCC may inhibit
inflammatory reaction in atherosclerosis by regulating the
expression of NF-𝜅B.

PI3K signaling pathway and its main downstream effec-
tor protein kinase B (PKB/Akt) participate in glucose
metabolism, differentiation, proliferation, apoptosis, and
migration of cells and inflammatory response, and NF-𝜅B
is one-key transcription factors in regulating inflammation

[43]. PI3K/Akt signaling pathway can enable the NF-𝜅B
transcription factors to increase the activity of inflammatory
medium gene, which results in the generation of many
cytokines. Luo et al. reported that the activation of PI3K/Akt
signaling pathway could decrease the levels of reactive oxygen
species and lipid deposits that can restrain the formation of
plaques to reverse the progress of atherosclerosis [44]. How-
ever, it is well known that the activation of PI3K/Akt signaling
pathway could induce the aggregation of inflammatory cells
to promote the inflammation and accelerate the development
of atherosclerosis [45, 46]. Therefore, the inhibitory effect on
the PI3K/Akt signaling pathway can inhibit the expression
of NF-𝜅B to ameliorate the progress of atherosclerosis [47–
49]. Our results showed that both the high-dose and low-
dose CCC can inhibit the mRNA expressions of PI3K and
Akt, and high-dose CCC can significantly inhibit the mRNA
expression of NF-𝜅B in aortae of the ApoE−/− mice fed with
high-fat diet.Thus, CCCmay suppress the mRNA expression
of IL-6 and TNF-𝛼 by regulating PI3K/Akt/NF-𝜅B signaling
pathway in transcriptional level. The results also showed that
CCC can significantly inhibit the protein expression of PI3K,
but not significantly inhibit the protein expression of p-Akt
in aortae of the ApoE−/− mice fed with high-fat diet. The
possible explanation is that the dose of CCC did not exert
the corresponding effect. Therefore, further investigation is
required to explain the possible mechanism of CCC on
PI3K/Akt/NF-𝜅B signaling pathway more explicitly.

5. Conclusion

The results from the study showed that CCC can dramatically
ameliorate atherosclerosis in the ApoE−/− mice fed with
high-fat diet. The possible mechanism was attributed to the
inhibition of the expression of IL-6 and TNF-𝛼 by regulating
PI3K/Akt/NF-𝜅B signaling pathway.Therefore, it is necessary
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to further investigate the potential effect and mechanism of
CCC preventing the occurrence of atherosclerosis.
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Tang-tong-fang (TTF) is a Chinese herbal formula that has been shown to be beneficial in diabetic peripheral neuropathy (DPN),
a common complication secondary to diabetic microvascular injury. However, the underlying mechanism of protection in nerve
ischemia provided by TTF is still unclear.We hypothesized that TTF alleviates DPN via inhibition of ICAM-1 expression.Therefore,
we tested the effect of TTF in a previously established DPN model, in which nerve injury was induced by ischemia/reperfusion in
streptozotocin-induced diabetic rats. We found that the conduction velocity and amplitude of action potentials of sciatic nerve
conduction were reduced in the DPNmodel group but were rescued by TTF treatment. In addition, TTF treatment also attenuated
the effect of DPN on other parameters including histology and ultrastructural changes, expression of ICAM-1, MPO, and TNF-𝛼
in rat sciatic nerves, and plasma sICAM-1 and MPO levels. Together, our data suggest that TTF treatment may alleviate DPN via
ICAM-1 inhibition.

1. Introduction

Diabetes mellitus is one of the most morbid diseases world-
wide and, according to projections by the World Health
Organization, the adult diabetic population is expected to
grow by 170% between 1995 and 2025 [1]. Diabetic peripheral
neuropathy (DPN) is the most common complication of
diabetes, affecting almost half of patients with diabetes
[2]. A myriad of therapeutic modalities, including several
currently in clinical trials, have been used to treat DPN with
limited efficacy.The only known prevention strategy for DPN
remains tight glucose control [3].

Diabeticmedical experts have recently turned their atten-
tion towards complementary and alternative medicine as
possible avenues to identify new therapeutic strategies for
diabetic complications [4]. Specifically, it has been reported
that traditional Chinese medicine or natural medicine has
had some success in the treatment of DPN. Existing studies
focus on nerve repair and regeneration, Schwann cell survival
signaling pathways, neurotrophic factor, free radicals, NF-
𝜅B, TNF-𝛼, and IL-1 [4–9]. However, though previous studies

suggest that plasma cell adhesion molecules (CAMs) play an
important role in the development and progression of periph-
eral neuropathy in diabetes mellitus, the role of adhesion
factor in nerve microvasculature during the development of
neuropathy has not been explored.

Cross-sectional studies have shown plasma cell adhesion
molecules to be increased in patients with diabetic com-
plications [10]. Plasma CAM expression may even predict
the development of diabetic neuropathy. Specifically, inter-
cellular adhesionmolecule-1 (ICAM-1) is an important CAM
produced by vascular endothelial cells, which mediates the
interaction of polymorphonuclear neutrophils (PMN) with
vascular endothelial cells and may serve as an independent
factor in the pathogenesis and progression of DPN [10].
ICAM-1 has an important role in the regulation of neutrophil
adhesion to the endothelium and capillary wall permeability
[11]. Under normal conditions, the expression of ICAM-1 is
low or absent. However, recent studies have shown that the
expression of ICAM-1 in the nerve tissue microvasculature
of ischemia-reperfusion DPN model rats is increased and
aggravates axonal degeneration [12]. A previous study has
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demonstrated that the circulating levels of ICAM-1 are
elevated in DPN rats [13]. Blocking intracellular adhesion
molecule-1 (ICAM-1) prevents leukostasis and retinal vascu-
lar leakage [14].

Tang-tong-fang (TTF) is a Chinese herbal formula devel-
oped by Professor Lin fromGuang’anmenHospital.Themain
ingredients of TTF consist ofAstragalus, Ligusticumwallichii,
Ramulus Cinnamomi, Radix Paeoniae Alba, Eupolyphaga,
Curcuma, and Asiasarum. In traditional Chinese medicine,
this formula has been used to improve circulation. Clinically,
TTF has been shown to be effective in the treatment of DPN
[15]. Past clinical trials have confirmed that TTF can increase
nerve conduction velocity and ameliorate lower extremity
sensory changes [15]. However, no research exists exploring
the mechanism of the therapeutic benefit provided by TTF.

We, therefore, hypothesized that TTFmay improveDPN-
related nerve injury through the inhibition of ICAM-1 expres-
sion. We examined nerve conduction velocity of DPN rats as
well as histopathology and ultrastructural changes of sciatic
nerve tissue. In order to further characterize the mechanism
of TTF in improving DPN, we also measured the expression
of ICAM-1, myeloperoxidase (MPO), and TNF-𝛼 in sciatic
nerve tissue, as well as plasma levels of ICAM-1 and MPO.

2. Materials and Methods

2.1. Animals. One hundred and ten male Sprague-Dawley
(SD) rats (body weight = 180 ± 10 g) (Beijing HFK bioscience
Co. Ltd., license number: SYXK (E) 2009-0007, Beijing,
China) were randomly divided into a control and a diabetic
model group. Controls (𝑛 = 18) were injected with citrate
buffer alone. In the model group (𝑛 = 92), diabetes was
induced by intraperitoneal injection of STZ in 0.1mol/L cit-
rate buffer at pH 4.2 (20mg/mL; dose 60mg/kg). Successful
induction of diabetes was confirmed when fasting blood
glucose exceeded 16.7mmol/L three days after injection of
STZ and remained >16.7mmol/L throughout the study. All
of the following experiments conformed to the Guiding
Principles for the Care and Use of Laboratory Animals issued
by the National Committee of Science and Technology of
China.

2.2. Drugs and Solutions. TTFwas provided by theGuang’an-
men Hospital. The medicine was boiled, vacuum-packaged,
preserved under 4∘C, and diluted before use, according to
standard protocols.

2.3. Creation of the DPN Model. The DPN model was
established by inducing ischemia-reperfusion (IR) in diabetic
animals as previously described [16, 17]. After a four-week
induction period, the STZ-diabetic rats were anesthetized
with intraperitoneal pentobarbital. Ischemiawas produced by
occlusion of the abdominal aorta, right common iliac, and
femoral artery with artery clips, which were removed after
three hours. Sixty-seven rats were included in the final study,
as twenty-five rats were excluded either for death during
surgery (𝑛 = 18) or due to an insufficient increase in fasting
blood glucose (<16.7mmol/L) (𝑛 = 7).

2.4. Animal Groups and Treatment. The sixty-seven IR rats
were initially divided into four groups: model (𝑛 = 18),
low-dose TTF (𝑛 = 16), medium-dose TTF (𝑛 = 17), and
high-dose TTF (𝑛 = 16). Respectively, the three TTF groups
were dosed with TTF 3.5 times (5.15 g/kg/d), 7 times (10.30 g/
kg/d), or 14 times (20.60 g/kg/d) for eight weeks. The control
group and model groups were treated with distilled water
(10mL/kg/day) for eight weeks.

2.5. Plasma Biochemical Parameters Measurement. Plasma
soluble ICAM-1 (sICAM-1) was measured by the STAT FAX
2100 automatic enzyme immunoassay instrument (Aware-
ness Technology Inc., USA) using rat sICAM-1/CD54 ELISA
Kit (R&D Systems Inc., USA). Plasma MPO was measured
by UV-2000 UV Spectrophotometry (Unico Instrument Co.
Ltd., China) using a commercially available MPO Kit (Nan-
jing Jiancheng Bioengineering Institute, China).

2.6. Electrophysiology. The conduction velocity (CV) and
amplitude of nerve action potentials (NAP) were measured
by the BL-420F biological function experimental system
(ChengDu Technology & Market Co. Ltd., China) using
stimulating and recording electrodes. After anesthesia with
intraperitoneal pentobarbital, the right sciatic nerves were
exposed by blunt dissection. The nerve was stimulated prox-
imally and the electric signal recorded from the distal digital
nerve. The CV of tails were measured in a similar manner
with single needle stimulating electrodes inserted into the
proximal tail and recording electrodes inserted distally. The
time (𝑇) and distance (𝑆) between the stimulating electrodes
and recording electrodes were used to calculate CV using the
equation CV = 𝑆/𝑇.

2.7. Neuropathology. Following electrophysiological testing,
the right sciatic nerves were excised and portions fixed with
3% glutaraldehyde for one week, followed by 1% osmium
tetroxide fixation for 1.5 hours and dehydration in a step-
wise manner with 50%–100% alcohol, soaked in epoxy resin
and acetone mixture for two hours, embedded in epoxy
resin, and then cut into semithin sections (1–3𝜇m) and
ultrathin sections (50–70 nm) by an EMUC7ultrathin slicing
machine (Leica Ltd., Germany). The semithin sections were
stained with 1% toluidine blue and observed with a DM-
3000 biological microscope (Leica Ltd., Germany) under
200x magnification. The ultrathin sections were stained
with uranium-lead staining and observed with a JEM-1400
transmission electron microscope (JEOL Ltd., Japan) under
8000x magnification.

2.8. Immunohistochemistry. Portions of right sciatic nerve
were also fixed by 10% formalin phosphate buffer, dehydrated
by alcohol, infiltrated and embedded in liquid paraffin,
and cut into paraffin sections by a RM2255 rotary slicing
machine (Leica Ltd., Germany). The following reagents
were used: ICAM-1 antibody (Santa Cruz, USA), anti-TNF
alpha antibody (Abcam, Britain), and ultrasensitive two-
step immunohistochemical detection reagent (OriGene-Your
Gene Company, China). Paraffin sections were dewaxed,



Evidence-Based Complementary and Alternative Medicine 3

incubated in 3% H
2
O
2
deionized water for ten minutes,

repaired by microwave antigen, incubated in ICAM-1/Anti-
TNF alpha antibody overnight at 4∘C and ultrasensitive
two-step immunohistochemical detection reagent for twenty
minutes at room temperature, stained with diaminobenzi-
dine (DAB), and then examined by microscope with 200x
magnification. The integral optical densities (IOD) were
measured using Image-Pro Plus 6.0 software.

2.9.Western Blot Analysis. Portions of the right sciatic nerves
were also immediately harvested for Western blot analyses.
The following reagents were used: ICAM-1 antibody (1 : 300,
Santa Cruz, USA), MPO heavy chain antibody (1 : 300,
Santa Cruz, USA), Beta actin antibody (1 : 1000 OriGene-
Your Gene Company, China), goat anti-mouse IgG (H +
L), HRP (1 : 10000 Jackson ImmunoResearch Laboratories
Inc.), BCA Protein Assay Kit (CW Biotech, China), and
PVDF membrane (Merck Millipore, China). Western blot
analyses were performed using standard methods. Briefly,
the tissues were homogenized by RIPA buffer, and extracted
proteins were separated by 10% SDS-PAGE and transferred
onto PVDFmembranes, which were then incubated with the
indicated antibodies overnight at 4∘C. The membranes were
further incubated with horseradish peroxidase-conjugated
goat anti-mouse IgG for one hour at room temperature.
Bands were visualized by chemiluminescence.

2.10. Real-Time PCR Detection. Total RNA was extracted
from fresh-frozen neural tissue using an Ultrapure RNA Kit
(CWbio Co. Ltd., China) and then reverse-transcribed with a
HiFi-MMLV cDNA Kit (CWbio Co. Ltd., China). Real time
PCR was performed on a Bioer line gene PCR instrument
(BIOER, China) using Invitrogen primers. The PCR ampli-
fication procedure includes 95∘C for 10min, followed by 45
cycles of 95∘C for 15 s and 59∘C for 60 s. Data were normalized
to Beta actin.

2.11. Statistical Analysis. Statisticswere performedusing SPSS
18.0. Significant differences between means were calculated
by one-way analysis of variance (ANOVA), followed by
multiple comparisons with least significant difference (LSD)
test (equal variances) or Dunnett T3 test (unequal variances).
Statistical significance was defined by 𝑝 < 0.05.

3. Results

3.1. Effects of TTF on the Nerve Conduction Velocity of DPN
Rats. In order to determine the potential therapeutic effect
of TTF on DPN, we first measured the effect of TTF on
the nerve conduction velocity of DPN rats. Compared with
the control (N) group, the sciatic nerve conduction velocity,
action potential (AP) amplitude, and tail nerve conduction
velocity were significantly reduced in the non-TTF diabetic
model (M) group (N versus M; sciatic nerve conduction
velocity (m/s): 48.12 ± 6.9 versus 23.47 ± 4.43; AP amplitude:
10.97±2.33 versus 6.11±0.88; tail nerve conduction velocity:
30.03 ± 3.63 versus 15.89 ± 2.67; 𝑛 = 16–18, 𝑝 < 0.01).
Treatment with TTF at different doses was found to increase

the sciatic nerve conduction velocity, AP amplitude, and tail
nerve conduction velocity compared with those detected in
the control group (𝑛 = 15-16, 𝑝 < 0.01) (Figure 1).

3.2. Sciatic Light Microscopy Structure. Since TTF treatment
improves the nerve conduction velocity in DPN rats, we
next hypothesized that TTF may protect the structure of
nerve tissue against diabetic and ischemic insults. As shown
in Figure 2, electron microscopy confirmed edematous and
ischemic nerve myelin, atrophied and misshapen axons, and
thrombus formation in capillaries in the DPN model group.
Conversely, signs of clinical improvement in the TTF group
weremanifested by an observable decrease in abnormal nerve
fibers.

3.3. Sciatic Nerve Ultrastructure. Ultrastructural studies
demonstrated edema in control sciatic nerves, as well as
swelling and disruption of the myelin sheath, axonal atrophy,
and reduction in cellular organelles. These observations
are consistent with the observations obtained from light
microscope. After TTF treatment, pathological changes were
reduced in comparison to the control group, including
mitigation of edema and injury to myelin sheath and axons
(Figure 3).

3.4. Effect of TTF on Expression Level of sICAM-1 and MPO
in Plasma of DPN Rats. It was reported that sICAM-1 play
an important role in the pathogenesis and progression of
DPN [10]; whereas MPO is associated with various types of
inflammation, its role in DPN has not been elucidated yet.
Therefore, wemeasured the effect of TTF on expression levels
of sICAM-1 andMPO in plasma of DPN rats. Comparedwith
the control group, the levels of sICAM-1 and MPO in the
model group were significantly increased (𝑝 < 0.01). After
treatment with TTF, sICAM-1 and MPO levels in the TTF
groups were reduced significantly compared with those in
the model group (𝑝 < 0.01) in a dose-dependent manner
(𝑝 < 0.05) (Figure 4).

3.5. Immunohistochemical Staining. ICAM-1 andTNF-𝛼have
been demonstrated to play a major role in the nerve inflam-
mation associated with DPN [10, 18].Therefore, wemeasured
the expression of ICAM-1 and TNF-𝛼 in sciatic nerves using
immunohistochemical staining. Compared with the control
group, the expression levels of ICAM-1 and TNF-𝛼 in sciatic
nerves from the diabetic model group were significantly
increased (𝑝 < 0.05). After treatment with different doses of
TTF, expression levels of ICAM-1 and TNF-𝛼 in sciatic nerve
was decreased significantly in the TTF groups compared with
those in the model group (𝑝 < 0.05), with a demonstrated
dose-dependent change (𝑝 < 0.05) (Figure 5).

3.6. Sciatic rtPCR Test. To confirm the observations obtained
from immunohistochemical staining experiment.We further
measured the mRNA expression of ICAM-1. Compared with
the control group, the expression level of ICAM-1 mRNA in
sciatic nerve in the model group was significantly increased
(𝑝 < 0.01). After treatment with different doses of TTF,
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Figure 1: Action potential amplitude (a), sciatic nerve conduction velocity (b), and tail nerve conduction velocity (c) in N (control, 𝑛 = 18),
M (model, 𝑛 = 16), LTTF (low-dose TTF, 𝑛 = 16), MTTF (medium-dose TTF, 𝑛 = 15), andHTTF (high-dose TTF, 𝑛 = 15) groups (𝑝 < 0.05
versus the control group and ∗𝑝 < 0.05 versus the model group).

expression levels of ICAM-1 mRNA in sciatic nerve were
significantly decreased in the TTF groups compared with the
model group (𝑝 < 0.01) (Figure 6).

3.7. Western Blot of Sciatic Nerve. We further measured the
protein expression of ICAM-1 and MPO in sciatic nerve to
confirm the data obtained from previous experiments. Com-
pared with the control group, expression levels of ICAM-1
andMPO in sciatic nerve from the diabeticmodel groupwere
significantly increased (𝑛 = 5,𝑝 < 0.01). After treatment with
different doses of TTF, the expression levels of ICAM-1 and

MPO in sciatic nerve were significantly reduced in the TTF
groups compared with the control group (𝑛 = 5, 𝑝 < 0.01)
(Figure 7).

4. Discussion

Diabetic peripheral neuropathy is characterized by symmet-
ric sensory and motor dysfunction of peripheral nerves in
distal extremities. DPN is one of the most serious comor-
bidities of diabetes and leads to significant morbidity and
mortality due to sequelae such as ulceration, gangrene,
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N M LTTF

MTTF HTTF

Figure 2: Sciatic light microscopy structure: semithin sections stained with toluidine blue. Control group (N): sciatic nerve fibers with full
axons and even staining of myelin sheath. Model group (M): atrophied and misshapen axons with darkened and edematous myelin sheath.
Low-dose TTF group (LTTF). Medium-dose TTF group (MTTF). High-dose TTF group (HTTF).

N M LTTF

MTTF HTTF

Figure 3: Sciatic nerve ultrastructure (uranium-lead staining). Control group (N): sciatic nerve with intact myelin sheaths, healthy axons
with prolific cell organelles. Model group (M): the sciatic nerve with disrupted, tortuous myelin sheaths, axonal atrophy, and attenuation in
cell organelles. LTTF: low-dose TTF group. MTTF: medium-dose TTF group. HTTH: high-dose TTF group.
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Figure 4: Expression level of MPO (a) and sICAM-1 (b) in plasma from N (control, 𝑛 = 17), M (model, 𝑛 = 15), LTTF (low-dose TTF,
𝑛 = 16), MTTF (medium-dose TTF, 𝑛 = 12), and HTTF (high-dose TTF, 𝑛 = 15) groups (𝑝 < 0.05 versus the control group, ∗𝑝 < 0.05
versus the model group).

and even limb loss. Diagnosis involves careful history and
physical examination, as well as adjunctive studies including
nerve conduction velocity and EMG examination [19].

The pathogenesis of DPN is multifactorial and is yet to
be fully elucidated, though it is considered to be secondary
to both hyperglycemia-induced pathologic changes intrinsic
to neurons and ischemia-induced neuronal damage through
decreased neurovascular blood flow [20, 21]. It is currently
believed that this microvascular dysfunction is due to the
reduction in nerve blood flowby alterations in vasoregulation
of nerve microvessels and increased blood viscosity caused
by hyperglycemia. Additionally, changes in the endothelium
itself have been shown to involve AGE-RAGE-NF-𝜅B, cell
adhesion molecules, nitric oxide, and peanut acid analogs
[22].

Within the first week of development of diabetes, nerve
blood flow is reduced by approximately 50% and hyper-
glycemia affects both sensory and sympathetic neuronal
axons and cell bodies [23, 24]. Increased blood viscosity,
increased platelet aggregation, and decreased red blood cell
deformability together lead to decreased blood flow and
tissue hypoxia [25]. Because of the vascular involvement,
diabetic neuropathy is, therefore, considered a microvascular
disease. Current diabetic animal models simulate human
diabetic neuropathy in terms of nerve conduction velocities,
blood flow, and biochemical abnormalities but tend to have
less severe microangiopathy. Therefore, we induced diabetic
neuropathy in our DPN model rats by combining two
well-established models of both diabetes and of ischemia-
reperfusion [12].

Our results showed that the sciatic and tail nerve con-
duction velocity and sciatic nerve action potential amplitude
of the DPN rats were significantly slower than those of
normal rats (𝑝 < 0.01). However, following treatment with
increasing doses of TTF, tail nerve conduction velocity of
the DPN model rats increased in a dose-dependent manner.
Interestingly, the improvement in sciatic nerve conduction
velocity and action potential amplitude was most efficacious
in the medium-dose group; however, the reason for this
remains unclear and requires further investigation.

Diabetes and hyperglycemia also lead to increased
expression of E-selectin, VCAM-1, and ICAM-1 by endothe-
lial cells [26–28]. Intercellular adhesion molecule- (ICAM-)
1 is an immunoglobulin- (Ig-) like cell adhesion molecule
expressed by several cell types including leukocytes and
endothelial cells. ICAM-1 plays an important role in both
innate and adaptive immune responses. It is involved in the
transendothelialmigration of leukocytes to sites of inflamma-
tion, as well as interactions between antigen presenting cells
(APC) and T cells during immunological synapse formation.
Increased ICAM-1 expression in the endothelial cell surface
attracts monocytes, neutrophils, and T lymphocytes and
endothelial cells, resulting in direct endothelial cell injury
by proteases and oxygen free radical release [29]. Previous
studies have found that blocking ICAM-1 can prevent leuko-
cytosis as well as retinal vascular leakage [14].

Tumor necrosis factor-𝛼 (TNF-𝛼) is a 25 kD molecular
weight membrane protein mainly produced by macrophages
and monocytes. The expression of circulating TNF-𝛼 is
elevated in both streptozotocin-induced diabetic rats as well
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Figure 5: Immunohistochemical staining of ICAM-1/TNF-𝛼 in sciatic nerve. (a) Paraffin sections stainedwith ICAM-1/anti-TNF-𝛼 antibody.
(b) The integral optical densities (IOD) of ICAM-1 staining in longitudinal section (𝑛 = 15 for each group). (c) The integral optical densities
(IOD) of the TNF-𝛼 staining in cross section (𝑛 = 15 for each group). (d) The number of stained vessels by ICAM-1 in cross section (𝑛 = 15
for each group) (𝑝 < 0.05 versus the control group, ∗𝑝 < 0.05 versus the model group).

as diabetic patients [30]. Due to this association, this cytokine
has potential to be a biomarker for DPN [31, 32]. Treatment of
streptozotocin-induced diabetic rats with high-dose aspirin,
the cyclooxygenase-2 inhibitor meloxicam, or etanercept, a
competitive inhibitor of TNF-𝛼, prevents increased ICAM-1
expression, leukostasis, capillary leakage, and upregulation of
eNOS [14].

Myeloperoxidase (MPO), a neutrophil-specific reductase,
is most abundantly expressed in the azurophilic granules of

polymorphonuclear neutrophils (PMN). Analysis of MPO
activity of nerve tissue may, therefore, reflect the extent of
PMN extravasation from the microvasculature [33, 34]. Our
results show that, compared with normal rats, ICAM-1 and
TNF-𝛼 expression in sciatic nerve are significantly higher
in DPN model rats. Additionally, increased MPO expression
reflects the extent of PMN extravasation, and, indirectly, an
increase in absolute number of neutrophils.This suggests that
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Figure 6: Real time PCR test of sciatic nerve fromN (control, 𝑛 = 5), M (diabetic, 𝑛 = 5), LTTF (low-dose TTF, 𝑛 = 5), MTTF (medium-dose
TTF, 𝑛 = 5), and HTTF (high-dose TTF, 𝑛 = 5) groups (𝑝 < 0.05 versus the control group, ∗𝑝 < 0.05 versus the model group).

there is a series of inflammatory reactions in vivo caused by
ischemia in the ischemia-reperfusion DPN model rats.

We also found that the plasma ICAM-1 andMPO expres-
sion levels in the DPN model rats are significantly higher
than the control group (𝑝 < 0.01), further confirming the
existence of ICAM-1-mediated inflammatory reaction in vivo
of the DPN model rats. TTF treatment causes a significant
dose-dependent decrease in both ICAM-1 expression and
MPO and TNF-𝛼 expression (𝑝 < 0.01).These data show that
the TTF can inhibit the plasma level of TNF-𝛼 and ICAM-
1, thereby reducing the extent of the polymorphonuclear
neutrophils tissue invasion from the microvasculature.

Previous studies have found that there are three major
histopathological changes that affect the peripheral nerves in
diabetic patients. First, thickening and proliferation of the
endoneurium capillary wall and the stratum basale occur
[35, 36]; second, capillary density and area decrease and
become obstructed [35–37]; third, fiber loss is multifocal,
suggesting an ischemic etiology [38, 39]. Of importance,
similar histopathological changes were also present in the
DPNmodel established in this study. Our results also showed
sciatic capillary wall thickening, occlusion, and thrombosis
in DPN model rats. Additionally, we observed that sciatic
nerve fiber density decreased significantly, accompanied with
uneven distribution, endoneurial edema, and axonal atrophy
and deformity due to myelin extrusion. After TTF therapy,
the occluded capillaries gradually returned to normal, and
the number of abnormal nerve fibers and edema of the
endoneurium decreased significantly.

Modern pharmacological studies have shown that the
major components in TTF have significant antiplatelet aggre-
gation and anti-inflammatory effects. For example, the total

saponins ofAstragalus (ASTs), the active constituent ofAstra-
galus, can reduce whole blood viscosity and plasma viscosity,
shorten erythrocyte electrophoresis time and erythrocytic
specific volume [40], and have significant antithrombotic
effects [41].Astragalus extract also has a significant protective
effect on vascular endothelial injury by reducing the content
of ICAM-1 and propylene glycol (MDA) and increasing
superoxide dismutase (SOD) content. This protective effect
is attributed to inhibition of inflammatory cell infiltration,
reduction of inflammation, and scavenging oxygen free
radicals [42, 43]. Ligustrazine (LTZ), the active constituent of
Ligusticum wallichii, and total glucosides of Paeonia (TGP)
both inhibit platelet aggregation and also improve hemorhe-
ology [44]. Radix Paeoniae Alba extract can inhibit the divi-
sion of pUC18 DNA induced by phenol, clear peroxide, and
hydroxyl radicals [45]. Curcumin, the effective constituent of
Curcuma, can inhibit platelet aggregation and has a protective
effect on ischemia-reperfusion injury [46]. Eupolyphaga can
effectively reduce blood viscosity and fibrinogen and inhibit
thrombosis and platelet aggregation. Finally, Eupolyphaga
water extract has an effect on antioxidation, serves as an anti-
free radical, and protects vascular endothelial cells [47–49].

5. Conclusions

In the present study, we demonstrated that TTF treatment
reduces the expression of ICAM-1, TNF-𝛼, and MPO in
the nerve tissue, which in turn reduces the blood viscosity
and alleviates nerve ischemia, thereby improving peripheral
nerve conduction velocity. In order to further understand
the mechanism underlying the protective effect of TTF on
DPN, future study is required to examine the effect of TTF on
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Figure 7: Western blot analysis of sciatic nerve. (a) Films of ICAM-1, MPO, and 𝛽-actin (control) bands. (b) Densitometric analysis of
the ICAM-1 bands is expressed as integrated optical density (IOD), corrected for the corresponding 𝛽-actin (𝑛 = 5 for each group). (c)
Densitometric analysis of the MPO bands (𝑛 = 5 for each group) (𝑝 < 0.05 versus the control group, ∗𝑝 < 0.05 versus the model group).

the signaling pathway upstream of ICAM-1, including levels
oxidative stress and inflammatory cytokines.

Conflict of Interests

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

Authors’ Contribution

Mingdi Li, Da Huang, and Xiaoxing Liu contributed equally
to this paper.

Acknowledgment

This work was supported by the National Natural Science
Foundation of China (Grant no. 81173445).

References

[1] S. S. Sharma, A. Kumar, and R. K. Kaundal, “Protective effects
of 4-amino1,8-napthalimide, a poly (ADP-ribose) polymerase
inhibitor in experimental diabetic neuropathy,” Life Sciences,
vol. 82, no. 11-12, pp. 570–576, 2008.

[2] C. Figueroa-Romero, M. Sadidi, and E. L. Feldman, “Mecha-
nisms of disease: the oxidative stress theory of diabetic neuropa-
thy,” Reviews in Endocrine & Metabolic Disorders, vol. 9, no. 4,
pp. 301–314, 2008.

[3] H. Urabe, T. Terashima, F. Lin, H. Kojima, and L. Chan, “Bone
marrow-derived TNF-𝛼 causes diabetic neuropathy in mice,”
Diabetologia, vol. 58, no. 2, pp. 402–410, 2015.

[4] J.-Y. Zhou and S.-W. Zhou, “Protection of trigonelline on
experimental diabetic peripheral neuropathy,” Evidence-Based
Complementary and Alternative Medicine, vol. 2012, Article ID
164219, 8 pages, 2012.



Evidence-Based Complementary and Alternative Medicine 11

[5] Y. L. Piao and X. C. Liang, “Chinese medicine in diabetic
peripheral neuropathy: experimental research on nerve repair
and regeneration,”Evidence-BasedComplementary andAlterna-
tive Medicine, vol. 2012, Article ID 191632, 13 pages, 2012.

[6] D.-W. Zou, Y.-B. Gao, Z.-Y. Zhu et al., “Traditional chinese
medicine tang-luo-ning ameliorates sciatic nerve injuries in
streptozotocin-induced diabetic rats,” Evidence-based Comple-
mentary and Alternative Medicine, vol. 2013, Article ID 989670,
12 pages, 2013.

[7] Y. Wang, Z. Chen, R. Ye, Y. He, Y. Li, and X. Qiu, “Protective
effect of Jiaweibugan decoction against diabetic peripheral
neuropathy,” Neural Regeneration Research, vol. 8, no. 12, pp.
1113–1121, 2013.

[8] B. S. Rao, K. E. Reddy, K. Parveen, B. L. Narendra, S. C. Shekhar,
and L. Mangala, “Effects of Cleome viscosa on hyperalgesia,
oxidative stress and lipid profile in STZ induced diabetic
neuropathy in Wistar rats,” Pakistan Journal of Pharmaceutical
Sciences, vol. 27, no. 5, pp. 1137–1145, 2014.

[9] R. Ranjithkumar, S. Prathab Balaji, B. Balaji, R. V. Ramesh,
and M. Ramanathan, “Standardized aqueous Tribulus terristris
(Nerunjil) extract attenuates hyperalgesia in experimentally
induced diabetic neuropathic pain model: role of oxidative
stress and inflammatorymediators,” Phytotherapy Research, vol.
27, no. 11, pp. 1646–1657, 2013.

[10] E. B. Jude, C. A. Abbott, M. J. Young, S. G. Anderson, J. T.
Douglas, and A. J. M. Boulton, “The potential role of cell
adhesionmolecules in the pathogenesis of diabetic neuropathy,”
Diabetologia, vol. 41, no. 3, pp. 330–336, 1998.

[11] M. Ishikawa, D. Cooper, J. Russell et al., “Molecular determi-
nants of the prothrombogenic and inflammatory phenotype
assumed by the postischemic cerebral microcirculation,” Stroke,
vol. 34, no. 7, pp. 1777–1782, 2003.

[12] Y. Wang, A. M. Schmeichel, H. Iida, J. D. Schmelzer, and P.
A. Low, “Enhanced inflammatory response via activation of
NF-𝜅B in acute experimental diabetic neuropathy subjected
to ischemia-reperfusion injury,” Journal of the Neurological
Sciences, vol. 247, no. 1, pp. 47–52, 2006.

[13] A. Ceriello, E. Falleti, E. Motz et al., “Hyperglycemia-induced
circulating ICAM-1 increase in diabetes mellitus: the possible
role of oxidative stress,” Hormone and Metabolic Research, vol.
30, no. 3, pp. 146–149, 1998.

[14] A. P. Adamis, “Is diabetic retinopathy an inflammatory dis-
ease?” The British Journal of Ophthalmology, vol. 86, no. 4, pp.
363–365, 2002.

[15] M. D. Li, L. Lin, S. C. Sun et al., “Clinical study of Chinese herb
formula Tangtongfang by bathing the affected feet with diabetic
peripheral neuropathy,”Chinese Journal of RehabilitationTheory
and Practice, vol. 15, no. 6, pp. 553–555, 2009.

[16] M. Alipour, M. R. Gholami, I. Jafari Anarkooli et al., “Intraperi-
toneal aminoguani-dine improves sciatic nerve ischemia—
reperfusion injury in male Sprague Dawley rats,” Cellular and
Molecular Neurobiology, vol. 31, no. 5, pp. 765–773, 2011.

[17] Y. Wang, A. M. Schmeichel, H. Iida, J. D. Schmelzer, and P. A.
Low, “Ischemia-reperfusion injury causes oxidative stress and
apoptosis of Schwann cell in acute and chronic experimental
diabetic neuropathy,”Antioxidants & Redox Signaling, vol. 7, no.
11-12, pp. 1513–1520, 2005.

[18] N. Kawamura, A. M. Schmeichel, Y. P. Wang, J. D. Schmelzer,
and P. A. Low, “Multiple effects of hypothermia on inflamma-
tory response following ischemia-reperfusion injury in experi-
mental ischemic neuropathy,” Experimental Neurology, vol. 202,
no. 2, pp. 487–496, 2006.

[19] M. Y. Xu, G. H. Lu, andM. D. Chen,Diabetes Mellitus, Shanghai
Science and Technology, Shanghai, China, 2010.

[20] J. Eichberg, “Protein kinaseC changes in diabetes: is the concept
relevant to neuropathy?” International Review of Neurobiology,
vol. 50, pp. 61–82, 2002.

[21] K. Sugimoto, Y. Murakawa, and A. A. F. Sima, “Dia-
betic neuropathy—a continuing enigma,” Diabetes/Metabolism
Research and Reviews, vol. 16, no. 6, pp. 408–433, 2000.

[22] C. Ronald Kahn, G. L. King, A. C. Moses et al., Joslin’s Diabetes
Mellitus, Lippincott Williams &Wilkins, 14th edition, 2006.

[23] N. E. Cameron, M. A. Cotter, and P. A. Low, “Nerve blood flow
in early experimental diabetes in rats: Relation to conduction
deficits,” The American Journal of Physiology—Endocrinology
and Metabolism, vol. 261, no. 1, pp. E1–E8, 1991.

[24] R. R. Tuck, J. D. Schmelzer, and P. A. Low, “Endoneurial blood
flow and oxygen tension in the sciatic nerves of rats with
experimental diabetic neuropathy,” Brain, vol. 107, no. 3, pp.
935–950, 1984.

[25] P. A. Low, T. D. Lagerlund, and P. G. McManis, “Nerve blood
flow and oxygen delivery in normal, diabetic, and ischemic
neuropathy,” International Review of Neurobiology, vol. 31, pp.
355–438, 1989.

[26] J. A. Kim, J. A. Berliner, R. D. Natarajan, and J. L. Nadler,
“Evidence that glucose increases monocyte binding to human
aortic endothelial cells,” Diabetes, vol. 43, no. 9, pp. 1103–1107,
1994.

[27] M. Richardson, S. J. Hadcock, M. DeReske, and M. I. Cybulsky,
“Increased expression in vivo of VCAM-1 and E-selectin by the
aortic endothelium of normolipemic and hyperlipemic diabetic
rabbits,” Arteriosclerosis, Thrombosis, and Vascular Biology, vol.
14, no. 5, pp. 760–769, 1994.

[28] M. Morigi, S. Angioletti, B. Imberti et al., “Leukocyte-
endothelial interaction is augmented by high glucose concen-
trations and hyperglycemia in aNF-𝜅B-dependent fashion,”The
Journal of Clinical Investigation, vol. 101, no. 9, pp. 1905–1915,
1998.

[29] L. Q. Zhu, S. R. Wang, and Y. Qin, “Effects of huoxue injection
on the adherence of human monocytes to endothelial cells and
expression of vascular cell adhesionmolecules,”Chinese Journal
of Integrated Traditional andWesternMedicine, vol. 29, no. 3, pp.
238–241, 2009.

[30] A. M. Joussen, V. Poulaki, N. Mitsiades et al., “Nonsteroidal
anti-inflammatory drugs prevent early diabetic retinopathy via
TNF-alpha suppression,” The FASEB Journal, vol. 16, no. 3, pp.
438–440, 2002.

[31] G. Hussain, S. A. A. Rizvi, S. Singhal, M. Zubair, and J. Ahmad,
“Serum levels of TNF-𝛼 in peripheral neuropathy patients and
its correlation with nerve conduction velocity in type 2 diabetes
mellitus,”Diabetes &Metabolic Syndrome: Clinical Research and
Reviews, vol. 7, no. 4, pp. 238–242, 2013.

[32] T. Zhu, Q. Meng, J. Ji, X. Lou, and L. Zhang, “Toll-like receptor
4 and tumor necrosis factor-alpha as diagnostic biomarkers for
diabetic peripheral neuropathy,” Neuroscience Letters, vol. 585,
pp. 28–32, 2015.

[33] S. T. Yao, X. H. Liu, X. M. Tang et al., “Ischemic post-
conditioning ameliorates pia mater microcirculation in rats
subjected to cerebral ischemia reperfusion,” Chinese Jourmal of
Pathophysiology, vol. 25, no. 3, pp. 451–455, 2009.

[34] W. Zhang, Y. H. Wang, W. W. Li et al., “Effect of lipoic acid on
expression of ICAM-1 of lung tissue following renal ischemia
reperfusion in aged rats,” Journal of the Fourth Military Medical
University, vol. 30, no. 10, pp. 923–925, 2009.



12 Evidence-Based Complementary and Alternative Medicine

[35] C. Giannini and P. J. Dyck, “Basement membrane reduplication
and pericyte degeneration precede development of diabetic
polyneuropathy and are associated with its severity,” Annals of
Neurology, vol. 37, no. 4, pp. 498–504, 1995.

[36] R. A. Malik, P. G. Newrick, A. K. Sharma et al., “Microangiopa-
thy in human diabetic neuropathy: relationship between capil-
lary abnormalities and the severity of neuropathy,”Diabetologia,
vol. 32, no. 2, pp. 92–102, 1989.

[37] P. J. Dyck, S. Hansen, J. Karnes et al., “Capillary number and
percentage closed in human diabetic sural nerve,”Proceedings of
the National Academy of Sciences of the United States of America,
vol. 82, no. 8, pp. 2513–2517, 1985.

[38] P. J. Dyck, J. L. Karnes, M. S. O’Brien, H. Okazaki, A. Lais, and
J. Engelstad, “The spatial distribution of fiber loss in diabetic
polyneuropathy suggests ischemia,”Annals of Neurology, vol. 19,
no. 5, pp. 440–449, 1986.

[39] P. J. Dyck, A. Lais, J. L. Karnes, P. O’Brien, and R. Rizza,
“Fiber loss is primary and multifocal in sural nerves in diabetic
polyneuropathy,”Annals ofNeurology, vol. 19, no. 5, pp. 425–439,
1986.

[40] D. F. Jiang, C. H. Yin, G. N. Yu et al., “Reserch on effect of total
saponins of Astragalus on hemorrheology of old rats,” Primary
Journal of Chinese Materia Medica, vol. 16, no. 5, p. 15, 2002.

[41] J. Gao, X. X. Xu, X. J. Xu et al., “Research on antithrombotic
effect of total saponins ofAstragalus,”Chinese Traditional Patent
Medicine, vol. 24, no. 2, pp. 116–118, 2002.

[42] Y. H. Yin and J. L. Teng, “Progress of Astragalus active
ingredients intervene diabetic vascular endothelial injury,” Shan
Dong Zhong Yi Za Zhi, vol. 32, no. 8, pp. 599–601, 2013.

[43] S. B. Duan, L. Yu, Y. Liu et al., “Influence of astragalus on
vascular endothlial cells injury in rat models of multiple organ
dysfunction syndrome,” China Journal of ModernMedicine, vol.
22, no. 1, pp. 5–8, 2012.

[44] Y. Yang,W.W. Lv, Y. S. Song et al., “Antithrombotic effect of total
glucosides of paeonia,” Chinese Traditional and Herbal Drugs,
vol. 37, no. 7, pp. 1066–1068, 2006.

[45] T. Okubo, F. Nagai, T. Seto, K. Satoh, K. Ushiyama, and I.
Kano, “The inhibition of phenylhydroquinone-induced oxida-
tive DNA cleavage by constituents of Moutan Cortex and
Paeoniae Radix,” Biological & Pharmaceutical Bulletin, vol. 23,
no. 2, pp. 199–203, 2000.

[46] R. Motterlini, R. Foresti, R. Bassi, and C. J. Green, “Curcumin,
an antioxidant and anti-inflammatory agent, induces heme
oxygenase-1 and protects endothelial cells against oxidative
stress,” Free Radical Biology and Medicine, vol. 28, no. 8, pp.
1303–1312, 2000.

[47] Y. Yu, J. L. Liu, J. Y.Wang et al., “Protective effect of eupolyphaga
sinesiswalker on endothelial cells in experimental hyperlipi-
demic rats,” Journal of Shandong University (Health Sciences),
vol. 40, no. 5, pp. 398–400, 2002.

[48] Y. Yu, J. L. Liu, J. Y. Wang et al., “The effects of aqueous extract
of Eupolyphaga sinesis walker on endothelium and endothelin
of the hyperlipidemic rats,” Chinese Journal of Biochemical
Pharmaceutics, vol. 24, no. 1, pp. 15–17, 2003.

[49] C. F. Zhou,M. Lai, X.H.Wang et al., “Effects of ground beetle on
blood rheology of rats,” Chinese Traditional and Herbal Drugs,
vol. 25, no. 1, pp. 28–29, 1994.



Research Article
Panax notoginseng Saponins Attenuate Phenotype Switching of
Vascular Smooth Muscle Cells Induced by Notch3 Silencing

Nan Liu,1 Dazhi Shan,2 Ying Li,1 Hui Chen,1 Yonghong Gao,3 and Yonghua Huang1

1Department of Neurology, Military General Hospital of Beijing PLA, Beijing 100700, China
2191 Clinical Department, 303 Hospital of People’s Liberation Army, Guigang, Guangxi Zhuang Autonomous Region 537105, China
3Key Laboratory of Chinese Internal Medicine of Ministry of Education and Beijing Dongzhimen Hospital,
Beijing University of Chinese Medicine, Beijing 100700, China

Correspondence should be addressed to Yonghong Gao; gaoyh7088@hotmail.com and Yonghua Huang; huangyh@163.com

Received 16 April 2015; Revised 20 May 2015; Accepted 30 May 2015

Academic Editor: Dan Hu

Copyright © 2015 Nan Liu 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.

Panax notoginseng saponins (PNS) could maintain vascular smooth muscle cells (VSMCs) in stable phenotypes so as to keep blood
vessel elasticity as well as prevent failing in endovascular treatment with stent. Downregulation of Notch3 expression in VSMCs
could influence the phenotype of VSMCs under pathologic status. However, whether PNS is able to attenuate the Notch3 silencing
induced phenotype switching of VSMCs remains poorly understood. Primary human VSMCs were transfected with a plasmid
containing a small interferingRNA (siRNA) againstNotch3 and then exposed to different doses of PNS.The control groups included
cells not receiving any treatment and cells transfected with a control siRNA. Phenotypic switching was evaluated by observing cell
morphology with confocal microscopy, as well as examining 𝛼-SM-actin, SM22𝛼, and OPN using Western blot. Downregulated
Notch3 with a siRNA induced apparent phenotype switching, as reflected by morphologic changes, decreased expression of 𝛼-
SM-actin and SM22𝛼 and increased expression of OPN. These changes were inhibited by PNS in a dose-dependent manner. The
phenotype switching of VSMCs induced by Notch3 knockdown could be inhibited by PNS in a dose-dependent manner. Our study
provided new evidence for searching effective drug for amending stability of atherosclerotic disease.

1. Introduction

With ageing population worldwide, atherosclerotic disease is
responsible for nearly 50% of all deaths [1]. Atherosclerosis
is a condition in which plaques build up inside the large
and medium-sized arteries. Plaques may partially or totally
block the blood flow through the artery system. Some
of the diseases may develop as a result of atherosclerosis
including stroke, coronary heart disease, and carotid artery
disease. Medium-sized arteries may contain up to 40 layers
of smooth muscle cells in the media, so they are also
calledmuscular arteries. Phenotypic switching of the vascular
smooth muscle cells (VSMCs) is a central pathologic feature
in atherosclerosis lesion development, progression, and end-
stage disease consequences such as plaque rupture with
possible myocardial infarction or stroke. Plaque stability is
highly dependent on the VSMCs phenotype, which may
either undergo apoptosis or activate the production of matrix

metalloproteinases or inflammatory mediators that in turn
trigger plaque rupture and thrombosis [2].

Recently, saponins from Panax notoginseng (PNS) have
been widely used in the treatment of atherosclerotic diseases
like stroke and coronary heart disease in China. PNS, the
root of Panax notoginseng, is a highly valued and important
traditional Chinese medicine, which is mainly made up of
ginsenoside Rg1, ginsenoside Rb1, notoginsenoside R1, and
so forth [3], belonging to the Araliaceae family. Numerous
studies have reported that PNS had the therapeutical effect
in cardiovascular diseases because PNS could relax blood
vessel [4], decrease platelet aggregation [5], and inhibit the
inflammatory response in atherosclerotic lesion [6].

Similar to our study, many experiments had proven that
PNS may have effect on abnormal proliferation VSMCs
to prevent atherosclerosis and restenosis. Some research
showed that PNS downregulated the expression of prolif-
erating cell nuclear antigen (PCNA), fibronectin (FN), and
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matrix metalloproteinase-9 (MMP-9) to inhibit the VSMCs
proliferation [7, 8]. Other studies have been focusing on the
mechanism of PNS therapeutical effect in the view of signal
transduction pathway. For example, Yuan et al. [9] reported
that PNS inhibits atherogenesis by suppressing FAK phos-
phorylation, integrins expression, and NF-𝜅B translocation.
Xu et al. [10] also found that PNS inhibits VSMCs prolif-
eration and induces VSMCs apoptosis through upregulating
p53, Bax, and caspase-3 expressions and downregulating Bcl-
2 expression.

However, few studies described the effects of PNS on the
morphology of VSMCs and proteins alteration in pathologic
state.

Notch3 is predominantly expressed in adult VSMCs.
Notch3 gene mutations cause the cerebral autosomal dom-
inant arteriopathy with subcortical infarcts and leukoen-
cephalopathy (CADASIL), an inherited early stroke syn-
drome, which results in dementia because of systemic vascu-
lar degeneration.This suggests thatNotch3 plays a critical role
in maintaining the phenotypic stability of vascular smooth
muscle cells (VSMCs) [11].

Notch3 mutant VSMCs had marked alterations in shape
and size [12]. Mutant VSMCs are thinner and often have thin
elongated cytoplasmic processes, as well as phenotype change
from “contractile” to “synthetic.” This leads to obvious pro-
liferation of VSMCs and increased secretion of extracellular
matrix [13].

Contractile VSMCs are typically characterized by high
expression of the genes for contractile elements, including
𝛼-smooth muscle actin (𝛼-SM-actin), smooth muscle 22𝛼
(SM22𝛼), SM myosin heavy chain (MHC), and smoothelin
[14, 15], whereas synthetic VSMCs have high expression of
osteopontin (OPN), a kind of extracellular matrix proteins
secreted by synthetic VSMCs. Therefore, OPN is hardly
expressed in contractile VSMCs [16]. Besides, there are some
other markers expressed on synthetic VSMCs including
epiregulin, tropoelastin, and thrombospondin.

Although these markers are specifically expressed in the
fully contractile VSMCs, most of them may be expressed at
least transiently in other cells during the tissue repair, or
disease stage. Therefore, evidence of expression of a single
contractile VSMCs marker gene alone is not sufficient for
VSMCs identification and assessment. Thus, the rigorous
identification of contractile VSMCs requires examination
of multiple marker genes [17]. In order to identify VSMCs
phenotype accurately, our study detected the expression of
the 𝛼-SM-actin and SM22𝛼markers of contractile VSMCs, as
well as the expression of theOPN related to synthetic VSMCs.

In current study, we induced phenotype switching in
VSMCs using a siRNA against Notch3 in primary culture
of VSMCs. Effects of PNS on phenotype switching were
examined by observing cell morphology and the expression
of 𝛼-SM-actin, SM22𝛼, and OPN.

2. Materials and Methods

2.1. Cells and Cell Culture. VSMCs were obtained from
human aortic arteries from donors who died of traffic

accidents, within 24 h of death, to establish primary culture
in DMEM (Invitrogen, Grand Island, NY, USA) containing
FBS (Invitrogen) in 5% CO

2
at 37∘C. The acquisition of the

samples was approved by the Ethical Board of the General
Hospital of Beijing PLA, Beijing, China. All experimentswere
performed on cells at least 3 times.

2.2. Reagents and Antibodies. PureLink DNAse set and Pure-
Link RNA mini kit were purchased from Invitrogen (Grand
Island, NY, USA). High-Capacity cDNA Reverse Transcrip-
tion kit and Power SYBR green Mastermix were purchased
fromApplied Biosystems (Foster City, CA, USA). Polyvinyli-
dene difluoride (PVDF) membranes were purchased from
Bio-Rad (Berkeley, CA, USA). Amersham ECL Plus Western
Blotting Detection reagents were purchased fromGEHealth-
care (Rockford, IL, USA). Xuesaitong injection (containing
400mg PNS per ampule) was obtained from the Kunming
Pharmaceutical Group Co., Ltd. (Yun Nan province, China).
Rabbit anti-Notch3, mouse anti-SM22𝛼, and rabbit anti-
OPN were purchased from Abcam (Cambridge, MA, USA).
TRITR-phalloidin, FITC-phalloidin, and mouse anti-𝛼-SM-
actin were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Mouse anti-𝛽-actin and mouse anti-𝛽-tubulin were
purchased from Sigma (St. Louis, MO, USA).

2.3. RNA Silencing. To generate adenovirus transfection par-
ticles, a set of 4pAd/CMV/V5-DEST vectors (Invitrogen)
encoding siRNA targeting the Notch3 gene (Gen Bank acces-
sion number NM 000435.2, mRNA, 8089 bp) and a non-
target siRNA control vector (TRC1 library, Sigma-Aldrich,
St. Louis, MO, USA) were used to cotransfect HEK293A
cells (Invitrogen) using pDONR221 (Invitrogen). VSMCs
were seeded onto 6-cm plates (6 × 105 cells per plate) 24 h
before transfection. Viral transfection was carried out using
a medium containing adenoviruses particles. The culture
medium was replaced 24 h later. The transfected VSMCs
were selected 48 h after transfection. Stable cell lines created
with two vectors (referred to as pAD-EGFP-Notch3-1 and
pAD-EGFP-Notch3-3, resp.) showed significant reduction of
Notch3 protein expression. Subsequent experiments were
performed using stable cell lines generated with the pAD-
EGFP-Notch3-1 construct. Nontransfected VSMCs and con-
trol siRNA VSMCs had similar growth curves. The details
were described in our earlier study and have proven that
Notch3 gene decreased significantly [18].

2.4. Intervention. Primary culture of VSMCs was transfected
with pAD-EGFP-Notch3-1 and treated with PNS (800, 400,
or 200mg/L) or vehicle control. Vehicle control cells, which
were transfected with empty plasmid, exhibited no detectable
fluorescence. VSMCs transfected with pAD-EGFP-Notch3-1
exhibited a transfection efficiency of more than 50% at 48 h
after transfection, called control siRNA. These results had
been proven in our earlier study [18]. The control conditions
also include blank control and cells treated with the control
siRNA only.

2.5. Cell Morphology and Immunocytochemistry. VSMCs
were fixed with paraformaldehyde for analysis of cell
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Figure 1: TRITC labeled phalloidin staining showing actin cytoskeleton of VSMCs. Under the excitation wavelength of 488 nm, the
cytoskeletons of control and Notch3 siRNA VSMCs were reddish-yellow and the GFP dots were green in the cytoplasm. Notch3 siRNA
VSMCs are more rounded and irregular and lack actin cytoskeleton. Upon treatment with PNS, VSMCs became regular.

morphology. Fixed cells were stained by FITC or TRITC
labeled phalloidin to show actin. Cell images were analyzed
and captured with a FluoView 1000 laser scanning confocal
microscope (Olympus, Tokyo, Japan).

2.6. Western Blot Analysis. Samples of equal amounts of
protein were separated by gel electrophoresis, transferred
onto polyvinylidene difluoride (PVDF) membranes, and
incubated with a primary antibody against one of the fol-
lowing:𝛼-smoothmuscle actin (𝛼-SM-actin), smoothmuscle
22𝛼 (SM22𝛼), and osteopontin (OPN), followed by treatment
with a secondary antibody. Amersham ECL Plus Western
Blotting Detection reagents were used for chemilumines-
cence. Band intensity was analyzed using the ImageJ analysis
software (NIMH, Bethesda, MD, USA) and normalized to 𝛽-
actin and𝛽-tubulin as internal control. Protein concentration
was determined using a BCA assay (Pierce, Rockford, IL,
USA).

2.7. Statistics. All experiments were repeated for a minimum
of three times. Data were analyzed by one-way analysis of
variance (ANOVA) followed by post hoc Dunnett’s 𝑡-test for
multiple comparisons. 𝑃 values of < 0.05 were considered
statistically significant.

3. Results

3.1. Morphology of VSMCs. Morphological characteristics of
all VSMCs were tested. Compared to blank control, control
siRNA did not affect the morphology or the cytoskeleton
pattern. Actin-phalloidin staining revealed normal actin
filament system and cell shape (Figure 1). Notch3 siRNA
VSMCs with actin-phalloidin staining revealed abnormal
nuclear configuration, a disorganized actin filament system,
and polygonal cell shape. In addition to decreased cell size,
some filaments of F-actin became shrunk and lost (Figure 1).
PNS significantly decreased the number of polymorphous
cells and increased intercellular gaps and cell size.These find-
ings suggested that the PNS could maintain stable VSMCs
phenotypes.

3.2. PNS Increased the Expression of 𝛼-SM-Actin and SM22𝛼
and Decreased the Expression of OPN in Notch3 siRNA
VSMCs. The relative expression levels of 𝛼-SM-actin and
SM22𝛼 protein in blank control group were 0.622 ± 0.088
and 0.381 ± 0.040, 0.620 ± 0.123 and 0.409 ± 0.043 in
cells exposed to the control siRNA, and 0.233 ± 0.023 and
0.140±0.025 in cells treated with Notch3 siRNA, respectively.
PNA treatment of the cells transfected with Notch3 siRNA at
800, 400, and 200mg/L increased relative expression levels
of 𝛼-SM-actin and SM22𝛼 expression to 0.485 ± 0.044,
0.436 ± 0.040, 0.228 ± 0.048 and 0.335 ± 0.067, 0.265 ±
0.0341, 0.194 ± 0.024, respectively. The relative expression
levels of 𝛼-SM-actin and SM22𝛼 protein of VSMCs were
positively correlated with PNS concentration (Figures 2 and
3). In comparison to cells transfected with Notch3 siRNA,
PNS at 400 and 800mg/L, but not 200mg/L, significantly
upregulated protein expressions of 𝛼-SM-actin (𝑃 < 0.0001).
Similar to 𝛼-SM-actin, PNS significantly upregulated protein
expressions of SM22𝛼 in a dose-dependentmanner (𝑃 < 0.05
or 0.01). These results suggested that PNS could maintain 𝛼-
SM-actin and SM22𝛼 protein level and stabilize the VSMCs
phenotype at high concentration.

OPN protein was not detectable in blank control group
or transfected with the control siRNA group. Notch3 siRNA
increased the OPN protein to 0.735 ± 0.107. PNS treatment
decreased the OPN protein to 0.379 ± 0.069, 0.486 ± 0.048,
and 0.691 ± 0.070 at 800, 400, and 200 g/mL. In comparison
with cells transfected with Notch3 siRNA, PNS at 400 and
800mg/L, but not 200mg/L, significantly downregulated
protein expressions of OPN (𝑃 < 0.0001).

PNS may inhibit OPN overexpression and stabilize the
VSMCs phenotype too (Figure 4).

4. Discussion

Control of VSMCs phenotype is essential in the development
and maintenance of a healthy vasculature. The contractile
phenotype can be altered by phenotypic modulation leading
to a high rate of proliferation andmigration and extracellular
matrix (ECM) accumulation while markers of VSMC con-
tractility are downregulated. Notch3 protein, a large single
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Figure 2: Effects of PNS on 𝛼-SM-actin in VSMCs transfected with
a Notch3 siRNA. 𝛼-SM-actin was examined with Western blot. The
data represent mean ± S.D. ∗∗∗∗𝑃 < 0.0001 versus Notch3 siRNA
VSMCs.

pass transmembrane receptor, is exclusively expressed almost
in VSMCs and pericytes, the specialized VSMCs, but is not
detectable in endothelial cell which is important for survival
of VSMCs and plays a critical role of Notch3 for VSMCs
in blood vessel integrity and blood-brain barrier function
in the mammalian vasculature [2]. Notch3 is the first cell-
autonomous regulator of arterial differentiation and matura-
tion of VSMCs. In vivo studies have shown that Notch3−/−
vessels lost their arterial phenotype, from contractile to
synthetic, indicating that Notch3 is crucial for the phenotypic
integrity of VSMCs [19]. There is growing evidence for a
pivotal role of VSMC plasticity and phenotypic switching in
vascular diseases, such as atherosclerosis, vein graft stenosis,
and restenosis following angioplasty and stenting [20]. In our
study, using the RNA interference approach, we studied the
role of Notch3 in the phenotype switch of VSMCs. In order
to tackle this problem, we do some work from two aspects:
morphological pattern observed by laser scanning confocal
microscope and the marker proteins of VSMCs detecting by
Western Blot.

In physiological state, VSMCs are large and elongated
and have abundant cytoskeleton and prominent nucleus.
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Figure 3: Effects of PNS on SM22𝛼 in VSMCs transfected with a
Notch3 siRNA. SM22𝛼 was examined by Western blot. The data
represent mean ± S.D. ∗∗∗∗𝑃 < 0.0001 or ∗𝑃 < 0.05 versus Notch3
siRNA VSMCs.

In culture, these cells orient themselves into parallel bundles
and become spindle-shaped. Notch3 siRNA VSMCs, lacking
actin cytoskeleton, change their shape from elongated to
more rounded and irregular [21]. These cells have more
pseudopods. This is identical to our observation (Figure 1).
However, the morphology of Notch3 siRNA VSMCs with
PNS was better than control cells. Their shapes were regular
without much pseudopods. Then we further investigated
the cytoskeleton and ECM related to VSMCs phenotypic
switching. 𝛼-SM-actin and SM22𝛼 are considered VSMC-
specific contractile proteins as well as important cytoskeletal
proteins. OPN is one of the synthetic VSMCs markers and
a multifunctional protein in ECM. It is hardly expressed by
contractile VSMCs. VSMCs in the blank control treated with
the control siRNA only maintain the contractile phenotype
and hardly expressed OPN. This is consistent with our result
in Western blot (Figure 4).

VSMCs phenotype switching from contractile to syn-
thetic is a key step in which VSMCs revert to an immature,
proliferative phenotype, leading to pathological luminal nar-
rowing. This process involves a reduction in the expression
of the VSMCs contractile proteins such as 𝛼-SM-actin and
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Figure 4: Effects of PNS on OPN in VSMCs transfected with a
Notch3 siRNA. OPN was examined with Western blot. The data
representmean± S.D. ∗∗∗∗𝑃 < 0.0001 versusNotch3 siRNAVSMCs.

SM22𝛼 that are the hallmarks of quiescent, mature VSMCs
[22]. Meanwhile, the expression level of OPN increases
gradually. It has been reported that secretory calcitonin
gene-related peptide (CGRP) and CGRP receptor modified
mesenchymal stem cells on proliferation and phenotypic
transformation of VSMCs. They found that the expression
of contractile phenotype protein 𝛼-SM-actin declined while
intermediate phenotype OPN increased significantly [23].
However, only twomarkers proteins seemed to be insufficient
to support phenotypic changes. Another study showed that𝛼-
SM-actin and calponin protein levels significantly decreased
by OPN overexpression. Downregulation of 𝛼-SM-actin and
calponin was also observed on extracellular treatment of
mouse VSMCs with recombinant OPN [24]. It is worth
noting that our study found that there is a negative relation
between 𝛼-SM-actin, SM22𝛼, and OPN, which has never
been reported before. And we observed that PNS could
increase the expression of contractile markers 𝛼-SM-actin
and SM22𝛼 and decrease the expression of synthetic marker
OPN in a dose-dependent manner. PNS at concentration of
200mg/L only increased the expression of SM22𝛼 in control
cells and had little influence on the expression of 𝛼-SM-actin
and OPN. This suggested PNS at high concentration of 400
and 800mg/L had a better protective effect than that at low
concentration of 200mg/L.

5. Conclusions

Notch3 plays an important role in the phenotype switch
of VSMCs and may represent a target for treatment of
atherosclerotic diseases. We showed improved morphology
by PNS in VSMCs treated with a Notch3 siRNA: the poly-
morphous cells became regular with PNS treatment. Notch3
siRNA transfection decreased 𝛼-SM-actin and SM22𝛼 and
increased OPN. PNS attenuated these changes, particularly
at high concentration range.These results suggested that PNS
couldmaintain VSMCs contractile phenotype and encourage
exploring of the therapeutic potentials of PNS in vascular
diseases.

A few limitations of this study need to be mentioned.
First, the migration ability of VSMCs was only assessed
morphologically. Secondly, this study focused on the pheno-
type switch of VSMCs by detecting marker proteins. Future
studies are needed to address signal pathways through that
phenotype switch of VSMCs.
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Objective. To systematically collect evidence and evaluate the effects ofDanhong injection (DHI) for unstable angina (UA).Methods.
A comprehensive search was conducted in seven electronic databases up to January 2015. The methodological and reporting
quality of included studies was assessed by using AMSTAR and PRISMA. Result. Five articles were included. The conclusions
suggest that DHI plus conventional medicine treatment was effective for UA pectoris treatment, could alleviate symptoms of
angina and ameliorate electrocardiograms. Flaws of the original studies and systematic reviews weaken the strength of evidence.
Limitations of the methodology quality include performing an incomprehensive literature search, lacking detailed characteristics,
ignoring clinical heterogeneity, and not assessing publication bias and other forms of bias.The flaws of reporting systematic reviews
included the following: not providing a structured summary, no standardized search strategy. For the pooled findings, researchers
took statistical heterogeneity into consideration, but clinical and methodology heterogeneity were ignored. Conclusion. DHI plus
conventional medicine treatment generally appears to be effective for UA treatment. However, the evidence is not hard enough due
to methodological flaws in original clinical trials and systematic reviews. Furthermore, rigorous designed randomized controlled
trials are also needed. The methodology and reporting quality of systematic reviews should be improved.

1. Introduction

A report from World Health Organization indicates that
ischemic heart disease is a leading cause of death in the world
[1, 2]. In 2010, 2150 deaths occurred every day in the United
States due to cardiovascular disease (CVD). The direct and
indirect cost of CVD was USD 3154 billion in 2010 in the
United States [3]. Antiplatelet drugs [4], anticoagulant [5],
nitrates [6, 7], calcium channel blockers [8], and beta blockers
[9] are commonly used treatments for high-risk patients with
CVD.However, many patients are still not satisfiedwith these
routine treatments. TraditionalChinesemedicinal drugs have
been used for cardiovascular diseases for a long time. From
the perspective of traditional Chinese medicine (TCM), the
pathogenesis of UA ismainly blood stagnation [10]. Danhong
injection (DHI), which is typically used to resolve blood

stasis [11], has been widely used in clinical practice for the
treatment of UA in China. DHI is made of the extraction
from Danshen (the root and rhizome of Salvia miltiorrhiza
Bge.) and Honghua (the flower of Carthamus tinctorius
L.). The ingredients of DHI are mainly Salvia phenolic
acids, flavonoids safflower, benzene diene glycosides, and
nucleosides. Jiang et al. [12] identified 30 compounds in DHI,
includingmono- and oligo-saccharide, amino acids, and low-
molecular-weight organic acids (Figure 1). The quantitative
nuclear magnetic resonance (qNMR) technique is utilized
to quantitatively measure amino acids, mono- and oligo-
saccharide, and small molecular organic acids in DHI.
This enhancement in technology enables the detection of
ingredients previously undetectable using the HPLC-DAD
method [13, 14]. Experimental studies have shown that DHI
can increase coronary blood flow [15], improve cardiac
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Figure 1: Representative 1H NMR spectra of DHI. Peaks: 1, isoleucine; 2, leucine 3, valine; 4, threonine; 5, alanine; 6, acetate; 7, proline;
8, pyroglutamate; 9, succinate; 10, asparagine; 11, malonate; 12, glucose; 13, galactose; 14, arabinose; 15, fructose 16, rhamnose 17, rutinose
18, rutinulose; 19, salvianic acid; 20, salvianolic acid B; 21, rosmarinic acid; 22, lithospermic acid 23, salvianolic acid A; 24, procatechuic
acid; 25, procatechuic aldehyde; 26, 4-hydroxybenzoic acid; 27, 4-hydroxycinnamic acid; 28, uridine; 29, formate; 30, 5-(hydroxymethyl)-2-
furaldehyde.

microcirculation [16], scavenge for free radicals [17], prevent
platelet aggregation [13], and accommodate blood lipids
[18]. Meanwhile, some studies indicated that conventional
intervention plus DHI can enhance the therapeutic effect and
lessen side effects of chemical drugs [19, 20]. Many clinical
trials of DHI for UA have been conducted and are mainly
published in Chinese journals. Furthermore, there were also
some published systematic reviews/meta-analyses aboutDHI
for UA [19, 20]. However, the quality of methodology and
the conclusions of the systematic reviews/meta-analyses have
not been critically assessed. This paper aimed to evaluate the
quality of published systematic reviews and summarize the
clinical evidence of DHI for UA.

2. Method
2.1. InclusionCriteria. Systematic reviews ofDHI forUAwere
included irrespective of whether meta-analysis was used.
Patients should be diagnosed as UA. There were no limita-
tions to the publishing date, language, and outcomemeasures.

2.2. Literature Searching Strategy. Seven electronic literature
databases were searched to recruit candidate studies up to

January 2015. Three of the databases were English databases
(PubMed, Web of Science, and the Cochrane Library), and
the others were Chinese-literature databases (China National
Knowledge Infrastructure, Wanfang Data, sinomed, and VIP
Database for Chinese technical journals). The words used
for English databases were “Danhong” OR “Dan hong” OR
“Danhong Injection” AND “Systematic review” OR “meta-
analysis” OR “systematic reviews” OR “meta analyse.”

2.3. Quality Assessment

2.3.1. Assessment of the Methodological Quality. AMSTAR (a
measurement tool to assess the methodological quality of
systematic reviews)which is a reliable and validmeasurement
tool for the “assessment of multiple systematic reviews” was
used in this study [24, 25]. AMSTAR consists of 11 items. For
each item, there are four answer options: “cannot answer,”
“yes,” “no,” and “not applicable.”

2.3.2. Assessment of the Reporting Quality. PRISMA (pre-
ferred reporting items for systematic reviews and meta-
analyses) was used to assess the reporting quality of included
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Additional records identified through other 

After reading full-text (n = 8)

Articles excluded (n = 3)
(i) Duplicates (n = 2)
(ii) Intervention did not accord with the inclusive criteria

n = 1)(

Included articles (n = 5)

Articles excluded (n = 41)
(i) Patients not diagnosed as UA (n = 32)
(ii) Economics research (n = 1)
(iii) Not being systematic review (n = 8)

Articles after excluded duplicates (n = 49)

After reading titles and abstract (n = 49)

Potentially relevant articles (n = 134)
CNKI (N = 40)
VIP (N = 30)

Wanfang (N = 37)
Sinomed (N = 27)

Pubmed (n = 0)
Web of Science (n = 0)

Cochrane Library (n = 0)

sources (n = 0)

Figure 2: PRISMA 2009 flow diagram.

systematic reviews [26, 27]. Each included review was
assessed by two independent reviewers (Xiaoxia Zhang and
Hui Wang). Any disagreements were resolved by discussion
with other authors. The PRISMA statement consists of 27
items and aims to improve the reporting quality of meta-
analyses and systematic reviews. For each item, there are three
answers: “adequate,” “inadequate,” and “ inconformity.”

3. Results

Initially, 134 articles were identified for further investiga-
tion according to the search strategy. After duplicates were
removed, 49 records remained. After further screening, 41
studies were excluded according to the inclusion criteria.
Three more studies were excluded after reading the full con-
tent. Finally, 5 studies were included for analyses (Figure 2).

3.1. Characteristics of Selected Studies. Five systematic
reviews were published in Chinese from 2010 to 2012. There
were 76 original studies with 7906 participants. As shown in
Table 1, all included original studies are randomized clinical
trials (RCT). The Jadad scores were used in 4 systematic
reviews (the other one did not mention tool for quality
evaluation), and most of the primary studies were of poor

quality. A mean of 15 studies was included in each systematic
review.The treatment courses of original studies ranged from
7 to 28 days. The main outcomes were alleviation of angina
symptom and amelioration of electrocardiograms (ECG).
The conclusions of the five studies were consistent, which
suggest that DHI plus conventional medicine treatment was
effective for UA pectoris treatment.

Wang and Hu [19] evaluated the effectiveness of DHI
treatments for UA by a meta-analysis including 13 ran-
domized controlled trials (RCTs) with 1183 participants:
623 patients in DHI treatment group and 560 patients in
comparison group. The age of patients ranged from 31 to
84 years. There were 11 RCTs of DHI plus conventional
treatment compared with the same conventional treatment.
The remaining two RCTs were DHI compared with a 20mL
of Danshen injection and 5mL of nitroglycerin based on
conventional treatments. The meta-analysis showed that the
DHI group performed significantly better than the control
group in two parameters: angina symptoms (RAS) (OR =
4.98, 95% CI: 3.49∼7.11) and ECG (OR = 2.48, 95% CI: 1.85∼
3.32). Two patients from the DHI group reported headaches,
dizziness, and nausea, and 1 patient reported low blood
pressure. After the drip speed of the intravenous drip was
turned down, the patients recovered. There were 14 patients
from the control group who reported headache. Among
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those 13 reports, no detailed information reported early
termination or loss to follow-up. All the 13 articles were
marked as low quality using the Jadad scale. Additionally,
there was publication bias in the included articles.

Xu et al. [20] assessed the efficacy and safety of DHI
treatments for UA in 9 RCTs, with a total of 771 participants
aged 60 years or older. The meta-analysis showed that DHI
plus conventional medicine was better than the conventional
medicine alone in two outcome measures: RAS (OR = 3.83,
95% CI: 2.52∼5.82) and ECG (OR = 2.51, 95% CI: 1.79∼3.53).
There was no report on adverse effects. All the included
articles had low-quality grades according to the Jadad scale
(score = 2). Publication bias was reported in the included
articles.

Xu et al. [21] showed that DHI can effectively improve
ECG (OR = 2.87, 95% CI: 2.30∼3.59) and RAS (OR = 3.96,
95% CI: 3.00∼5.24) in patients with UA.There were no severe
adverse effects during treatment duration.There was 1 patient
who appeared fatigued in DHI group. There were 2 patients
who reported headaches, dizziness, and nausea in control
group. Included studies were of low quality; only one reached
3 on Jadad score. There was publication bias based on the
funnel plot. Few trialsmentioned a randomizationmethod or
allocation concealment. Only one trial mentioned a method
of blinding.

Yang et al. [22] examined 12 RCTs with 1337 participants
ranging from 43 to 78 years of age.Themeta-analysis showed
that there was significant improvement of clinical symptoms
in the DHI group compared with conventional medicine,
RAS (OR = 4.01, 95% CI: 2.80∼5.76). The difference between
the two groups in ECG improvement was statistically signif-
icant (OR = 2.60, 95% CI: 1.98∼3.41). Adverse events were
not mentioned. Publication bias existed. Except for 2 trials
(one that described single blinding and one that mentioned
double-blinding);most of the trials did notmention blinding.

Cui et al. [23] assessed the effects of DHI on UA in 23
RCTs with a total of 2675 participants ranging from 39 to 82
years of age, and the duration of disease ranged from 21 days
to 15 years. The results of the meta-analysis showed that the
DHI groupwas superior to the control group in 5 parameters:
ECG (RR = 2.84, 95% CI: 2.28∼3.55), RAS (RR = 4.13, 95%
CI: 3.12∼5.47), increasing the serum level of HDLC (WMD
= 0.29, 95% CI: 0.05∼0.52), decreasing low density LDLC
(WMD = −0.98, 95% CI: −1.33∼0.63), and HS-CRP (WMD
= −1.42, 95% CI: −2.18∼−0.65). Adverse events were not
mentioned, and no side effects were reported. More double-
blinding RCTs with large-scale and high-quality are needed.

3.2. Quality of Methodology. Methodological quality of the
included systematic reviews is summarized in Table 2. For
the included 5 systematic reviews, none of them reported
“a priori” designs. Literature searches were performed with
keywords; however, the search strategy was not provided in
the included reviews. Language bias existed in all 5 articles,
and 2 reviews only searched Chinese databases.

All the reviews provided a list of included studies, while
a list of excluded studies was not provided. The scientific
quality of the included studies in formulating conclusions and
methods used to combine the findings of studies were not

Table 2:Methodological quality assessment of systems review/meta-
analysis [24, 25].

AMSTAR Yes No Cannot answer Not applicable
Items 𝑛 % 𝑛 %

𝑛 % 𝑛 %
1 0 0 5 100 0 0 0 0
2 3 60 0 0 2 40 0 0
3 0 0 0 0 5 100 0 0
4 0 0 5 100 0 0 0 0
5 0 0 5 100 0 0 0 0
6 3 60 2 40 0 0 0 0
7 4 80 1 20 0 0 0 0
8 0 0 5 100 0 0 0 0
9 0 0 5 100 0 0 0 0
10 3 60 2 40 0 0 0 0
11 1 20 4 80 0 0 0 0
(1) Was an “a priori” design provided? (2) Were there duplicate study
selection and data extraction? (3) Was a comprehensive literature search
performed? (4) Was the status of publication (i.e., grey literature) used as
an inclusion criterion? (5) Was a list of studies (included and excluded)
provided? (6) Were the characteristics of the included studies provided? (7)
Was the scientific quality of the included studies assessed and documented?
(8) Was the scientific quality of the included studies used appropriately in
formulating conclusions? (9)Were themethods used to combine the findings
of studies appropriate? (10) Was the likelihood of publication bias assessed?
(11) Was the conflict of interest stated?

appropriately used. A fixed-effects model was applied in 5
systematic reviews. None of the authors stated whether they
included grey literature. Three (60%) of the studies showed
that there was duplicate study selection and data extraction.
Data were independently extracted by two researchers, and
disagreementswere resolved by discussion.Thedetailed char-
acteristics of the included articles were provided in 3 (60%)
articles. Funnel plots were applied in 3 (60%) reviews. The
scientific quality of the studieswere assessed anddocumented
by 4 authors.

3.3. Quality of Reporting. Quality of reporting was shown in
Table 3. Reporting quality of included systematic reviews was
generally poor.The sections of title, abstract, and introduction
were inadequately reported in all the 5 reviews.

“Systematic review” or “meta-analysis” was stated in
the titles of all the reports. However, whether the studies
were systematic reviews, meta-analyses, or both was not
identifiable from the titles.

In the abstract sections, structured summary was not
clearly reported in all the systematic reviews.

In Section 1, rationale of doing a systematic review was
not clearly reported in all the 5 reviews.

In Section 2, three items were well reported including
eligibility criteria, data collection process, and summary
measures. In the items of protocol and registration, search,
synthesis of results, and additional analyses were inade-
quately reported in 5 reviews. Eligibility criteria were stated
in the 5 reviews. Five studies stated their method of data
extraction and the principal summary measures. Only two
reviews stated a comprehensive electronic search database,
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Table 3: Report quality evaluation of system review/meta-analysis.

PRISMA Adequate Inadequate Inconformity
Section/topic

𝑛 % 𝑛 % 𝑛 %
Title Title 0 0 5 100 0 0
Abstract Structured summary 0 0 5 100 0 0

Introduction Rationale 0 0 5 100 0 0
Objectives 0 0 5 100 0 0

Methods

Protocol and registration 0 0 0 0 5 100
Eligibility criteria 5 100 0 0 0 0
Information sources 2 40 3 60 0 0
Search 0 0 5 100 0 0
Study selection 3 60 2 40 0 0
Data collection process 5 100 0 0 0 0
Data items 1 20 4 80 0 0
Risk of bias in individual studies 3 60 2 40 0 0
Summary measures 5 100 0 0 0 0
Synthesis of results 0 0 5 100 0 0
Risk of bias across studies 4 80 1 20 0 0
Additional analyses 0 0 5 100 0 0

Results

Study selection 0 0 5 100 0 0
Study characteristics 3 60 2 40 0 0
Risk of bias within studies 3 60 2 40 0 0
Results of individual studies 5 100 0 0 0 0
Synthesis of results 0 0 5 100 0 0
Risk of bias across studies 4 80 1 20 0 0
Additional analysis 0 0 5 100 0 0

Discussion
Summary of evidence 1 20 4 80 0 0
Limitations 0 0 5 100 0 0
Conclusions 1 20 4 80 0 0

Funding 1 20 0 0 4 80

while others were lacking additional search information. All
five studies did not provided search formula. There was
no review describing the registration information. As for
the synthesis of results and additional analysis, none of
authors gave adequate descriptions.There were 3 reviews that
presented the process for selecting studies and risk of bias of
individual studies.

In Section 3, the reporting quality of results of individual
studieswas good. As for the three items including study selec-
tion, synthesis of results, and additional analysis, inadequate
reporting was detected in 5 reviews. No review reported
flow diagrams and present well-synthesized results. Clinical
heterogeneity was ignored in the 5 reviews. Characteristics
and risk of bias across studies were described in 3 reviews.
Sensitivity analyses and subgroup analyses were not provided
in all of the included studies.

In Section 4, only 1 review summarized the evidence. All
researchers did not completely discuss the limitations.

Only one review presented sources of funding for the
systematic review.

4. Discussion

4.1. Primary Outcomes. Five systematic reviews published
from 2010 to 2012 drew the same conclusion that DHI plus
conventional medicine treatment for UA is effective and safe
in alleviating angina symptoms and ameliorating ECG. Four
systematic reviews reported side effects, and one did not
mention side effects. The rate of adverse effects is low from
the included systematic reviews.

4.2. The Quality of Methodology and Reporting. Generally
speaking, the quality of the included systematic reviews is
low. The limitations of the methodology quality of those
studies included the following: no a priori design was pro-
vided; incomprehensive literature searches was performed;
and the search strategy was not provided in most of the
included reviews. Language bias existed in all reviews. There
were 3 reviews that only searched Chinese databases. None
of the authors stated whether they included grey literature.
Selection bias should be controlled in the processes of
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study selection and data extraction. In each study, at least
two independent data extractors participated, and disagree-
ments should be checked. For meta-analysis, researchers
only checked the statistical heterogeneity, but clinical and
methodology heterogeneity were ignored. So, the results of
meta-analyses might be incorrect or meaningless.

The flaws in reporting included the following: systematic
reviews and meta-analyses were not clear in the title of
reviews and themain content of the article did not show up in
the summary. All the five systematic reviews were published
from 2010 to 2012. In accordance with the requirements of
systematic reviews, the rationale of the research should be
demonstrated. In addition, the necessity and significance
of doing a systematic reviews should be described in the
introduction. However, the follow-up studies did not men-
tion previously published systematic reviews; that is, the
follow-up studies did not fully demonstrate rationale. In
conclusion, systematic reviews of some TCM were done
without clinical or scientific significance, which might be
due to no registration mechanism for systematic reviews in
TCM. No studies specified search strategies; thus, selection
bias cannot be ignored. Although flowdiagramswere an ideal
tool to illustrate study selection, they were not used in the five
reviews.

Because not all the characteristics of studies were pre-
sented (e.g., course, follow-up period, and interventions),
clinical and methodology heterogeneity were hard to evalu-
ate. In the synthesis of results, researchers considered statisti-
cal heterogeneity, but clinical andmethodology heterogeneity
were ignored. Clinical and methodology heterogeneity were
significant among the original clinical trials. So, dogmatic
data combing with different controls, follow-up periods,
and interventions would affect the result of meta-analyses.
Limitations were not adequately discussed and did not deeply
analyze the risk of bias such as whether the outcome and
course were reasonable. The requirement of the reporting of
system reviews was not strictly enforced in Chinese journals,
leading to poor quality of reporting; thus, training concerning
relevant knowledge is needed for journal editors.

4.3. Limitations of Current Evidence. The flaws in methodol-
ogy and reporting weaken the results of systematic reviews.
Improper use of meta-analysis will exaggerate the bias and
draw the wrong conclusions. In addition to publication
bias and incomprehensive search, all the included reviews
were published in Chinese and reached positive conclusions,
which affected the quality of the systematic reviews.

There were some limitations for this study. Inaccurate
assessment of each item in AMSTAR and PRISMA may
exist due to subjective judgment. Inadequate reporting of
systematic reviews affected the evaluation process although
inconsistencies were solved by discussion.

5. Conclusions

This study summarized the evidence of DHI for UA and
obtained a positive result. However, poor quality of sys-
tematic reviews/meta-analyses affected reliability of current

evidence. In the future, rigorous clinical trials with larger
samples are needed to confirm this conclusion. The method-
ological and reporting quality of systematic reviews and
meta-analysis should be improved.
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According to the methods of Patient-Reported Outcome (PRO) based on the patient reports internationally and referring to
U.S. Food and Drug Administration (FDA) guide, some scholars developed this PRO of stroke which is consistent with China’s
national conditions, and using it the feel of stroke patients was introduced into the clinical efficacy evaluation system of stoke.
“Ischemic Stroke TCM Syndrome Factor Diagnostic Scale (ISTSFDS)” and “Ischemic Stroke TCM Syndrome Factor Evaluation
Scale (ISTSFES)” were by “Major State Basic Research Development Program of China (973 Program) (number 2003CB517102).”
ISTSFDS can help to classify and diagnose the CM syndrome reasonably and objectively with application of syndrome factors.
Six syndrome factors, internal-wind syndrome, internal-fire syndrome, phlegm-dampness syndrome, blood-stasis syndrome, qi-
deficiency syndrome, and yin-deficiency syndrome, were included in ISTSFDS and ISTSFES. TCM syndrome factor was considered
to be present if the score was greater than or equal to 10 according to ISTSFDS. In our study, patients with phlegm-heat syndrome
were recruited, who met the diagnosis of both “phlegm-dampness” and “internal-fire” according to ISTSFDS. ISTSFES was used
to assess the syndrome severity; in our study it was used to assess the severity of phlegm-heat syndrome (phlegm-heat syndrome
scores = phlegm-dampness syndrome scores + internal-fire syndrome scores).

1. Introduction

With the aging of the global population, stroke and related
diseases have become a serious threat to human health [1].
Recent studies have shown that stroke has become the leading
cause of death in China [2], in which ischemic stroke patients
account for about 80% of all stroke patients [3] with a high
morbidity. Traditional Chinese medicine (TCM) plays an
important role in the prevention and treatment of strokes
in China. The application of laboratory technology has been
widely used for explaining the nature of the syndrome in
stroke diseases. Moreover, biological markers have played
an important role in the clinical diagnosis and treatment

evaluation in many diseases. In general, biological markers
closely associated with the pathogenesis of cerebral ischemia
and reperfusion, blood-brain barrier damage, and cerebral
infarction could be used for the diagnosis and clinical
evaluation of acute ischemic stroke as a microindicator and
are becoming a hot research topic.

Recent studies have demonstrated an association between
stroke syndromes and changes in biological markers [4, 5].
For example, interleukin-6 (IL-6) and tumor necrosis factor-
𝛼 (TNF-𝛼) have been demonstrated to be positively associ-
ated with the fire-heat syndrome scores in acute ischemic
stroke patients and it was suggested that elevated IL-6 and
TNF-𝛼 levels can be used as indicators to distinguish between
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the fire-heat and non-fire-heat syndrome [6]. For a biomarker
to be of optimal use, it should be rapid, cost-effective, specific,
sensitive, as is the case for B-type natriuretic peptide (BNP)
in the assessment of congestive heart failure [7]. However,
there is still a lack of specific biomarkers for diagnosis of TCM
syndromes of acute stroke [8].

Currently, the “integrating disease and syndrome” evalu-
ation model is a widely acceptable model for clinical efficacy
evaluation of TCM stroke by the TCM scholars [9]. This
model combines the evaluation methods of Chinese and
westernmedicine. For instance, at the disease level, themodel
adopted the US National Institutes of Health Stroke Scale
(NIHSS) [10], Barthel Index (BI) [10], and Patient-Reported
Outcome (PRO) [11], which are mature efficacy evaluation
scales in western medicine. The evaluation of the level of
the syndrome used the “Ischemic Stroke TCM Syndrome
Factor Diagnostic Scale (ISTSFDS)” and “Ischemic Stroke
TCM Syndrome Factor Evaluation Scale (ISTSFES)” [12].
Although the objectivity of clinical efficacy evaluation has
been improved by the combination of these scales, the
model lacks accurate and objective laboratory parameters to
evaluate the clinical efficacy of acute stroke [13].

Analyzing current literatures linked with ischemic stroke,
we found some novel biological indicators as follows: NDKA
(nucleoside diphosphate kinase A) is an ubiquitous enzyme
that catalyzes the exchange of terminal phosphate between
different nucleoside diphosphates and is thought to be
involved in the ischemic cascade after stroke [14, 15]. Previous
studies found that NDKA was an early biomarker since its
level was already elevated in blood of patients within 3 h after
the stroke onset [15, 16].The excitatoryNMDA(N-methyl-D-
aspartate) receptor is one of the key regulators of nerve cell
membrane functions in the process embolic or thrombotic
vascular occlusion stimulating the cascade of neurotoxicity,
causing biochemical changes in brain tissue, the blood-
brain barrier, and brain vessels. Recently, researches had
investigated antibodies to the glutamate NDMA-R that had
a 97% sensitivity and 98% specificity to distinguish ischemic
stroke fromcontrol at 3 h [17]. PARK7 (Polyploidy-Associated
Protein Kinase) is a highly conserved protein with unclear
function. Allard et al. found that serum PARK7 levels were
significantly increased in stroke patients 30min to 3 hrs after
onset with a sensitivity of 54%–91% and specificity of 80%–
90% in diagnosis of stroke [15].The studies found that UFDP
(ubiquitin fusion degradation protein 1) was increased in
human postmortem CSF, a model of global brain insult, and
also was released in the blood of patients affected by a brain
injury [18]. These biomarkers maybe used in clinical practice
in further as indexes for diagnosis in acute ischemic stroke.

In this study, we examined the association between serum
NDKA, NMDA, PARK7, and UFDP levels and the phlegm-
heat syndromes of acute ischemic stroke and explored their
value in evaluating the clinical efficacy of stroke.

2. Materials and Methods

2.1. Participants. Biological samples and medical records of
fifty-one stroke patients with phlegm-heat syndrome that

met the inclusion and exclusion criteria were obtained to
form a biomarkers and clinical information database, which
was established since January 2009 by the Clinical Research
Centers of Dongzhimen Hospital, Beijing University of Chi-
nese Medicine. The inclusive criteria were (1) meeting the
diagnosis of cerebral infarction according to the “2010 China
acute ischemic stroke diagnosis and treatment guidelines”;
(2) both the diagnosis of “phlegm-dampness” and “internal-
fire” existing (phlegm-dampness syndrome scores≥10 points,
internal-fire syndrome scores ≥10 points) according to the
“Ischemic Stroke TCM Syndrome Factor Diagnostic Scale
(ISTSFDS)”; (3) NIHSS scores being ≥5 points, but ≤22
points; (4) onset being within 72 hours; and (5) age being
≤75 years and ≥35 years. The exclusion criteria were (1)
patients who were diagnosed with transient ischemic attack
or cerebral hemorrhage or subarachnoid hemorrhage and
(2) patients who had drag-over disease with liver, kidney,
hematopoietic system, and endocrine system diseases, bone
and joint diseases, mental illness, dementia, stroke sequelae,
and stroke caused by brain tumor, traumatic brain injury,
blood disease, and rheumatic heart disease. Ninety-five
age and gender matched healthy people were recruited as
controls. Signed informed consents were obtained from all
subjects.

2.2. Clinical Evaluation. Basic information such as age and
sex and fasting blood samples were collected from healthy
controls. The clinical data for each patient was collected by
the neurologist.

2.2.1. General Information. The demographic data, medical
history, lifestyle, blood test information (blood count, blood
chemistry, blood clotting, etc.), and imaging data (CT or head
MRI) of the 51 patients were collected at the day of recruiting.

2.2.2. Biological Samples. Five mL of venous blood was
collected from patients within 3 days of onset and 7 and
14 days after onset. The serum NDKA, NMDA, PARK7,
and UFDP levels were measured using the enzyme-linked
immunosorbent assay kits by following the manufacturer’s
instruction.

2.2.3. The Observations of Therapeutic Efficacy. The evalua-
tion of clinical therapeutic efficacy in stroke patients included
disease evaluation and syndrome evaluation. Disease evalu-
ation used the NIHSS (National Institutes of Health Stroke
Scale) to assess the neurological impairment. Syndrome
evaluation used the “Ischemic Stroke TCM Syndrome Factor
Evaluation Scale (ISTSFES)” to assess the syndrome severity
(phlegm-heat syndrome scores = phlegm-dampness syn-
drome scores + internal-fire syndrome scores). Evaluation
point is within 3 days of onset and at day 7 and day 14 after
onset (Figure 1).

2.3. Statistical Analysis. Statistical analyses were performed
using SPSS 21 software (IBM, NC, USA). Data with normal
distribution were expressed as mean ± standard errors. If the
data showed homogeneity of variance, differences between
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Figure 1: Flow chart of the study.

groups were analyzed using independent samples 𝑡-test. If
not, differences between groups was analyzed using nonpara-
metric tests (Kruskal-Wallis 𝐻 test). The receiver operating
characteristic curve (ROC) analysis was used to elucidate
the diagnostic value of biological markers for phlegm-heat
syndrome. Single factor repeated measures analysis was
used for assessment of the variance in biological indicators,
NIHSS scores, and phlegm-heat syndrome scores in stroke
patients within 3 days of onset and at 7 and 14 days after
onset. Linear regression analysis was used for the correlation
between changes of biological parameters and NIHSS scores
or phlegm-heat syndrome scores. 𝑃 < 0.05 was considered
statistically significant.

3. Results

3.1. General Data. This study included 95 healthy controls
and 51 patients. The general characteristics, including gender
and age of healthy controls, were collected, and, beyond that,
diseases of hypertension, diabetes mellitus and so forth of
patients were collect (Table 1).

3.2. Serum NDKA, NMDA, PARK7, and UFDP Levels
and Diagnosis Value. Differences in these four biomarkers
between ischemic stroke patients within 3 days of onset and
healthy controls was analyzed using independent samples 𝑡-
test or nonparametric tests (Kruskal-Wallis𝐻 test).The result
showed a significant difference in serum PARK7 (𝑃 = 0.003)

Table 1: General data.

Items Patients Healthy controls
𝑁 51 95
Age (Yr., 𝑥 ± 𝑠) 62.27 ± 9.27 31.23 ± 9.74
Females (case (%)) 43.1 46.3
Hypertension (case (%)) 28 (54.9) NA
Coronary heart disease (case (%)) 9 (17.6) NA
Diabetes mellitus (case (%)) 9 (17.6) NA
Hyperlipidemia (case (%)) 16 (31.4) NA
Previous stroke (case (%)) 22 (43.1) NA
Smoking (case (%)) 18 (35.3) NA
Alcohol (case (%)) 10 (19.6) NA
Note. NA indicates not applicable.

andUFDP (𝑃 = 0.045) between groups; in contrast, there was
no significant difference in serum NDKA (𝑃 = 0.384) and
NMDA (𝑃 = 0.774) between groups. Comparing the mean
of these two groups, we found that the serum NMDA and
PARK7 levels were higher than that in the healthy controls,
whereas the serum NDKA and UFDP levels were lower than
that in the healthy controls (Figure 2(a)).

Receiver operator characteristic curves (ROC) were used
to evaluate the diagnostic value of the biological markers
in the early stage of stroke with phlegm-heat syndrome.
Results showed that NMDA, PARK7, and UFDP exhibited
certain diagnostic accuracy with an AUC of 0.639, 0.669, and



4 Evidence-Based Complementary and Alternative Medicine

0

20

40

60

80

100

120

140

NDKA NMDA PARK7 UFDP

Se
ru

m
 co

nc
en

tr
at

io
n 

(n
g/

m
L)

Biomarkers

NC
IS

∗

∗

(a)

1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.4

0.2

0.2

0.0

0.0

Se
ns

iti
vi

ty

NDKA
NMDA

PARK7
UFDP

1− specificity

(b)

Figure 2: Serum NDKA, NMDA, PARK7, and UFDP levels and diagnostic value of phlegm-heat syndrome in acute ischemic stroke. (a)
Comparison of serumNDKA,NMDA, PARK7, andUFDP levels between stroke patientswithin 3 days of onset and healthy controls. ∗𝑃 < 0.05
versus controls. (b) Receiver operator characteristic (ROC) curves of serum NDKA, NMDA, PARK7, and UFDP levels. The area under ROC
was 0.501, 0.639, 0.669, and 0.634, respectively.

0.634, respectively, and specificity of 54.1%–83.5%. The cut-
off values of serum NMDA, PARK7, and UFDP levels for
the diagnosis of phlegm-heat syndrome were 11.465 ng/mL,
74.152 ng/mL, and 46.950 ng/mL, respectively (Figure 2(b)).
Serum NDKA level showed no diagnostic accuracy for the
phlegm-heat syndrome (AUC 0.501) (Figure 2(b)).

3.3. Dynamic Changes in NDKA, NMDA, PARK7, and UFDP
Levels. Single factor repeated measures analysis was used
to measure the dynamic changes in serum NDKA, NMDA,
PARK7, and UFDP levels within 3 days of onset and 7 and 14
days after the onset.Mauchly sphericity test showed that there
was significant association between repeated measures data
of NDKA (𝑊 = 0.841, 𝑃 = 0.014) and PARK7 (𝑊 = 0.664,
𝑃 = 0.000) and the need for freedom correction. In contrast,
no significant associations between repeated measures data
of NMDA (𝑊 = 0.936, 𝑃 = 0.198) and UFDP (𝑊 = 0.954,
𝑃 = 0.318) were observed and there was no need for freedom
correction. ANOVA analysis showed a significant difference
in serumNMDA (𝐹 = 5.301, 𝑃 = 0.006), PARK7 (𝐹 = 17.472,
𝑃 = 0.000), andUFDP (𝐹 = 10.518,𝑃 = 0.000) levels between
3 time points. In contrast, no significant difference in serum
NDKA (𝐹 = 0.784, 𝑃 = 0.446) level was observed between 3
time points.The pairwise comparison showed that the serum
level of NMDA within 3 days was not significantly different
from the level at 7 days (𝑃 = 0.564), whereas significant
differences in serum NMDA levels were observed between
the levels within 3 days and 14 days (𝑃 = 0.009) and between

7 days and 14 days (𝑃 = 0.009). Similarly, serum PARK7 and
UFDP levels within 3 days were not significantly different
from the levels on day 7 (𝑃 = 0.977 and 𝑃 = 0.868, resp.),
but significant differences were observed between the levels
within 3 days and at day 14 (𝑃 = 0.000) and between day 7
and day 14 (𝑃 = 0.000 and 𝑃 = 0.009, resp.) (Figure 3(a)).
These observations suggested that serum NMDA, PARK7,
and UFDP levels showed an increasing trend within 14 days
of onset.

3.4. Correlations between Serum NDKA, NMDA, PARK7, and
UFDP Levels and Treatment Efficacy Evaluation in Stroke
Patients

3.4.1. Correlations between These Biomarkers Levels and the
Therapeutic Efficacy of Disease. The NIHSS Scale (NIH
Stroke Scale) was used to evaluate the severity of defects in
neural function in acute stroke patients as to the severity of
stroke disease within 3 days of onset and at day 7 and day
14 after the onset of stroke. Single factor repeated measures
analysis was used to measure its dynamic changes. Mauchly
sphericity test revealed a significant association between
repeated measures NIHSS scores (𝑊 = 0.621, 𝑃 = 0.000) and
the need for freedom correction. ANOVA analysis showed
a significant difference in the NIHSS scores (𝐹 = 57.641,
𝑃 = 0.000) between 3 time points. The pairwise comparison
of two time points showed significant difference in NIHSS
scores between the scores within 3 days and at day 7 or
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Figure 3: Dynamic changes of serum biological markers and scale scores of therapeutic efficacy in patients within 3 days of onset and 7 and
14 days after onset of stroke. (a) Serum NDKA, NMDA, PARK7, and UFDP levels in patients within 3 days of onset and 7 and 14 days after
onset of stroke. ∗𝑃 < 0.05 (14 days versus 7 days and 3 days). (b) NIHSS scores within the onset of 3 days and 7 and 14 days after onset.
∗

𝑃 < 0.05 (3 days versus 7 days), ∗∗𝑃 < 0.05 (7 days versus 14 days). (c) Phlegm-heat syndrome scores within the onset of 3 days and 7 and
14 days after onset. ∗𝑃 < 0.05 (3 days versus 7 days), ∗∗𝑃 < 0.05 (7 days versus 14 days).

day 14 after onset (𝑃 = 0.000) and between day 7 and day
14 after onset (𝑃 = 0.000). These observations suggested
that NIHSS scores were decreased gradually, indicating the
gradual improvement in neurological functions and disease
condition (Figure 3(b)).

Correlation analysis between changes of day 7 and day 14
serumNDKA, NMDA, PARK7, and UFDP levels (dependent
variable) and NIHSS scores (independent variable) showed
that serum NDKA, NMDA, PARK7, and UFDP levels were
not significantly associated with NIHSS scores (𝑃 > 0.05)
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Table 2: Correlation between NIHSS scores and serum NDKA,
NMDA, PARK7, and UFDP levels.

Dependent variables Independent variable 𝑟 𝑃

NDKA

NIHSS scores

−0.056 0.696
NMDA 0.050 0.727
PARK7 0.086 0.546
UFDP 0.149 0.295

Table 3: Correlation between phlegm-heat syndrome scores and
serum NDKA, NMDA, PARK7, and UFDP levels.

Dependent variables Independent variable 𝑟 𝑃

NDKA

Phlegm-heat syndrome scores

0.074 0.608
NMDA −0.206 0.146
PARK7 −0.111 0.437
UFDP −0.218 0.125

(Table 2).These results suggested that serumNDKA,NMDA,
PARK7, and UFDP levels are not biomarkers to evaluate the
therapeutic efficacy of disease in stroke patients.

3.4.2. Correlations between These Biomarkers Levels and the
Therapeutic Efficacy of Phlegm-Heat Syndrome. The ischemic
stroke syndrome rating scale was used to evaluate the severity
of syndrome within 3 days and at day 7 and day 14 of the
onset of stroke. Single factor repeated measures analysis was
used tomeasure its dynamic changes. Mauchly sphericity test
revealed a significant association between repeatedmeasured
phlegm-heat syndrome scores (𝑊 = 0.655, 𝑃 = 0.000) and
the need for freedom correction. ANOVA analysis showed
a significant difference in the phlegm-heat syndrome scores
between the 3 time points (𝐹 = 62.462, 𝑃 = 0.000). The
pairwise comparison of two time points showed significant
difference in phlegm-heat syndrome scores between the
scores within 3 days and at day 7 or day 14 after onset (𝑃 =
0.000) and betweenday 7 andday 14 (𝑃 = 0.000).These obser-
vations suggested that phlegm-heat syndrome scores were
decreased gradually, indicating the gradual improvement in
phlegm-heat syndrome (Figure 3(c)).

Correlation analysis between changes of day 7 and day 14
serumNDKA, NMDA, PARK7, and UFDP levels (dependent
variable) and phlegm-heat syndrome scores (independent
variable) showed that serum NDKA, NMDA, PARK7, and
UFDP levels were not significantly associated with the
phlegm-heat syndrome scores (𝑃 > 0.05) (Table 3). These
results suggested that serum NDKA, NMDA, PARK7, and
UFDP levels are not biomarkers to evaluate the therapeutic
efficacy of phlegm-heat syndrome in stroke patients.

4. Discussion

This study included 95 healthy subjects and 51 acute ischemic
stroke patients with phlegm-heat syndrome. The serum
NDKA,NMDA, PARK7, andUFDP levels; NIHSS scores; and
phlegm-heat syndrome scores were measured within 3 days

of onset and at 7 days and 14 days after the onset of stroke in
51 acute ischemic stroke patients. The associations between
the serum levels of the tested biomarkers and phlegm-heat
syndrome in acute ischemic stroke were analyzed within 3
days of the onset. The diagnostic value of each biological
marker on the phlegm-heat syndrome in acute stroke patients
was analyzed by ROC curve. The association between these
biomarkers and treatment efficacy evaluationwas analyzed by
exploring the correlation of dynamic changes between the test
biomarkers levels and theNIHSS scores aswell as the phlegm-
heat syndrome scores within 3 days of onset and at 7 days
and 14 days after the onset. Our results demonstrated that
the serum PARK7 and UFDP concentration have diagnostic
value for the phlegm-heat syndrome of acute ischemic stroke.
However, serum NDKA, NMDA, PARK7, and UFDP levels
are not biomarkers for predicting the therapeutic efficacy of
the disease and the phlegm-heat syndrome.

Previous studies have revealed that NDKA, NMDA,
PARK7, and UFDP levels were significantly elevated in stroke
patients within 3 h of onset and had certain sensitivity
and specificity in the diagnosis of ischemic stroke [14–18].
This study found that serum PARK7 and UFDP levels in
stroke patients with phlegm-heat syndrome within 3 days of
onset were statistically different from the healthy subjects.
The serum PARK7 level was elevated whereas UFDP level
was lowered. The ROC curve analysis showed that serum
PARK7 and UFDP levels had some diagnostic value on the
phlegm-heat syndrome in ischemic stroke patients. However,
currently, there were no reports on the associations between
serum PARK7 and UFDP levels and other diseases such as
coronary heart diseases and hypertension as well as stroke
patients without phlegm-heat syndrome. Therefore, serum
PARK7 andUFDP levels could not be used as amarker for the
diagnosis of stroke with phlegm-heat syndrome currently. In
addition, this study looked at the changing trends of serum
NDKA, NMDA, PARK7, and UFDP levels and found that
serum NDKA levels were not significantly changed within
3 days of onset to day 14 after onset. While no significant
differences in the serum NMDA, PARK7, and UFDP levels
were observed between the levels within 3 days of onset and
at day 7 after onset, significant differences in serum levels
of these 3 markers were observed between day 7 and day 14
after onset, and their levels had a tendency of increase. Our
findings provided a complement to previous findings.

This study analyzed the associations between biological
parameters and the clinical efficacy of acute stroke patients
at the disease level and syndrome level. At the disease level,
these biological markers showed no significant association
with NIHSS scores at 3 time points. This indicated that
these biomarkers lack value for evaluating the severity of
defects in neural function in acute stroke patients. At the syn-
drome level, these biological markers exhibited no significant
associations with the phlegm-heat syndrome scores and less
efficacy in evaluating the severity of phlegm-heat syndrome.
Therefore, these biomarkers cannot be used as indicators
of clinical efficacy of therapy in acute stroke patients with
phlegm-heat syndrome. However, this study found that the
serum NMDA, PARK7, and UFDP levels had a tendency of
increase at day 14 compared to day 7 after onset. Similarly,
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the NIHSS scores and phlegm-heat syndrome scores showed
a tendency of decrease at day 14 compared to day 7 after onset.
These observations may suggest a relationship between the
biological markers and the clinical efficacy of therapy. No
significant differences were observed, which may be a bias
caused by the small sample size. Despite the failure to obtain
statistical difference, using biological markers to evaluate the
therapeutic efficacy of Chinese medical syndromes is a new
idea.

We acknowledge the limitations in the present study. (1)
This study lacks control of syndromes and cannot determine
the relevance between these biological markers and other
disease syndromes of stroke. (2)The sample sizewas relatively
small and may cause biases in outcomes.

5. Conclusion

Serum PARK7 and UFDP levels within 3 days of onset of
acute stroke with phlegm-heat syndrome have some diag-
nostic value in phlegm-heat syndrome. The serum NDKA,
NDMA, PARK7, and UFDP levels did not show a significant
tendency in day 7 compared to day 3 within onset, while
the serum NDMA, PARK7, and UFDP, but not NDKA, levels
exhibited a tendency of increase in day 14 compared to day
7. Although the tendency of increase of NDMA, PARK7, and
UFDP levels shown parallels the decreases in NIHSS scores
and phlegm-heat syndrome scores at day 14 compared to day
7 after onset, no statistical significance between the serum
levels of these biomarkers and treatment efficacy evaluation
was obtained. A study with larger sample size and a control of
syndromes is necessary to establish the statistical association
between these biological markers and the therapeutic efficacy
of acute stroke.
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The present study investigated the effects of curcumin, one of the most important active ingredients of turmeric, on podocyte
injury in vitro and obesity-related glomerulopathy (ORG) in vivo. Cellular experiments in vitro showed that curcumin significantly
antagonized leptin-induced downregulation of the mRNA and protein expression of podocyte-associated molecules including
nephrin, podocin, podoplanin, and podocalyxin. Animal experiments in vivo showed that curcumin significantly reduced the body
weight, Lee’s index, abdominal fat index, urinary protein excretion, and average glomerular diameter and significantly upregulated
the mRNA and protein expressions of the above podocyte-associated molecules in ORG mice. Furthermore, the experiments in
vitro and in vivo both displayed that curcumin could downregulate the mRNA and protein expressions of Wnt1, Wnt2b, Wnt6, and
𝛽-catenin and upregulate the phosphorylation level of 𝛽-catenin protein in podocytes and renal tissue. In conclusion, curcumin
is able to alleviate the harmful reaction of leptin on podocytes and reduce the severity of ORG. The above protective effects are
associated with the inhibition of Wnt/𝛽-catenin signaling activation in podocytes.

1. Introduction

In the past two decades, the obese patients were obviously
increased with the improvement of life conditions in China.
Obesity is a risk factor not only for diabetes mellitus and
cardiovascular diseases, but also for kidney disease, which
can induce obesity-related glomerulopathy (ORG) [1, 2]. As
early as 1974, Weisinger and colleagues [3] firstly found that
the severely obese individuals might be associated with mas-
sive proteinuria. With a rise in the number of obese patients,
the incidence of ORG was rapidly increased. Kambham and
colleagues [4] reported that among 6818 patients who under-
went renal biopsy, the percentage of ORG patients increased
from0.2% in 1986–1990 to 2% in 1996–2000. Cheng andChen
[5] reported that ORG patients accounted for 3.8% in 1186
cases of renal biopsy during 2006–2008. Progression of ORG
is relatively slow, but finally it still can enter into end stage

renal disease (ESRD).Therefore, prevention and treatment of
ORG have attracted more and more attention [1, 2].

Unfortunately except restricting dietary caloric intake,
appropriately increasing physical activity and taking insulin
sensitizing agent, so far there are scarcely other measures that
can effectively interfere with ORG. So it is very important
to look for available medicines. Curcumin, one of the most
important active ingredients of turmeric, is a possible can-
didate. The modern laboratory and clinical research work in
China and other countries has showed that curcumin is able
to promote body weight loss and reduce incidence of some
obesity-related diseases, such as diabetes mellitus, ischemic
heart disease, stroke, and cancer [6–9]. In the present study,
we are going to investigate the effects of curcumin on preven-
tion and treatment of ORG and to explore its possible signal
transduction pathway by the use of cellular experiments in
vitro and animal experiments in vivo.
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Figure 1: Cultured conditionally immortalized mouse podocytes in undifferentiated and differentiated statuses. (a) and (b) Morphology
of cultured podocytes in undifferentiated status (left) and differentiated status (enlarged cell bodies with short and long projections, right)
(phase microscopy ×200). (c) and (d) Diffuse cytoplasmic expression of nephrin in undifferentiated status (left); cell surface and cytoplasmic
expression of nephrin in differentiated status (right) (immunofluorescence microscopy ×1000). (e) and (f) No expression of synaptopodin
in undifferentiated status (left); filamentous and cell surface expression of synaptopodin in differentiated status (right) (immunofluorescence
microscopy ×1000).

2. Materials and Methods

2.1. Cellular Experiments

2.1.1. Cell Culture. The conditionally immortalized mouse
podocyte cell line was kindly provided by Proffessor Maria
Pia Rastaldi (S. Carlo Hospital, University of Milan). Cells
were incubated in RPMI-1640 medium (Gibco) contain-
ing 10% inactivated fetal bovine serum (FBS) and 10 u/mL
interferon-𝛾 (IFN-𝛾) (Cell Signaling Technology) at 33∘C in
humidified air with 5% CO

2
. When cells reached 70% to 80%

confluence, the cells were transferred in RPMI-1640 medium
containing 10% inactivated FBSwithout IFN-𝛾 and incubated
at 37∘Cwith 5%CO

2
to induce differentiation.The cellswould

completely differentiate in 10 to 14 days.

2.1.2. Immunofluorescent Staining of Nephrin and Synap-
topodin on Podocytes. Before cellular experiments, differ-
entiated status of podocytes was inspected by the indirect

immunofluorescent staining of nephrin and synaptopodin,
themarker proteins of podocytes [10]. Podocytes on the cover
slip were fixed in 4% paraformaldehyde and permeabilized
with 0.1% Triton X-100. Fixed podocytes were incubated
overnight at 4∘C with either rabbit anti-nephrin antibod-
ies (1 : 100, Abcam) or mouse anti-synaptopodin antibodies
(1 : 100, Acris GmbH). After washing with PBS for 3 times,
podocytes were incubated with FITC-labeled goat anti-rabbit
IgG antibodies (Dako) or FITC-labeled goat anti-mouse IgG
antibodies (Dako) for 1 h at room temperature, mounted
with a Hochst33342 containing mounting solution, and then
observed with a fluorescent microscope (Nikon, Japan). The
images of undifferentiated and differentiated podocytes were
shown in Figure 1.

2.1.3. Effects of Leptin and Curcumin on the Podocytes. The
podocytes were incubated in RPMI-1640 medium, medium
containing 15 ng/mL leptin (Abcam), medium containing
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Table 1: Sequence of oligo used in the study.

Name Oligo sequence Length of PCR products (bp)

Nephrin Forward 5-GTCTGGGGACCCCTCTATGA
Reverse 5-CAGGTCTTCTCCAAGGCTGT 209

Podocin Forward 5-CTGCAGAAGGGGAAAAGGCT
Reverse 5-TGATGCTCCCTTGTGCTCTG 205

Podoplanin Forward 5-AGGGAGGGACTATAGGCGTG
Reverse 5-GCTGAGGTGGACAGTTCCTC 202

Podocalyxin Forward 5-AGCCTGTGGATTCTTCACCG
Reverse 5-GTGTGGAGACGGGCAATGTA 210

Wnt1 Forward 5-CGAACGACCGTGTTCTCTGA
Reverse 5-GCTCCAGGCGCAGCAG 191

Wnt2b Forward 5-GATGGGGCCAATTTCACAGC
Reverse 5-AGTTGTGTCATACCCTCGGC 202

Wnt6 Forward 5-CAACTGGCTCTCCAGATGCT
Reverse 5-TGGCACTTACACTCGGTGC 203

𝛽-catenin Forward 5-ACTGGAGCTCTCCACATCCT
Reverse 5-GTGGCTCCCTCAGCTTCAAT 191

GADPH Forward 5-TGTGAACGGATTTGGCCGTA
Reverse 5-GATGGGCTTCCCGTTGATGA-3 206

5 𝜇mol/L curcumin (Sigma-Aldrich), or medium containing
both 15 ng/mL leptin and 5 𝜇mol/L curcumin, respectively.
Curcumin 3.684mg was dissolved in dimethyl sulphox-
ide (DMSO) 1mL and then diluted into concentration of
5 𝜇mol/L with RPMI-1640 medium for experiment. After
9 h and 24 h of incubation, the mRNA and protein expres-
sion of nephrin, podocin, podoplanin, and podocalyxin of
podocytes were determined by real-time PCR and Western
blot, respectively. After 8 hours of incubation, the protein
expression of phosphorylated 𝛽-catenin and total 𝛽-catenin
of podocytes was measured by Western blot.

2.1.4. Effects ofWnt Signaling Inhibitor DKK1 on the Podocytes.
The podocytes were incubated in RPMI-1640 medium,
medium containing 15 ng/mL leptin (Abcam), medium con-
taining 200 ng/mL DKK1, that is, Dickkopf-1 (R&D), or
medium containing both 15 ng/mL leptin and 200 ng/mL
DKK1, respectively. Incubation time and observation items
were the same as in Section 2.1.3.

2.2. Animal Experiments

2.2.1. Animal Model and Grouping. Twenty-one male 5-
week-old C57BL/6J mice were randomly divided into the
following three groups: control group, ORG model group,
and curcumin intervention group.The mice in control group
were fed with common food which contains fat accounting
for 10% kcal. The mice in model group and curcumin group
were fed with high fat diet which contains fat accounting for
60%kcal according to the method described by us previously
[11]. From 8th week to 12th week, the mice in curcumin
group were subcutaneously injected 150mg/kg/d curcumin
that was dissolved in 75% polyethylene glycol 400 to a final
concentration of 30mg/mL.The same dosage of polyethylene
glycol 400 was given to the mice in control andmodel groups
in the same time. All the mice were sacrificed at the end of

12th week. A part of kidney tissue was fixed in 4% neutral
formaldehyde solution for light microscopy, and another part
of kidney tissue was rapidly preserved in liquid nitrogen for
real-time PCR and Western blot assays.

2.2.2. Physicochemical Parameters. Body weight was mea-
sured every week and body length was measured at the 12th
week. The samples of nocturnal 12 h urine were collected at 0
week and 12th week, respectively, for the detection of urinary
protein excretion. Blood and urine samples were collected at
the 12th week to test serum cholesterol, blood glucose, and
blood and urine creatinine levels (Olympus AU5400). The
weight of visceral fat mass was measured after the mouse was
sacrificed.

The calculation formulas were as follows: Lee’s index =
[body weight (g) × 1000]1/3÷ body length (cm); visceral fat
index = visceral fat mass (g) ÷ body weight (g) × 100%;
creatinine clearance rate (CCr) = urine creatinine × urine
volume ÷ serum creatinine (mL/min).

2.2.3. Glomerular Diameter Measurement. The tissue of kid-
ney cortex was conventionally dehydrated, embedded, cut
into sections, and stained with periodic acid-Schiff reagent.
Twenty images of glomerular maximal profiles with vascular
pole and/or urinary pole were taken under high-power mic-
roscope and were then analyzed by Nikon NIS-Elements BR
image analysis software.The two longest perpendicular diam-
eters of every glomerular capillary tuft without Bowman’s
space were measured and their mean value was calculated
[11].

2.3. RNA Extraction and Real-Time PCR. Total RNA of
each sample was extracted using TRIzol reagent (Invitrogen)
according to the manufacturer’s description. 2 𝜇g mRNA
from each sample was reverse-transcribed to cDNA with
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Figure 2: Effects of curcumin on leptin-mediated podocyte injury. Well-differentiated conditionally immortalized mouse podocytes were
incubated in normal medium, medium containing 15 ng/mL leptin, medium containing 5𝜇mol/L curcumin, or medium containing both
15 ng/mL leptin and 5 𝜇mol/L curcumin, respectively. (a) After 9 h, cells were collected and the relative mRNA expression levels of nephrin,
podocin, podoplanin, and podocalyxin were measured by relative quantitative real-time RT-PCR. (b) After 24 h, cells were lysed and total
lysates were analyzed by Western blot assay with antibodies of nephrin, podocin, podoplanin, podocalyxin, and 𝛽-actin, respectively. The
relative protein level was expressed as the protein/𝛽-actin ratio. Values are represented as mean ± SD (𝑛 = 3). ∗𝑃 < 0.05 versus control group
and #
𝑃 < 0.05 versus leptin alone group.

Moloneymurine leukemia virus reverse transcriptase (Trans-
gene). Gene-specific primers were designed and synthesized
by SBS Genetech Co., Ltd (Table 1). Relatively quantitative
real-time PCR was performed in a total volume of 50 𝜇L
containing 2 𝜇L of cDNA, 0.2 𝜇M each primer, and 25𝜇L
SYBR Green I Real-time PCR Master Mix (Transgene) using
Rotor-Gene 6000. A thermal cycling profile consisted of a
preincubation step at 94∘C for 5min, followed by 50 cycles of
denaturation (94∘C, 15 s), annealing (58∘C, 15 s), and exten-
sion (72∘C, 45 s). The specificity of the primers was verified
by melting curves, and amplified products were sequenced
to ensure the validity. Reactions were performed in triplicate,
and threshold cycle numbers were averaged. A no template
control was used as a negative control.TheGAPDH fragment
was amplified as a reference gene. The relative quantity of
mRNA expression was calculated according to the formula

2−(target gene Ct−GAPDH Ct) × 103, where Ct is the threshold cycle
number [12].

2.4. Western Blot Assay. Total protein was extracted from
the cultured podocytes or mouse renal cortex using cell
lysis buffer. Protein samples were boiled for 5 minutes,
separated by 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE), and then transferred to
nitrocellulose membranes (Amersham Pharmacia Biotech).
After blocking with 5% skim milk in phosphate-buffered
saline with 0.1% Tween 20 for 1 hour, the membranes were
incubated with primary antibody at 4∘C overnight and then
incubatedwith secondary antibody in room temperature for 1
hour. Details regarding primary and secondary antibodies are
listed in Table 2. The blotted proteins were quantified using
Odyssey infrared imaging system. 𝛽-actin as internal control
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Figure 3: Effects of curcumin on body weight, Lee’s index, visceral fat index, serum cholesterol, and blood glucose of ORGmice. (a) Average
bodyweight ofmice inmodel group and curcumin groupwas significantly higher than that in control group at the 8thweek; it was significantly
lighter in curcumin group than that in model group at the 12th week. ∗𝑃 < 0.05 versus control group at 8th week, #𝑃 < 0.05 versus model
group itself at 8th week, and △𝑃 < 0.05 versus model group at 12th week. (b), (c), and (d) Average Lee’s index, visceral adiposity index, and
serum cholesterol levels were significantly increased in mice of model group and curcumin group compared with control group, and the
former two parameters were significantly reduced in curcumin group compared with model group at the 12th week. ∗𝑃 < 0.05 versus control
group, ∗∗𝑃 < 0.01 versus control group, and △𝑃 < 0.05 versus model group. (e) Average levels of blood glucose in three groups had no
significant difference at the 12th week. Values are represented as mean ± SD (𝑛 = 7).

was used to assess equal loading and the relative protein level
was expressed as the protein/𝛽-actin ratio [13]. All assayswere
performed at least in triplicate.

2.5. Statistical Analysis. All of the data of continuous vari-
ables were represented as mean ± SD and analyzed by using
SPSS 19.0 statistical software. One-way ANOVA was used to
test the differences among groups. Paired 𝑡-test was used for
matched-pairs samples.

3. Results

3.1. Curcumin Can Reduce Podocyte Injury Induced by Leptin.
In vitro cellular experiments showed that, compared with

control group, leptin significantly downregulated the mRNA
and protein expression of podocyte-associated molecules
including nephrin, podocin, podoplanin, and podocalyxin
(𝑃 < 0.05), while curcumin had no effect on their expression
(𝑃 > 0.05). Compared with leptin group, curcumin signif-
icantly upregulated the mRNA and protein expression of
above podocyte-associated molecules (𝑃 < 0.05) (Figure 2).

3.2. Curcumin Can Relieve Renal Damage in ORG Mice

3.2.1. Effects of Curcumin on the Physicochemical Parameters
of Mice. In vivo animal experiments showed that, compared
with control group, the body weight of mice in model group
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Figure 4: Effects of curcumin on renal damage of ORG mice. (a) Average level of nocturnal 12 h urine protein was significantly increased in
mice of model group compared with control group and was significantly reduced in curcumin group compared with model group at the 12th
week. (b) Average level of creatinine clearance rate was significantly increased in mice of model group compared with control group and was
reduced in curcumin group compared with model, but the difference had not reached statistical significance at the 12th week. (c) Histology
of kidney tissue from mice of control (A), model (B), and curcumin (C) groups (PAS staining ×400). The average glomerular diameter was
significantly longer in the mice of model group than that in control group, while it was significantly shorter in curcumin group than that in
model group at the 12th week. Values are represented as mean ± SD (𝑛 = 7). ∗𝑃 < 0.05 versus control group, ∗∗𝑃 < 0.01 versus control group,
and △𝑃 < 0.05 versus model group.
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Figure 5: Effects of curcumin on podocyte-associatedmolecules of mice. (a)Mice sacrificed at the end of 12th week. Total RNAwas extracted
from kidney cortex, and then the relative mRNA expression levels of nephrin, podocin, podoplanin, and podocalyxin were measured by
relative quantitative real-timeRT-PCR. (b)Kidney cortex tissuewas lysed and total lysateswere analyzed byWestern blot assaywith antibodies
of nephrin, podocin, podoplanin, podocalyxin, and 𝛽-actin antibody, respectively. The relative protein level was expressed as the protein/𝛽-
actin ratio. Values are represented as mean ± SD (𝑛 = 7). ∗𝑃 < 0.05 versus control group, ∗∗𝑃 < 0.01 versus control group, and #

𝑃 < 0.05
versus model group.

and curcumin group was significantly increased at the 8th
week (𝑃 < 0.05). Comparedwith their ownbodyweight at the
8th week, it was significantly increased again in model group
(𝑃 < 0.05) but had no significant change in curcumin group
at the 12th week (𝑃 > 0.05). In addition, the body weight of
mice in curcumin group was significantly lighter than that in
model group at the 12th week (𝑃 < 0.05) (Figure 3).

The average Lee’s index and abdominal fat index of mice
were significantly increased in model and curcumin groups
compared with control group (𝑃 < 0.05 or 𝑃 < 0.01), while
these two parameters in curcumin group were significantly
lower than those in model group at the 12th week (𝑃 < 0.05)
(Figure 3).

At the 12th week, the average serum cholesterol levels
of mice in model and curcumin groups were significantly

increased compared with control group (𝑃 < 0.05). The
absolute value of this parameter in curcumin groupwas lower
than that in model group, but the difference had not reached
statistical significance (𝑃 > 0.05). There was no significant
difference of average blood glucose levels among the three
groups (𝑃 > 0.05) (Figure 3).

3.2.2. Effects of Curcumin on the Proteinuria and CCr of Mice.
There was no difference of the nocturnal 12 h urinary protein
excretion among the three groups at the beginning of the
experiment (𝑃 > 0.05). Compared with the beginning of
the experiment, the nocturnal 12 h urinary protein excretion
was significantly increased in model group (𝑃 < 0.05), but
it had no significant change in curcumin or control groups
at the 12th week (𝑃 > 0.05). In addition, the nocturnal 12 h
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Figure 6: Effects of curcumin on leptin-activated Wnt/𝛽-catenin signaling in cultured podocytes. Well-differentiated conditionally
immortalized mouse podocytes were incubated in normal medium, medium containing 15 ng/mL leptin, medium containing 5𝜇mol/L
curcumin, or medium containing both 15 ng/mL leptin and 5 𝜇mol/L curcumin, respectively. (a) After 9 h, cells were collected and the
mRNA expression levels of Wnt1, Wnt2b, Wnt6, and 𝛽-catenin were measured by relative quantitative real-time RT-PCR. (b) After 24 h, cells
were lysed and total lysates were analyzed by Western blot assay with anti-phosphorylated 𝛽-catenin antibody and total 𝛽-catenin antibody,
respectively. The relative phosphorylated 𝛽-catenin level was expressed as the phosphorylated 𝛽-catenin/total 𝛽-catenin ratio. Values are
represented as mean ± SD (𝑛 = 3). ∗𝑃 < 0.05 versus control group and #

𝑃 < 0.05 versus leptin alone group.

urinary protein excretion in model group was significantly
higher than that in control group (𝑃 < 0.05), while in the
curcumin group it was significantly lower than that in model
group at the 12th week (𝑃 < 0.05) (Figure 4).

At the 12th week, the average CCr of mice inmodel group
was significantly increased comparedwith control group (𝑃 <
0.05).The absolute value of CCr in curcumin groupwas lower
than that in model group, but the difference had not reached
statistical significance (𝑃 > 0.05) (Figure 4).

3.2.3. Effect of Curcumin on Glomerular Size of Mice. The
average glomerular size, which was expressed as average
glomerular diameter in the present study, was significantly
larger in the model group than that in control group (𝑃 <
0.01), while it was significantly smaller in curcumin group
than that in model group at the 12th week (𝑃 < 0.05) (Figure
4).

3.2.4. Effects of Curcumin on Podocyte-Associated Molecules
of Mice. Compared with control group, the mRNA and
protein expression of podocyte-associatedmolecules, includ-
ing nephrin, podocin, podoplanin, and podocalyxin, were
significantly decreased in the renal cortical tissue of mice
in model group at the 12th week (𝑃 < 0.05 or 𝑃 <
0.01). Compared with model group, the mRNA and protein
expression of the above podocyte-associated molecule were

Table 2: Primary and secondary antibodies used in the study.

Primary antibody Secondary antibody

Rabbit anti-mouse nephrin pAb
(Abcam)

IRDye 800 conjugated goat
anti-rabbit IgG Ab
(Rockland)

Rabbit anti-mouse podocin pAb
(Sigma-Aldrich) Ditto

Rabbit anti-mouse podoplanin pAb
(Biotechnology) Ditto

Rabbit anti-mouse podocalyxin pAb
(Biotechnology) Ditto

Rabbit anti-mouse 𝛽-catenin pAb
(Cell Signaling Technology) Ditto

Rabbit anti-mouse phosphorylated
𝛽-catenin
pAb (Cell Signaling Technology)

Ditto

Mouse anti-mouse 𝛽-actin mAb
(Sigma-Aldrich)

IRDye 800 conjugated goat
anti-mouse IgG Ab
(Rockland)

pAb: polyclonal antibody; mAb: monoclonal antibody.

significantly upregulated in curcumin group at the 12th week
(𝑃 < 0.05) (Figure 5).
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Figure 7: Effects of curcumin onWnt/𝛽-catenin signaling in the kidney tissue of ORGmice. (a) Mice sacrificed at the end of 12th week. Total
RNA was extracted from kidney cortex, and then the relative mRNA expression levels of Wnt1, Wnt2b, Wnt6, and 𝛽-catenin were measured
by relative quantitative real-time RT-PCR. (b) Kidney cortex was lysed and total lysates were analyzed by Western blot assay with anti-
phosphorylated 𝛽-catenin antibody and total 𝛽-catenin antibody, respectively. The relative phosphorylated 𝛽-catenin level was expressed
as the phosphorylated 𝛽-catenin/total 𝛽-catenin ratio. Values are represented as mean ± SD (𝑛 = 7). ∗𝑃 < 0.05 versus control group and
#
𝑃 < 0.05 versus model group.

3.3. Curcumin Can Inhibit the Wnt/𝛽-Catenin Signaling
Activation in Podocytes

3.3.1. Inhibitory Effects of Curcumin on Podocyte Wnt/𝛽-
Catenin Signaling. In vitro cell experiments showed that,
compared with control group, themRNA expression ofWnt1,
Wnt2b, Wnt6, and 𝛽-catenin was significantly upregulated
(𝑃 < 0.05), and the level of phosphorylated 𝛽-catenin protein
was significantly decreased in leptin group (𝑃 < 0.05).
Curcumin alone had no effect on podocyte Wnt/𝛽-catenin
signaling pathway (𝑃 > 0.05) (Figure 6).

Compared with leptin group, the mRNA expression of
the Wnt1, Wnt2b, Wnt6, and 𝛽-catenin was significantly
downregulated (𝑃 < 0.05), and the level of phosphorylated
𝛽-catenin protein was significantly increased in curcumin
group (𝑃 < 0.05) (Figure 6).

3.3.2. Inhibitory Effects of Curcumin on Wnt/𝛽-Catenin Sig-
naling in the Kidney Cortex Tissue of ORG Mice. The mRNA
expression of Wnt1, Wnt2b, Wnt6, and 𝛽-catenin was signif-
icantly upregulated in model group compared with control
group (𝑃 < 0.05) and was significantly downregulated in cur-
cumin group compared with model group at the 12th week
(𝑃 < 0.05) (Figure 7).

At the 12th week, the level of phosphorylated 𝛽-catenin
proteinwas significantly decreased inmodel group compared
with control group (𝑃 < 0.05) and significantly increased

in curcumin group compared with model group (𝑃 < 0.05)
(Figure 7).

3.3.3. Inhibition of Wnt/𝛽-Catenin Signaling Activation Can
Reduce Podocyte Injury. To test whether Wnt/𝛽-catenin sig-
naling activationwas involved in the podocyte injury induced
by leptin, the inhibitor ofWnt/𝛽-catenin signaling DKK1 was
used for cellular experiments. Result showed that the mRNA
and protein expression of nephrin, podocin, podoplanin, and
podocalyxin in leptin group were significantly downregu-
lated compared with control group (𝑃 < 0.05 or 𝑃 < 0.01),
while DKK1 group was significantly upregulated compared
with leptin group (𝑃 < 0.05) (Figure 8).

4. Discussion

Turmeric belongs to plants of ginger family. Its rhizome is
used as a traditional Chinese herb. Turmeric contains a wide
variety of phytochemicals in which curcumin is the most
important pharmacodynamic ingredient andmakes up about
2–5% of turmeric [14]. Curcumin is a natural polyphenolic
compoundwith amolecular formula of C

21
H
20
O
6
[8, 14]. For

investigating the action of curcumin on ORG and podocyte
injury, it was used in cellular and animal experiments in the
present study.

Podocyte injury and dysfunction are hallmark of ORG.
Pathological examination in the kidney tissue of patients with
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Figure 8: Effects of DKK1 on leptin-mediated podocyte injury. Well-differentiated conditionally immortalized mouse podocytes were
incubated in normal media, media containing 15 ng/mL leptin and medium containing both 15 ng/mL leptin and 200 ng/mL DKK1, a well-
known inhibitor of Wnt/𝛽-catenin signaling, respectively. (a) After 9 h, cells were collected and the mRNA expression levels of nephrin,
podocin, podoplanin, and podocalyxin were measured by relative quantitative real-time RT-PCR. (b) After 24 h, cells were lysed and total
lysates were analyzed by Western blot assay with antibodies of nephrin, podocin, podoplanin, podocalyxin, and 𝛽-actin, respectively. The
relative protein level was expressed as the protein/𝛽-actin ratio. Values are represented as mean ± SD (𝑛 = 3). ∗𝑃 < 0.05 versus control group,
∗∗

𝑃 < 0.01 versus control group, and #
𝑃 < 0.05 versus leptin alone group.

ORG showed podocyte swelling, hypertrophy and vacuolar
degeneration, increase of foot process width, fusion of foot
process, decrease of podocyte density and number, the
stripping of podocyte from the basement membrane, and
so forth. Furthermore, these podocyte injuries were closely
associated with proteinuria and renal function damage [15,
16]. In addition, it has been known that obese patients often
have hyperleptinemia and leptinmay play a role in the genesis
of ORG [17, 18].Therefore, in the in vitro cellular experiments
of this study mouse podocytes were incubated with leptin,
accompanied with curcumin or not, to observe the changes
of podocytes. Results showed that leptin downregulated
the mRNA and protein expression of podocyte-associated
molecules including nephrin, podocin, podoplanin, and
podocalyxin. The above podocyte-associated molecules are

located at the slit diaphragm, basolateral region, basal aspect,
and apical part of foot process, respectively, and have very
important role in maintaining normal podocyte architecture
and glomerular filtration function. The downregulation of
their mRNA and protein expressions indicates podocyte
injury [19]. However, our study results showed that curcumin
could antagonize the harmful action of leptin and relieve the
podocyte injury that resulted from leptin.

On the basis of cellular experiments, we carried out in
vivo animal experiments using the mouse ORGmodel which
was successfully established by our research team [11]. Study
results showed that, compared with model group, the body
weight, Lee’s index, and abdominal fat index of mice in
curcumin intervention group were significantly decreased,
which suggests that curcumin has an effect against obesity
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including abdominal obesity. Study results also showed
that the mice in curcumin intervention group had less
urinary protein excretion, less severe glomerulomegaly, and
enhanced mRNA and protein expressions of podocyte-
associated molecules compared with model group, which
suggests that curcumin also has a good effect on prevention
and treatment of ORG.

It is reported that Wnt/𝛽-catenin signaling in podocytes
plays a critical role in integrating cell adhesion, motility,
differentiation and survival [20], and Wnt/𝛽-catenin sig-
naling activation-mediated podocyte injury and proteinuria
caused by puromycin, adriamycin, or TGF-𝛽 [21–23]. So, the
present study investigated the effects of curcumin onWnt/𝛽-
catenin signaling pathway in podocytes.The results of in vitro
cellular experiments and in vivo animal experiments both
showed that curcumin was able to downregulate the high
expression of Wnt1, Wnt2b, Wnt6, and 𝛽-catenin and to raise
the low phosphorylation level of 𝛽-catenin protein, which
suggests that curcumin has an inhibition action on Wnt/𝛽-
catenin signaling activation in podocytes. In order to better
understand the effect of inhibiting Wnt/𝛽-catenin signaling
on podocytes, the inhibitor of Wnt signaling DKK1 was used
in the cellular experiment. Experimental result showed that
inhibition of Wnt/𝛽-catenin signaling did alleviate podocyte
injury. So, we consider that the inhibition action of curcumin
on Wnt/𝛽-catenin signaling probably is one of its important
mechanisms for prevention and treatment of ORG.

However, when Ahn and colleagues [24] studied the
action of curcumin on 3T3-L1 preadipocytes, they found that
curcumin was able to activate Wnt/𝛽-catenin signaling, and
therefore the differentiation andmaturation of preadipocytes
were suppressed. So, we speculate that curcumin may have
different effects on the Wnt signaling pathway in different
cells, which is quite worth a further study in the future. In
addition, it has been known that curcumin can regulatemult-
iple signaling pathways besidesWnt/𝛽-catenin signaling [25],
so is there another signaling pathway which also participates
in the actions of curcumin on prevention and treatment of
ORG?This is also worth our further research in the future.

5. Conclusion

Curcumin is able to alleviate the harmful reaction of leptin
on podocytes and reduce the severity of ORG. The above
protective effects are associated with the inhibition ofWnt/𝛽-
catenin signaling activation in podocytes.This study will pro-
vide a preliminary experimental basis to better use curcumin
in prevention and treatment of ORG. To our knowledge, no
similar study has been reported in the literature.
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