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As treasures of the traditional Chinese medicine (TCM),
acupuncture and Chinese herbal medicine have a history
of more than 2,500 years and have achieved sound effects
in the clinical practice [1]. The effects of acupuncture and
Chinese herbs have usually been demonstrated by biological
regulations of physiological and pathological processes [2, 3],
which are inherent responses of human beings and of great
importance in the life science research.

In recent years, the researches of acupuncture and Chi-
nese herbal medicine have improved significantly due to the
prosperity and development of modern life science tech-
nology [4–7]. At the same time, the studies of acupuncture
and Chinese herbal medicine have in turn enhanced the
development of biomedical science as well as the under-
standing of life [8–10] and offered new perspectives that
can benefit modern medicine [11, 12]. However, the major
challenge of the integration of TCM with modern medicine
is the inadequate understanding of the biological foundation
of TCM experience and concepts. In order to deepen our
knowledge of TCM, it is important to clarify the biological
value and mechanistic action of acupuncture and Chinese
herbal medicine, which may turn hypothesis to solid data-
based research and creative discovery of life science.

We are excited to present our readers with this special
issue that summarizes recent discoveries and knowledge of
acupuncture and Chinese herbal medicine. This specialized

issue collects 24 original research articles and 4 reviews that
provide the clinical or animal-based evidence elucidating the
impacts of acupuncture and Chinese herbal medicine on
the life science. Among these original research articles, the
biological functions and potential mechanisms of acupunc-
ture and Chinese herbal drugs in disease treatment were
demonstrated in animal models of diseases such as focal
cerebral ischemia, pain, atopic dermatitis, insomnia, fatty
liver, and Crohn’s disease. Two papers are on cancer cells:
Han-Peng Kuo et al. reported that Ganoderma tsugae extract
inhibited the growth of HER2-overexpressing cancer cells
and enhanced the growth inhibitory effect of antitumor drugs
via the modulation of HER2/PI3K/Akt signaling pathway;
Xiu-Feng Wang et al. showed that PC-SPESII herbal extract
could impair human breast cancer metastasis by regulat-
ing proteolytic enzymes and matrix dynamics through the
p38MAPK and SAPK/JNK pathway. Additionally, You Ning
et al. reported the molecular mechanisms underlying the
antiproliferative and prodifferentiative effects of psoralen on
adult neural stem cells using DNA microarray. Interestingly,
two research articles (Lei-Miao Yin et al. and Xiang-Gen
Zhong et al.) simultaneously focused on the same issue,
specific link between the lung and the large intestine, which
provide new lines of evidence for the modern biological
theory of “exterior-interior correlation between Zang and Fu
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organs.” The review by Yu Wang et al. presented a compre-
hensive overview of the researches on acupuncture effective
biomolecules, covered diverse carriers such as cerebrospinal
fluid, serum, organs, and tissues, and discussed how to
promote the development of biologicalmedicine based on the
discovery of acupuncture effective biomolecules. The other 3
review articles also provided us with current understanding
of biological values of acupuncture and Chinese herbal
medicine on inflammatory bowel diseases, amblyopia, and
glucose and lipids metabolism, respectively.

In summary, this special issue provides up-to-date and
valuable information about the role of acupuncture and Chi-
nese herbs in the life science. Accordingly, future researches
with modern technologies would further advance our under-
standing of the biological effects and cellular/molecular bases
for acupuncture and Chinese herbal medicine in diverse
diseases.
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Neural stem cells (NSCs) are self-regenerating cells, but their regenerative capacity is limited. The present study was conducted
to investigate the effect of 𝛽-sitosterol-D-glucoside (BSSG) on the proliferation of hippocampal NSCs and to determine the
corresponding molecular mechanism. Results of CCK-8 assay showed that BSSG significantly increased NSC proliferation and
the effectiveness of BSSG was similar to that of basic fibroblast growth factor and epidermal growth factor. mRNA expression
profiling showed that 960 genes were differentially expressed after NSCs were treated with BSSG. Among the 960 genes, IGF1
is considered as a key regulatory gene that functionally promotes NSC proliferation. MicroRNA (miRNA) expression profiling
indicated that 30 and 84 miRNAs were upregulated and downregulated, respectively. miRNA-mRNA relevance analysis revealed
that numerous mRNAs including IGF1 mRNAwere negatively regulated bymiRNAs with decreased expression, thereby increasing
the corresponding mRNA expression. The increased expression of IGF1 protein was validated by ELISA. Picropodophyllin (PPP,
an inhibitor of IGF-1R) inhibition test confirmed that the proliferation-enhancing effect depended on IGF1. This study provided
information about BSSG as an efficient and inexpensive growth factor alternative, of which the effect is closely involved in IGF1.

1. Introduction

Neural stem cells (NSCs) are defined as undifferentiated cells
that have the ability of self-renewal and the potential to gen-
erate neurons, astrocytes, or oligodendrocytes in the central
nervous system [1, 2]. NSCs are located in the subventricular
zone (SVZ) and the subgranular zone (SGZ) of hippocampus.
NSCs and neural regeneration have been extensively studied
to provide proper treatment for encephalic diseases [3, 4] by
cell transplantation.However, amajority of NSCs are arrested
at the G0 phase of the mitotic cell cycle; such a limited regen-
erative capacity of endogenous and graftedNSCs is attributed
to the inhibition of NSC proliferation and neurogenesis [5].
Studies have also suggested that several active components of
herbs such as Tenuigenin [6] andmitogens such as epidermal

growth factor (EGF) [7] and basic fibroblast growth factor
(bFGF) [8] accelerate NSC proliferation. However, these
active components are costly or chemically unstable, limiting
their application. Therefore, reliable alternative chemical
components should be identified.

In this study, the first confirmation that 𝛽-sitosterol-D-
glucoside (BSSG, a sterolin) increases the proliferation of
hippocampal NSCs was presented. Studies have showedmul-
tiple biological activity of BSSG, including anti-inflammatory
effects [9, 10], anthelmintic activity [11], and immunomod-
ulating activity [12, 13]. In the study, BSSG promoted NSC
proliferation as a result of regulation of numerous genes,
especially increasing IGF1 expression.

Recent advances in bioinformatics and high-throughput
technologies such as microarray analysis are bringing about
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a revolution in our understanding of the molecular mecha-
nisms underlying biological processes. In this study, mRNA
and microRNA (miRNA) expression microarray analyses
were performed to understand the molecular mechanism
of the effect on NSCs. miRNAs are small endogenous,
noncoding RNAs that are highly conserved and that have
been recognized as a powerful tool for regulating gene
expression through the RNA interference pathway [14, 15].
With the ability of onemiRNA to bind and regulate numerous
mRNAs and the potential for a single mRNA to be targeted
by multiple miRNAs, it is possible to fine-tune the expres-
sion of proteins within the cell in a very precise manner
[16].

Some analytical methods are applied in the microarray
analysis, including Gene Ontology (GO) analysis. GO anal-
ysis (http://www.geneontology.org/) provides a controlled
vocabulary to describe the gene and the gene product
attributes in any organism. GO covers three domains: biolog-
ical process, cellular component, andmolecular function [17].
Biological process refers to a biological objective to which the
gene or gene product contributes. A process is accomplished
via one or more ordered assemblies of molecular functions.
Molecular function is defined as the biochemical activity of
a gene product. Cellular component refers to the place in
the cell where a gene product is active. These terms reflect
our understanding of eukaryotic cell structure. Among these
domains, biological process helps understand the biological
functions specifying where or when the event actually occurs.
Thus, biological process was used to describe the specific
biological functions of differentially expressed genes. In addi-
tion, genic network analysis helps understand the interacting
genes.

2. Materials and Methods

2.1. Preparation of BSSG. BSSG (purity: 98%, provided by
Department of Pharmacognosy, Nanjing University of Chi-
nese Medicine) stock solution was prepared in Dimethyl
Sulfoxide (DMSO). Before each experiment was performed,
the solution was diluted in a fresh medium to obtain a final
DMSO concentration of ≤0.1%.

2.2. Primary NSC Culture and Identification. Primary NSC
culture was established according to a previously published
protocol [18]. In brief, the hippocampus of a Sprague-Dawley
rat embryo at 16 d of embryonic stage was dissected in cold
CMF-HBSS and then dissociatedmechanically.The cells were
collected by centrifugation and resuspended in a neurobasal
medium (Gibco, CA, USA) supplemented with epidermal
growth factor (EGF, 20 ng/mL; PeproTech Inc., Rocky Hill,
NJ, USA), basic fibroblast growth factor (bFGF, 20 ng/mL;
PeproTech Inc. USA), B27 supplement (2%; Gibco, USA),
penicillin (50U/mL), and streptomycin (50 𝜇g/mL).The cells
were adjusted to a density of 1 × 105 cells/mL and planted
in culture flasks. The medium was replaced with 1/2 of the
same medium at an interval of 3 d. The cells were stained by
immunocytochemistry with primary antibody against nestin
(Boshide,Wuhan, China) tomake the identification of NSCs.

2.3. CCK-8 Assay

2.3.1. Dose-Dependent Cell Proliferation Detection. Dose-
dependent cell viability was monitored using a cell counting
kit-8 (CCK-8) assay. CCK-8 is a sensitive nonradioactive col-
orimetric assay used to determine the number of viable cells
in cell proliferation and cytotoxicity assays. In the study,NSCs
were cultured in 96-well plates containing the growth culture
medium at a cell density of 5× 103 cells per well.The cells were
divided into nine groups: control group and BSSG treatment
groups (1.25, 2.5, 5, 10, 20, 40, 80, and 100𝜇M BSSG). Each
group was designed to establish six double-pore treatments.
Each BSSG treatment group was treated with the corre-
sponding amount of BSSG. The cells were treated for 72 h
as described, whereafter CCK-8 solution (Beyotime Biotech,
Haimen, China) was added to the cell culture medium to a
final concentration of 10𝜇L/100 𝜇L and incubated for another
4 h at 37∘C. Absorbance was measured at 450 nm to deter-
mine cell viability as a percentage, using a microplate reader
(ELx800, BioTek Instruments, Inc., Winooski, VT, USA).

2.3.2. Comparison of NSC Proliferation Promoted by BSSG,
bFGF, and EGF. To understand the effectiveness of BSSG
on enhancing NSCs proliferation, we compared BSSG with
bFGF and EGF by performing CCK-8 assay. The cells were
cultured in 96-well plates at a cell density of 1 × 104 cells per
well and then divided into six treatment groups: bFGF and
EGF vacancy group (bFGF−EGF−: with neurobasal medium
andB27 supplement); bFGFgroup (with neurobasalmedium,
B27 supplement, and bFGF 20 ng/mL); EGF group (with
neurobasal medium, B27 supplement, and EGF 20 ng/mL);
and bFGF−EGF− + BSSG groups (10, 20, and 40 𝜇M). The
cells were treated for 72 h as described above, and CCK-8
assay was performed.

2.4. mRNA Expression Microarray Analysis

2.4.1. mRNA Expression Profiling. mRNA expression micro-
array analysis was performed by use of Roche-NimbleGen
Rattus norvegicus 12 × 135 K Array (Roche, supplied by
KangChen Corp), in order to understand the effect of BSSG
on regulation of mRNA, disclosing the mechanism of BSSG
promoting NSCs proliferation.

Total RNA was obtained from each sample (five samples
from the control group and five samples from the BSSG-
treated group (40 𝜇M), the cells were treated for 72 h as
described above) and quantified by NanoDrop ND-1000.The
total RNA was used for labeling and array hybridization
based on the following steps: (1) reverse transcription using
superscript ds-cDNA synthesis kit (Invitrogen, USA); (2) ds-
cDNA labeling using one-color DNA labeling kit (Roche
NimbleGen, USA); (3) array hybridization using NimbleGen
hybridization system and washed using NimbleGen wash
buffer kit; and (4) array scanning using the Axon GenePix
4000B microarray scanner (Molecular Devices Corporation,
Sunnyvale, CA, USA).

The scanned images were imported into the NimbleScan
software (version 2.6) for grid alignment and expression data
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Table 1: Primer sequences of the reference gene and the genes selected.

Gene Primer sequence Annealing temperature (∘C) Product length (bp)

GAPDH F: 5-GGAAAGCTGTGGCGTGAT-3 60 308
R: 5-AAGGTGGAAGAATGGGAGTT-3

IGF1 F: 5-CTGGCACTCTGCTTGCTCAC-3 60 180
R: 5-CTCATCCACAATGCCCGTCT-3

cdkn1c F: 5-CCTCCCGTTCCCTTCTTTCT-3 60 96
R: 5-CGTTCCATCGCTGTTCTGC-3

Espl1 F: 5-TGACTACCTGGGCGTGACTG-3 60 98
R: 5-CTGGCTCTGAGATGGCACAA-3

Pttg1 F: 5-TGGAGACAGTTGTTTGGGTGC-3 60 270
R: 5-GCTGCCTGGCTCTTCGTTAT-3

Ptpru F: 5-ACCCTGAGCGAGAACGACA-3 60 285
R: 5-GGGATGGCTGAATAGCAAGAT-3

To validate the mRNA expression profiling, five genes (Igf1, cdkn1c, Espl1, Pttg1, and Ptpru) were selected to performed real time-PCR. Primer sequences of
the GAPDH gene and the genes selected were listed in Table 1. Igf1: Insulin-like growth factor-1; cdkn1c: cyclin-dependent kinase inhibitor 1C; Espl1: extra
spindle pole bodies homolog 1, Pttg1: pituitary tumor-transforming 1; Ptpru: protein tyrosine phosphatase, receptor type, U.

analysis. The expression data were normalized by quartile
normalization and robust multichip average (RMA) algo-
rithm included in the NimbleScan software. The probe level
files and the gene level files were generated after normal-
ization. The ten gene level files were imported into Agilent
GeneSpring GX software (version 11.5.1) for further analysis.
Differentially expressed genes were identified by volcano plot
filtering (𝑃 value < 0.05; fold change ≥2.0 or ≤0.5).

The genic network was plotted by use of the search tool
STRING (http://string-db.org/) and drawing tool cytoscape.
Then the connectivity analysis of the network was performed
to obtain the “hubs” of the gene nodes, using one-side Fisher’s
exact test [19]. Network “nodes” (or “components”) represent
genes. Nodes with large degree values are commonly referred
to as “hubs.”The hub genes were considered as the important
genes, which play significant roles in the functions and
structure of cells.

2.4.2. Real-Time PCR Validation for mRNA Expression Pro-
filing. Real-time PCR was performed to validate the mRNA
expression profiling obtained. Total RNA (obtained from the
same samples as mentioned in mRNA microarray analysis)
was reverse transcribed with SuperScript II reverse transcrip-
tase (Invitrogen). Real-time PCR was performed using the
ABI PRISM7900 system (Applied Biosystems, Foster City,
CA, USA), in the presence of forward and reverse primers
for the target genes, or forward and reverse primers for the
GAPDH gene used as reference. Relative quantification of the
target gene is determined by calculating the ratio between the
concentration of the target gene and that of the reference.

The primer sequences of the GAPDH gene and the target
genes are listed in Table 1.

2.5. miRNA Microarray Analysis

2.5.1. miRNA Expression Profiling. Evidence showed the
important functions of miRNAs in stem cell regulation [20,
21]. Specific miRNAs modulate the functions of many types

of stem cells, including neural stem/progenitor cells [22, 23].
In the present study, the miRNA expression profiling was
analyzed to understand the effect of BSSG on regulation of
miRNA, describing the correlation of miRNA andmRNA. In
brief, total RNA (obtained from the same samples as men-
tioned in mRNA microarray analysis) was harvested using
TRIZOL (Invitrogen) and miRNeasy mini kit (QIAGEN)
according to the manufacturer’s instructions. After the total
RNA was measured using NanoDrop 1000, the samples were
labeled using the miRCURYHy3/Hy5 power labeling kit and
hybridized in miRCURY LNA Array (v.18.0). Following the
washing steps, the slides were scanned by the Agilent Scanner
G2505C.

The scanned images were imported into GenePix Pro
6.0 software (Axon) for grid alignment and data extraction.
The replicated miRNAs were averaged and the miRNAs with
intensities ≥30 in all of the samples were chosen to calculate
the normalization factor.The expressed datawere normalized
by median normalization. After normalization, significantly
and differentially expressed miRNAs were identified by vol-
cano plot filtering.

2.5.2. Real-Time PCR Validation for miRNA Expression Pro-
filing. Real-time PCR was performed to validate the dif-
ferential miRNA expression profiling obtained. Total RNA
was reverse-transcribed to cDNA using AMV reverse tran-
scriptase (Epicentre), RNase (Epicentre), dNTP (HyTest Ltd),
RT buffer, and RT primers (Invitrogen). The mixture was
incubated at 16∘C for 30min, 42∘C for 40min, and 85∘C for
5min to generate a library of miRNA cDNAs. U6 is used
as an internal control for normalization. Real-time PCR was
subsequently performed using an ABI PRISM7900 system
(Applied Biosystems, Foster City, CA, USA) according to a
standardized protocol. The reactions were incubated at 95∘C
for 10min, followed by 40 cycles at an interval of 10 s at
95∘C and an interval of 1min at 60∘C. Data were analyzed by
2
−ΔΔCT.Theprimer sequences of the internal control gene and
the target genes are listed in Tables 2 and 3.
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Table 2: RT Primer sequence of the internal control gene and the target genes for cDNA synthesis.

Genes RT primer sequence
U6 5-CGCTTCACGAATTTGCGTGTCAT-3

rno-miR-129-5p 5-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGCAAGCC-3

rno-miR-322-5p 5-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTCCAAAA-3

rno-miR-301a-3p 5-GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACGCTTTG-3

To validate the miRNA expression profiling, three genes were selected to performed real time-PCR. RT primer sequences of the U6 gene used as reference and
the genes selected were listed in Table 2.

Table 3: Primer sequences of the internal control gene and the target genes for PCR.

Genes Primer sequence Annealing temperature (∘C) Product length (bp)

U6 F: 5GCTTCGGCAGCACATATACTAAAAT3 60 89
R: 5CGCTTCACGAATTTGCGTGTCAT3

rno-miR-129-5p GSP: 5GGAACTTTTTGCGGTCTGG3 60 63
R: 5GTGCGTGTCGTGGAGTCG3

rno-miR-322-5p GSP: 5GGGCAGCAGCAATTCAT3 60 65
R: 5CAGTGCGTGTCGTGGAG3

rno-miR-301a-3p GSP: 5CCCCGTGCAATAGTATTGT3 60 65
R: 5CAGTGCGTGTCGTGGAGT3

Primer sequences of the internal control gene and the target genes for PCR were listed in Table 3. GSP is the specific primer for the corresponding miRNA and
R is the matching primer for the corresponding RT Primer.

2.6. IGF1 Protein Determination. IGF1 protein determination
were performed to investigate the key regulator by which
BSSG promotes NSC proliferation. The cells were cultured
in 24-well plates at a cell density of 5 × 104 cells per well
and divided into four groups: a control group and BSSG-
treated groups (10, 20, and 40𝜇M). Each group was designed
to establish six double-pore treatments.The cells were treated
for 72 h as described above. The supernatant was collected
and processed using the Quantikine rat IGF1 ELISA kit
(R&D Systems, Inc., Minneapolis, MN, USA), following the
instructions provided by themanufacturer.The absorbance of
eachwell was determined using amicroplate reader (EL×800,
BioTek instruments, Inc., Winooski, VT, USA) set at 450 nm;
the readings at 570 nm were subtracted from the readings at
450 nm. The quantity of cells in each well was counted using
a cell counting plate. IGF1 levels were reported in pg/10,000
cells.

2.7. PPP Inhibition Test. IGF1 is mediated by type 1 IGF
receptor (IGF1R). PPP is an inhibitor of IGF1R [24]. The
inhibitory effect of PPPon IGF1Rdid not coinhibit the insulin
receptor (IR) or compete with ATP in vitro kinase assays,
suggesting that PPP may inhibit IGF1R autophosphorylation
at the substrate level [25]. If PPP prevents BSSG-inducedNSC
proliferation, then the function of BSSG depends on IGF1.

In the study, PPP (Tocris Bioscience, Bristol, UK) stock
solutions were prepared in DMSO and stored at 4∘C. Before
each experiment was performed, these solutions were diluted
in a fresh medium to obtain a final DMSO concentration
of <0.1%. The cells were cultured in 96-well plates at a cell
density of 1 × 104 cells per well and divided among the

PPP-BSSG treated groups (pair-wise; with PPP doses of 0,
0.01, 0.1, 1, and 2𝜇M and BSSG doses of 0, 10, 20, and
40 𝜇M). Each group was designed to establish four double-
pore experiments. The cells were treated for 72 h, and CCK-8
assay was performed. Absorbance wasmeasured at 450 nm to
determine cell viability as a percentage.

2.8. Statistical Analyses. Statistical analyses were performed
by use of SPSS version 16.0 software program for windows
(SPSS, Inc., Chicago, IL). Multiple comparisons were made
using one-way ANOVA, followed by the Bonferroni posttest.
All data are presented as Mean ± SD, and statistical signifi-
cance was accepted at the 5% level.

3. Results

3.1. Identification of NSCs. NSCs were positive for nestin
(Figure 1).

3.2. Dose-Dependent Cell Proliferation Detection. BSSG sig-
nificantly increased NSC proliferation at concentration of
40 𝜇M (𝑃 < 0.01). The same result was observed at 5, 10, and
20𝜇M BSSG (𝑃 < 0.05, Figure 2).

3.3. Comparison of NSC Proliferation Promoted by BSSG,
BFGF, and EGF. NSCs proliferation was induced by adding
bFGF (20 ng/mL; 𝑃 < 0.001), EGF (20 ng/mL; 𝑃 < 0.001),
and BSSG at different concentrations (10 and 20𝜇M, 𝑃 <
0.01; 40 𝜇M, 𝑃 < 0.001). The effect of BSSG on NSC
proliferation at 40 𝜇Mwas similar to those of bFGF and EGF
(Figure 3).
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Figure 1: Identification of NSCs. Cultured NSCs were stained
by immunocytochemistry with primary antibody against nestin
(original magnification: 100x).
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Figure 2: Dose-dependent effects of BSSG on cell proliferation.
Dose-dependent effects of BSSG on cell proliferation were deter-
mined by CCK-8 assay and the data are plotted as percentages
of control cell proliferation. Data are presented as Mean ± SD
(𝑛 = 6); ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared with the
control. BSSG significantly increased cell proliferation percentage at
a concentration of 40𝜇M (𝑃 < 0.01) and at concentrations of 5, 10,
and 20 𝜇M (𝑃 < 0.05).

3.4. mRNA Expression Profiling. The result of mRNA expres-
sion microarray analysis showed that 960 genes were dif-
ferentially expressed after NSCs were treated with BSSG,
including 333 upregulation genes (fold change ≥2) and 627
downregulation genes (fold change ≤0.5). The differential
expression genes were described using GO term analysis
(biological process). The main differentially expressed genes
are listed in Tables 4 and 5.

Tables 4 and 5 revealed that the majority of upregulation
genes were involved in mitotic cell cycle particularly in theM
phase, enhancing cell proliferation. By contrast, the majority
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Figure 3: Comparison of NSC Proliferation Promoted by BSSG,
BFGF, and EGF. Comparison of NSC proliferation promoted by
BSSG, bFGF and EGF was determined by CCK-8 assay and the
data are plotted as percentages of control cell proliferation. Data are
presented asMean± SD (𝑛 = 6); ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 compared
with the control. NSCs proliferation was induced by adding bFGF
(20 ng/mL, 𝑃 < 0.001), EGF (20 ng/mL; 𝑃 < 0.001), and BSSG
at different concentrations (10 and 20 𝜇M, 𝑃 < 0.01; 40 𝜇M, 𝑃 <
0.001).The effect of BSSGonNSCproliferation at 40 𝜇Mwas similar
to those of bFGF and EGF.

of the downregulation genes were involved in cell differ-
entiation, indicating that cell differentiation was inhibited,
and accordingly, more possibility of cell proliferation was
afforded.

3.5. Genic Network Analysis. The genic network consists of
the majority of the upregulation and downregulation genes
(Figure 4(a)). The “hubs” of the gene nodes in the genic net-
work include Bub1b (budding uninhibited by benzimidazoles
1 homolog, beta), Cdc20 (cell division cycle 20 homolog),
Plk1 (polo-like kinase 1), Spp1 (Sialoprotein/osteopontin),
IGF1 (insulin-like growth factor I), Aurkb (aurora kinase B),
and Ndc80 (kinetochore associated 2) based on the results
of connectivity analysis (Figure 4(b)). BSSG increased the
expression of the hub genes, which are mostly involved
in cell cycle (the functions of these genes see Genecards,
http://www.genecards.org/), thereby enhancing NSC prolif-
eration.

3.6. Real-Time PCRValidation for mRNA Expression Profiling.
The mRNA expression profiling was validated by real-time
PCR. The comparison of quantified mRNA expressions
obtained using real-time PCR and microarray analysis
was performed to determine the reliability of microarray
analysis (Table 6). Table 6 showed that the fold changes (test
versus control) of microarray analysis were almost similar to
those of PCR; an increase or a decrease in gene expression
quantified by microarray analysis was consistent with the
result of PCR. This result indicated that the result of the
microarray analysis was reliable.

3.7. miRNA Expression Profiling. A total of 30 upregulated
miRNAs (test versus control, fold change ≥2) and 84 down-
regulated miRNAs (test versus control, fold change ≤0.5)
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Table 4: Upregulation genes.

GO ID Term 𝑃 value Genes

GO:0000087 M phase of the cell cycle 9.58𝐸 − 09

AURKB; CCNF; KIF2C; BUB1B; CDCA3; IGF1; CENPF;
DLGAP5; CDC20; SPAG5; MAD2L1; TRAF4AF1; NUSAP1;
ESPL1; CCNB1; PLK1; PTTG1

GO:0000278 Mitotic cell cycle 8.23𝐸 − 08

SPAG5; MAD2L1; TRAF4AF1; NUSAP1; ESPL1; CDKN1B;
CENPF; DLGAP5; CENPA; NDC80; CCNB1; PTTG1;
CDC20; AURKB; CCNF;

GO:0000280 Nuclear division 1.82𝐸 − 07

SPAG5; MAD2L1; TRAF4AF1; NUSAP1; ESPL1; CCNB1;
PLK1; PTTG1; CDC20; AURKB; CCNF; KIF2C; BUB1B;
CDCA3; IGF1

GO:0007059 Chromosome segregation 4.12𝐸 − 07
SPAG5; MAD2L1; TRAF4AF1; NUSAP1; ESPL1; CCNB1;
NDC80; PTTG1; CENPF; KIF2C; TOP2A

GO:0048285 Organelle fission 4.86𝐸 − 07

SPAG5; MAD2L1; TRAF4AF1; NUSAP1; ESPL1; CCNB1;
CDCA3; PLK1; PTTG1; CDC20; AURKB; CCNF; KIF2C;
BUB1B; IGF1

GO:0000226 Microtubule cytoskeleton
organization

1.87𝐸 − 06

CENPA; NDC80; ESPL1; PLK1; KIF20A; KIF2C; SPAG5;
TEKT1;
TRAF4AF1; CCNF; TACC3; CDKN1B; NUSAP1; CCNB1;
AURKB

GO:0048545 Response to steroid hormone
stimulus

2.36𝐸 − 06
CAR9; GBA; A2M; HP; IGF1; ADM; and so forth, a total of
22 genes

GO:0051301 Cell division 3.80𝐸 − 06

NUSAP1; PLK1; AURKB; KIF20A; NUMBL; TOP2A;
TXNIP; CCNB2; CCNB1; PTTG1; CDC20; CCNF; KIF2C;
BUB1B; CDCA3; TRAF4AF1

GO:0008283 Cell proliferation 6.93𝐸 − 06
CDC20; AURKB; CCNB1; PTTG1; IGF1; and so forth, a total
of 39 genes

GO:0019932 Second messenger-mediated
signaling

1.12𝐸 − 05
CALCA; ADORA2A; GRM3; EDNRB; GRM5; CXCR4;
TOX3; RASD1; ADM; PDE7B; CDH13; IGF1; LMCD1; MT1A

GO:0009605 Response to external stimulus 1.25𝐸 − 05
A2M; LBP; CCNB1; ENPP2; CKLF; IGF1; and so forth, a total
of 35 genes

GO:0009719 Response to endogenous stimulus 1.94𝐸 − 05 ADORA2A; IGF1; SPP1; A2M; and so forth, a total of 32 genes

GO:0008608 Attachment of spindle microtubules
to kinetochores

2.25𝐸 − 05 CCNB1; SPAG5; TRAF4AF1; NDC80

GO:0009056 Catabolism 2.78𝐸 − 05
TOP2A; FBXO32; MANBA; IGF1; CDC20; and so forth, totle
41 genes

GO:0007051 Spindle organization 3.11𝐸 − 05
ESPL1; NDC80; TACC3; CCNB1; AURKB; SPAG5;
TRAF4AF1

GO:0051313 Attachment of spindle microtubules
to chromosomes

4.44𝐸 − 05 NDC80; CCNB1; SPAG5; TRAF4AF1

GO:0009725 Response to hormone stimulus 5.00𝐸 − 05
IGF1; LOX; SPP1; A2M; HP; ALPL; and so forth, a total of 27
genes

GO:0010941 Regulation of cell death 2.39𝐸 − 04 AURKB; IGF1; ADORA2A; and so forth, a total of 32 genes

GO:0043470 Regulation of carbohydrate
catabolism

8.83𝐸 − 04 PFKFB3; DDIT4; IER3; IGF1

GO:0048016 Inositol phosphate-mediated
signaling

1.28𝐸 − 03 EDNRB; GRM5; CALCA; IGF1; LMCD1

Upregulation genes obtained from the mRNA expression profiling were listed in Table 4.The upregulation genes were mostly involved in the mitotic cell cycle,
enhancing cell proliferation. 𝑃 value, the significance testing value of the GO ID, results from the top GO of a bioconductor.
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Table 5: Downregulation genes.

GO ID Term 𝑃 value Genes

GO:0030154 Cell differentiation 3.02𝐸 − 06
FOXC2; IGF2; JAG1; SEMA3C; HMGA2; and so forth, a total
of 38 genes

GO:0006950 Response to stress 2.05𝐸 − 04
PENK; BDNF; CRYAB; TRH; PLAU; MMP3; and so forth, a
total of 32 genes

GO:2000736 Regulation of stem cell
differentiation

4.89𝐸 − 04 HMGA2; JAG1; HES1

GO:0032103 Positive regulation of response to
external stimulus

6.01𝐸 − 04 NPY; IL1RL1; SCG2; TNFSF11; CD74; THBS4

GO:0048710 Regulation of astrocyte
differentiation

8.72𝐸 − 04 HES1; CLCF1; HMGA2

GO:0045597 Positive regulation of cell
differentiation

1.16𝐸 − 03
TGFB1I1; CD74; FRZB; JAG1; BDNF; MAP1B; IFI204;
TNFSF11; TNFRSF12A; HES1; CLCF1

GO:0048584 Positive regulation of response to
stimulus

2.06𝐸 − 03

CD74; TNFSF11; TGFB1I1; CDKN1C; GPC3; HES1; NPY;
CLCF1; IGF2; JAG1; PRRX2; IL1RL1; SCG2; THBS4;
HMGA2; TNFRSF12A

GO:0000904 Cell morphogenesis involved in
differentiation

5.26𝐸 − 03
HMGA2; MAP1B; BDNF; TGFB1I1; CHST3; FOXC2;
TNFRSF12A; HES1; XYLT1; NPTX1

GO:0050920 Regulation of chemotaxis 6.38𝐸 − 03 SCG2; CD74; THBS4; EFNB2

GO:0030182 Neuron differentiation 7.29𝐸 − 03
MAP1B; BDNF; CHST3; NPY; MFRP; JAG1; HES1; CDKN1C;
TNFRSF12A; HCN1; XYLT1; THBS4; NPTX1; BYSL

GO:0060326 Cell chemotaxis 1.53𝐸 − 02 TNFSF11; SCG2; CD74; THBS4

GO:0090398 Cellular senescence 1.67𝐸 − 02 HMGA2; RGD1305645

GO:0016477 Cell migration 2.55𝐸 − 02
SEMA3C; EFNB2; TNFSF11; TNFRSF12A; PLAU; MMP3;
UNC5C; SCG2; THBS4; CD74; HES1

GO:0016126 Sterol biosynthesis 4.53𝐸 − 02 HMGCS2; HSD17B7

GO:0033554 Cellular response to stress 4.91𝐸 − 02 HMGA2; TNFSF11; MAP1B; CHST3; XYLT1; DHX9
Downregulation genes obtained from the mRNA expression profiling were listed in Table 5. The downregulation genes were mostly involved in differentiation
and the regulation of differentiation, indicating that cell differentiation was inhibited, and accordingly, more possibility of cell proliferation was afforded. 𝑃
value, the significance testing value of the GO ID, results from the top GO of a bioconductor.

were obtained after the NSCs were treated with BSSG
(Figure 5).

3.8. Real-Time PCR Validation for miRNA Microarray Analy-
sis. The miRNA expression profiling was validated by real-
time PCR. The comparison of quantified miRNA expres-
sions obtained using real-time PCR and microarray analysis
was performed to determine the reliability of microarray
analysis (Table 7). Table 7 showed that the fold changes
(test versus control) obtained by microarray analysis were
almost similar to those obtained by PCR. An increase or
a decrease in gene expression quantified by microarray
analysis was consistent with the result of PCR. This result
indicated that the result of microarray analysis was reli-
able.

3.9. miRNA-mRNA Correlation Analysis. miRNAs are rec-
ognized as a powerful tool used to regulate gene expression

via the RNA interference pathway [14, 15]. Thus, miRNA-
mRNA correlation analysis was carried out to further under-
stand the effect of BSSG on regulating NSCs genes. Five
downregulated miRNAs, miR-322-5p, miR-301a-3p, miR-
129-5p, miR-322-3p, and miR-129-2-3p, of which the tar-
get mRNAs are involved in regulation of cell prolifera-
tion (based on miRWalk database http://www.ma.uni-hei-
delberg.de/apps/zmf/mirwalk/ and DAVID Bioinformatics
Resources 6.7 http://david.abcc.ncifcrf.gov/tools.jsp), were
selected to perform correlation analysis. The interactions
between the five miRNAs and predicted target mRNAs
(included in the differential expression genes obtained by
the mRNAmicroarray analysis) were visualized as a network
(Figure 6). The network was generated by use of cytoscape
(with a fold change ≥2 or ≤0.5, 𝑃 < 0.05), miRanda target
prediction, and negative-correlation filtering, revealing that
numerous mRNAs including IGF1 mRNA were negatively
regulated by the five miRNAs, which were downregulated,
thereby increasing the expression of the corresponding
mRNA.
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Figure 4: Genic network analysis. (a) Genic network. The genic network was plotted by use of the search tool STRING and drawing tool
cytoscape to understand the interacting genes. The genic network consists of the majority of the upregulated and downregulated genes. The
integral network and its magnified image are shown on the left and right parts, respectively. IGF1 is indicated by an arrow. (b) Connectivity
analysis on the network. The “hubs” of the gene nodes were determined by interaction count and 𝑃 value; thus, Bub1b, Cdc20, 1Plk1, Spp1,
IGF1, Aurkb, and Ndc80 are the hub genes.

Table 6: Comparison of quantified mRNA expressions obtained using real-time PCR and microarray analysis.

Genes PCR Microarray analysis Fold change (test versus control)
Control Test Control Test PCR Microarray analysis

IGF1 0.061 ± 0.0043 0.196 ± 0.0098 230.514 ± 49.286 1079.355 ± 144.074 3.20 ↑ 4.75 ↑
Pttg1 0.025 ± 0.0007 0.051 ± 0.007 319.160 ± 31.644 931.231 ± 116.161 2.09 ↑ 2.91 ↑
Adora2a 0.053 ± 0.0028 0.125 ± 0.025 590.370 ± 64.092 1544.692 ± 112.533 2.34 ↑ 2.62 ↑
Espl1 0.008 ± 0.002 0.028 ± 0.008 349.823 ± 33.064 730.605 ± 135.345 3.41 ↑ 2.07 ↑
Ptpru 0.028 ± 0.010 0.078 ± 0.011 537.963 ± 83.725 1321.925 ± 187.830 2.74 ↑ 2.46 ↑
cdkn1c 0.058 ± 0.028 0.018 ± 0.017 2536.464 ± 115.441 1196.195 ± 188.255 0.30 ↓ 0.47 ↓

3.10. IGF1 Protein Quantitation. IGF1 protein in the cell
culture supernatant was quantified. IGF1 protein levels were
remarkably increased after the NSCs were treated with BSSG
at 20 and 40 𝜇M (𝑃 < 0.05, Figure 7).

3.11. PPP Inhibition Test. PPP inhibited the BSSG-induced
cell proliferation at suitable concentrations (Figure 8). The
inhibition of PPP on NSC proliferation was weak at 0.01𝜇M;
however, the inhibition was remarkable at 0.1𝜇M (𝑃 < 0.05)
as well as 1 (𝑃 < 0.001) and 2𝜇M (𝑃 < 0.001). Analogously,
the inhibition of PPP on BSSG-induced cell proliferation was
weak at 0.01𝜇M. By contrast, BSSG-induced cell proliferation
was inhibited when the cells were exposed to PPP ≥ 0.1 𝜇M.
This result showed that if the function of IGF1was blocked up,
then the cell proliferation induced by BSSG ceased to exist.

4. Discussion

NSC proliferation is necessary to facilitate neurogenesis
[26, 27]. Neurogenesis is enhanced when NSC proliferation
is promoted appropriately. The present study provided an
efficient alternative substance BSSG, which is inexpensive
and chemically stable (BSSG powder remains stable at room
temperature for a maximum of two years).

BSSG is present in many higher plants [28]. The pro-
cedure of isolation of BSSG is simple [29]. Moreover, it
had been synthetically prepared since 1913 [30]; therefore,
BSSG can be easily obtained. In the study, the minimal
effective concentration was 5𝜇M, and the effectiveness of
BSSG was similar to that of bFGF (20 ng/mL) and EGF
(20 ng/mL) at concentrations of 40𝜇M, revealing the excel-
lent proliferation-promoting activity.
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Figure 5: Differentially expressed miRNA. 𝑌-axis shows the differentially expressed mRNAs; 𝑋-axis represents the fold change (test versus
control), or the ratio of miRNA expression in the BSSG-treated group (test group) to the miRNA expression in the control group. (a)
Upregulation miRNA; (b1), (b2), and (b3): downregulation miRNA.

Table 7: Comparison of the quantified miRNA expressions obtained by real-time PCR and microarray analysis.

miRNA PCR Microarray analysis Fold change (test versus control)
Control Test Control Test PCR Microarray analysis

rno-miR-129-5p 1.00 ± 0.055 0.29 ± 0.090 0.88 ± 0.17 0.32 ± 0.08 0.29 ↓ 0.36 ↓
rno-miR-301a-3p 0.89 ± 0.11 0.29 ± 0.12 3.47 ± 1.15 1.08 ± 0.27 0.33 ↓ 0.31 ↓
rno-miR-322-5p 1.34 ± 0.33 0.46 ± 0.15 1.95 ± 0.55 0.73 ± 0.11 0.34 ↓ 0.37 ↓
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Figure 6: miRNA-mRNA Interactome Network. The integral chart
and its magnified image were shown on the upper left and lower
right corners, respectively. Red square nodes represented the five
miRNAs: miR-322-5p; miR-301a-3p; miR-129-5p; miR-322-3p, and
miR-129-2-3p. Turquoise round nodes represented the target genes
of these miRNAs. Pink round nodes represented the upregulated
mRNAs correlated with these miRNAs; green round nodes rep-
resented the downregulated mRNAs. The network revealed that
numerous mRNAs were regulated by the miRNAs and the expres-
sions of many mRNAs including IGF1 were increased.
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Figure 7: IGF1 protein quantitation. IGF1 protein levels were
reported in pg/10,000 cells. IGF1 protein levels were significantly
increased after the NSCs were treated with BSSG at 20 and 40𝜇M.
Data are presented as Mean ± SD (𝑛 = 6); ∗𝑃 < 0.05 compared with
the control.

The proliferation-promoting activity of BSSG is the result
of regulation of numerous genes. mRNA expression profil-
ing revealed that the majority of upregulation genes were
involved in mitotic cell cycle particularly in the M phase,
enhancing cell proliferation. By contrast, the majority of the
downregulated expression genes were involved in cell dif-
ferentiation, indicating that cell differentiation was inhibited
and accordingly, more possibility of cell proliferation was
afforded. Among the differential expression genes, the “hubs”
of the gene nodes were Bub1b, Cdc20, Plk1, Spp1, Aurkb,
IGF1, andNdc80, all of whichwere upregulated.Most of these
“hub” genes are necessary to complete a cell cycle according to
Genecards (http://www.genecards.org/), of which the impor-
tance is self-evident. However, the primary regulatory gene
that induces the cells to enter the cell cycle or accelerate the
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Figure 8: PPP inhibited the BSSG-induced cell proliferation. The
inhibition of PPP on NSC proliferation was weak at 0.01𝜇M;
however, the inhibition was remarkable at 0.1𝜇M (𝑃 < 0.05) as well
as 1 (𝑃 < 0.001) and 2𝜇M (𝑃 < 0.001). Analogously, the inhibition
of PPP on BSSG-induced cell proliferation was weak at 0.01𝜇M. By
contrast, BSSG-induced cell proliferation was inhibited when the
cells were exposed to PPP ≥ 0.1 𝜇M. This result showed that if the
function of IGF1 was blocked up; then the cell proliferation induced
by BSSG ceased to exist. Data are presented as Mean ± SD (𝑛 = 4).
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, and ∗∗∗𝑃 < 0.001.

course of the cell cycle ismore substantial to cell proliferation.
IGF1 is the key regulatory gene in these “hub” genes, since it
exhibits a notable growth-promoting activity.

IGF1 gene encodes a protein with functions and struc-
ture similar to insulin, but IGF1 exhibits a higher growth-
promoting activity. Experimental evidence demonstrates that
IGF1 functions in CNS development by promoting neural
cell proliferation, survival, and differentiation, in which IGF1
likely functions in a paracrine or autocrine fashion [31]. In
vivo activities of IGF1, including the stimulation of NSC
and progenitor cell proliferation during embryonic and early
postnatal development, have been examined [32]. Moreover,
endogenous IGF1 serves an important role in dentate granule
cell survival during the course of postnatal brain development
[33]. Also, IGF1 is an endogenousmediator of focal ischemia-
induced neural progenitor proliferation [34]. BSSG increases
the expression of endogenous IGF1 with evenmore biological
activities, since IGF1 plays important role in growth and
development of NSCs.

BSSG increased the expression of endogenous IGF1 as
showed in mRNA expression microarray analysis, miRNA-
mRNAcorrelation analysis and IGF1 ProteinQuantitation. In
particular, IGF1 mRNA was negatively regulated by miRNAs
(miR-129-5p, miR-301a-3p, and miR-322-5p), which were
downregulated after NSCs were treated with BSSG. In other
words, the expression of IGF1 mRNA was increased. And
as a result, the IGF1 protein level was increased. Emerging
evidence supported the close relationship between the abil-
ities of BSSG and IGF1 to promote cell proliferation. PPP
inhibition test confirmed that the function of BSSGdepended
on IGF1, in which the function was inhibited when the cells
were exposed to suitable doses of PPP.

The present study provided information about BSSG,
an inexpensive and stable compound, which could promote
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NSC proliferation. BSSG could be potentially developed as
a growth factor alternative that could be used in clinical
medicine and research applications.
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Ultraperformance liquid chromatography coupled with time-of-flight mass spectrometry (UPLC-QTOF/MS) based on a chemical
profilingmethod was applied to rapidly evaluate the chemical consistency between sun-dried and sulfur-fumigated Radix Paeoniae
Alba. By virtue of the high resolution, high speed of UPLC, and the accurate mass measurement of TOFMS coupled with reliable
MarkerLynx software, five newly assigned monoterpene glycoside sulfonates were found and identified in sulfur-fumigated Radix
Paeoniae Alba samples. This method could be applied for rapid quality evaluation of different kinds of sulfur-fumigated Radix
Paeoniae Alba among commercial samples.

1. Introduction

Sulfur-fumigation processing is one of the traditional preser-
vative approaches for most food, agricultural product, and
herbal medicine. Moreover, some herbal farmers even sprin-
kle sulfur powder onto the herbs to infiltrate sulfur into
the herbs. The sulfur-fumigation process uses sulfur dioxide,
obtained from the heating of sulfur, for the fumigation of
herbal medicines as well as processed drugs, for the pur-
poses of torrefaction, sterilization, mildew proofing, insect
prevention, and bleaching [1, 2]. However, the medicinal
properties and chemical profiles are likely to be changed
after the sulfur-fumigation process. Besides, residual sulfur
dioxide in herbal medicine is harmful to human health.
According to some reports, a sulfur dioxide concentration of
greater than 0.05% in the medicine can cause an unpleasant
taste sensation [3]. Long-term administration of such sulfur-
fumigated medicine may cause heavy metal intoxication

in the body. Furthermore, excess sulfur dioxide in herbal
medicinemay cause a sore throat and stomachache, andmore
seriously it can even lead to a toxic reaction in the liver and
kidneys [4, 5].

Radix Paeoniae Alba, derived from the dried root of
Paeonia lactiflora Pall., is one of the oldest and most fre-
quently used herbal medicines [6]. Radix Paeoniae Alba
has been applied clinically in traditional Chinese Medicine
to calm liver wind, relieve pain, nourish blood, regulate
menstrual functions, and suppress sweating [7, 8]. Further-
more, Radix Paeoniae Alba contains significant amounts of
monoterpenoid glucosides, tannins, phenolic acids, triter-
penes, saponins, and other substances that are considered
to be the biologically active components critical in many
TCM formulas [9, 10]. Traditionally, the Radix Paeoniae Alba
was dried naturally under sun or in the shade, but in recent
decades, this practice has been replaced by sulfur-fumigation,
a faster and cheaper method. Accumulated studies showed
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that sulfur-fumigation can induce chemical transformation
of paeoniflorin, the main bioactive component of Radix
Paeoniae Alba, into its artifact paeoniflorin sulfonates and
consequently alter the bioactivities and pharmacokinetics
of Radix Paeoniae Alba [11]. Whether the constituents of
sulfur-fumigated Radix Paeoniae Alba changed or not is a
very important issue referring to both efficacy and safety
when applied in clinic. Development of a rapid and specific
approach to determine the potential chemical changes is
the key to the quality evaluation of sulfur-fumigated Radix
Paeoniae Alba.

Ultraperformance liquid chromatography (UPLC) cou-
pled with time-of-flight mass spectrometry (QTOF/MS) is
a powerful hyphenated technique and has been used as a
major tool for the quality assurance of herbal medicine and
its preparations [12, 13]. Compared to conventional liquid
chromatography, UPLC using short columns packed with
1.7-1.8 𝜇m porous particles holds enhanced retention time
reproducibility, high chromatographic resolution, improved
sensitivity, and increased operation speed.

In the present study, UPLC-QTOF/MS coupled with a
chemical profiling approach was developed to investigate
the influence of sulfur-fumigation on the quality of Radix
Paeoniae Alba. Under the chromatographic and MS con-
ditions, the significantly changed components, in particu-
lar those newly generated components in sulfur-fumigated
Radix Paeoniae Alba, were identified or tentatively assigned
by comparing their mass spectra with the LC-MS/MS library
and/or tentatively assigned by matching empirical molecular
formula with that of published compounds and/or eluci-
dating quasimolecular ions and fragment ions referring to
the available literature information. This method could be
applied for rapid quality evaluation of different kinds of
sulfur-fumigated Radix Paeoniae Alba among commercial
samples.

2. Experimental

2.1. Chemicals, Solvents, and Herbal Materials. The reference
sun-dried Radix Paeoniae Alba samples were acquired from
the suppliers of Bozhou (Anhui, China). The identities
of the collected reference sun-dried Radix Paeoniae Alba
samples were authenticated to be the dried root of Paeonia
lactiflora Pall. using morphological and histological methods
according to Chinese Pharmacopoeia (version 2010) by an
expert in the field. HPLC-grade acetonitrile, was obtained
from Merck (Darmstadt, Germany). Deionized water was
purified using the Milli-Q system (Millipore, Bedford, MA,
USA); formic acid was of HPLC grade andwas obtained from
Honeywell Company (Morristown, New Jersey, USA). All
other chemicals were of analytical grade and commercially
available.

2.2. Liquid Chromatography. UPLC was performed with a
Waters ACQUITY UPLC system (Waters Corp., MA, USA),
equipped with a binary solvent delivery system, autosampler,
and a PDA detector. The column was a Waters ACQUITY
BEH C

18
(100mm × 2.1mm, 1.7 𝜇m). The mobile phase

consisted of (A) 0.1% (v/v) aqueous formic acid and (B)
acetonitrile. The UPLC elution condition was optimized as
follows: 2–15% B (0–8min), 15–30% B (8–11min), 30–50%
B (11–13min), 50–2% B (13–13.05min), and 2% B (13.05–
15min). The detection wavelength was set at 270 nm, and the
flow rate was at 0.5mL⋅min−1. The temperatures of column
and autosamplerweremaintained at 35 and 10∘C, respectively,
and the injection volume of sample was 2.0 𝜇L.

2.3. Mass Spectrometry. Mass spectrometry was performed
on a Waters Xevo QTOF/MS system (Waters Corp., MA,
USA), equipped with an electrospray ionization (ESI) source.
The nebulization gas was set at 650 L⋅h−1. At temperature
of 350∘C, the cone gas was set at 50 L⋅h−1, and the source
temperature was set at 120∘C. Detection was performed in
negative ion modes in the𝑚/𝑧 range of 100–1000Da, with an
acquisition time of 0.3 s in centroidmode.The ESI conditions
were as follows: capillary voltage 2500V, cone voltage 30V,
source temperature 120∘C, desolvation temperature 400∘C,
cone gas flow 50 L⋅h−1, and desolvation gas flow 800 L⋅h−1.

2.4. Accurate Mass Measurement. All MS data were acquired
using the LockSpray to ensure mass accuracy and repro-
ducibility. Mass axis was calibrated during the experiment
by continuous infusion of a solution of 2 g⋅mL−1 leucine
enkephalin in acetonitrile/water (50 : 50). The data were
collected using MassLynx v4.1 software and analyzed using
MassFragment (Waters Corp., Milford, MA, USA).

2.5. Sample Preparation

2.5.1. Sulfur-Fumigated Radix Paeoniae Alba Samples. The
sulfur-fumigated samples were prepared from the reference
sun-dried Radix Paeoniae Alba samples, following proce-
dures similar to that employed by farmers and wholesalers:
150 g of the reference sun-dried Radix Paeoniae Alba sample
was wetted with 15mL of water and then put to stand for 1.5 h;
15 g of sulfur powder was heated until burning; the burning
sulfur and the wetted reference sun-dried Radix Paeoniae
Alba sample were carefully put into the lower and upper
layers of a desiccator, respectively. The desiccator was then
kept closed for 5 h. After fumigation, the sulfur-fumigated
Radix Paeoniae Alba sample was dried in a ventilated drying
oven at 40∘C for 5 h.

2.5.2. Radix Paeoniae Alba Sample Solutions. The powder of
sun-dried or sulfur-fumigated Radix Paeoniae Alba sample
was precisely weighed (0.5 g) and extracted with 5mL of
50%methanol in an ultrasonic bath (power 200W, frequency
40 kHz) for 25min and cooled at room temperature; then
50% methanol was added to compensate for the lost weight.
The sample solution was centrifuged for 10min and the
supernatant was further diluted to a proper concentration
and filtered through a 0.45𝜇m filter membrane before being
injected into the UPLC system for analysis.
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Table 1: Details of the five identified monoterpene glycoside sulfonate derivatives.

No. 𝑡
𝑅
(min) [M-H]−/(m/z) Molecular formula Assigned identity Source sample

1 1.709 559.1106 C23H28O14S Oxypaeoniflorin sulfonate Sulfur-fumigated sample
2 2.338 589.1216 C24H30O15S Mudanpioside E sulfonate Sulfur-fumigated sample
3 3.002 543.1139 C23H28O13S Paeoniflorin sulfonate Sulfur-fumigated sample
4 6.016 695.1207 C30H32O17S Galloylpaeoniflorin sulfonate Sulfur-fumigated sample
5 9.863 647.1406 C30H32O14S Benzoylpaeoniflorin sulfonate Sulfur-fumigated sample

2.6. Multivariate Statistical Analysis. All data were processed
using the MarkerLynx application manager for MassLynx 4.1
software (Waters Corp., Milford, USA). The unsupervised
segregation was checked by principal component analysis
(PCA) using Pareto-scaled data. The first objective in the
data analysis process is to reduce the dimensionality of
the complex data set to enable easy visualization of any
component clustering of the different groups of samples.
Thus, the loading plot gives an indication of the components
that most strongly influence the patterns in the score plot.
From the loading plot of orthogonal to partial least squares
discriminant analysis (OPLS-DA), various components could
be identified as being responsible for the differentiation
between sun-dried and sulfur-fumigated samples and were
therefore viewed as potential chemical transformations.

3. Results and Discussion

3.1. Chromatographic and MS Conditions Development. In
the present study, different kinds of UPLC columns and
mobile phases were used to optimize the chromatographic
and MS conditions. The BEH C

18
column was chosen as

stationary phase, which provided a relatively even distribu-
tion of the target analytes throughout the whole polarity
range.This enabled us to substantially shorten the duration of
chromatography to 15min including equilibration. Different
mobile phase compositions were tested: water-methanol,
water-acetonitrile, 0.1% (v/v) aqueous formic acid–methanol,
and 0.1% (v/v) aqueous formic acid–acetonitrile. As a
result, the combination of 0.1% (v/v) aqueous formic acid–
acetonitrile for themobile phase gave the best separation.The
gradient elution profile and MS conditions were optimized
with respect to the separation of major peaks and the sensi-
tivity of MS detector. Under the optimized chromatographic
and MS conditions, the major components in sun-dried and
sulfur-fumigated Radix Paeoniae Alba samples were well
separated and detected within 15min. The representative
chromatograms monitored by UPLC-QTOF/MS are shown
in Figure 1.

3.2. Multivariate Statistical Analysis and Chemical Consis-
tency Evaluation. Unsupervised principal component anal-
ysis (PCA) and supervised orthogonal partial squared dis-
criminant analysis (OPLS-DA) were performed to compare
the difference between sun-dried and sulfur-fumigated Radix
Paeoniae Alba samples. After Pareto scaling with mean cen-
tering, the data from both negative ionmodes were displayed
as score plot (Figure 2). The score plot showed that the

determined samples clearly clustered into three groups, that
is, the blank, the sun-dried, and the sulfur-fumigated Radix
Paeoniae Alba, indicating that the sulfur-fumigation caused
changes in the composition and/or content of components in
Radix Paeoniae Alba.

To find out potential chemical markers contributing
to the significant difference between sun-dried and sulfur-
fumigated Radix Paeoniae Alba samples, the extensive statis-
tical analysis was performed to generate S-plot (Figure 3). In
the S-plot, each point represents an ion 𝑡

𝑅
-𝑚/𝑧 pair; the 𝑥-

axis represents variable contribution: when the distance of the
ion 𝑡
𝑅
-𝑚/𝑧 pair points is farther from zero, the ion has more

contribution to the difference between the two groups; the 𝑦-
axis represents variable confidence: when the distance of the
ion 𝑡
𝑅
-𝑚/𝑧 pair points is farther from zero, the ion has higher

confidence level for the difference between two groups.Thus,
the 𝑡
𝑅
-𝑚/𝑧 pair points at the two ends of “S” represent

characteristic markers with the most confidence to each
group. According to the S-plot, five ions at the bottom left
corner of “S”were the ions contributingmost to the difference
between sun-dried and sulfur-fumigated Radix Paeoniae
Alba. It was found that ions A (𝑡

𝑅
1.709min,𝑚/𝑧 559.1106), B

(𝑡
𝑅
2.338min,𝑚/𝑧 589.1216), C (𝑡

𝑅
3.002min,𝑚/𝑧 543.1139),

D (𝑡
𝑅
6.016min, 𝑚/𝑧 695.1207), and E (𝑡

𝑅
9.863min, 𝑚/𝑧

647.1406) were detected in sulfur-fumigated Radix Paeoniae
Alba but not found in the sun-dried sample, which suggested
that during the storage and marketing process, in order to
preserve its white appearance, Radix Paeoniae Alba was often
nonofficially fumigated with toxic sulfur dioxide gas, which
is generated by burning sulfur. This nonofficial postharvest
handling method was recently revealed leading to the con-
version of themain component paeoniflorin into its sulfonate
derivative paeoniflorin sulfonate.

3.3. Identity Assignment and Confirmation of the Significantly
Transformed Components. In the present study, significant
differences in their chemical profiles were found between
sun-dried and sulfur-fumigated Radix Paeoniae Alba sam-
ples. Five monoterpene glycoside sulfonate derivatives were
detected in sulfur-fumigated Radix Paeoniae Alba samples
according to the present chromatographic and MS con-
ditions. The details of the five identified components are
summarized in Table 1. Fivemonoterpene glycoside sulfonate
derivatives were newly detected and identified along with
oxypaeoniflorin sulfonate, paeoniflorin sulfonate,mudanpio-
side E sulfonate, benzoylpaeoniflorin sulfonate, and galloyl-
paeoniflorin sulfonate by MassFragment system and Mark-
erLynx system. MarkerLynx is a peak detection algorithm,
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Figure 1: Representative chromatograms of sun-dried and sulfur-fumigated Radix Paeoniae Alba samples in negative ion mode. (a)
UPLC chromatogram of sun-dried Radix Paeoniae Alba; (b) UPLC chromatogram of sulfur-fumigated Radix Paeoniae Alba; (c) total ion
chromatogram of sun-dried Radix Paeoniae Alba; (d) total ion chromatogram of sulfur-fumigated Radix Paeoniae Alba.
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Figure 2: PCA score plot of sun-dried and sulfur-fumigated Radix Paeoniae Alba samples. A: blank; B: sun-dried Radix Paeoniae Alba
samples; C: sulfur-fumigated Radix Paeoniae Alba samples.
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Figure 3: OPLS-DA/S-plot of sun-dried and sulfur-fumigated Radix Paeoniae Alba samples obtained using Pareto scaling with mean
centering. A: sun-dried Radix Paeoniae Alba samples; B: sulfur-fumigated Radix Paeoniae Alba samples.

where each mass number is analyzed separately in search of
peaks.The softwareMarkerLynx has been used to process the
complex data quickly and reliably. In this paper, we firstly
applied the MarkerLynx to the analysis of the structure of
paeoniflorin in Radix Paeoniae Alba samples.This software is
a repeatable and reliable analytical method when we should
compare the MS data generated by using paeoniflorin assay
standard.The chromatograms and fragmentations and mode
assignments of paeoniflorin assay standard are shown in
Figure 4, and the fragmentations and mode assignments of
those five monoterpene glycoside sulfonate derivatives are
shown in Figure 5. As sulfur-fumigation can cause chemical
transformation of Radix Paeoniae Alba, the bioactivities and
toxicities of sulfur-fumigated Radix Paeoniae Alba and five

monoterpene glycoside sulfonate derivatives need further
investigation.

4. Conclusion

In this paper, chemical consistency between sun-dried and
sulfur-fumigated Radix Paeoniae Alba samples was rapidly
evaluated by UPLC-QTOF/MS based on chemical profiling
approach to guarantee clinical safety. This method was
also developed to reveal chemical transformation of main
compounds inRadix PaeoniaeAlba during sulfur-fumigation
process. The results showed that there were obvious differ-
ences in chemical components between sun-dried and sulfur-
fumigated Radix Paeoniae Alba samples following the same
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Figure 4: Chromatograms and fragmentations andmode assignments of paeoniflorin. (a) Radix Paeoniae Alba sample; (b) paeoniflorin assay
standard.

dosage ratio. The established method should be useful for
assessing the quality of herbal medicines.
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Figure 5: Continued.
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Figure 5: Fragmentations and mode assignments of five monoterpene glycoside sulfonate derivatives. (a) Oxypaeoniflorin sulfonate; (b)
mudanpioside E sulfonate; (c) paeoniflorin sulfonate; (d) galloylpaeoniflorin sulfonate; (e) benzoylpaeoniflorin sulfonate.
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Clinical trials have reported the effects of Tripterygium wilfordii Hook F (TwHF) extracts (TEs) in the treatment of rheumatoid
arthritis (RA); however, the results have been inconsistent. This meta-analysis is aimed to assess the safety of TEs and their effects
on the treatment of RA. Randomised controlled trials (RCTs) comparing the effects of TEs and placebo (PBO) or disease-modifying
antirheumatic drugs (DMARDs) in patients with RA were included. Weighted mean differences (MDs) were calculated for net
changes by employing fixed-effect or random-effects models. After filtering, ten RCTs (involving 733 participants) were included
in this study. The methodological quality of these studies was generally low. Compared with DMARDs, TEs alone produced a
mild increase in grip strength (GS) (𝑃 = 0.02; standard mean difference (SMD) = 0.81; 95% confidence interval (CI): 0.14 to 1.48).
The most common adverse effects (AEs) of TEs were gastrointestinal discomfort, menstruation disorders, and amenorrhea. In
conclusion, TEs, as a sort of “herbal DMARD,” could be as effective as synthetic DMARDs in the treatment of RA. However, the
efficacy of TEs in treating RA should be further estimated with better designed, fully powered, confirmatory RCTs that apply the
American College of Rheumatology (ACR) improvement criteria to evaluate their outcomes.

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease of
unknown aetiology that is characterised by pain, stiffness,
and swelling of peripheral joints [1]. RA affects approximately
1% of the population worldwide [2]. Uncontrolled disease
can result in progressive joint destruction, deformity, dis-
ability, and increased mortality. According to the guidelines
proposed by the American College of Rheumatology (ACR)
for the management of RA [3], nonsteroidal antiinflamma-
tory drugs (NSAIDs) and disease-modifying antirheumatic
drugs (DMARDs) are recommended to relieve joint dam-
age. Recently, based on an evolving understanding of the
pathogenic mechanisms of RA [4], specific targeted therapies
(including inhibitors of tumour necrosis factor and other

novel biological compounds) [5] have been introduced to
interfere with the disease process in RA.

However,many patients discontinue the above treatments
because of adverse events (AEs) [6] or poor clinical response
to biological agents. Furthermore, biologics are unlikely to
be of general benefit in the developing world because of the
financial constraints [7], and the relatively high medical care
costs for RA [8] restrict the application of these drugs in the
developing world.

Tripterygium wilfordii Hook F (TwHF), commonly
known as thunder god vine, is a member of the Celastraceae
family. It is a perennial vine-like plant that is abundant in
southChina [9]. Anti-inflammatory and immunosuppressive
compounds extracted from TwHF have been used for
the treatment of a wide spectrum of autoimmune and
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inflammatory diseases, including RA [10, 11], ankylosing
spondylitis [12, 13], and systemic lupus erythematosus [14].
Additionally, TwHF extracts (TEs) have been demonstrating
beneficial effects on nephrotic syndrome [15], Crohn’s disease
[16], and solid tumours [17].

Among the approximately 380 secondary metabolites
isolated from Tripterygium species, 95% are terpenoids [18].
Triptolide and tripdiolide, the ethyl acetate extract and
chloroform-methanol extract [19], respectively, are the major
components that account for the immunosuppressive effects
of TwHF. It has been reported that these extracts exert better
therapeutic effects and cause fewer AEs than other crude
preparations. Therefore, these two preparations have been
used most widely in China [10].

Meanwhile, many studies have been dedicated to eluci-
dating the potential molecular mechanisms underlying the
anti-inflammatory and immunosuppressive effects of TEs
[18], including the inhibition of platelet activation [20], the
induction of nitric oxide [21], and prostaglandin E

2
[22]

production. Based on studies both in vitro and in vivo, it is
easy to speculate that TEs are likely to be types of herbal
DMARDs, which differ from synthetic DMARDs.

While the extracts of TwHF have been most frequently
used for a long time in treating RA, there exist a number
of issues. In this regard, most of this clinical information
comes from uncontrolled clinical trials or from retrospec-
tive reports, and few multicentre clinical trials have been
performed to confirm the effects of TEs in the treatment of
RA. In addition, the scientific evidence verifying that TEs are
as effective as other conventional treatments in treating RA
remains to be further validated. In terms of security, the safety
of a long-term TE intake for chronic RA is uncertain. Given
these uncertainties, it is necessary to assess the pertinent trials
to systematically review the potential effects and safety of the
long-term application of TEs in the treatment of RA.

2. Materials and Methods

To ensure the accuracy of our systemic review and meta-
analysis, we designed and reported our results by employing
a checklist of items that was as consistent as possible with
the Preferred Reporting Items for Systemic Review andMeta-
Analyses (PRISMA) statement.

2.1. Search Strategy. We searched the following digital
databases to identify trials: PubMed, Embase, the Cochrane
Library, and Clinical Trials.gov. In addition, we searched
the Chinese databases, such as the CNKI Database, VIP
Database, CBM Database, WanFang Database, and Chinese
Clinical Trial Register. All of the databases were searched
from their available dates of inception to the latest issue
(January 2013).

Different search strategies were combined as follows.
For the English databases, we used free text terms, such as
“TripterygiumwilfordiiHook F,” “lei gong teng,” “thunder god
vine,” or “yellow vine” (which are all alternative names in
Chinese for Tripterygium wilfordiiHook F) and “rheumatoid
arthritis,” or “RA.” For the Chinese databases, free text

terms were used, such as “lei gong teng” or “huang teng”
(which means Tripterygium wilfordii Hook F in Chinese)
and “lei feng shi guan jie yan” (which means rheumatoid
arthritis in Chinese). A filter for clinical trials was applied.
To collect an adequate number of trials, the reference lists of
relevant publicationswere also searched to identify additional
studies.

2.2. Selection Criteria. Randomised controlled trials (RCTs)
were included regardless of blinding, publication status, or
language. Studies were selected for analysis if they satisfied
the following criteria: (1) the subjects took extracts of TwHF
alone or with other DMARDs for at least 4 weeks; (2) the
study was an RCT with a parallel or crossover design; (3)
TEs were used as an active treatment intervention; and (4)
people enrolled were diagnosed with RA, according to the
1987 guidelines of the American Rheumatology Association
[23].

“TEs,” in this review, mainly refer to the two root extracts
of TwHF that have shown therapeutic promise, tripterygium
glycosides tablets and tripterygium tablets.Therefore, studies
using any TwHF-containing herbs or other herbal extracts
were excluded. We also excluded case reports, reviews,
retrospective studies, or studies without control groups. For
obviously repeated studies, the authors of the reports were
contacted to clarify any ambiguities. If the author could
not be reached, the first published study was considered
to be original. Studies were also excluded if the dose of
TEs was not available. RCTs that lacked sufficient data to
allow for the calculation of the net changes in outcomes
and their variances from the baseline to the endpoint were
also eliminated from our analysis. Two reviewers selected the
articles independently. Based on the PRISMA requirements,
a flow diagram of the study selection has been generated.

2.3. Data Extraction andManagement. The relevant data was
extracted by two independent reviewers, and divergences
were resolved by consensus or were arbitrated by a third
reviewer. The validated Jadad instrument was adopted to
assess each study’s quality independently [24]. The Jadad
score included the following items: randomisation (0–2
points); double-blinding (0–2 points); and description of
withdrawals and dropouts (0-1 point). Allocation conceal-
ment was estimated by the criteria adopted from Schulz et al.
[25]. Studies with Jadad scores of no less than 3 were regarded
as being of high quality.

The primary outcomes were tender joint count (TJC),
swollen joint count (SJC), duration of morning stiffness
(DMS), and grip strength (GS). The secondary outcomes
consisted of rheumatoid factor (RF), erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP). AEs were
also collected from the studies. For the trials that applied a
three-armed group design, the outcomes of the groups were
extracted if they met the inclusion criteria and were excluded
otherwise. In case of vagueness or absence in the articles of
the outcomes, the authorswere contacted and related data has
been extracted by consensus if the authors were unavailable.
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Figure 1: Process of searching for and screening studies.

2.4. Data Synthesis and Analysis. The effects of TE intake
on patients with RA were calculated as differences between
the treatment groups and the no TE control group, by
employing Review Manager meta-analysis software, version
5.2. To ensure the credibility of the results, the net changes in
all of the outcomes were calculated as the mean differences
(TEs minus control) in changes (endpoint minus baseline)
for parallel trials. We calculated weighted mean differences
(MDs) or standard mean differences (SMDs) and 95% con-
fidence intervals (CIs) for continuous data. MDs were used
if the outcomes were evaluated in the same manner among
trials, while SMDs were used if the same outcomes were
evaluated by adopting different approaches. Heterogeneity
was evaluated via the chi-square test, the tau2 test, and
Higgins 𝐼2 test. A fixed-effect model was employed when
the studies in the group were sufficiently alike (𝑃 > 0.10);
otherwise, a random-effects model was used. A 𝑍 score was
calculated to test the overall effect, with significance set at
𝑃 < 0.05. Publication bias was detected by funnel plots,
Egger’s regression asymmetry test, and Begg’s test when the
number of included trials ≥5 (Stata software, version 12.0).
We performed subgroup analyses to verify whether the use

of TEs alone or with DMARDs had different effects on the
outcomes.

To minimise the clinical heterogeneity, we performed
three subgroup analyses: TEs compared with a placebo
(PBO); TEs compared with DMARDs; and TEs with
DMARDs compared with DMARDs alone.

3. Results

3.1. Study Selection. The process of study selection is shown
in Figure 1. According to the prespecified selection criteria
defined in the Methods section, ten RCTs were included
in the meta-analysis. In the PBO group, three studies were
searched [26–28]. Two RCTs were crossover studies with
two courses [26, 27]. One study was excluded for all of the
outcomes were graphic representations [28]. Two studies [29,
30] that compared TEs with nonsteroidal anti-inflammatory
drugs (NSAIDs) were also excluded from our review. The
trial of Fu et al. [29] compared TEs with NSAIDs and
physiotherapy, and in the other trial [30], the doses of
NSAIDs changed during the treatment; thus, it was difficult
to determine the effects of the intervention and the control
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Table 1: The characteristics of the included trials.

Author Number of patients Intervention and TwHF dose (g) Duration (wks) Outcomes
Experimental Control Experimental Control

Tao et al. 1989 [26] 27 31 TEs (0.06) PBO 12 SJC, DMS, GS, RF,
ESR, AE

Huang et al. 1989 [27] 18 16 TEs (0.03) PBO 16 SJC, DMS, GS, RF,
ESR, AE

Tan et al. 2000 [31] 40 35 TEs (0.06) MTX + PA 12 TJC, SJC, DMS, RF,
ESR, CRP, AE

Wang et al. 2006 [32] 45 45 TEs (0.06) MTX 20 TJC, SJC, RF, ESR,
CRP, AE

Yang and Zhang 2007 [33] 60 60 TEs (0.06) MTX 4 TJC, SJC, DMS, GS,
RF, ESR, CRP, AE

Yang 2011 [34] 74 72 TEs (1.8) MTX 12 TJC, SJC, DMS, GS,
AE

Liu et al. 2006 [35] 10 10 TEs (0.09) MTX 12 TJC, SJC, DMS, RF,
ESR, CRP

Goldbach-Mansky et al. 2009 [36] 37 25 TEs (0.18) SSZ 4 RF, AE
Chen et al. 2011 [37] 34 34 TEs (0.06), MTX MTX + LEF 12 ESR, CRP, AE
Li and Ji 2008 [38] 30 30 TEs (0.01–0.02), SSZ MTX + SSZ 4 ESR, CRP
Note: TEs: TwHF extracts;MTX:methotrexate; LEF: leflunomide; SSZ: sulfasalazine; PA: penicillamine; TJC: tender joint count; SJC: swollen joint count; DMS:
duration of morning stiffness; GS: grip strength; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; AE: adverse effect.

groups. The characteristics of the studies are summarised
in Table 1. Together, these studies included a total of 733
participants.

3.2. Study Descriptions. The included studies were published
as full texts between 1988 and 2011. All of the RCTs originated
in China, except for one [36]. Eight studies were published
in Chinese, while two studies were in English [26, 36]. Nine
studies were conducted as single-centre trials, and one study
[36] was a multicentre trial.

3.3. Interventions and Controls. Two studies compared TEs
with a PBO. Six studies randomised the participants to receive
TEs alone versus a control of DMARDs. Two trials compared
a cointervention of TEs and DMARDs (methotrexate, or
sulfasalazine) with a control of DMARDs alone. There were
three types of TE preparations applied in the included trials,
consisting of tripterygium glycosides tablets, tripterygium
tablets, and an unknown TE capsule. Different doses of TEs
were used in these trials. The TE intake ranged from 0.01 g
to 1.8 g per day. Except for two trials in which the TEs
doses were not less than 0.18 g, the doses of TEs in most of
the included trials were moderate (≤0.09 g). The total daily
TE intake was divided into one to three doses. One trial
[37] reduced the dose of TEs during the period of study
when liver function abnormalities occurred. In the event of
gastrointestinal intolerance, the protocol of one trial [36]
allowed for a temporary dose reduction of 50%.

The duration of the interventions in the included studies
also differed, ranging from four to twenty weeks. In the trial
by Wang et al., the outcomes were detected at three time
points: 20 weeks, 40 weeks, and 80 weeks [32]. Another trial
had two time points: 4 weeks and 24 weeks [36]. To ensure

homogeneity among the studies, we chose only 20 weeks and
4 weeks from the above two trials. The interventions lasted
for four weeks in three trials [33, 36, 38], twelve weeks in five
trials [26, 31, 34, 35, 37], and sixteen weeks in one trial [27].
Only one trial [32] reported that the patients had receivedTEs
for twenty weeks.

3.4. Objectives and Outcomes. The majority of the outcomes
of the study [36], such as TJC, SJC, ESR, CRP, were graphic
representations, rather than outcomes reported in a table that
allowed for the extraction of data for re-analysis. AEs were
reported in eight trials. Eight trials performed treated-per-
protocol analysis, and two [27, 36] performed intention-to-
treat analysis which was generally interpreted as including
all participants, regardless of the entry criteria, the treatment
actually received, and ensuing withdrawal or deviation from
the protocol.

3.5. Quality of the Included Studies. Compared with the four
trials [26, 27, 36, 37] that were of high quality, most of
the included trials were of low quality (Jadad score < 3)
because of unclear randomisation, deficient allocation con-
cealment, inadequate blinding, and undescribed withdrawals
and dropouts. An adequate double blind was also performed
in two of the four trials [26, 36]. Meanwhile, withdrawals and
dropouts were described in four trials [26, 27, 36, 37].

3.6. PublicationBias. Egger’s publication bias plots andBegg’s
test showed that there were no significant publication biases
for three outcomes in which the numbers of the included
trialswere not less than 5.As shown in Figure 2, the calculated
𝑃 values exceeded 0.05 in three outcomes among the studies
(TJC, 𝑃 = 0.335; SJC, 𝑃 = 0.467; RF, 𝑃 = 0.785), and the
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Figure 2: Publication bias in the included trials. Egger’s linear regression test for detecting publication bias. TJC: tender joint count; SJC:
swollen joint count; RF: rheumatoid factor. “ ⃝” is a size graph symbol for the weight of each included study. The distance between two
diamonds on the second vertical bar on the left represents the 95% CI for the intercept.

95%CI for the intercept included zero. However, these results
cannot be considered convincing because there were fewer
than ten trials.

3.7. Effects of Interventions

3.7.1. TEs Compared with a PBO. Two trials (involving 92
patients) compared the therapeutic effects of TEs and a PBO
[26, 27]. The number of trial participants ranged from 16 to
31 with trial durations in the range of twelve to sixteen weeks.
As shown in Figure 3, the statistical heterogeneity among the
studies was found to be significant regarding the results for
GS (𝑃 = 0.01). The pooled results indicated a significant
difference between TE-treated group and the PBO group,
aside from RF (𝑃 = 0.27; MD = −32.40; 95% CI: −89.76
to 24.96). The significant difference was identified between
TEs and PBO in terms of the SJC (𝑃 < 0.00001; MD =
−4.13; 95% CI: −5.69 to −2.58), DMS (𝑃 < 0.0001; MD =
−88.41min; 95% CI: −129.64 to −47.18), and ESR (𝑃 < 0.0001;
MD = −28.63mm/H; 95% CI: −42.12 to −15.14). A small but
significant increase in GS (𝑃 = 0.003; MD = 53.82; 95% CI:
18.63 to 89.01) was also found.

3.7.2. TEs Compared with DMARDs. Six trials (involving
513 patients) compared the therapeutic effects of TEs with
those of DMARDs [31–36]. The number of trial participants
ranged from 10 to 74, with the trial duration varying from
four to twenty weeks. As illustrated in Figure 4, there was
significant heterogeneity among the studies (all 𝑃 < 0.10).
Consequently, a random-effects model was employed to
pool the results. The pooled results displayed no significant
differences between TE-treated group and the DMARDs
group, aside from GS (𝑃 = 0.02; SMD = 0.81; 95% CI: 0.14
to 1.48). However, no effects were found for TJC (𝑃 = 0.60;
MD= 1.26; 95%CI:−3.52 to 6.05), SJC (𝑃 = 0.72;MD=−0.37;
95% CI: −2.35 to 1.61), DMS (𝑃 = 0.94; MD = −2.50min; 95%
CI: −67.08 to 62.08), RF (𝑃 = 0.79; SMD = 0.11; 95% CI: −0.70
to 0.92), ESR (𝑃 = 0.54; MD = 5.28mm/H; 95% CI: −11.62
to 22.17), or CRP (𝑃 = 0.73; SMD = −0.22; 95% CI: −1.47 to
1.03). Only one trial [36] described the results, which were a
20% improvement in RA as defined by ACR (ACR 20) [39],
ACR 50, and ACR 70, so we did not pool these results.

3.7.3. TEs with DMARDs Compared with DMARDs Alone.
Two trials (involving 128 patients) compared a combined
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Figure 3: The first subgroup analyses comparing the effects of TEs and a PBO. Forest plots of TE treatment compared with a PBO. TEs:
TwHF extracts; PBO: placebo; SJC: swollen joint count; DMS: duration of morning stiffness; GS: grip strength; RF: rheumatoid factor; ESR:
erythrocyte sedimentation rate.

therapy of TEs and DMARDs with DMARDs alone [37, 38].
The number of trial participants ranged from 30 to 34 with
trial durations varying from four to twelve weeks. As shown
in Figure 5, the statistical heterogeneity among the studies
was found to be significant regarding the results for ESR (𝑃 =
0.05). The pooled results showed no significant differences
between the two groups in terms of ESR (𝑃 = 0.39; MD
= −7.27mm/H; 95% CI: −24.02 to 9.48) or CRP (𝑃 = 0.62;
SMD = −0.09; 95% CI: −0.43 to 0.26). Unfortunately, none of
the included trials reported its results: ACR 20, ACR 50, or
ACR 70.

3.8. AEs. Eight trials reported outcomes for AEs. Seven trials
[26, 27, 31, 33, 34, 36, 37] reported mild to moderate gas-
trointestinal events in a few of the participants who received
TEs. Menstruation disorders or amenorrhea was reported in
six trials [26, 27, 31, 33, 36, 37] in the TE group. Three trials
[27, 33, 37] reported mild liver function abnormalities in a
few patients caused by the intake of TEs. In the trial by Chen
et al. [37], study discontinuation occurred in one patient
in each group, and another trial [36] reported that seven-
teen patients who received sulfasalazine and eight patients
who received TEs discontinued the study because of AEs
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Figure 4: Continued.



8 Evidence-Based Complementary and Alternative Medicine

Study or subgroup

3.6 ESR
Experimental

Mean MeanSD SDTotal Total
Control

Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI

Favours experimental Favours control

4.45 [−17.47, 26.37]
23.00 [10.80, 35.20]
9.50 [2.93, 16.07]

−14.98 [−23.45, −6.51]

Liu et al. 2006

Total (95% CI)

Test for overall effect: Z = 0.61 (P = 0.54) −20 −10 0 20 10

−15.78

−7.8

−37.93

24.42
23.83−15
14.08
23.1

Tan et al. 2000
Wang et al. 2006
Yang and Zhang 2007

−20.23

−38

−22.95

−17.3

25.58
30.01
17.55
24.25

10
40
45
60

10
35
45
60

19.6%
25.3%
27.9%
27.2%

155150 100.0% 5.28 [−11.62, 22.17]
Heterogeneity: 𝜏2 = 254.80; 𝜒

2
= 31.27, df = 3 (P < 0.00001); I

2
= 90%

Study or subgroup

3.7 CRP
Experimental

Mean MeanSD SDTotal Total
Control

Weight
Std. mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

Favours experimental Favours control

0.03 [−0.85, 0.90]
0.26 [−0.20, 0.71]
0.67 [0.25, 1.10]

−1.81 [−2.24, −1.38]

Liu et al. 2006

Total (95% CI)

Test for overall effect: Z = 0.34 (P = 0.73) −2 −1 0 1 2

−9.62

1.8

−3.29

4.41
22.47−14
4.49
0.97

Tan et al. 2000
Wang et al. 2006
Yang and Zhang 2007

−9.74

−20.7

−1.25

−1.7

4.28
28.43
5.72
1.25

10
40
45
60

10
35
45
60

23.3%
25.5%
25.6%
25.6%

155150 100.0% −0.22 [−1.47, 1.03]
Heterogeneity: 𝜏2 = 1.54; 𝜒

2
= 74.58, df = 3 (P < 0.00001); I

2
= 96%

Figure 4: The second subgroup analyses comparing the effects of TEs with those of DMARDs. Forest plots comparing the effects of TE
treatmentwithDMARDs.Note: TEs: TwHF extracts; DMARDs: disease-modifying antirheumatic drugs; TJC: tender joint count; SJC: swollen
joint count; DMS: duration of morning stiffness; GS: grip strength; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; CRP: C-
reactive protein.

(𝑃 = 0.071). In addition, the same trial [36] reported
that two patients became pregnant while receiving TEs or
sulfasalazine, and mild prolongation of the corrected QT
interval was seen on electrocardiography in patients receiving
TEs.

4. Discussion

Although several systematic reviews and meta-analyses
regarding the efficacy of TEs in the treatment of RAhave been
conducted, these systematic reviews achieved contradictory
conclusions [40–43], which resulted from the differences of
the search strategies, selection criteria, and data extraction
and analysis, although all of these aspects have been recog-
nised to some extent in these reviews. The meta-analysis
published by Jiang et al. [43] (7 trials with 393 participants)
performed two subgroup analyses: TEs versus PBO and TEs
versus DMARDs.The systematic review published by Canter
et al. [41] reported that TEs are associated with serious
AEs, which render the risk-benefit analysis for TEs negative,
and consequently, their application is not recommended.
The most recent review, published by Cameron et al. [40]
in the Cochrane Collaboration in 2011, could not pool
its data due to differing interventions, comparisons, and
outcomes. The Cochrane review concluded that TEs can
reduce some RA symptoms; however, AEs can arise from
oral use. We included ten trials and set three subgroups to
minimize the heterogeneity, along with more new studies
which made our systematic review differ from the previous
ones.

Compared with a PBO, our results were consistent with
those of Jiang et al. [43] in terms of SJC, RF, and ESR. In
addition, TEs were found to be able to improve the DMS
and GS. Although only two studies were included in this
subgroup, the results showed that TEs were superior to PBO
in improving joint function and reducing disease activity in
RA.

Many of our results were consistent with the findings
of Jiang et al. [43] between the TE-treated group and the
DMARDs group, in terms of TJC, RF, and CRP. Unlike the
previous review by Jiang et al. [43], there were no beneficial
effects on SJC, DMS, or ESR in our review when comparing
TEswithDMARDs. Furthermore, our review showed that the
TE group had increased GS (SMD = 0.81) compared with the
DMARDs group.

As shown in Figure 5, no beneficial effects on ESR
and CRP were observed when the coadministration of TEs
and DMARDs was compared with the administration of
DMARDs alone. Although only two studies were included
in this subgroup and two results were pooled, the analysis
showed that TEs plus DMARDs had the same effects as those
of two synthetic DMARDs alone in terms of lowering disease
activity in RA. Additionally, the control groups, containing
different efficient DMARDs, might have been responsible for
the lack of intergroup differences in most of the endpoints.

The most common AEs with TEs were gastrointestinal
discomfort, menstruation disorders, and amenorrhea, and
they could be relieved with or without dose reductions. Due
to different interventions, limited data, and the low quality of
the included studies, the AEs were not ultimately combined.
Identical to the synthetic DMARDs, the toxicity of TEs
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Figure 5: The third subgroup analyses comparing the effects of the coadministration of TEs and DMARDs with the effects of DMARDs
alone. Forest plots comparing the effects of the coadministration of TEs and DMARDs with those of DMARDs alone. TEs: TwHF extracts;
DMARDs: disease-modifying antirheumatic drugs; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

requires monitoring regularly to prevent AEs. Additionally,
the doses of TEs should be controlled to avoid AEs.

However, some limitations of this meta-analysis should
be noted. First, nine of the included trials were conducted in
Chinese populations, which implies a high risk of selection
bias. This fact could have influenced the applicability of TEs
to populations of other ethnic origins. Second, most of the
studies published in Chinese were of poor quality regarding
their designs, reporting, andmethodologies. Only onemulti-
centre RCT was identified [36], which applied adequate ran-
domisation, double-blinding, and allocation concealment in
the included trials. As we know, if investigators, participants,
and outcome assessors are not blinded, knowledge of group
assignment can influence responses to an intervention [44].
Furthermore, inadequate allocation concealment resulted in
exaggerated estimates of treatment effect [45]. Third, the
limited number (from two to five) of the trials included in
each subgroup obscured the positive evidence of TEs for
RA. Fourth, the heterogeneity between the trials included in
each subgroupwas also significant, especially in the subgroup
of TEs versus DMARDs. We believe that differences in the
quality of the reports, intervention methods, doses, and
durations of treatmentwere responsible for the heterogeneity.
Different efficacy, applicability, and toxicity presented in
different synthetic DMARDs also gave rise to heterogeneity.
Finally, the most important criteria (ACR 20, ACR 50, ACR
70) were not reported in nearly any of the trials except for one
study [36]. In view of this, we should carefully explain all of
the conclusions due to the considerable methodological and
clinical variety of the studies.

5. Conclusion

In summary, TEs alone or combined with DMARDs might
not be inferior to DMARDs in the treatment of RA. Based
on their bioactivity, TEs, which function as a type of “herbal

DMARD,” appear to have the same effects as those of
synthetic DMARDs. Meanwhile, the AEs of TEs should be
assessed periodically, as with synthetic DMARDs. Consider-
ing the low methodological quality of the randomised trials,
more RCTs are needed before we can recommend TEs to
replace synthetic DMARDs or to be combined with them.
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Background. Cerebral ischemia is known to produce brain damage and related behavioural deficits, including memory deficits and
motor disorders. Evidence shows that EA significantly promotes recovery of neurological function and thus improves quality of life.
Objective. Evidence exists for the involvement of catecholamines in human neuroplasticity. A better understanding of dopaminergic
(DAergic) modulation in this process will be important.Methods. A total of 72 adult male Sprague-Dawley (SD) rats were divided
into 6 groups: normal, model, EA, spiperone group, EA + spiperone group, and pergolide. The middle cerebral artery occlusion
(MCAO) model was used in all 6 groups except the normal group. A behavioural assessment was conducted at 1, 3, 5, and 7 days
after MCAO. The percent of brain infarct area was also determined 7 days after MCAO. Tyrosine hydroxylase (TH) and growth-
associated protein 43 (GAP-43) fluorescence double labeling was performed in the striatum. Results. In this study, we found that
EA at Fengchi (GB20) acupoints resulted in marked improvements based on a behavioural assessment. Both TTC staining and
GAP-43 immunofluorescence labeling results showed that EA treatment reduced ischemia injury and promoted neuroplasticity
compared with the model group. The D2R-selective agonist, pergolide, showed similar results, but these results were reversed by
the D2R-selective antagonist, spiperone. We also found that there were more colocalization and expression of GAP-43 and TH in
the EA and pergolide groups than those in the other groups. Conclusion. These results suggest that the neuroplasticity induced by
EA was mediated by D2 autoreceptors in DAergic neurons.

1. Introduction

Cerebrovascular injury is one of the most prevalent diseases
in the world, especially in developed countries and develop-
ing countries with continuously increasing standards of liv-
ing, such as China. Stroke can be either ischemic or hem-
orrhagic, but more than 80% of stroke cases are caused by
cerebral ischemia [1].

Cerebral ischemia is known to produce brain damage and
related behavioural deficits, including memory deficits and
motor disorders. Middle cerebral artery occlusion reportedly
occurred in 10–15% of stroke patients [2]. The main areas
affected by middle artery occlusion are the cerebral cortex,

the hippocampus, and the striatum [3]. Memory and motor
deficits are associated with interruption of blood flow to these
areas [4–8].

Survivors of stroke are often affected by serious, long-
term disabilities, including paralysis and disruption of higher
cognitive functions, such as speech and memory. Some
patients may even have mental disorders, such as depressive
symptoms. Individuals with such disabilities often require
extensive long-term care by health care professionals and
family.

Due to the high and wide-ranging social impact of
cerebrovascular disease, there is great interest in researching
methods to increase the cure rate of cerebrovascular diseases,
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reduce the financial burden of both government agencies and
affected families, and improve the quality of life of ischemic
patients.

Althoughmany neuroprotective agents have been proven
to reduce infarction volume and improve neurological recov-
ery in basic research with animal stroke models, few have
shown positive effects in clinical trials [9, 10]. There is a wide
gap between current treatments and our expectations. Cur-
rently, no clinical modality has demonstrated promising effi-
cacy in terms of stroke treatment. Therefore, new strategies
should be developed to establish better preventativemeasures
and treatments for this serious disease.

Traditional Chinese medicines (TCMs) have been used
successfully for centuries to treat a wide variety of ailments
and have attracted increasing attention from industry and
academia in China [11–13].

EA is a therapy based on traditional acupuncture, com-
bined with modern electrotherapy. Acupuncture to different
brain areas is known to have beneficial effects, and EA has
been seen as an improvement on traditional acupuncture.
Evidence shows that EA significantly promotes recovery of
neurological function and thus improves quality of life [14].

Numerous studies have confirmed that acupuncture can
be beneficial to patients during convalescence from ischemic
apoplexy [15]. Animal experiments [16] have also demon-
strated that acupuncture can accelerate the restoration of
function and help heal the cerebral tissue lesion during cere-
bral ischemia-reperfusion.Dopamine plays an important role
in this process.

Some key concepts for developing effective rehabilitation
interventions are the heterogeneity of mechanisms underly-
ing stroke as well as the plastic processes leading to recovery
of function after neuronal injury.

DAergic neurons are subject to modulation by a variety
of factors. Some of the factors involved in intrinsic regulation
of central DA neurotransmission during physical activity
include TH, D1, and D2 receptors.

Evidence exists for the participation of catecholamines in
human neuroplasticity. Regional discrepancies observed in
the action of dopamine on synaptic plasticity [17] could be
explained by differences in dopamine content and dopamine
receptor subtype distribution, resulting in differences in the
level of dopamine receptor activation during LTP or LTD
induction.

Dopamineneurons are important for neuroplasticity after
ischemia. Electroacupuncture (EA) significantly promotes
recovery of neurological function. Previous studies have
shown that dopamine D2 receptor plays a importance role
in the induction of neuroplasticity. The recovery of neuro-
logical function is interrelated and inextricably linked with
neuroplasticity. Given the recovery of EA and the importance
of the dopamine system in neuroplasticity after ischemia, we
hypothesized that DopamineD2 receptormay play an impor-
tant role in the neuroprotection induced by EA. To reflect
the progression of the disease and recovery, the behavioural
observations should be combinedwith histopathology. A bet-
ter understanding of DAergic modulation will be important
for understanding neuroplastic processes after ischemia.
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Figure 1: Experimental procedure. Normal group: behavioural
assessment, but noMCAO.Theother group: behavioural assessment
and MCAO. EA, pergolide, or spiperone treatment was given each
day after MCAO.

2. Materials and Methods

2.1. Animals. A total of 72 adult male Sprague-Dawley (SD)
rats (8-9wks of age, 300 ± 20 g, Shanghai Laboratory Animal
Center, Chinese Academy of Sciences, Shanghai, China) were
raised in groups of 4–6 per cage under controlled conditions
(23 ± 1∘C, 50% ± 10% relative humidity, 12/12 hr alternate
light/dark cycles, and food and water ad libitum) for at least 1
week before the experiments. All animals were handled with
care to prevent infection and minimize stress.

The experimental protocols were approved by the Insti-
tutional Animal Care and Use Committee. The minimum
number of animals and duration of observations required to
obtain reliable data were used.

2.2. Environmental Adaptation and Grouping. Based on a
random number table, the rats were divided into 6 groups:
normal, model, EA, spiperone group, EA + spiperone group,
and pergolide group, with 12 rats in each group. The middle
cerebral artery occlusion (MCAO) model was established in
all 6 groups except the normal group. The D2R antagonist,
spiperone, was delivered by peritoneal injection in the D2R
antagonist group and the EA + spiperone group once a day
for 7 days.The D2R agonist, pergolide, was delivered by peri-
toneal injection in the pergolide group once a day for 7 days.
EA was applied once a day for 7 days in the EA group and the
EA + spiperone group. In this study, the doses of spiperone
and pergolide were selected based on our pilot study and ear-
lier reports. Behavioural assessments were conducted 1, 3, 5,
and 7 days afterMCAO.The brain infarct area was also deter-
mined 7 days after MCAO. The schedule for drug treatment,
surgery, and behavioural testing is shown in Figure 1.

2.3. Reagents. 10% chloral hydrate; gentamycin sulfate injec-
tion; 1% heparin sodium solution; D2R agonist pergolide
(P8828, Sigma, America); D2R antagonist spiperone (108587,
Sigma, America); GAP-43 antibody (G9264, Sigma, Amer-
ica); TH antibody (ab6211, Abcam, America).

2.4. Instruments. SD-78 bipolar coagulator; G6805-2 elec-
troacupuncture instrument (Shanghai Huayi Medical Instru-
ment Factory); YP1201N electronic balance (Shanghai Pre-
cision Scientific and Balance Instrument Factory); 40-90-8C
rat temperature control pad (Frederick Haer, America); acu-
puncture needles (0.25mm in diameter and 13mm in length,
Suzhou Acupuncture Supplies Factory).
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2.5. Induction of the MCAO Rat Model. Plug lines were
prepared with 3.0 cm nylon monofilament (4-0) suture (DG,
America).The tips were rounded by heating near a flame and
then washed with normal saline and placed in tubes filled
with heparin sodium 1% solution.

The rat model of middle cerebral artery ischemia-reper-
fusion was established according to the literature [1]. Briefly,
rats were anesthetized with chloral hydrate (400mg/kg, i.p.).
The right common carotid artery (CCA) and internal carotid
artery (ICA) were exposed via a midline incision in the neck.
The pterygopalatine artery was ligated close to its origin. The
nylon filament suture was advanced from the right external
carotid artery, through the CCA and up to the ICA for a
distance of 18 ± 0.5mm to block the origin of themiddle cere-
bral artery (MCA), until a mild resistance was felt. The right
MCAwas occluded for 90min. After that, cerebral blood flow
(CBF) was restored by withdrawal of the nylon thread. The
rectal temperature wasmaintained at 37∘C–37.5∘Cduring and
after surgery. The sham group underwent the same surgical
procedure without insertion of the nylon thread [18, 19].

2.6. Behavioural Assessment. Researchers and an assistant
who was not involved in this experiment scored the neuro-
logical deficits.

2.6.1. Index of Neurological Deficits Test. Neural function
defect score (NFDS) standard [3]: rats show no asymmetric
activity, 0 points; rats are unable to stretch the left forelimb
when the tail is lifted, 1 point; the left forelimb could not
straightly downwards accompanied by the abduction of the
left shoulder, 2 points; left forelimb is close to the chest wall, 3
points; rats turn left in free activities, 4 points; accompanied
by obvious left-front paw pushing back, 5 points; rats can only
rotate around the origin to the left, 6 points; limbs cannot
support the body weight on the left side, and the rats can only
lie on the left side, 7 points.

2.6.2. Balance Beam Test (BBT). Rats were placed on a
wooden bar of 300mm × 25mm. Rats can maintain balance
with four feet and walk across the wooden bar, 0 point; rats
can’t walk across the wooden bar, but can maintain balance
with four feet, 1 point; rat’s claws grip the side of the wooden
bar or rat’s body shakes on the bar, 2 points; one limb slips
from the bar, 3 points; two limbs slip from the bar, 4 points;
rats try to keep their balance but slip, 5 points; rats fail to keep
their balance, hang on the bar and fall down, 6 points; rats fall
down directly without trying to keep their balance, 7 points
[20].

2.6.3. Limb Placement Test. In this study, sensorimotor inte-
gration was evaluated over a 7-day period by an investigator
blind to the rats’ treatment regimen. In the forelimb place-
ment test (FPT), animals were held gently by the torso and
moved slowly toward a table top until the dorsal forepaw
surface barely touched the edge. Normal animals rapidly
place their forelimb on the table top. Performance was scored
between 0 (normal) and 10 (maximal impairment). Similarly,
the hindlimb placing test (HPT) evaluated the animal’s ability

to place the hindpaw on a table in response to light stimula-
tion and was scored on a 0–6 scale [20, 21].

2.7. EA Intervention Scheme. The location of the rat Fengchi
(GB 20) is similar to that in the human body under the occip-
ital bone in the hollow between the trapezius and sternoclei-
domastoid muscles. Two stainless steel needles were perpen-
dicularly inserted 8mm into the Fengchi (GB 20) and con-
nected to the EA instrument.The parameters were as follows:
frequency of 2Hz, continuous wave, and current intensity of
3.0mA (oscilloscope detection), with mild jittering of the rat
auricle.The EA lasted for 20min, was stopped for 10min, and
then resumed for another 20min.

2.8. Infarct Area Assessment. Following neurological func-
tion evaluation, 6 rats in each group were deeply anesthetized
by an intraperitoneal dose of 400mg/kg chloral hydrate and
then decapitated. Each brain was removed and sliced in 2mm
sections using a rodent brain matrix slicer (RBM-4000C; ASI
Instruments, Warren, MI, USA). Sections were stained with
2,3,5-triphenyltetrazolium chloride (TTC) (Nanjing Green
Synthesis Biochemical Co., Ltd., Nanjing, Jiangsu, China).
The percent of infarct area of the entire brain represented
the degree of cerebral infarction. Serial coronal sections were
prepared and soaked in 2% TTC phosphate buffer at 37∘C for
10minutes in the dark. Normal brain tissues were stained red,
while infarct tissues were not stained (white). The sections
were soaked in 4% paraformaldehyde phosphate buffer for
30 minutes, arranged in order, and scanned. Areas of red and
white stainingweremeasured using a computer colourmulti-
media image analysis system (Image J 1.46R, NIH, USA).The
percent of infarction is given by the equation: %infarct area =
infarct area/total area of slice × 100 [22].

2.9. Double Immunofluorescent Labeling. Following anaes-
thesia with chloral hydrate (60mg/kg body weight), 6 rats
in each group were transcardially perfused with fixative
containing 4% paraformaldehyde in 0.1M phosphate buffer
(pH 7.3).The brainswere removed and stored overnight in the
same fixative.Theywere infiltrated with 30% sucrose solution
and kept at 4∘C. The specimens were rapidly frozen and
sectioned with a vibratome (30 𝜇m sections) on a cryostat. In
order to examine the relation between TH andGAP-43 in the
striatum, fluorescence double labeling was performed. After
washing in PBS (pH 7.3), striatal sections were incubated for
30min at room temperature in 10% goat serum diluted in
PBS.They were then incubated for 48 h at 4∘Cwith a mixture
of antisera against TH and GAP-43 diluted 1 : 1000 and 1 : 100
in PBS, respectively. After washing in PBS, they were incu-
bated for 1 h at room temperature with a mixture of pig anti-
sera against IgG of mouse antisera conjugated to Cy3 diluted
1 : 100 and goat antisera against IgG of rabbit antisera conju-
gated to fluorescein isothiocyanate (FITC) diluted 1 : 100 in
PBS. DAPI was used as an additional nuclear counterstain.
The sections were mounted on glass slides. Image analysis of
the double immunofluorescent labeling was performed by a
SP5-AOBS confocal laser-scanningmicroscope (LeicaMicro-
systems, Mannheim, Germany) through a 20 × 0.5 NA air
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Figure 2: NFDS changes in all groups except the normal group 1,
3, 5, and 7 days after MCAO. The columns represent the normal,
model, EA, pergolide, spiperone, and EA + spiperone groups,
respectively.The score for the normal group on each day was 0 (data
not shown), Δ𝑃 < 0.05 versus model group at the same time point.

objective and a 40 × 1.2 NA oil-immersion objective, using
laser excitation at 488 and 561 nm. Images were assembled
into montages with Image J software (NIH; http://rsb.info
.nih.gov/ij/) and Adobe Photoshop 7.0 (Adobe Systems,
Mountain View, CA, USA). The size distribution of positive
cell profiles was determined using NIH Image software. The
somas of neurons of interest were outlined manually, and
their sizes were determined.Only neuronswith a distinguish-
able nucleus in the section were counted [23, 24].

2.10. Statistical Analysis. Data are expressed as mean ±
SD. Data from all groups were compared using a one-
way ANOVA followed by post hoc analysis for significance
with the Student-Newman-Keulsmultiple comparison test. A
probability value of less than 0.05 was considered statistically
significant.

3. Results

3.1. Behavioural Assessment. All 72 rats were included in the
results analysis, without any animals being lost in the course
of the experiment. NFDS and BBT scoresmay reflect the neu-
rological deficit and the impaired balancing ability in rat brain
function. Before MCAO, the NFDS and BBT scores for all
groups were 0. In the experiment, we observed that the neu-
rological deficit was aggravated after MCAO. The situation
was stable until 24 h after reperfusion. NFDS and BBT scores
taken 1, 3, 5, and 7 days after reperfusion are shown in Fig-
ures 2 and 3. There were significant differences in NFDS and
balance beam test scores before and after MCAO (𝑃 < 0.05).
After the EA and pergolide interventions, the NFDS and BBT
scores in the EA group and the pergolide group had improved
more significantly than those in the model group (𝑃 < 0.05).
The NFDS and BBT scores in the spiperone group had wors-
ened 3 days after reperfusion and were significantly different
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Figure 3: BBT score changes for all groups except the normal group
1, 3, 5, and 7 days after MCAO. The score for the normal group on
each day was 0 (data not shown). Δ𝑃 < 0.05 versus model group at
the same time-point.
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Figure 4: FPT score changes in all groups except the normal group
1, 3, 5, and 7 days after MCAO. The score for the normal group on
each day was 0 (data not shown). Δ𝑃 < 0.05 versus model group at
the same time-point.

from themodel group.TheNFDS and BBT scores in the EA +
spiperone group had noticeably improved compared with
those in the spiperone only group. (Figures 2 and 3).

FPT andHPT score changes appear similar to the changes
in NFDS and BBT at 1, 3, 5, and 7 days after modeling. The
FPT andHPT scores were both 0 in the normal group on each
day.The neurological deficit was aggravated after MCAO. EA
and pergolide improved the score compared with the model
group (𝑃 < 0.05). The spiperone group showed decreased
FPT and HPT scores 3 days after reperfusion; however, these
scores noticeably improved in the EA + spiperone group.
(Figures 4 and 5).

3.2. TTC Staining. TTC staining may reflect the neurological
deficit in the rat brain. There were significant differences in
lesion area between rats in the normal andmodel groups (𝑃 <
0.05). After interventions with EA and pergolide, the lesion
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Figure 5: HPT score changes in all groups except the normal group
1, 3, 5, and 7 days after MCAO. The score for the normal group on
each day was 0 (data not shown). Δ𝑃 < 0.05 versus model group at
the same time-point.

Table 1: Percent lesion area in the contralateral hemisphere (𝑋±SD)
(𝑛 = 6).

Group Lesion area, %
Normal 0

Model 35.7 ± 9.1

EA 20.1 ± 5.2

Pergolide 21.1 ± 6.1

Spiperone 35.9 ± 8.4

EA + spiperone 30.2 ± 6.3

area in the EA and the pergolide groups was reduced notice-
ably compared with the model group (𝑃 < 0.05). The area of
the lesion in the spiperone group had worsened and showed
no significant difference from themodel group. In the spiper-
one and EA group, the area of the lesion was reduced, but no
significant difference was found when compared with the
spiperone group (Table 1 and Figures 6 and 7).

3.3. Double Immunofluorescent Labeling (GAP-43 and TH
Immunocolocalization). As shown in Figure 8, colocalization
experiments indicated that TH-positive cells (green) and
GAP-43-positive cells (red)were colocalized in someneurons
of the striatum. The double immunostaining revealed that
only a third of TH-positive cells produced GAP-43, meaning
that the colocalization was only partial. EA and pergolide
led to increased GAP-43 expression in DAergic neurons 7
days after the onset of ischemia compared with the model
group (𝑃 < 0.05) (data not shown) (Figure 8, resp.). There
was no variation between the two groups of animals (data
not shown). The colocalization of both GAP-43 and TH
decreased in the spiperone group compared to the EA and
pergolide groups (𝑃 < 0.05). Indeed, no GAP-43/TH double-
labeled cells were observable in the spiperone group. Such an
effect could be partly reversed by EA. No significant differ-
ences in co-localizationwere found between themodel group
and the EA + spiperone group (𝑃 > 0.05).
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Figure 6: Percent lesion area in the contralateral hemisphere (𝑋 ±
SD) (𝑛 = 6).The percent lesion area in the normal group was 0 (data
not shown). Δ𝑃 < 0.05 versus model group at the same time-point.

Photomicrographs show neurons in the rat striatum after
double labeling with TH antiserum (shown in green) and
GAP-43 antiserum (shown in red) of normal Figures 8(a)–
8(c), model Figures 8(d)–8(f), EA Figures 8(g)–8(i), per-
golide Figures 8(j)–8(l), spiperone Figures 8(m)–8(o), andEA
+ spiperone groups Figures 8(p)–8(r). The immunoreactivity
of TH andGAP-43 decreased after spiperone treatment while
EA or pergolide treatment increased the immunoreactivity
of these neurons. There was colocalization of TH and GAP-
43 (yellow) in some neurons in the model Figure 8(f),
EA Figure 8(i), pergolide Figure 8(l), and EA + spiperone
Figure 8(r) groups. Scale bar is 30 𝜇m.

4. Discussion

Although two systematic reviews have indicated that there is
no enough evidence to support the claim that acupuncture
has a positive effect on functional recovery after stroke
[15, 25], certain clinical studies have revealed that acupunc-
ture may be an effective therapy for ischemic stroke [26].
Many recent clinical trials have verified that acupuncture
can improve balance function [27] and spastic states [28]
in stroke patients reduce muscle spasticity, and improve
motor function in chronic stroke survivors with moderate
or severe muscle spasticity [29]. Lewith et al. [30] sys-
tematically researched and reviewed the literature, looking
at how acupuncture affects brain activation as measured
by functional magnetic resonance imaging and positron
emission tomography, and found that specific and largely
predictable areas of brain activation and deactivation occur
when traditional Chinese acupuncture is applied to certain
specific acupuncture points. In addition, 46% of stroke
survivors in the United States use some form of complemen-
tary and alternative medicine (CAM) therapy. Acupuncture
was the most frequently used CAM therapy in stroke sur-
vivors [31]. However, the beneficial effects of acupuncture
in stroke patients required more high-quality evidence [32].
Integrated with electrotherapy, EA is conducted by insert-
ing acupuncture needles into acupoints and then changing
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(a) (b) (c) (d) (e) (f)

Figure 7: Effect of EA, pergolide, and spiperone on brain infarct area. Brain infarct area was determined using TTC staining. (a) Normal, (b)
model, (c) EA, (d) pergolide, (e) spiperone, (f) EA + spiperone. Sections are arranged from rostral (top) to caudal (bottom).

electrical stimulation parameters, including the stimulation
frequency, current intensity, pulse width, and pulse inter-
val. Thus, EA not only inherits the benefits of traditional
acupuncture but also combines the physiological effects of
electric stimulation [33].

A large number of animal studies have shown that EA can
reduce neural apoptosis, promote cell proliferation, increase
cerebral blood flow (CBF), and improve neurological func-
tion after stroke [34–36].These results provide some evidence
for further translational studies.

Recent evidence suggests that nitric oxide, serotonin,
catecholamines, and amino acids such as glutamate and 𝛾-
aminobutyric acid (GABA) are mediators of the neurobio-
logical effects of acupuncture, but at present their role is still
poorly understood. Therefore, acquiring further informa-
tion about the neurobiological mechanisms of acupuncture
should be the aim of research in the future [19].

There have often been discrepancies between neuropro-
tective drug studies in animals and clinical studies in humans.
Many drugs appear to work in animal experiments but fail in
clinical studies. In preclinical studies, determination of neu-
roprotection has relied heavily on assessment of infarct vol-
ume (instead of functional outcomes), short-term (instead of
long-term) end points, short (instead of extended) time win-
dows for drug administration, and protection of cerebral gray
matter (instead of both gray and white matter). Current
methodologies have been reevaluated. New concepts in
ischemic pathophysiology should encourage researchers to
think beyond the hyperacute phase of ischemia and consider
multiagent therapies that exploit the brain’s capacity for neu-
roplasticity and repair [37]. The reorganization of functional

areas after ischemia andmethods for assessing the restoration
of function should compensate for the above shortcomings.

Functional restoration after a stroke relies on neuroplas-
ticity, and neuroscience research has increasingly focused on
studying this neuroplasticity [38]. Neuroplasticity has been
defined as the ability of neurons and circuits to modify
(1) their functional activity (short- or long-term potentia-
tion/depression) and/or (2) their synaptic organization in
accordance with variations in activity [39, 40]. Neuroplastic-
ity is present at all points in an individual’s lifespan: devel-
opment, adulthood, after injury, during memory formation
and/or learning, and so forth.

Even though neuroplasticity is especially intense and
a key process during development, it is still present and
necessary in adulthood [41].Themaintenance of neuroplastic
activities is also necessary for nerve recovery after damage,
such as stroke [42].

Behavioural examinations are the main means to deter-
mine early neuronal death after cerebral ischemic injury and
are also a way to evaluate the restoration of neurological func-
tion caused by neuroplasticity. Since Longa et al. [43] devel-
oped their criteria for the evaluation of neurological deficits
caused by cerebral ischemia in animals, this neurological
deficit score has improved greatly and is now broadly applied
to estimate the curative effects of diverse treatments on many
kinds of animals [44]. Our research showed a rapid decline
in rat behavioural scores after MCAO. BBT and NFDS scores
were significantly improved after interventions with EA and
D2R agonists, which indicate that these compounds promote
recovery of neurological function after cerebral ischemic
injury. FPT and HPT score changes appeared similar to the
NFDS and BBT score changes seen 1, 3, 5, and 7 days after
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modeling. Spiperone decreased the FPT and HPT scores at 3
days after reperfusion. FPT and HPT scores were improved
with spiperone and EA. EA has been shown to promote the
expression of neurotrophic factors [15], effectively improve
functional neural impairment, and promote brain plasticity.
Studies have shown that D1R can enhance excitotoxicity and
increase nerve damage [4].

It is necessary to combine behavioural observations with
histopathology in order to reflect the progression of the
disease and treatment more objectively. The results of TTC
staining suggested that EA and D2R agonists could decrease
the infarct area. Furthermore,D2R antagonists could increase
the infarct area. The infarct area of each group with MCAO
should be similar, but in fact, therewas a significant difference
between the EA group and the model group, similar to the
difference seen between the pergolide group and the model
group. These results suggest that EA and pergolide might
save the ischemic penumbra and decrease the infarct volume
through reducing or stopping the secondary injury after cere-
bral ischemia and reperfusion. On the contrary, spiperone
aggravated the secondary injury. EA was able to partially
reduce the injurious effects of spiperone. Our results indicate
that D2R plays an important role in the injury-reducing effect
of EA treatment for ischemia and reperfusion.

In addition to reducing injury after ischemia, DAergic
neurons are important for neuroplasticity after ischemia.
Research has shown that endogenous DA plays a physiolog-
ical role through DR and TH. Dopamine receptors are clas-
sified into two categories: D1-like and D2-like. D1 receptors
function primarily as postsynaptic heteroreceptors on non-
DAergic neurons. In contrast, D2 receptors have dual roles in
DA neurotransmission as autoreceptors and postsynaptic
receptors [45].

A better understanding of DAergic neuroplasticity mod-
ulationwill be important for understanding the rehabilitation
processes, not only in animals but also in humans. Evidence
exists for the participation of catecholamines in human plas-
ticity. As previously shown, amphetamine (a catecholamine
reuptake blocker) stabilizes use-dependent motor cortex
plasticity, accelerates recovery of motor function in stroke
patients, and improves learning and consolidation of verbal
material [46–48]. Recent work has demonstrated that appli-
cation of a single dose of levodopa significantly improves the
formation of amotormemory in healthy subjects as well as in
chronic stroke patients [49].

There is agreement that dopamine increases NMDA cur-
rents through D1 receptors [50]. Both D1 and NMDA recep-
tors were suggested to contribute to the mechanisms of LTP
by inducing the accumulation of cAMP and the activation of
PKA [51].

The importance of D2 receptors for the induction of
neuroplasticity has been described in animal experiments
[52]. Moreover, it was demonstrated that D2 receptors deter-
mine the direction of neuroplastic changes in the striatum of
mice [53]. In healthy humans, the D2 antagonist, SULP, and
the predominant D2 antagonist, haloperidol, [54] impaired
learning. This adds further behavioural evidence to the
importance of D2 receptors for neuroplasticity in humans.

To further evaluate the role of DAergic neurons in neu-
roplasticity, cellular localization of GAP-43 formation was
assessed in DAergic neurons by double immunostaining
experiments (immunohistofluorescence for TH andGAP-43)
performed after 7 days of ischemia. According to previous
research, tyrosine hydroxylase was widely accepted as the
marker of DAergic neurons [55]. GAP-43 is a calmodulin-
binding phosphoprotein found in growing axons and growth
cones of developing neurons and also in regenerating axons.
The expression of GAP-43 might indicate the existence of
a regeneration or neuroplasticity process, such as long-term
potentiation. GAP-43 is considered a useful marker of devel-
oping neural connections and neuroplasticity or regenerating
nerve fibres [56].

EA and pergolide led to an increase inGAP-43 expression
in DAergic neurons. Spiperone decreased the co-localization
of both. This effect of spiperone could be partly reversed by
EA.The results of this study are additional evidence for a plas-
ticity-enhancing effect of D2 receptor activity after ischemia
and favour the hypothesis that for rehabilitation after stroke,
DAergic treatment could enhance plastic reorganization of
cortical areas. Indeed, some studies report a beneficial effect
of DAergic medication, when combined with motor learning
paradigms or physiotherapeutic rehabilitation after stroke
[57].

Previous research has shown that transcranial direct cur-
rent stimulation (tDCS) leads to modulation of cortical net-
work plasticity by application of weak direct currents through
the surface of the scalp. DA is necessary to induce this kind of
neuroplasticity and it also strengthens and consolidates it
[51, 57]. The EA treatment used in our research applied weak
direct currents to acupoints near the scalp and produced a
similar result. Moreover, our results indicate that the neuro-
plasticity induced by EA is mediated by a D2 autoreceptor in
DAergic neurons.

In conclusion, the present findings imply that DAergic
neurons play an important role in the induction of neuroplas-
tic changes after ischemia, through a D2-like receptor, and
that this receptor plays an important role in EA treatment for
ischemia. Although important progress has beenmade in the
comprehension of DAergic neuron function, the identifica-
tion of the neuroplastic mechanisms of DAergic neurons in
the CNS is a prerequisite in determining future research and
rehabilitation strategies. A targeted protection of DAergic
neurons could represent a novel and exciting approach to
potentiate poststroke neuroregenerative responses [37].
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Acupuncture is an effective, safe and convenient therapy that has been applied for 2,500 years. The acupuncture researches
have obtained significant improvement with the technical support of the life sciences and the studies of acupuncture have in
turn accelerated the development of biomedical science. The effects of acupuncture influence important physiopathologic and
biological activities, including gene expression, protein-protein interactions, and other biological processes. Cerebrospinal fluid,
serum, organs, and tissues are reported to be carriers of the biomolecules of the effects of acupuncture. The paper summarized the
progress of acupuncture effective biomolecules researches and found that biomolecules play important roles in the mechanism of
acupuncture. With the development of omics technologies and translational medicine, the acupuncture research will meet both
opportunities and challenges.

1. Introduction

Acupuncture is one of the key components of traditional Chi-
nesemedicine involving the insertion of solid filiformneedles
into the skin at specific points on the body to achieve ther-
apeutic effects, acupuncture is considered to be the ancient
Chinese art of healing [1, 2]. Using ancient scientific princi-
ples, acupuncture treats illnesses by bringing a person’s body
into harmony and regulating the balance of yin and yang.
Since the Warring States period (475 BC–221 BC), acupunc-
ture has been utilized for more than 2,500 years in China [3].
This technique spread throughout the Far East and Europe,
then to America during the 19th century [4].

There have been two waves of development of acupunc-
ture research since 1950s [5], when acupuncture was used as a
technique to induce analgesic effect in the place of anesthetics
during surgical procedures. The first wave was started in the
late 1950s [6]. The Chinese government began to invest in
research on acupuncture, and this nonconventional practice
raised the interest of not only medical professionals over the
world, but also basic researchers who would like to explore
the possible mechanisms. What really launched acupuncture
in the West, however, was a report in the New York Times in

1971 [7].The report inspired a rush of Americanmedical doc-
tors to China to investigate acupuncture analgesia.There was
a marked increase in acupuncture research in the 1990s. In
terms of the increase in the number of SCI-Expanded journal
papers, acupuncture literature can be divided into two phases.
The first phase dated from 1973 to 1997, and during these
years, the number of articles fluctuated to plateau at an
average of 85 papers per year.Thenumber of articles showed a
dramatic 40% increase in 1998 and continued to increase [5].
This growthmight be encouraged by two events.The first one
was the “NIH Consensus Development Conference on Acu-
puncture” held in 1997 in Bethesda, MD. The second event
was that the National Center for Complementary and Alter-
native Medicine (NCCAM) was inaugurated under the USA
NIH in 1998 [5].

In recent years, the researches of Chinese medicine, spe-
cifically acupuncture, have shown significant improvement
with technical supports of the life sciences. Simultaneously
studies in acupuncture have in turn accelerated the develop-
ment of medicine as well as understanding of biomedical sci-
ence. For example, the achievements of fifty years of acupunc-
ture anesthesia research and application have enriched the
gate control theory of pain and clarified the underlying
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mechanism of endorphin release. In the last half of century
scientific research on acupuncture, coupled with advances in
knowledge about pain control mechanisms, has yielded facts
sufficient to develop acupuncture analgesia [8].The principle
research has been developing for nearly half century, during
which acupuncture anesthesia has played an important role
and made remarkable contribution to research hypotheses
and methods. The research of acupuncture is not only a
method but also the source of the development of concept,
cognition, and methodology. A systematic review outlining
50 years of principal research of acupuncture in China and
summarizing the basic regulation and characteristics of acu-
puncture may play a guiding role in the future development
of this discipline.

Biological systems are composed of two factors of infor-
mation: genes and networks of regulatory interactions. This
information is hierarchical in nature: DNA → mRNA →
protein → protein interactions → informational pathways
→ informational networks → cells → tissues or networks of
cells → an organism → populations → ecologies [9]. Other
macromolecules and smallmolecules also participate in these
information hierarchies [9]. The effects of acupuncture are
through the influences on physiological and pathological
processes after the stimulation on acupoints. The research
on biomolecules of acupuncture goes a long way towards
explaining the biological processes from gene expression and
protein functional expression as well as the information reac-
tion sequence and rule of protein interaction.

The acupuncture effective biomolecules are biological
molecules which have similar acupuncture effect and were
produced by a living organism response to acupuncture,
including macromolecules and small molecules, such as pro-
teins, polysaccharides, lipids, nucleic acids, and primary and
secondary metabolites. It is reported that the cerebrospinal
fluid, serum, organs, and tissues of the acupoint are the carri-
ers of biomolecules of acupuncture effects, which contain var-
ious acupuncture effective biomolecules and have acupunc-
ture-like effect added into experimental system in vivo or in
vitro.This review aims to summarize the progress of acupunc-
ture effective biomolecules researches, which provides clues
and guides for the acupuncture development.

2. Acupuncture Effective Biomolecules in
the Cerebrospinal Fluid

The effect of acupuncture analgesia for surgery is based on
chemical mediations. The transfer of the cerebrospinal fluid
(CSF) of rabbit under acupuncture analgesia to the third ven-
tricle of a naive recipient animal produced an analgesic effect
in the second rabbit. The results showed that transmitters in
the CSF were responsible for the analgesic effect [10]. Li et al.
showed that the classical neurotransmitter serotonin was an
important mediator of acupuncture analgesia [11]. Han et al.
[12, 13] used the antibody injection technique to show that
enkephalins and beta-endorphin are mediators for acupunc-
ture analgesia in the brain. Dynorphins were effective in the
spinal cord but not in the brain [14]. Important correlations
of the endorphins in acupuncture analgesia hypothesis were

found in the report of Sjolund et al. [15], which showed that
endorphins were increased in the CSF after electroacupunc-
ture stimulation.

Different frequencies of stimulation can affect the release
of different neuropeptides. Han et al. [16] showed with serial
samples of CSF from human volunteers that different types of
neuropeptides can be released in the CNS by simply changing
the frequency of electrical stimulation without moving the
position of the needle. Low frequency (2Hz) electroacupunc-
ture increases the content of beta-endorphin and met-
enkephalin in the CSF, whereas high frequency (100Hz)
accelerated the release of dynorphin. This scientific evidence
of frequency-specific effects that are wide spread throughout
the CNSwas different from the symptom-specificmetaphysi-
cal theories of specific acupoint needle stimulation. However,
stimulation of different points representing different neuroto-
mes can also produce action on those body structures inner-
vated by the neurotomes.

The above-mentioned work was the milestone of acu-
puncture research.TheNational Institute ofHealth consensus
conference in 1997 recognized acupuncture (and by extension
Traditional Chinese Medicine) as a legitimate branch of
scientific medicine. Acupuncture has received an enormous
boost in the last few years and seems destined to be accepted
and incorporated into Western medicine. Research on acu-
puncture analgesia has shown a substantial basis for acupunc-
ture and promoted the development of neurophysiology.

3. Acupuncture Effective Biomolecules
in Serum

Serum includes all of the proteins not used in blood clotting
(coagulation) and all the electrolytes, antibodies, antigens,
hormones, and any exogenous substances (e.g., drugs and
microorganisms). The serum of an animal is used to provide
immunity to a pathogen or toxin by inoculation or as a diag-
nostic agent [17]. With biological activity, as carrier of acu-
puncture effective components, serum has received a great
deal of attention during the past twenty years in China.

In the regular experiment, serumwas considered to be an
ordinary sample. However, serumwas now recognized as car-
rier of acupuncture effective biomolecules. Regardless of the
source of human or animal, sera that prior to or after acu-
puncture treatment were added into an in vitro reaction
system as an effect substance.Through contacting with target
objectives biomolecules of acupuncture effects, serum effects
can be observed to evaluate the function of acupuncture and
moxibustion [18].The acupuncture effect is closely associated
with the induced specific proteins by acupuncture and mox-
ibustion.This will become an epoch-making discovery when
“the needling or moxibustion can induce specific proteins”
and can be proved as a universal phenomenon [18].

Serum after acupuncture (SA) shows biological activity
similar to acupuncture in vivo and in vitro. In the in vivo
experimental system, the SA was injected into an experi-
mental animal. After the intravenous injection of SA, SA can
decreased the eosinophil counts in the peripheral blood [19].
To observe the SA effects on a cell in vitro, a cell was cultured
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within a culture media containing SA. A different research
work showed that SA can reduce the number of osteoclasts
in vitro [20], decrease the Ca2+ level in cultured myocardial
cells [21], decrease the Ca2+ level in cultured cells of the
cerebral cortex [22, 23], and promote the growth of a tumor-
infiltration lymphocyte both in the aspects of proliferation
and phenotypes [24].

The research on SA in vivo and in vitro provides direct
evidence of biomolecules in SA. The acupuncture serum
samples were separated by gel filtration into three segments
according to molecular weight [25], and each segments could
decreased the eosinophil counts in the peripheral blood. The
effective components of acupuncture serum from asthmatic
rats treated by acupuncture for eosinophils were not single
component, and acupuncture stimulationmay producemany
types of components of antiasthma [19]. In further research,
two-dimensional protein electrophoresis was employed to
analyze the differential proteins in the serumwith antiasthma
activity of acupuncture, and differential proteins such as
cyclophilin A and zinc finger protein 91 were identified with
mass spectrometry. There were multitarget effects regulating
the whole body in acupuncture treating asthma relating to
immunoregulation, gene expression, and proteins synthesiza-
tion. The effects of acupuncture on the response of proteins
warrant further research [26, 27].

4. Acupuncture Effective Biomolecules
in Organs

Clinical observation and principal research on acupuncture
focus on the adjustment of the zang-fu organ and have shown
that the adjustment by acupuncture relied largely on the neu-
roendocrine-immune network, which also provide new evi-
dences for the acupuncture effective components in different
organs.

Four SAGE libraries of the lungs of the control rats (CK),
asthmatic rats (AS), asthmatic rats treated by acupuncture
(ASAC), and control rats treated by acupuncture (CKAC)
were established and bioinformatics analyses were con-
ducted.The study found that the gene expression profile of the
AS and ASAC was more similar than that of the other groups
by the hierarchical dendrogram; 21 specific genes regulated by
acupuncture in the asthmaticmodel, such as the S100 calcium
binding protein A9 (S100A9), metallothionein-2 (MT-2), and
the dual specificity protein phosphatase 1 (Dusp1) were found
by Venn graph; three key gene categories, such as “immune
response,” “response to steroid hormone stimulus,” and
“homeostatic process,” were closely associated with acupunc-
ture treatment for asthma via DAVID functional analysis;
DAG analysis suggested that acupuncture was a biological
process which regulated the genesis of endocorticosteroids
and inhibited immune response in asthma treatment; the
KEGG pathways indicated that the genesis and regulation of
the hormone and immune response were involved in acu-
puncture treatment for asthma [28]. Using two-dimensional
gel electrophoresis (2DE) andmass spectrometry, pulmonary
proteins such as S100A8, S100A11, and the Clara cell 10-kDa
protein (CC10) were found, which could be used to identify

new drug candidates for the prophylaxis and treatment of
asthma [29].

Several key effective molecules of acupuncture were
selected for validation of their function. As a member of the
S100 family, the S100A9 protein, which originate from lung,
elicits dose-dependent antiasthmatic effects and may provide
further insight into the treatment of asthma [30]. The CC10
protein that is secreted by the nonciliated, nonmucous, sec-
retary epithelial Clara cells of the pulmonary airways showed
that it could inhibit the proliferation of airway smoothmuscle
cells andmigration induced by platelet-derived growth factor
(PDGF), and this suppressive effect might be associated with
the inhibition of cyclin D1 expression [31].

Pulmonary functions changes were closely related to the
rectal resting pressure in the rat model of asthma and consti-
pation, and the lung homogenate could significantly contract
the large intestine muscle strip [32]. This relationship could
be effectively regulated by acupuncture, and the phenomenon
suggested that there were effective biomolecules in the lung
homogenate.

5. Acupuncture Effective Biomolecules in
Acupoints Tissues

Researchers have investigated the specific structure of the
acupoint tissues, but there has been limited progress without
convincing results. In the last 20 years, research on the local
molecular mechanism of acupuncture has progressed gradu-
ally. Preliminary research suggested that histamine and ade-
nosine were effective biomolecules of acupuncture informa-
tion generated locally at acupoint.

During the needling manipulation process, the needle is
being grasped by connective tissue as a result of collagen and
elastic fiberswinding and tightening around the needle, deliv-
ering a cellular signal conducted along the pathway of chan-
nels (meridians) and leading to downstream effects that acti-
vate certain cellular pathways and facilitate healing [33]. Col-
lagen fibers play an important role in acupuncture-induced
analgesia, and they participate in signal transmission and
transform processes [34]. The analgesic effect was more pro-
nounced after stimulation of the Zusanli (ST36) point than
after stimulation of a sham point near the true acupuncture
point.The density of mast cells from the Zusanli (ST36) point
of rats was higher than that from a nearby sham point. In
addition, acupuncture resulted in a remarkable increase in
degranulation of mast cells. Disodium cromoglycate (DSCG)
is in themast cell stabilizers, caused a concentration-depend-
ent inhibition of histamine release [35, 36]. Pretreatment of
the acupuncture point with disodium cromoglycate (DSCG)
not only counteracted the phenomenon of degranulation but
also reduced the analgesic effect of acupuncture. Experiments
on inhibition of the degranulation of mast cells in tissue from
acupuncture points demonstrate the possible role of mast
cells in the effects of acupuncture [37].

The mast cell densities were higher in the acupoints than
in the nonacupoints. Effective nerve conduction signaling
in manual acupuncture (MA) analgesia was generated after
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the degranulation of mast cells in the process of acupoints
activation or needle sense, which was the direct cause of gen-
eration of the nerve signals [38]. There was a positive corre-
lation between the mast cell degranulation rate and the anal-
gesic effects [39]. After activation, mast cells express his-
tamine, leukotrienes, and prostanoids, as well as proteases,
and many cytokines and chemokines [40, 41]. These media-
tors were pivotal to the genesis of an inflammatory response
[42]. Transmitters released bymast calls can increase vascular
permeability and induce local edema and mild authigenic
inflammatory response [43]. On one hand, this possibly pro-
motes aggregation of mast cells in focal and other places
towards acupoints via induced adhesion molecules and
chemotactic factors; on the other hand, it can activate
immune system, and expand local acupuncture effect to the
entire body [44]. Acupuncture has a significant analgesia and
enhances the degranulation of mast apparently cells, which
was weakened by injection of disodium cromoglycate (DSC)
in the acupoint area, suggesting an important role of mast
cells in acupuncture-induced analgesia [45].

Adenosine is a neuromodulator with antinociceptive
properties [46]. ATP is released in response to mechanical
and electrical stimulation or heat. Once released, ATP acts as
a transmitter that binds to the purinergic receptors [47, 48],
and it cannot be transported back into a cell but was rapidly
degraded to adenosine by several ectonucleotidases before
reuptake [48]. Thus, adenosine acted as an analgesic agent
that suppresses pain throughGi-coupledA1-adenosine recep-
tors [49, 50]. A researcher collected samples of interstitial
fluid by a microdialysis probe implanted in the tibialis ante-
riormuscle/subcutis of adultmice at a distance of 0.4–0.6mm
from the Zusanli (ST36) point, and the adenine nucleotides
and adenosine were quantified using high-performance liq-
uid chromatography (HPLC) before, during, and after acu-
puncture. Adenosine was released during acupuncture and
its antinociceptive actions required the adenosineA1 receptor
expression. Direct injection of an adenosine A1 receptor ago-
nist replicated the analgesic effect of acupuncture. Inhibition
of the enzymes involved in adenosine degradation potenti-
ated the acupuncture-elicited increase in adenosine, as well
as its antinociceptive effect. The observations indicate that
adenosinemediates the effects of acupuncture and interfering
with adenosine metabolism may prolong the clinical benefit
of acupuncture [51].

Further research was conducted with human subjects.
The interstitial adenosine concentration increased signifi-
cantly during acupuncture and remained elevated for 30min-
utes after acupuncture. Acupuncture-mediated adenosine
releasewas not observed if acupuncturewas not administered
in the Zusanli (ST36) point or if the acupuncture needle
was inserted, but not rotated. The study strengthened the
role of adenosine in acupuncture-mediated antinociception
by directly providing such evidence in humans [52]. The
research presents further evidence of the role of adenosine
in acupuncture-mediated antinociception by demonstrating
that local adenosine concentrations increase in the acupoint
in human subjects receiving traditional acupuncture.

6. Perspective

Acupuncture is the pilot subject to increase global acceptance
of Chinese medicine. This technique is accepted by the sci-
entific community because it is an effective therapy, the bio-
logical effect of acupuncture is unique, and it has biological
significance for the research of the human biology. Previous
research on acupuncture anesthesia principle research played
an important role by establishing the basis and methodology
of acupuncture research, which has made an important sci-
entific contribution. The research investigating acupuncture
anesthesia and acupuncture analgesia promoted the knowl-
edge of pain physiology.

Since 1998, global acupuncture research has developed
rapidly [5]. In the beginning of the 21st century, the acupunc-
ture research has also passed on to the postgenome era [53].
The effects of acupuncture comprise a complicated biological
process, and many biological molecules are involved. Sys-
tems biology techniques, such as functional genomics and
proteomics, are involved in an increasing number of appli-
cations in the field of acupuncture research. With the devel-
opment of biological technology such as high-throughput
omics technology (genomics, transcriptomics, proteomics,
metabolomics, and beyond) [54], the fundamental biological
processes of acupuncture can be studied by applying the full
range of omics technologies to reveal the mechanism of the
effect of acupuncture.

The effects of acupuncture include non-specific effects
and specific effects and acupuncture effective biomolecules
can be either nonspecific effective biomolecules or spe-
cific effective biomolecules. Endogenous opioid peptides
(enkephalin, dynorphin, endorphins, and orphanin) and
purine (adenosine) were significant but non-specific effective
biomolecules of acupuncture anesthesia and acupuncture
analgesia. These non-specific effective biomolecules are pro-
duced by the acupuncture and are not based on a specific
body state. Biomolecules originate from specific organs of the
disease model, such as S100A9 and CC10, and represented
the specific effect of acupuncture. Additional specific effective
biomolecules could be discovered by more research into the
different types of diseases.

Translational medicine is a relatively young area of bio-
medicine, and it has developed rapidly and become more
interdisciplinary in the past 10 years [55], which is becoming
ever-more interdisciplinary.The combination of translational
medicine and acupuncture effectiveness and target drug
discovery based on acupuncture effect biomolecules will pro-
mote the application of acupuncture. These combined pro-
cesses will also promote the development of biological
medicine.
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Qiangli Tianma Duzhong capsule (TMDZ), a Chinese herbal drug, is clinically used to improve functional outcome in patients
with ischemic stroke in China.This study was conducted to establish whether postischemic long-term treatment with TMDZ could
reduce the loss of injured hemisphere and confer the improvements of neurological outcome in chronic survival of rats with 2 h
middle cerebral artery occlusion (MCAO)/reperfusion brain injury and its primary mechanisms. We found that TMDZ (44.5, 89,
or 178mg/kg), administered per os 6 h after the onset of ischemia and for 28 consecutive days, significantly improved the behavior
deficits, beginning on day 7, and further improved later. TMDZ treatment also markedly reduced the tissue loss of the injured
hemisphere and improved histopathology. In the meantime, TMDZ treatment could improve hemorrheology and inhibit platelet
aggregation.These results provide the first evidence that post-ischemic long-term treatment with TMDZ confers the improvements
of neurological outcome and the loss of injured hemisphere in an animal ischemic stroke model, and its mechanisms might be
associated with the improvements of hemorrheology and the inhibition of platelet aggregation.

1. Introduction

Cerebral ischemia or stroke, one of the leading causes of death
and long-term disability in aged populations, often results in
irreversible brain damage and subsequent loss of neuronal
function. The medications commonly used for stroke can be
divided into four groups: thrombolytic agents, antiplatelet
agents, anticoagulants, and neuroprotective agents [1]. The
only approved stroke medication, tissue plasminogen activa-
tor, is a thrombolytic that targets the thrombus in the blood
vessel. Neuroprotective agents, which may make the brain
more resistant to damage from stroke, have generated much
interest as another approach to stroke treatment. To date,
however, neuroprotective agents have not reached routine
clinical use and remain less than ideal [2].

In recent years, much attention has been paid to tradi-
tional herbal medicines [3–7]. Qiangli TianmaDuzhong cap-
sule (TMDZ)mainly comprises traditional herbal medicines,
Tianma andDuzhong. From the view of traditionalmedicine,
the function of TMDZ is promoting blood circulation,
removing blood stasis, and relaxing the muscles pain and
has been used in the treatment of ischemic stroke in China.
So far, clinical studies have demonstrated a beneficial effect
of TMDZ in functional recovery in patients with stroke.
However, the details of functional recovery including char-
acterization of how anatomical and histological recovery
changes following brain ischemia are influenced by treatment
with TMDZ, and its mechanisms are largely absent in
the literature. Here, we demonstrated that after ischemia
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administrated for 4 weeks, TMDZ can reduce the loss
of damaged hemisphere and improve brain histopathology
and neurological outcome, and its mechanisms might be
associated with the improvements of hemorrheology and the
inhibition of platelet aggregation in a rat model of 2 hMCAO
and reperfusion.

2. Materials and Methods

2.1. Animals and Treatments. Sprague Dawley (SD) male rats
(280–310 g) were purchased from the Center for Experimen-
tal Animals, Soochow University (certificate no. 20020008,
Grade II). They were housed four per cage in a standard
animal roomwith a 12 h light/dark cycle and given free access
to food and water. NIH guidelines for the care and use of
laboratory animals were followed in all animal procedures.

Qiangli Tianma Duzhong capsule (TMDZ) was provided
by ChunKe Guiyang Pharmaceutical R & D Co., Ltd. TMDZ
44.5, 89, or 178mg/kg (dissolved indistilled water) or vehicle
(distilled water) was administrated per os 6 h after the
onset of ischemia and consecutive 28 days after ischemia.
Sham-operated or ischemic-reperfusion (IR) control animals
received vehicle (distilled water) per os.

2.2. Rat Models of 2 h Middle Cerebral Artery Occlusion
(MCAO) and Reperfusion. Rats (𝑛 = 10/group) were
anesthetized with intraperitoneal injection of 4% choral
hydrate (350mg/kg). Through a ventral midline incision, the
right common carotid artery (CCA), external carotid artery
(ECA), and internal carotid artery (ICA) were isolated, and
ECAandCCAwere ligated. A 30mm length ofmonofilament
nylon suture (Φ0.22–0.24mm), with its tip rounded by
heating near a flame, was inserted from the right CCA to
ICA through a small incision in the common carotid artery
and then advanced to the Circle of Willis to occlude the
origin of the right middle cerebral artery for 2 hours, and
then the suturewaswithdrawn. Body temperaturewas closely
monitored with a rectal probe and maintained in the range
of 37.0 ± 0.5∘C with a heating pad (Institute of Biomedical
Engineering, CAMS, BME-412A ANIMAL REGULATOR,
308005669) during and after surgery until recovery from
anesthesia. Sham-operated rats underwent the same proce-
dures except for cutting a small incision and inserting a
monofilament nylon suture to the artery. Behavioral tests
were evaluated before stroke and at 2 h ischemia and 4 h,
1, 3, 7, 14, 21, and 28 days of reperfusion. Body weight
was measured every week. For the observation of the brain
damage, animals were killed, and the brains were dissected
and sliced in a plastic module (Harvard Apparatus, 3mm
thickness) 28 days after ischemia. For morphology analysis,
animals were sacrificed 28 days after ischemia (𝑛 = 3/group)
by transcardial perfusion of 0.9% normal saline, followed
by 4% paraformaldehyde in 100mM phosphate buffer. The
brainswere thenfixed, embeddedwith paraffin. Brain coronal
sections at the level of the caudate putamen which showed
typical infarction were selected and sectioned to 10 𝜇m, and
then brain coronal sections were stained with hematoxylin-
eosin (HE). The pyramidal cortical cells were examined with
amicroscopy. For quantification of cells, 10microscopic fields

(magnification 20x) in each section across ischemic cortical
regions in the ipsilateral hemisphere were analyzed. Three
sections were used for each animal. The number of cells in
each field was counted by an examiner who was blinded to
the experimental conditions [8].

2.3. Behavioral Testing. Neurological deficits were examined
at 2 h ischemia and 4 h reperfusion using a 5-point scale
adapted and modified from Zhang et al. [9]. Specifically, no
neurological deficit equals 0; right Horner’s syndrome counts
1 point; failure to extend left forelimb and hindlimb counts 1
point each; turning to left counts 1 point; and circling to left
counts 1 point.

2.4. Asymmetry in the Use of Forelimbs for Postural Support
(Cylinder Test). Cylinder Tests were performed 1, 3, 7, 14,
21, and 28 days after ischemia reperfusion. Briefly, animals
were placed into a plexiglass cylinder, and their behavior
was observed for forelimb use asymmetry during vertical
movements along the wall of the cylinder.The final score was
calculated as (nonimpaired forelimb movement − impaired
forelimb movement)/(nonimpaired forelimb movement +
impaired forelimb movement + both movements), as previ-
ously described in the rat [10]. A total of 20 movements were
recorded during the 10min test.

2.5. Asymmetry-Corner Test. Corner tests were performed 1,
3, 7, 14, 21, and 28 days after ischemia reperfusion. Briefly,
in the home cage, an animal was placed between the two
angled boards. When entering deep into the corner, both
sides of the vibrissae are stimulated together. The animal
then rears forward and upward then turns back to face the
open end. Twenty trials were performed for each rat, and
the percentage of right turns versus left turns was calculated.
Only turns involving full rearing along either boards were
recorded [11, 12].

2.6. Magnetic Resonance Image (MRI) Analysis for Lesion Size.
Rats were anesthetized with isoflurane, were placed in an
animal holder/MRI probe apparatus, and were positioned
inside the magnet.The animal’s head was held in place inside
the imaging coil. All MRI measurements were performed
using a 7 Teslar, 18 cm bore superconductingmagnet (Oxford
Magnet Technologies) interfaced to aUNITYINOVA console
(Oxford Instruments, UK, and Varian Inc., Palo Alto, CA,
USA). T

2
-weighted images (T

2
WI) were obtained from a

1.0mm thick coronal section with a 0.5mm gap using a
30mm × 30mm field of view, TR = 3000ms, TE = 37ms, and
b value = 0 and reconstructed using a 256×256 imagematrix.
Accurate positioning of the brain was performed to center
the image slice 5mm posterior to the rhinal fissure with the
head of the rat held in a flat skull position. For each slice, the
higher intensity lesions in T

2
WIweremarked as the ischemic

lesion area [13]. MRI measurements were obtained 28 days
after MCAO (𝑛 = 3 for each group).

2.7. Determination of Hemorrheology. Blood samples were
taken from the abdominal aorta of rats and were mixed with



Evidence-Based Complementary and Alternative Medicine 3

Heparin Li for blood viscosity and plasma viscosity, 3.2%
citric acid for FBG, EDTA⋅K

2
for HCT, and 3.2% sodium

citrate for ESR. Blood viscosity was measured with a cone-
plate viscometer (Brookfield Engineering Laboratories, Inc.,
Stoughton,MA,USA). Plasma viscosity (PV)was centrifuged
at 3000 rpm for 15min in a centrifuge to obtain the plasma.
The plasma viscosity was measured by an Automatic Blood
Rheometer LBY-N6B (Beijing Precil Instrument CO., LTD,
Beijing, China). Fibrinogen (Fb), heamatocrit (HCT), and
erythrocyte sedimentation rate (ESR) were detected with a
laser-assisted automatic hemorheological analyzer (modified
MDK-B100, MDK, Inc., Chongqing, China). All measure-
ments were conducted at 4∘C.

2.8. Platelet Aggregation. Rat platelet suspensions were pre-
pared as previously described [14]. In brief, blood was
collected from rats with or without stroke which had taken
TMDZ for 4 weeks and was mixed with 3.2% citrate for
ADP or EDTA K

2
for thrombin. Platelet-rich plasma (PRP)

was prepared by centrifugation at 500 rpm for 3min at
room temperature, and platelet aggregation induced by ADP
(4 𝜇mol/mL, Solarbio) was measured using an Aggregometer
(TYXN-96, Shanghai General Machine Electricity Techno-
logical Research Institute, Shanghai, China). For thrombin,
The PRP was then centrifuged at 1500 rpm for 5min, and
the resulting platelet pellet was resuspended in the washing
buffer (NaCl 140mM, KCl 2.7mM, NaH

2
PO
4
⋅2H
2
O 0.4mM,

NaHCO
3
12mM, MgCl

2
⋅6H
2
O 1mM, glucose 5mM, HEPES

10mM, PGE1 100 nM, and BSA 3.5mg/mL, pH 6.6) and then
centrifuged at 1000 rpm for 5min. The platelet was resus-
pended in the suspension buffer (NaCl 140mM, KCl 2.7mM,
NaH
2
PO
4
⋅2H
2
O 0.4mM, NaHCO

3
12mM, MgCl

2
⋅6H
2
O

1mM, glucose 5mM, HEPES 10mM, and BSA 3.5mg/mL,
pH 7.4), and the platelet aggregation induced by thrombin
(3U/mL, Sigma) was measured.

2.9. Statistical Analysis. Statistical analysis was carried out by
one-way analysis of variance (ANOVA) followed by a post
hoc Tukey test. Differences were considered significant when
𝑃 < 0.05.

3. Results

3.1. Qiangli Tianma Duzhong Capsule (TMDZ) Increases
Body Weight. Compared to the rats in ischemia-reperfusion
control (IR control), TMDZ treatment significantly increased
body weight from day 7 (the second week), which persisted
throughout the 4-week survival period (Figure 1).

3.2. TMDZ Reduces Brain Loss and Lesion Size. To reduce
errors associated with processing tissue for histological anal-
ysis, the residual brain volume is presented as the percentage
of ipsilateral (right) hemisphere volume of the contralateral
(left) hemisphere volume (indirect volume calculation). The
residual brain volumes (the integrated right hemisphere
volume) after a 4-week stroke were reduced compared with
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Figure 1: Post-ischemic long-term treatment with TMDZ increases
the body weight after ischemic stroke. Animals underwent 2 h
MCAO and reperfusion and received either an oral administration
of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h reperfusion,
and every day later for 28 days, and the body weight was measured
every week. Compared to rats in ischemia-reperfusion control (IR
Control), TMDZ treatment significantly increased body weight
from day 7 (the second week), which persisted throughout the
additional 3-week survival period. Values shown are mean ± S.D.,
𝑛 = 10. Statistical analysis was carried out with one-way ANOVA
followed by a post hocTukey test. ##𝑃 < 0.01 versus sham-operated
group (Sham); ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus ischemia-
reperfusion control group.

the sham-operated hemisphere or the contralateral hemi-
sphere in both ischemia-reperfusion control and TMDZ-
treated groups. However, compared with the residual brain
volume in ischemia-reperfusion control rats, TMDZ treat-
ment significantly increased the residual brain volumes after
consecutive administration for 4 weeks (Figure 2). Being
consistent with these results, HE staining analysis also found
that ischemia-reperfusion control rats showed ipsilateral-
hemisphere tissue loss and extensive zones of cystic necrosis.
In contrast, rats treated with TMDZ showed less extensive
cortical and subcortical damage (Figure 3). Treatment with
TMDZ significantly increased the cortical cells compared to
the vehicle-treated rats (Figure 3).

In addition, the ischemic lesion size was estimated using
an in vivo MRI. T

2
WIs were obtained 28 days after TMDZ

or vehicle consecutive treatment. Coronal forebrain sections
were obtained at the level of caudate-putamen complex
(Figure 4). Lesion size (high intensity areas) was less in
TMDZ-treated rats as compared to ischemia-reperfusion
control rats (Figure 4).

These results suggest that post-ischemic long-term treat-
ment with TMDZ reduces brain damage and brain tissue loss
after stroke.

3.3. TMDZ Improves Neurological Outcome. Neurological
score was normal in all animals before MCAO (score, 0).
High-grade contralateral deficits (score, 2–5, Table 1) were
presented at 2 h MCAO and 4 h reperfusion in all rats,
and there was no significant difference among the groups
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Figure 2: Post-ischemic long-term treatment with TMDZ reduces
brain tissue loss after ischemic stroke. Animals underwent 2 h
MCAO and reperfusion and received either an oral administration
of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h reperfusion,
and every day later for 28 days. The representative images of
the whole brain and the sliced brain (a). The volume of right
hemisphere (injured hemisphere) was indicated as the percentage
of ipsilateral hemisphere volume of the contralateral hemisphere
volume (indirect volume calculation) (b). Values shown are mean
± S.D., 𝑛 = 10. Statistical analysis was carried out with one-way
ANOVA followed by a post hoc Tukey test. #𝑃 < 0.05 and ##

𝑃 <

0.01 versus sham-operated group (Sham); ∗∗𝑃 < 0.01 versus
ischemic-reperfusion control group (IR Control).

(Table 1). After TMDZ consecutive treatment for 7 days, rats
in TMDZ group showed a greater functional recovery than
rats in ischemia-reperfusion control group and conferred a
further improvement with time during the additional 3-week
survival period in the corner test (Figure 5(a)) and cylinder
test (Figure 5(b)). There were no adverse behavioral side
effects observed with TMDZ administration. These results
suggest that post-ischemic long-term treatment with TMDZ
improves neurological outcome after stroke.

3.4. TMDZ Improves Hemorrheology. TMDZ did not change
any of the hemorrheology parameters after normal rats were
administrated with TMDZ for 4 weeks (Table 2). In rats,
4 weeks after stroke, the whole blood viscosity (WBV) of
low shear rate, moderate shear rate, and high shear rate, the
whole blood reduced viscosity (WBRV) of low shear rate,
moderate shear rate, and high shear rate, and fibrinogen
(Fb) were much higher as compared to sham-operated

Table 1: Neurological scores after stroke. Neurological function was
measured by 5-point test after 2 hMCAO and 4 h reperfusion. High-
grade contralateral deficits were presented at 2 h MCAO and 4 h
reperfusion in all rats, and there was no significant difference among
the groups.

Group Ischemia/reperfusion Tianma Duzhong capsule
Control 44.5mg/kg 89mg/kg 178mg/kg

Score 2.5 ± 0.71 2.4 ± 0.52 2.4 ± 0.52 2.4 ± 0.70

rats (Table 3). In contrast, TMDZ treatment for 4 weeks
significantly decreased theWBV,WBRV, and Fb (Table 3). In
addition, stroke induced an increase in plasma viscosity (PV),
heamatocrit (HCT), erythrocyte sedimentation rate (ESR),
erythrocyte sedimentation rate equation K value (ESRK), red
blood cell aggregation index (RBCAI), and red blood cell
rigidity index (RBCRI), but these parameters did not reach
a statistically significant level. However, TMDZ obviously
reduced the stroke induced increases in PV, HCT, RBCAI,
and RBCRI (Table 3). There were no significant differences
in the red blood cell deformation index (RBCDI) and the red
blood cell electrophoresis index (RBCEI) among all groups
(Table 3).

3.5. TMDZ Inhibits Platelet Aggregation. TMDZ signifi-
cantly decreased the in vitro ADP- or thrombin-induced
platelet aggregation after normal ratswere administratedwith
TMDZ for 4 weeks (Figure 6). Furthermore, the in vitro
ADP- or thrombin-induced platelet aggregation in ischemia-
reperfusion control rats was dramatically increased, and
TMDZ treatment for 4 weeks significantly decreased the
ischemia-reperfusion-induced increase in platelet aggrega-
tion (Figure 7).These results suggest that TMDZ has a strong
inhibitory effect on the platelet aggregation.

4. Discussion

Ischemic hypoxic brain injury often causes irreversible brain
damage and permanent behavioral performance deficits.
A well-controlled animal model of MCAO in rats, which
produces consistent cortical and subcortical infarcts, closely
resembles the large hemispheric infarcts resulting from prox-
imal MCAO in patients [15]. Most of the studies published
so far have focused on the fact that histopathology changes
in the damaged brain occur in acute period of ischemic
stroke, and more recently, much attention has also been paid
to the histopathology changes in the damaged that brain
occur in subacute and remote period of ischemic stroke. It
has been demonstrated that hemispheric edema will happen
to in the acute ischemic stroke, whereas brain tissue loss
and atrophy will occur in the ischemic hemisphere in the
subacute and remote ischemic stroke and the volume of
injured hemisphere is largely reduced as compared to the
contralateral hemisphere [16, 17], which was also confirmed
in our current study 4 weeks after stroke in a rat model of
2 hMCAO and reperfusion. As assessed by both neurobehav-
ioral and histological methods, this study demonstrates that
consecutive oral administration of Qiangli Tianma Duzhong
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Figure 3: Post-ischemic long-term treatment with TMDZ improves the histopathological changes after ischemic stroke. Animals underwent
2 h MCAO and reperfusion and received either an oral administration of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h reperfusion,
and every day later for 28 days, and the HE staining was measured 28 days after stroke. Computer generated MosaiX processed images (Carl
ZeissMicroImaging, Inc,Thornwood, NY, USA) ofHE paraffin-embedded brain sections at coronal level (bregma+1.2mm) from rats treated
with vehicle or treated with TMDZ. The representative images of the entire slice (a), 4x (b), and 20x (c). The vehicle-treated rat (ischemia-
reperfusion control group, IRControl) showed typical appearance of cystic necrosis, andpannecrosis involved the entire neocortical thickness,
extending to subjacent regions. In contrast, rats treated with TMDZ showed less extensive damage. Values shown are mean ± S.D., 𝑛 = 6.
Statistical analysis was carried out with one-way ANOVA followed by a post hoc Tukey test. ##𝑃 < 0.01 versus sham-operated group (Sham);
∗∗
𝑃 < 0.01 versus ischemia-reperfusion control group (IR Control).

capsule (TMDZ) for 4 weeks after cerebral infarction results
in a reduction in brain tissue loss and ischemic lesion size esti-
mated from brain slices measurements and MRI analysis, an
increase in body weight, and an improvement in behavioral
performance and histopathology from HE analysis.

At present, the remarkable effect of TMDZ is not largely
understood. An elevated blood viscosity value has been
demonstrated in patient after both acute cerebral ischemia
(24 h after the onset of stroke) and remote cerebral ischemic
episode (3–6 months after the onset of stroke) although



6 Evidence-Based Complementary and Alternative Medicine

Sham

(a)

IR control

(b)

TMDZ (44.5mg/kg)

(c)

TMDZ (89mg/kg)

(d)

TMDZ (178mg/kg)

(e)

Figure 4: Post-ischemic long-term treatment with TMDZ reduces ischemic lesionwithMRI. Animals underwent 2 hMCAOand reperfusion
and received either an oral administration of TMDZ or vehicle (distilled water) at 2 hMCAO, 4 h reperfusion, and every day later for 28 days.
T
2
-weighted images were obtained from experimental animals 28 days after MCAO and TMDZ were administrated.
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Figure 5: Post-ischemic long-term treatment with TMDZ improves neurological outcome after ischemic stroke. Animals underwent 2 h
MCAO and reperfusion and received either an oral administration of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h reperfusion, and
every day later for 28 days followed by neurological testing at 1, 3, 7, 14, 21, and 28 days. (a) The corner test demonstrated preferential turning
to the right in animals that had undergone right MCAO/reperfusion and vehicle administration after stroke. Deficits persisted up to 28 days
after stroke. Animals that received TMDZ, however, showed reduction of deficits over time. (b) The cylinder test demonstrated preferential
right forearm placement in animals that had undergone right MCAO/reperfusion and vehicle administration after stroke. Deficits persisted
up to 28 days after stroke. Animals that received TMDZ, however, showed reduction of deficits over time. Values shown are mean ± S.D.,
𝑛 = 10. Statistical analysis was carried out with one-way ANOVA followed by a post hoc Tukey test. ##𝑃 < 0.01 versus sham-operated group
(Sham); ∗∗𝑃 < 0.01 versus ischemic-reperfusion control group (IR Control).
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Figure 6: Continued.
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Figure 6: Long-term treatment with TMDZ inhibits ADP- or thrombin-induced platelet aggregation in normal rats. Animals received an
oral administration of TMDZ or vehicle (distilled water) for 28 days, and then the blood was obtained, and the platelet aggregation induced
by ADP or thrombin was detected. (a) and (c): representative curve of platelet aggregation induced by ADP (a) or thrombin (c). (b) and
(d): quantitative analysis of changes in the platelet aggregation from 10 independent experiments of (a) and (c), respectively. Values shown
are mean ± S.D., 𝑛 = 10. Statistical analysis was carried out with one-way ANOVA followed by a post hoc Tukey test. ##𝑃 < 0.01 versus
vehicle-treated group (Control group).

Table 2: Hemorrheology parameters in normal rats. Animals received an oral administration of TMDZ or vehicle (distilled water) for 28
days, and then the blood was obtained, and hemorrheology parameters were detected. Values shown are mean ± SD, 𝑛 = 10. TMDZ did not
change any of the hemorrheology parameters after normal rats were administrated with TMDZ for 28 days.

Parameters Control Tianma Duzhong capsule
44.5mg/kg 89mg/kg 178mg/kg

WBV: low shear (mPas) | 10 s−1 9.86 ± 1.95 9.71 ± 1.56 10.16 ± 1.63 9.40 ± 1.58

WBV: moderate shear (mPas) | 60 s−1 5.80 ± 0.97 5.61 ± 0.70 5.57 ± 0.41 9.03 ± 0.84

WBV: high shear (mPas) | 150 s−1 4.54 ± 0.59 4.54 ± 0.48 4.63 ± 0.45 4.55 ± 0.67

PV 1.08 ± 0.03 1.06 ± 0.02 1.11 ± 0.04 1.09 ± 0.05

WBRV: low shear 21.36 ± 5.34 20.04 ± 3.77 17.62 ± 1.93 18.21 ± 2.79

WBRV: moderate shear 11.46 ± 2.17 10.54 ± 1.73 10.10 ± 0.92 10.24 ± 1.55

WBRV: high shear 8.39 ± 1.58 8.05 ± 1.18 7.93 ± 0.67 7.93 ± 1.19

Fb 2.10 ± 0.24 2.09 ± 0.17 2.19 ± 0.10 2.28 ± 0.43

HCT (%) 41.54 ± 2.11 43.34 ± 2.04 44.22 ± 3.22 43.30 ± 3.12

ESR(MM/H) 1.10 ± 0.18 1.10 ± 0.18 1.30 ± 0.67 2.30 ± 2.75

ESRK 3.77 ± 1.16 4.11 ± 1.23 4.29 ± 1.98 7.70 ± 8.23

RBCAI 2.15 ± 0.23 2.13 ± 0.17 2.40 ± 0.58 2.04 ± 0.25

RBCRI 7.79 ± 1.91 7.58 ± 1.41 7.70 ± 2.01 7.63 ± 1.32

RBCDI 1.05 ± 0.12 1.02 ± 0.09 1.06 ± 0.14 1.03 ± 0.09

RBCEI 5.21 ± 0.81 4.93 ± 0.54 5.93 ± 1.87 4.80 ± 0.69

WBV: whole blood viscosity; WBRV: whole blood reduced viscosity; PV: Plasma viscosity; Fb: fibrinogen; HCT: hematocrit; ESR: erythrocyte sedimentation
rate; ESRK: erythrocyte sedimentation rate equation K value; RBCAI: red blood cell aggregation index; RBCRI: red blood cell rigidity index; RBCDI: red blood
cell deformation index; RBCEI: red blood cell electrophoresis index.

there are some differences in hemorheological parameters
between patient with acute cerebral ischemia and patient
with remote cerebral ischemic episode [18, 19]. Therefore,
clinically, one of the drug therapies in patient with ischemic
stroke is modifying the hemorrheological properties and
leading to a decrease in blood viscosity, and thus resulting
in better perfusion of brain and promotion of the recovery
of functional deficits after stroke. Consistent with the pieces
of literature [18, 19], in the present study, we also confirmed

a significant increase in the whole blood viscosity (WBV) of
low shear rate, moderate shear rate, and high shear rate and
the whole blood reduced viscosity (WBRV) of low shear rate,
moderate shear rate, and high shear rate 4 weeks after stroke
in a rat model of 2 h MCAO and reperfusion. Blood viscosity
depends onmany factors.Themost important are hematocrit
value, plasma viscosity, and elasticity of the red cells and
their aggregability [18]. The increased blood viscosity in
the current study may result from a stroke that induced
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Figure 7: Continued.
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Figure 7: Long-term treatment with TMDZ inhibits ADP- or thrombin-induced platelet aggregation in ischemic stroke rats. Animals
underwent 2 h MCAO and reperfusion and received either an oral administration of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h
reperfusion and every day later for 28 days, and then the blood was obtained and the platelet aggregation induced by ADP or thrombin
was detected. (a) and (c): representative curve of platelet aggregation induced by ADP (a) or thrombin (c). (b) and (d): quantitative analysis
of changes in the platelet aggregation from 10 independent experiments of (a) and (c), respectively. Values shown are mean ± S.D., 𝑛 = 10.
Statistical analysis was carried outwith one-wayANOVA followed by a post hocTukey test. #𝑃 < 0.05 and ##

𝑃 < 0.01 versus sham-operated
group (Sham); ∗∗𝑃 < 0.01 versus ischemia-reperfusion control group (IR Control).

Table 3:Hemorrheology parameters in stroke rats. Animals underwent 2 hMCAOand reperfusion and received either an oral administration
of TMDZ or vehicle (distilled water) at 2 h MCAO, 4 h reperfusion, and every day later for 28 days, and then the blood was obtained, and
hemorrheology parameters were detected. Values shown are mean ± S.D., 𝑛 = 10. Statistical analysis was carried out with one-way ANOVA
followed by a post hoc Tukey test.

Parameters Sham Ischemia/reperfusion control Tianma Duzhong capsule
44.5mg/kg 89mg/kg 178mg/kg

WBV: low shear (mPas) | 10 s−1 9.08 ± 0.88 13.60 ± 3.10
##

11.21 ± 2.10 8.75 ± 2.01
∗∗
9.14 ± 1.75

∗∗

WBV: moderate shear (mPas) | 60 s−1 5.31 ± 0.37 6.74 ± 0.61
##

5.95 ± 0.99
∗
5.08 ± 0.95

∗∗
5.22 ± 0.74

∗∗

WBV: high shear (mPas) | 150 s−1 4.14 ± 0.41 5.26 ± 0.52
##

4.67 ± 0.79 4.11 ± 0.77
∗∗
4.16 ± 0.47

∗∗

PV 1.04 ± 0.04 1.12 ± 0.06 1.12 ± 0.86 1.10 ± 0.06 1.07 ± 0.02
∗

WBRV: low shear 19.8 ± 2.98 28.18 ± 7.25
##

25.02 ± 6.54 18.93 ± 3.04
∗∗
20.30 ± 4.27

∗∗

WBRV: moderate shear 10.53 ± 1.6 12.66 ± 1.59
##

12.69 ± 4.75 9.99 ± 2.22
∗∗
10.40 ± 1.76

∗∗

WBRV: high shear 7.69 ± 1.74 9.30 ± 1.07
##

8.66 ± 1.58 7.49 ± 1.56
∗
7.75 ± 1.08

∗∗

Fb 2.04 ± 0.26 2.90 ± 1.02
#

2.64 ± 1.10 2.27 ± 0.32 2.10 ± 0.42
∗

HCT (%) 41.0 ± 4.41 44.61 ± 3.74 42.97 ± 6.71 40.14 ± 5.39 39.8 ± 3.30
∗∗

ESR(MM/H) 1.11 ± 0.33 2.90 ± 2.88 3.20 ± 4.96 1.38 ± 0.52 1.40 ± 0.52

ESRK 3.79 ± 1.46 10.54 ± 9.93 9.45 ± 9.20 4.26 ± 1.08 4.35 ± 1.44

RBCAI 2.22 ± 0.32 2.59 ± 0.51 2.41 ± 0.37 2.13 ± 0.21
∗
2.19 ± 0.27

∗

RBCRI 7.42 ± 1.89 8.29 ± 0.92 7.39 ± 1.21 6.83 ± 1.33
∗
7.22 ± 1.06

∗

RBCDI 1.05 ± 0.18 1.04 ± 0.08 1.02 ± 0.12 1.02 ± 0.13 1.05 ± 0.09

RBCEI 5.43 ± 0.70 5.86 ± 1.34 5.69 ± 0.92 5.35 ± 0.57 5.53 ± 0.86

#
𝑃 < 0.05 and ##

𝑃 < 0.01 versus sham-operated group (Sham); ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus ischemic-reperfusion control group (IR Control). WBV:
whole blood viscosity; WBRV: whole blood reduced viscosity; PV: Plasma viscosity; Fb: fibrinogen; HCT: heamatocrit; ESR: erythrocyte sedimentation rate;
ESRK: erythrocyte sedimentation rate equation K value; RBCAI: red blood cell aggregation index; RBCRI: red blood cell rigidity index; RBCDI: red blood cell
deformation index; RBCEI: red blood cell electrophoresis index.

some tendency towards higher value in hematocrit value,
plasma viscosity and the aggregability of the red blood cells
(statistically not significant), and lower value in the elasticity
of the red blood cells (statistically not significant). TMDZ
treatment for 4 weeks after stroke significantly decreased
the WBV and WBRV and also simultaneously decreased
plasma viscosity (PV), heamatocrit (HCT), red blood cell
aggregation index (RBCAI), and red blood cell rigidity index
(RBCRI), which may contribute to the fact that TMDZ
induced a decrease in blood viscosity. In addition, we found

that stroke induced a high fibrinogen level, which is in
agreement with the observation in a patient by Velcheva and
Nikolova [19], and TMDZ decreased it.

The cascade of events leading to neuronal injury and
death in ischemia includes the release of cytokines, free
radicals, and platelet activation [20, 21]. The participation of
activated platelets has been observed in brain microvessels
of the ischemic microvascular bed after experimental mid-
dle cerebral artery occlusion (MCAO) [21]. Microvascular
thrombi continue to accumulate even after recanalization of
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the MCAO, contributing to postischemic hypoperfusion and
ongoing neuronal damage [22]. Thus, platelet aggregation
may play a crucial role in MCAO-induced cerebral damage.
In the present study, we showed that the platelet aggregation
was significantly increased in ischemic rats 4 weeks after
stroke by using an in vitroADP- or thrombin-induced platelet
aggregation and TMDZ treatment for 4 weeks significantly
decreased the ischemia-induced increase in platelet aggrega-
tion. In addition, TMDZ alsomarkedly decreased the platelet
aggregation after normal rats were administratedwith TMDZ
for 4 weeks.

In summary, the present results firstly established that
post-ischemic long-term treatment with TMDZ confers the
improvements of neurological outcome and the loss of
injured hemisphere in animal ischemic stroke models, and
its mechanisms might be associated with the improvements
of hemorrheology and the inhibition of platelet aggregation.
These results are very encouraging for the wide application
of TMDZ in patients with ischemic stroke. Whether post-
ischemic long-term treatment with TMDZ produces neu-
roregeneration in the treatment of ischemic stroke remains
to be further investigated in the near future.

Authors’ Contribution

Li-Zhi Hong and Wei-wei Gu contributed equally to this
work.

Acknowledgments

This work was supported by Grants from The National Nat-
ural Science Foundation of China (30973510 and 81171104),
the Scientific Research Foundation for the ReturnedOverseas
Chinese Scholars, State Education Ministry, and a project
Funded by the Priority Academic Program Development of
Jiangsu Higher Education Institutions (PAPD).

References

[1] Y. M. Mohammad, A. A. Divani, J. F. Kirmani, P. Harris-Lane,
andA. I. Qureshi, “Acute treatment for ischemic stroke in 2004,”
Emergency Radiology, vol. 11, no. 2, pp. 83–86, 2004.

[2] Y.D.Cheng, L. Al-Khoury, and J. A. Zivin, “Neuroprotection for
Ischemic Stroke: two decades of success and failure,” NeuroRx,
vol. 1, no. 1, pp. 36–45, 2004.

[3] M.-S. Lee, D.-Y. Yang, C.-L. Cheng, Y.-J. Liang, L.-L. Yang, and
F.-C. Cheng, “Ginkgo biloba extract preserves pyruvate and
enhances ascorbate in the cortex of gerbils during focal cerebral
ischemia: a microdialysis-liquid chromatography study,” Jour-
nal of Chromatography A, vol. 985, no. 1-2, pp. 387–394, 2003.

[4] X.-Q. Cao, X.-M. Zhang, X.-B. Wei, L.-X. Wang, and H.-Q.
Liu, “Protective effects of gypenosides on focal brain ischemia-
reperfusion injury in rats,” Chinese Pharmaceutical Journal, vol.
37, no. 7, pp. 499–502, 2002.

[5] J. T. Hong, S. R. Ryu, H. J. Kim et al., “Protective effect of
green tea extract on ischemia/reperfusion-induced brain injury
in Mongolian gerbils,” Brain Research, vol. 888, no. 1, pp. 11–18,
2001.

[6] B. Yan, D.-Y. Wang, D.-M. Xing et al., “The antidepressant
effect of ethanol extract of radix puerariae in mice exposed to
cerebral ischemia reperfusion,” Pharmacology Biochemistry and
Behavior, vol. 78, no. 2, pp. 319–325, 2004.

[7] Y. Numagami, S. Sato, and S. T. Ohnishi, “Attenuation of
rat ischemic brain damage by aged garlic extracts: a possible
protecting mechanism as antioxidants,” Neurochemistry Inter-
national, vol. 29, no. 2, pp. 135–143, 1996.

[8] H.-L. Zhang, Z.-L. Gu, S. I. Savitz, F. Han, K. Fukunaga, and
Z.-H. Qin, “Neuroprotective effects of prostaglandin A1 in rat
models of permanent focal cerebral ischemia are associated
with nuclear factor-𝜅B inhibition and peroxisome proliferator-
activated receptor-𝛾 up-regulation,” Journal of Neuroscience
Research, vol. 86, no. 5, pp. 1132–1141, 2008.

[9] R. L. Zhang, M. Chopp, Z. G. Zhang, Q. Jiang, and J. R. Ewing,
“A ratmodel of focal embolic cerebral ischemia,”Brain Research,
vol. 766, no. 1-2, pp. 83–92, 1997.

[10] T. Schallert, S. M. Fleming, J. L. Leasure, J. L. Tillerson, and S. T.
Bland, “CNS plasticity and assessment of forelimb sensorimotor
outcome in unilateral rat models of stroke, cortical ablation,
parkinsonism and spinal cord injury,” Neuropharmacology, vol.
39, no. 5, pp. 777–787, 2000.

[11] B.Haelewyn, T. Freret, E. Pacary et al., “Long-term evaluation of
sensorimotor and mnesic behaviour following striatal NMDA-
induced unilateral excitotoxic lesion in the mouse,” Behavioural
Brain Research, vol. 178, no. 2, pp. 235–243, 2007.

[12] M. Brenneman, S. Sharma, M. Harting et al., “Autologous
bone marrow mononuclear cells enhance recovery after acute
ischemic stroke in young and middle-aged rats,” Journal of
Cerebral Blood Flow and Metabolism, vol. 30, no. 1, pp. 140–149,
2010.

[13] T. Neumann-Haefelin, A. Kastrup, A. de Crespigny et al.,
“Serial MRI after transient focal cerebral ischemia in rats:
dynamics of tissue injury, blood-brain barrier damage, and
edema formation,” Stroke, vol. 31, no. 8, pp. 1965–1973, 2000.

[14] K. Yoneda, R. Iwamura, H. Kishi, Y. Mizukami, K. Mogami,
and S. Kobayashi, “Identification of the active metabolite of
ticlopidine from rat in vitro metabolites,” British Journal of
Pharmacology, vol. 142, no. 3, pp. 551–557, 2004.

[15] L. Belayev, O. F. Alonso, R. Busto,W. Zhao, andM. D. Ginsberg,
“Middle cerebral artery occlusion in the rat by intraluminal
suture: neurological and pathological evaluation of an improved
model,” Stroke, vol. 27, no. 9, pp. 1616–1623, 1996.

[16] L. Belayev, L. Khoutorova, K. Atkins, A. Cherqui, J. Alvarez-
Builla, and N. G. Bazan, “LAU-0901, a novel platelet-activating
factor receptor antagonist, confers enduring neuroprotection in
experimental focal cerebral ischemia in the rat,” Brain Research,
vol. 1253, pp. 184–190, 2009.

[17] Y. Wang, Z. G. Zhang, K. Rhodes et al., “Post-ischemic
treatment with erythropoietin or carbamylated erythropoietin
reduces infarction and improves neurological outcome in a rat
model of focal cerebral ischemia,” British Journal of Pharmacol-
ogy, vol. 151, no. 8, pp. 1377–1384, 2007.

[18] P. Kowal and A. Marcinkowska-Gapińska, “Hemorheological
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It is well known that acupuncture treatment has an effect on patients with an overactive bladder, but the mechanism of its action
remains to be clarified.This study was aimed to investigate the effects of acupuncture on bladder overactivity, and the excitability of
interstitial cells of Cajal of the bladder in a rat model of partial bladder outlet obstruction. Electroacupuncture (continuous wave,
30Hz, 1mA) was applied to stimulate the Ciliao point (BL32) and the Huiyang point (BL35) of rats for 20min, 3 days. Results
showed that acupuncture suppressed detrusor unstable contraction frequency and decreased detrusor maximum pressure in the
bladder filling period. Compared with the normal control rats, HCN2 mRNA and protein expression within the bladder were
upregulated and were reversed by electroacupuncture in overactive bladder rats as determined by RT-PCR, western blotting and
immunohistochemistry.Moreover, in-vitro cell-culturedOAB rats bladder interstitial cells of Cajal intracellular Ca2+ concentration
were higher than normal control rats, which were lowered after acupuncture treatment. These findings suggest that acupuncture
stimulation can suppress bladder overactivity, and regulate the excitability of bladder interstitial cells of Cajal in treatment of
overactive bladder myogenic mechanism.

1. Introduction

Overactive bladder (OAB) syndrome is characterized by
urinary frequency and urgency with or without urge incon-
tinence, and is often accompanied by nocturia. Acupuncture,
as one of the traditional Chinese therapeutics, provides
a nondrug therapy for OAB. It has been reported that
the acupuncture stimulation to the sacral vertebrae has a
suppressive effect on bladder activity, improves the symptom
of nocturnal enuresis, decreases mean urge frequency, and
diminishes voiding symptoms [1–5]. Our previous clinical
studies have showed that acupuncture could improve urine
dynamics condition, inhibit detrusor instability contraction,
increase the bladder capacity, and improve quality of life
significantly in OAB patients [6–8]. Although the effect of
acupuncture on bladder activity has been confirmed, the
mechanismof its action remains to be clarified.Wepreviously
found that the nitrergic neurotransmitter in bladder neck
and detrusor was obviously decreased in rats with unstable
bladder, the electroacupuncture treatment could significantly

increase the contains of NOS in bladder tissue, regulate the
bladder function, and inhibit bladder overactivity [9].

Many studies have found that interstitial cells of Cajal
(ICCs) in bladder, like in gastrointestinal tract, act as primary
pace maker cells that generate depolarizing currents into
neighboring smooth muscles and coordinate muscle con-
tractions, playing a fundamental role in signal transmission
from bladder nerves to smooth muscle cells [10]. Bladder
generates intrinsic autonomic contractions, and these intrin-
sic contractions are coordinated by the specialized system of
ICCs [11]. c-Kit is used as an identification marker of ICCs,
and Glivec (imatinib mesylate) is a c-kit receptor inhibitor,
which reduces bladder overactivity. ICCs are linked to each
other and to smooth muscle cells by gap junctions forming
a continuous network, producing a syncytium of neurons
enabling fast signal transduction [12]. c-Kit-positive ICCs are
more numerous in human OAB detrusor than normal detru-
sor, suggesting that bladder ICCs one associated with the
pathophysiology of OAB [13]. Hyperpolarization-activated
cyclic nucleotide-gated (HCN) channels are unique among
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vertebrate voltagegated ion channel, which lead to activation
on hyperpolarization. The HCN cation channel protein is
regarded as the structural basis of the hyperpolarization-
activated inward (Ih) current, which plays a very important
role in pacemaking [14]. HCN protein is identified in ICCs
of rat bladder, the expression of HCN protein is enhanced
obviously in OAB rats, which may be responsible for the
increased bladder excitability [15]. The change of structure
and cell communication function of pace maker ICCs in
bladder result in bladder overactivity. Whether the effect of
acupuncture stimulation merely acts on the detrusor smooth
muscle cells or to achieve through regulating the pacemarker
ICCs excitability?Therefore, the present studywas performed
in rats to examine: (1) the effects of acupuncture stimulation
on bladder overactivity; (2) whether the change of bladder
ICCs excitability mediates detrusor unstable contraction; (3)
how acupuncture regulates the bladder ICCs excitability in
treatment of unstable bladder myogenic mechanism.

2. Materials and Methods

2.1. Animals and Study Design. All experiments were per-
formed on female Wistar rats, obtained from the Experi-
mental Animal Center, Shanghai University of Tranditional
Chinese Medicine, weighing 180–200 g at the beginning of
the experiment. Animals were housed in a 12 h light/dark
cycle with food and water available ad libitum. The room
temperature was maintained at 22 ± 1∘C and relative humid-
ity at 45–50%. Five animals were housed in each cage. All
experiments were performed complying with international
ethical standards in the care and use of animals, and passed
the examination of animal ethics committee of Shanghai
University of TCM.

Female Wistar rats (𝑛 = 100) firstly were randomly
divided into two groups: normal control (𝑛 = 15), model
(𝑛 = 85). Rats were anesthetized by intraperitoneal injection
of 1% pentobarbital sodium (50mg/kg). The normal control
group underwent a sham operation. Partial bladder outlet
obstruction (PBOO), the classical method to induce OAB
[16], was performed in model group. After 6 weeks, the
models were assessed by cystometrogram under urethane
anesthesia. When the detrusor contraction caused by pres-
sure fluctuation shows phase contraction wave, the model
was set up [17]. The success models (𝑛 = 46) were
randomly divided into 3 groups: model group (𝑛 = 15),
acupuncture group (𝑛 = 15), Glivec group (𝑛 = 16).
Model group were no treatment, acupuncture group were
treated by electroacupuncture. Glivec group were irrigated in
the bladder with ICCs blocker Glivec (10−5mol/L, 1mL/day,
Santa Cruz Biotechnology), other groups were treated by
bladder irrigation physiological saline, and every group was
continuous treatment for 3 days.

2.2. Acupuncture Treatment. Conscious rats were treated by
acupuncture. One acupuncture needle (diameter, 0.22mm)
was positioned almost vertically underneath the periosteum
about 5mm lateral to the midline of the S

2
(BL32, Ciliao) and

the other acupuncture needle (diameter, 0.22mm) was posi-
tioned almost vertically underneath the periosteum about

5mm lateral to the midline of the coccyx (BL35, Huiyang),
bilateral symmetry. Stimulated electrically at both right and
left points with frequency of 30Hz and intensity of 1mA, the
entire procedure lasting 20min.

2.3. PBOO Operation and Cystometric Analysis. The opera-
tions of PBOOwere performed under general anesthesia pro-
vided by intraperitoneal injection of 1% pentobarbital sodium
(50mg/kg). A 2-3 cm midline suprapubic skin incision was
made, the fascia was reflected, the peritoneum was opened,
and the bladder was identified. The urethra was inserted by a
epidural catheter (diameter 1mm), the proximal urethra was
separated by a smooth forceps and tied with 2-0 sterile silk,
the degree of tightness was that the catheter could be pulled
easily, then the catheter was removed. The midline incision
was closed in two layers with 5-0 polypropylene suture.

The models were assessed by cystometric analysis after 6
weeks. All Rats were anesthetized by intraperitoneal injection
of 20% urethane (0.5mL/100 g). One end of the transvesical
catheter (polyethylene catheter-50) was inserted into the
bladder through urethra and the other was connected to a
pressure transducer and syringe pumpvia a 3-way stopcock to
record intravesical pressure and infuse saline into the bladder.
After the bladder was emptied, cystometry was performed
with saline infused at 0.2mL/min. The detrusor unstable
contraction frequency andmaximum pressure in the bladder
filling period were recorded before and after treatment, the
detrusor unstable contraction frequency was recorded by
counting no-voiding contraction.

2.4. RNA Extraction and Quantitative RT-PCR. All rats were
killed by cervical dislocation, the abdomen was opened,
trigone of urinary bladder was aseptically isolated and imme-
diately frozen in liquid nitrogen, and placed immediately
to be stored at −80∘C until it is used. Each Sample was
collected in 1mL ice-cold Trizol (Invitrogen, Carlsbad, CA,
USA). After its homogenization and sonification, RNA was
extracted with chloroform, precipitated with isopropyl alco-
hol, and dissolved in 30𝜇L RNAse-free DEPC. The RNA
concentration and purity were analyzed by a Nanodrop
spectrophotometer (Nanodrop Technologies, Wilmington,
DE), with the spectral absorption at 260 and 280 nm. For
cDNA synthesis, oligo(dT) primers, 1𝜇g of each total RNA
sample, and the RevertAid First Strand cDNA Synthesis
Kit (Fermentas, Ontario, Canada) were used, following the
guidelines of the manufacturer. cDNA samples were placed
on ice and stored at −20∘C until further use. Prior to the
analysis, 10 𝜇L of each cDNA sample was diluted with 90𝜇L
of MilliQ water.

Quantitative RT-PCR was carried out in 20𝜇L buffer
solution containing 1𝜇L of diluted cDNA sample, 10 𝜇L
2×SYBR green II qRT-PCR kit (Toyobo, Osaka, Japan), 1 𝜇L
of each primer (5 𝜇M), and 8 𝜇L of MilliQ water. Primers
to detect the mRNAs of the housekeeping gene 𝛽-actin of
Hcnwere designed using Primer 3 (http://frodo.wi.mit.edu/).
Primer pairs were for 𝛽-actin: 5-TCTGTGTGGATTGG-
TGGCTCT-3 and 5-AGAAGCATTTGCGGTGCAC-3, for
Hcn: 5-ACCCCCAGCTCGTCTACTCT-3 and 5-ACCCC-
ATCTTGTTTCTGCAC-3. Cycling conditions were 10min
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95∘C, followed by 40 cycles of 15 sec at 95∘C and 1min at
60∘C. After cycling, a melting protocol was performed with
15 sec at 95∘C, 1min at 60∘C, and 15 sec at 95∘C, to control
product specificity.The fold change (FC) in target gene cDNA
relative to selected endogenous control gene was determined
as follows: FC = 2−ΔΔCt, whereΔΔCt = (CtTarget−CtControl) test
− (CtTarget − CtControl) control. Ct values were defined as the
number of the PCR cycles at which the fluorescence signals
were detected.

2.5. Western Blotting. Frozen tissues were homogenized in
cold lysis buffer (Beyotime Biotechnology Co., Haimen,
Jiangsu, China) and centrifuged at 13, 000 rpm for 5min
at 4∘C, the supernatant total protein was quantified by
Lowry method [18]. Samples (30 𝜇g total protein per load-
ing) were separated on a 10% sodium dodecyl sulfate-
polyacrylamide gel, electrophoresis gel, and electrotransfered
onto polyvinylidene difluoride membranes (Millipore, Bed-
ford, MA, USA). The membranes were blocked with 5%
nonfat milk overnight at 4∘C, and then incubated with the
primary antibodies recognizing 𝛽-actin (mouse monoclonal,
1 : 5000, Abcam, Cambridge, UK) or HCN2 antibody (rabbit
polyclonal, 1 : 1000, Cell Signaling Technology, Danvers, MA,
USA) for 2 h at 22∘C. Then, the membranes were incu-
bated with a horseradish peroxidase-conjugated antimouse
(1 : 5000, Abcam, Cambridge, UK) or goat antirabbit HRP
(1 : 4000, Abcam, Cambridge, UK) secondary antibodies.The
signal was visualized with ECL plus reagent (GE healthcare,
Buckinghamshire, UK) and exposed onto X-ray film (Kodak,
Rochester, NY, USA). Protein ratios were calculated based
on densitometrical quantification of scanned films in Image J
software. HCN protein levels were normalized to actin levels
and to levels of a control animal sample.

2.6. Immunohistochemistry. The bladder was fixed in
buffered 10% formalin for 24 h, dehydrated and embedded in
paraffin, then cut section at 3𝜇m for IF assay. In summary,
slides were immersed to a boil (99∘C∼100∘C) in 0.01M
sodium citrate buffer (pH 6.0) for 10 minutes. After the
nonspecific binding was blocked with normal 5% goat
serum, slides were incubated overnight with the primary
antibodies c-Kit (H-300) antibody (sc5535, Santa Cruz
Biotechnology) and Anti-HCN2 antibody (ab84817, Abcam),
followed by the mixture of two fluorescent conjugated
secondary antibodies for 30min, Alexa Fluor 488 goat
antirabbit IgG (Cat:A11034, Invitrogen, USA) and Alexa
Fluor 555 goat anti-mouse IgG (Cat:A21424, Invitrogen,
USA). Finally, the slides were mounted with DAPI mounting
solution (P36935, Invitrogen, USA) and evaluated by 50i
Nikon microscope in dark. The nucleus were visualized blue
using a filter 330–380 nm and positive labeled expression
with green by the filter 465–495 nm, with red by the filter
530–600 nm.

2.7. Primary Bladder ICCs Cell Culture and Identification.
Referring to the previous experiments [19, 20], the rat bladder
was dissected and placed in D-hanks’ solution and the
mucosal layer was removed. The smooth muscle was cut
into small pieces and placed into 1mg/mL collagenase type

II (Worthington), 0.5mg/mL trypsin (PAA), 1mg/mL BSA
(Huamei biological engineering company, China) solution.
The smooth muscle was incubated in shaking bath for 8min
at 37∘C 300RPM, repeated 5 times. After incubation cells
were centrifuged at 1500 RPM for 5min, then the superfusate
containing collagenase was removed. Cells were resuspended
in 5mL RPMI solution containing 30% FBS and centrifuged
again at 1500 RPM for 5min (twice). After the last cleaning
process, 3mL RPMI solution containing 30% FBS was added
for the 1 plates (diameter 3 cm) having 2.5mL cell suspension
each, for measurement of intracellular-free Ca2+ concentra-
tion use 96 well plates. In our experiment, we found that
while the ICCs took 3-4 hours to become attached to the
plate of the culture disk, the detrusor cells would take 6 hours
to do the same. Therefore, we used this time difference to
separate these two types of cells concerned. Experimentswere
carried out on 1-2 days-old cultures. The ICCs in the cultures
were morphologically distinct from the smooth muscle cells
and their identity was confirmedwith immunocytochemistry
using primary antibodies against c-Kit.

Immunohistochemistry to visualize cells expressing c-
Kit immunoreactivity, cells were fixed in 3.7% formaldehyde
(Thremo fish) 10min, blocked in 1% bovine serum albumin
(BSA) for 20min, and preparations were loaded in the dark
incubated for 12 h in PBS containing c-Kit protein (SC 5535,
diluted 1 : 200, Santa Cruz Biotechnology). The cell plate was
washed and then incubated for another 1 h 37∘C in antirabbit
IgG antibody labelled with a fluorescent marker (IgG-Alexa
Fluor 488, diluted 1 : 900, Cell Signaling Technology). After
washing with PBS, the preparations were observed using an
inverted fluorescence microscopy (Axiovert 40 CFL, Zeiss,
Germany).

2.8. Measurement of Bladder ICCs Intracellular Free Ca2+
Concentration, [Ca2+]i. Preparations were loaded in DMSO
containing 5 𝜇mol/L fura-2 AM (Dojindo Laboratories,
Japan) for 40min at 37∘C. They were washed three times
in PBS and de-esterified for 40 minutes at 37∘C before the
experiment. Varioskan flash (Thermo Fisher Scientific) was
used for measuring [Ca2+]i concentration. Intensity ratios at
340 and 380 nm excitation (𝐹

340
/𝐹
380

) were calibrated using
an in vitro method and converted into Ca2+ concentration
according to the equation, [Ca2+]i = 𝐾

𝑑
((𝑅 − 𝑅min)/(𝑅max −

𝑅)), where 𝐾
𝑑
represents the dissociation constant with a

value of 224 nM, 𝑅 represents 𝐹
340

/𝐹
380

, and 𝑅min and 𝑅max
represent intensity ratios in 0 Ca2+ (added 0.1M EGTA) and
saturating Ca2+ (0.1% Triton X-100 and 0.1M CaCl

2
).

2.9. Data Analysis. All data were expressed as mean ± SD.
Statistical significance was tested using one-way analysis of
variance (ANOVA) and post hoc tests, with values of𝑃 < 0.05
considered significant.

3. Results

3.1. Effects of Acupuncture Treatment on Urodynamics

3.1.1. Effects of Acupuncture Treatment on the Detrusor Un-
stable Contraction Frequency in Bladder Filling Period. No
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Figure 1:Theoriginal tracing of cystometrogramafter treatment. (a)
Normal control group (b) model group, and (c) acupuncture group;
(d): Glivec group.
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Figure 2: The detrusor unstable contraction frequency in bladder
filling period before and after treatment for normal control, model,
acupuncture, and Glivec groups.  after treatment versus before
treatment 𝑃 < 0.05. ∗ versus normal control group 𝑃 < 0.05. △
versus model group 𝑃 < 0.05.

significant differences in body weight were observed among
four groups before and after treatment. (𝑃 = 0.227 before
treatment, 𝑃 = 0.77 after treatment).

In cystometrograms performed six weeks after the oper-
ation, compared with normal control group (0.00 ± 0.00,
𝑛 = 13), the detrusor unstable contraction frequency
(time/period) in bladder filling period was significantly
increased in the model group (3.50 ± 1.40, 𝑛 = 15) (𝑃 = 0.00,
𝑃 > 0.05), acupuncture group (3.33±1.73, 𝑛 = 15) (𝑃 = 0.00,
𝑃 > 0.05), and Glivec group (4.09 ± 1.52, 𝑛 = 16) (𝑃 = 0.00,
𝑃 > 0.05), but no significant difference among model group,
acupuncture group, and Glivec group (𝑃 = 0.74, 𝑃 = 0.24,
𝑃 = 0.13, 𝑃 > 0.05). Comparison before and after treatment,
there was no difference in the normal control group (𝑃 =
0.13, 𝑃 > 0.05) and model group respectively, (𝑃 = 0.64,
𝑃 > 0.05), and decreased in the acupuncture group (𝑃 = 0.00,

𝑃 < 0.05), and Glivec group respectively, (𝑃 = 0.00, 𝑃 <
0.05). Comparison among groups after treatment (𝐹 = 9.805,
𝑃 = 0.00, 𝑃 < 0.05), normal control group (0.27 ± 0.60)
acupuncture group (0.57 ± 0.92), Glivec group (1.31 ± 1.29)
were less than model group (3.20 ± 2.68) (𝑃 = 0.00, 𝑃 = 0.00,
and 𝑃 = 0.00, 𝑃 < 0.05), and there were no significant
difference among the normal group, acupuncture group and
Glivec group (𝑃 = 0.63, 𝑃 = 0.09, and 𝑃 = 0.20, 𝑃 > 0.05)
(Figures 1 and 2).

3.1.2. Effects of Acupuncture Treatment on the Detrusor Unsta-
ble Contraction Maximum Pressure in Bladder Filling Period.
In cystometrograms performed six weeks after the operation,
compared with the normal control group (4.32 ± 1.35, 𝑛 =
13), the detrusor unstable contraction maximum pressure
(cmH

2
O) in bladder filling period was significantly raised in

themodel group (54.27± 22.39, 𝑛 = 15) (𝑃 = 0.00, 𝑃 > 0.05),
acupuncture group (51.95 ± 20.33, 𝑛 = 15) (𝑃 = 0.00,
𝑃 > 0.05), and Glivec group (61.69±16.28, 𝑛 = 16) (𝑃 = 0.00,
𝑃 > 0.05), but no significant difference among model group,
acupuncture group, and Glivec group (𝑃 = 0.72, 𝑃 = 0.24,
and 𝑃 = 0.13, 𝑃 > 0.05). in a Comparison before and
after treatment, there was no difference in the normal control
group (𝑃 = 0.06, 𝑃 > 0.05) and model group respectively
(𝑃 = 0.348, 𝑃 > 0.05), and decreased in the acupuncture
group (𝑃 = 0.00, 𝑃 < 0.05) and Glivec group respectively
(𝑃 = 0.00, 𝑃 < 0.05). Comparison among groups after
treatment (𝐹 = 15.305, 𝑃 = 0.00, 𝑃 < 0.05), normal control
group (7.68 ± 4.69) and acupuncture group (14.29 ± 10.94),
Glivec group (18.24 ± 18.10) were lower than model group
(45.69 ± 23.55) (𝑃 = 0.00, 𝑃 = 0.00, and 𝑃 = 0.00, 𝑃 < 0.05),
and therewere no significant difference amongnormal group,
acupuncture group, and Glivec group (𝑃 = 0.29, 𝑃 = 0.09,
and 𝑃 = 0.50, 𝑃 > 0.05) (Figures 1 and 3).

3.2. Effects of Acupuncture Treatment on
Bladder HCN2 mRNA and Protein

3.2.1. Expression of HCN2 mRNA in Bladder Detected With
RT-PCR. The expression of HCN2 mRNA in bladder was
significantly different among groups (𝐹 = 3.788, 𝑃 = 0.024,
𝑃 < 0.05). Model group (2.21 ± 1.12, 𝑛 = 7) is significantly
higher than normal control group (1.21 ± 0.46, 𝑛 = 7) (𝑃 =
0.01, 𝑃 < 0.05), acupuncture group (1.36 ± 0.50, 𝑛 = 6)
(𝑃 = 0.04, 𝑃 < 0.05), and Glivec Group (1.09 ± 0.41, 𝑛 = 7),
(𝑃 = 0.00, 𝑃 < 0.05) (Figure 4).

3.2.2. Expression of HCN2 Protein in Bladder Detected by
Western Blotting. Similar to the result from RT-PCR, the
expression of HCN2 protein in bladder was different among
groups (𝐹 = 3.394, 𝑃 = 0.05). Model group (0.93 ± 0.17,
𝑛 = 4) was increased compared with normal control group
(0.62 ± 0.11, 𝑛 = 4) (𝑃 = 0.01, 𝑃 < 0.05), and significantly
decreased in the acupuncture group (0.69 ± 0.14, 𝑛 = 4)
(𝑃 = 0.04, 𝑃 < 0.05) and Glivec group (0.69 ± 0.16, 𝑛 = 4)
(𝑃 = 0.04, 𝑃 < 0.05) (Figure 5).

3.3. Effects of Acupuncture Treatment on Bladder ICCs Dis-
tribution and Quantity. To detect the ICCs in rat bladder,



Evidence-Based Complementary and Alternative Medicine 5

Normal control Model Acupuncture Glive c
Groups

Before treatment
After treatment

0

20

40

60

80

100

D
et

ru
so

r u
ns

ta
bl

e c
on

tr
ac

tio
n

m
ax

im
um

 p
re

ss
ur

e (
cm

H
2
O

)

∗





Figure 3: The detrusor unstable contraction maximum pressure in
bladder filling period before and after treatment for normal control,
model, acupuncture, and Glivec groups.  after treatment versus
before treatment 𝑃 < 0.05. ∗ versus normal control group 𝑃 < 0.05.
△ versus model group 𝑃 < 0.05.

0

1

2

3

4

Normal control Model Acupuncture Glive c
Groups

H
CN

2 
m

RN
A

 ex
pr

es
sio

n






∗

Figure 4: Relative expression level of the HCN2 mRNA in bladder
determined by RT-PCR. ∗ versus normal control group 𝑃 < 0.05.△
versus model group 𝑃 < 0.05.

fluorescent staining method was applied, c-Kit-positive ICCs
(red) were found in rat urothelium, suburothelium, and
muscle layer by fluorescence microscope. Bladder ICCs were
found in detrusor muscle layers that were mainly located
along the boundary of smooth muscle bundles and between
muscle bundles. The quantity of ICCs was counted in every
visual field and 10 visual fields were observed by random in
every group.The result showed a significant difference among
groups (𝐹 = 3.086, 𝑃 = 0.039, 𝑃 < 0.05). Model group
(2.70 ± 2.41) was more than normal control group (0.40 ±
0.84) (𝑃 = 0.01, 𝑃 < 0.05), but there were no difference
compared with acupuncture group (1.30 ± 0.95) (𝑃 = 0.08,
𝑃 > 0.05) andGlivec group (1.60 ± 2.07) (𝑃 = 0.16,𝑃 > 0.05)
(Figure 6).

3.4. Effects of Acupuncture Treatment on the Quantity of
HCN2 Channel in Bladder ICCs. The relationship between
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Figure 5: Relative expression level of the HCN2 protein in bladder
determined byWestern blotting. ∗ versus normal control group 𝑃 <
0.05.△ versus model group 𝑃 < 0.05.

bladder ICCs and HCN2 channel was investigated by dou-
ble immunofluorescence experiments using c-Kit antibody
followed by the antibody protein HCN2, known to be the
important features of the pace maker. An relationship was
noticed that theHCN2 stainingwas observed in c-Kit positive
ICCs within the individual cell bodies, the HCN2 and c-
Kit immunostaining were uniformly present throughout the
cytoplasm. HCN2 immunostaining ICCs were also counted
in every visual field and 10 visual fields were observed by
random in every group. The results revealed a significant
difference among these groups (𝐹 = 6.756, 𝑃 = 0.00, 𝑃 <
0.05), the quantity of HCN2 positive ICCs in model group
(10.50 ± 8.53) was significantly increased compared with
normal control group (0.40 ± 0.97) (𝑃 = 0.00, 𝑃 < 0.05), and
was less distributed in acupuncture treatment (4.20 ± 4.64)
(𝑃 = 0.01,𝑃 < 0.05) andGlivec group (4.60 ± 2.80) (𝑃 = 0.01,
𝑃 < 0.05) (Figure 7).

3.5. Effects of Acupuncture Treatment on Bladder ICCs In-
tracellular Free Ca2+ Concentration. Cultured cells were
observed under inverted microscope. The morphology of
ICCs was spindle-shaped, with several branches emanating
from a central soma, and connected with neighboring cells,
showing networks (Figure 8). The ICCs in the cultures were
morphologically distinct from the smooth muscle cells and
their identity was confirmed with immunocytochemistry
using primary antibodies against c-Kit (Figures 9(a), 9(b),
and 9(c)).



6 Evidence-Based Complementary and Alternative Medicine

(a) (b)

(c) (d)

0

2

4

6

Normal control Model Acupuncture Glive c
Groups

Th
e q

ua
nt

ity
 o

f I
CC

s
( p

ie
ce

/v
ie

w
 fi

el
d)

∗

(e)

Figure 6: Changes of distribution and quantity in bladder ICCs. ((a), (b), (c), and (d)) Immunofluorescence of c-Kit in bladder. Nucleus
stained by DAPI (blue), c-Kit (red) in urothelium, suburothelia, and muscle layer. c-Kit-positive ICCs (↑). (a) Normal control group, (b)
model group, (c) acupuncture group, and (d) Glivec group. Scale bar is 50𝜇m. (e) Comparisons of relative quantity of ICCs in bladder after
treatment. ∗ versus normal control group 𝑃 < 0.05.

The ability of rat bladder ICCs to respond to the acupunc-
ture stimulation and Glivec was investigated in primary
cultured and fresh cells, loaded with Ca2+ indicator fura-2
AM. Varioskan flash (ThermoFisher Scientific) was used for
measuring [Ca2+]i concentration, every well in 96-well plates
was determined on 5 regions of interest, and 40 regions were
selected in each group. According to the equation, [Ca2+]i =
𝐾
𝑑
((𝑅−𝑅min)/(𝑅max−𝑅)), to convert intoCa

2+ concentration.
The intracellular free Ca2+ concentration in bladder ICCs
of model group (10.73 ± 3.05) was higher as compared to

normal control group (5.24 ± 2.80), (𝑃 = 0.00, 𝑃 < 0.05);
acupuncture stimulation (5.57 ± 5.31) and Glivec bladder
irrigation (6.21 ± 2.60) was significantly lower the OAB rats
bladder ICCs intracellular Ca2+ concentration (𝑃 = 0.00,
𝑃 = 0.00, 𝑃 < 0.05) (Figure 10).

4. Discussion

This study demonstrated that acupuncture stimulation sup-
pressed bladder overactivity, down-regulated the expression
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Figure 7: The quantity of HCN2 channel in bladder ICCs. ((a), (b), (c), and (d)) Double-labeled immunofluorescence of HCN2 and c-Kit
in bladder. Nucleus stained by DAPI (blue), c-Kit (green), and HCN2 (red) staining in urothelium, suburothelium, and muscle layer. Some
ICCs were c-kit positive (↑), some were HCN2 positive (X), and some were double labeled (). (a) Normal control group, (b) model group,
(c) acupuncture group, (d) Glivec group. Scale bar is 50 𝜇m. (e) Comparisons of relative quantity of HCN2 channel in bladder ICCs after
treatment. ∗ versus normal control group 𝑃 < 0.05.△ versus model group 𝑃 < 0.05.

of HCN2mRNA and protein in bladder, reduced the quantity
of HCN2 channel in bladder ICCs, and also decreased
bladder ICCs intracellular free Ca2+ concentration. This is
the first evidence that acupuncture stimulation regulates
the excitability of bladder ICCs in treatment of overactive
bladder myogenic mechanism.

The points of stimulation in this study are the classical
points BL32 and BL35 corresponding to sacral vertebrae S

2

level and coccyx, which belongs to the Bladder Meridian
of Foot Taiyang in Traditional Chinese Medicine [21]. The
clinical studies show that acupuncture stimulation to the

sacral vertebrae increases bladder capacity and suppresses
overactive bladder [22, 23]. In our previous clinical studies,
we found that electroacupuncture with continuous wave,
30Hz, 1mA, 20min, 3 days stimulation could suppress blad-
der unstable contraction frequency, and decrease detrusor
maximum pressure in the bladder filling period thereby
suppressing bladder overactivity.Therefore, we used the same
therapy through the experiment.

ICCs have been widely recognized as playing key roles in
the initiating contractile activity, mediating neurotransmis-
sion, conducting electrical impulses, and acting as a stretch
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Figure 8: The morphology of ICCs (↑) and detrusor cell () under
inverted microscope (×400).

sensor [24]. The spontaneous action potentials identified in
the ICCs indicate that changes in the excitability of this cell
lead to a series of contractile abnormality. The number of
ICCswas increased in overactive bladder, the changes in ICCs
may account for pathologically increased signal transmission
between cells [25]. The clinical significance of bladder ICC
in bladder dysfunction has been investigated by studies of
tissue from patients with unstable bladders which reportedly
have larger numbers and density of distribution of ICC than
control samples, Glivec (imatinibmesylate) 10−5M, improved
bladder capacity, compliance, voided volumes, urinary fre-
quency, and reduced contraction thresholds and spontaneous
activity [26]. Our results show that the quality of c-Kit-
positive bladder ICCs in OAB rats was significantly increased
compared with normal control rats, which was consistent
with the results of above studies. However, the quatity was not
significantly reduced by acupuncture stimulation and Glievc
10−5mol/L bladder irrigation.

HCN channels are active at resting membrane potential
and thus are believed to participate in autorhythmicity
and excitability. Immunofluorescence and Western blotting
revealed thatHCN1,HCN2,HCN3, andHCN4channelswere
all present in the ICCs of the human bladder [27]. HCN1, 2, 4
subtypes play important role inmodulating bladder excitabil-
ity by controlling the kit-positive ICC-like cells. HCN chan-
nel, and its Ih current may take part in the modulation of
cell excitation and might control the excitability of bladder.
HCN channel, as a potential peacemaker, was involved in
the regulation of bladder excitation, presumably via bladder
ICC-like cells [28]. In our study, immunohistochemistry was
also used to detect HCN2 channel. The quality of HCN2 in
ICCs in OAB rats was significantly increased compared with
normal control rats, and significantly reduced by acupuncture
stimulation and Glievc 10−5M bladder irrigation. The results
from RT-PCR and western blotting analysis revealed that
HCN2 subtype was detected in bladder, and its mRNA and
protein expression were increased in OAB rats, suggesting
that there are some changes in the HCN2 channel in the
pathologic conditions, with the excitability enhancement of
HCN2 channel in bladder. HCN2 involved in the suppressing
effect of acupuncture stimulation on bladder unstable con-
traction, acupuncture stimulation and Glivec 10−5M bladder
irrigation down-regulated the HCN2 mRNA and protein

(a)

(b)

(c)

Figure 9: The c-Kit immunofluorescence of ICCs under Inverted
Fluorescence Microscope (×400). (a) c-Kit-positive ICCs (green).
(b) Nucleus stained by DAPI (blue). (c) Merge.
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Figure 10: Comparisons of relative bladder ICCs intracellular-free
Ca2+ concentration among four groups after treatment. ∗ versus
normal control group 𝑃 < 0.005,△ versus model group 𝑃 < 0.005.
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expression, suggesting that HCN channel in ICCs may be the
new therapeutic target for OAB.

Modulation of cytoplasmic Ca2+ concentration is amech-
anism common to signal transduction pathways regulating
many cellular phenomena, the role of intracellular Ca2+
is of particular importance, as it is the main determinant
of detrusor contractile activity. Spontaneous, autonomous
cellular activity-Ca2+ and membrane potential oscillations,
originate from detrusor smooth muscle in human bladders,
mediated by extracellular Ca2+ influx and intracellular release
[29]. Meanwhile, these pace maker cells ICCs generate the
repetitive Ca2+ transients that activate inward currents that
spread through the gap junctions to provide the depolarizing
signal that triggers contraction through opening L-type
voltage-operated channels (VOCs) allowing external Ca2+ to
flood into the cell to trigger contraction [30]. In this study, we
revealed that basal intracellular free Ca2+ concentration was
elevated in Bladder ICCs from overactive bladders and was
significantly decreased through acupuncture stimulation and
Glivec, which suggest that acupuncture might have affected
the membrane potential and made it difficult to induce Ca2+
influx, and the L-type calcium channel opened to trigger the
action potential.

5. Conclusions

A systematic profile of the effects of acupuncture stimulation
on bladder overactivity and the excitability of bladder ICCs
were shown in the present study. The results show that
acupuncture stimulation suppressed bladder overactivity,
down-regulated the expression of HCN2 mRNA and protein
in bladder, and reduced the quality of HCN2 chanel in
bladder ICCs. Furthermore, acupuncture stimulation also
decreased bladder ICCs intracellular-free Ca2+ concentra-
tion. The result may help to provide a scientific foundation
to build the clinical acupuncture treatment in OAB.
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Background. Inflammatory bowel diseases (IBD) are recurrent and refractory which include ulcerative colitis (UC) and Crohn’s
disease (CD). Clinical researches about acupuncture and moxibustion treatments for IBD are increasing, while systematic reviews
about their efficacy remains in a shortage. This study sought to evaluate the efficacy of acupuncture and moxibustion for IBD.
Methods. Seven significant databases both in and abroad were searched for randomized controlled trials (RCTs) which compared
acupuncture and moxibustion as the main intervention to pharmacotherapy in treating IBD. A meta-analysis was performed.
Results. A total of 43 RCTs were included. Among the 43 included trials, 10 trials compared oral sulphasalazine (SASP) with
acupuncture and/or moxibustion treatments. A meta-analysis of the 10 trials indicated that acupuncture and moxibustion therapy
was superior to oral SASP. Conclusion. Acupuncture and moxibustion therapy demonstrates better efficacy than oral SASP in
treating IBD. However, given the limitations of this systematic review and the included literature, definitive conclusions regarding
the exact efficacy of acupuncture and moxibustion treatment for IBD cannot be drawn. Extant RCTs still cannot provide sufficient
evidence and multicentre, double-blind RCTs with large sample sizes are needed to provide higher-quality evidence.

1. Introduction

Inflammatory bowel diseases (IBD) encompass a group of
chronic nonspecific inflammatory diseases of the bowel with
unknown aetiology. The main forms of IBD are ulcerative
colitis (UC) and Crohn’s disease (CD). UC and CD are
similar with regard to their clinical manifestations, diagnosis,
and treatment. Clinically, both UC and CD involve the
primary symptoms of abdominal pain and diarrhoea. These
conditions are refractory and recurrent, causing high levels of
patient suffering.

The aetiology and pathogenesis of IBD are not fully
understood and, moreover, there is currently no specific
treatment. The primary therapeutic approaches in clinical
practice are derived from western medicine including tra-
ditional treatment with sulphasalazine (SASP; also known
as 5-aminosalicyclic acid (5-ASA)) or the administration
of steroids, immunosuppressive agents, or new biological

agents. However, long-term treatment with steroids and
immunosuppressants can cause serious adverse reactions,
whereas new types of biological agents not only are expensive
and economically burdensome to patients but also have
unsatisfactory long-term efficacy.

Since the 1990s, there have been an increasing number
of clinical studies of acupuncture andmoxibustion treatment
for IBD, and the existing investigations have demonstrated
that acupuncture and moxibustion can effectively control
bowel inflammation by providingmultitargeted regulation of
the body’s physiological balance [1, 2]. However, quality of
these clinical studies is uneven, and types are varied. So far,
systematic reviews or meta-analyses about acupuncture and
moxibustion treatment for IBD are few. Therefore, it is nec-
essary to conduct systematic evaluations and meta-analysis
of randomized controlled trials (RCTs) of acupuncture and
moxibustion in treating IBD. Also the studies could provide
a reference for future clinical treatment and research.
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2. Materials and Methods

2.1. Search and Retrieval Strategy. Foreign-language and
Chinese databases were searched. The Medline, Embase,
and Cochrane Library databases were searched for English-
language reports regarding RCTs. The Medline database was
searched from 1966 to December 31, 2012, and Embase
from 1974 to December 31, 2012. The Chinese literature
databases that were searched include the China National
Knowledge Infrastructure Database (CNKI), the Chongqing
VIP Chinese Science and Technology Periodical Database
(VIP), and the Chinese Biomedical Literature Database
(CBM). The CNKI and CBM were searched to retrieve
relevant studies from January 1, 1949, to December 31, 2012,
whereas the VIP was searched to retrieve relevant studies
from January 1, 1989, to December 31, 2012. The keywords
used to for the Chinese-language literature include “inflam-
matory bowel diseases,” “ulcerative colitis”, “Crohn’s disease”,
“acupuncture”, “moxibustion”, “acupoint”, and “acupuncture
treatment”; the keywords used for English-language literature
included “acupuncture”, “moxibustion”, “inflammatory bowel
diseases,” “ulcerative colitis”, and “Crohn’s disease” Based
on the specific circumstances of the different databases,
comprehensive searches for combinations of keywords and
for wildcards were conducted to ensure the completeness of
the search results.

2.2. Inclusion Criteria. (1) Research subjects: included studies
were required to have enrolled patients with an unequivocal
diagnosis of IBD (including UC and CD); no restrictions on
race, age, or sex were imposed. (2) Study design: included
studies were required to be RCTs in Chinese or English that
evaluated the efficacy of acupuncture and/or moxibustion
treatment for IBD. (3) Experimental group interventions:
included studies were required to feature an experimental
group that mainly received acupuncture and/or moxibustion
treatment (including filiform needles, electroacupuncture,
moxibustion, or cupping, among other techniques), either
alone or in conjunction with other therapies (such as drug
therapy), without differentiating among different acupunc-
ture and moxibustion techniques, the selection of acupoints,
or needle material. For studies in which the treatment group
received acupuncture and/or moxibustion treatment com-
binedwithmedication, the same drug had to be administered
to both the treatment group and the control group. (4)
Control group interventions: included studies were required
to feature a control group that received medication, placebo,
or sham acupuncture controlled treatment(s). (5) Outcome
measurements: the outcomemeasurements of included stud-
ies had to include overall clinical efficacy, general conditions,
changes in symptoms, serum inflammatory markers, and/or
colonoscopic findings. (6) Availability: the full text or suf-
ficiently informative abstracts of included studies had to be
accessible.

2.3. Exclusion Criteria. The following types of studies were
excluded from this analysis: (1) RCTs that lacked clear
diagnostic criteria or basic information of the subjects or
interventions; (2) serial observations, case reports, expert

Table 1: Modified Jadad quality scale.

Aspects Details Score

Randomization

Appropriate if random sequence is
generated by computer or similar
methods

2

Unclear if a trial does not describe its
method of randomization 1

Inappropriate if a study uses an
alternate assignment method, such as
the allocation of odd and even
numbers

0

Randomization
concealment

Appropriate if either the distribution
scheme is controlled by a center or
pharmacy, containers with consistent
serial numbers being used, on-site
computer control, sealed opaque
envelopes, or any other allocation
method that clinicians and subjects are
unable to predict

2

Unclear if only a random number table
or other random allocation scheme is
employed

1

Inappropriate if either of alternate
allocation, case numbers, days of the
week, an open-label random number
table, serial coded envelopes, or any
other method with predictable
assignments is used

0

Absent if randomization is not used 0

Blinding
method

Appropriate if a completely identical
placebo form or a similar method is
used

2

Unclear if the trial was described as
blinded, but no methodological
information regarding the blinding
was provided

1

Inappropriate if the double-blind
method is not adopted or if the
blinding method is improper, such as a
comparison between tablets and
injections

0

Withdrawal
and exit

The number and reasons of patients
who withdraw or exit are described 1

The number and reasons of patients
who withdraw or exit are not described 0

experiences, or descriptive analyses without control groups;
(3) studies that compared different acupuncture and mox-
ibustion techniques or selection of different acupoints to
control groups; (4) studies that compared acupoint injections
to drug therapy; (6) studies that were duplicate for retrieving
or publishing.

2.4. Quality Assessments of the Included RCTs. The method-
ological quality of the included trials was evaluated using
a modified Jadad quality scale (Table 1). The total possible
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Embase Medline Cochrane CNKI VIP CBM

Total Duplication

Included Unrelated
(animal experiment, aetiology study, case report, 
observational study/survey/questionnaire, 

Full text
Excluded
(non-RCTs, comparison between different
manipulation/prescription, RCTs without clear  
diagnostic criteria/basic information, comparison  
between acupoint injections and drug therapy,Included studies

n = 83 n = 35 n = 34 n = 281 n = 213 n = 100

n = 746 n = 348

n = 398

n = 195

n = 43

traditional review, theory discussion, etc.) n = 203

etc.) n = 148

Duplication, n = 4

Figure 1: Flowchart of trial selection process. CNKI: China National Knowledge Infrastructure Database; VIP: Chongqing VIP Chinese
Science and Technology Periodical Database; CBM: Chinese Biomedical Literature Database; RCT: randomized controlled trial.

score for study quality was 7 points. Studies with scores of
1–3 points were regarded as low-quality investigations, and
studies with scores of 4–7 points were regarded as high-
quality investigations.

2.5. Data Retrieval. In accordance with the predetermined
inclusion criteria, two researchers independently performed
a rigorous screening to identify qualified trials, and they
extracted data from these trials using a predesigned data
extraction form independently. The extracted data included
methodological features of the studies, demographic charac-
teristics, treatment and control measurements, and primary
outcome indicators. A third evaluator verified the consistency
of the data, and any inconsistencies were addressed through
discussion.

2.6. Data Analysis. The RevMan software package from the
Cochrane Collaboration (Oxford, UK), version 5.1, was used
for meta-analysis of the data. In the analysis of clinical
efficacy, count datawere assessed in terms of risk ratios (RRs),
and continuous variables were assessed in terms of mean
difference (MD). Both count data and continuous variables
are expressed as efficacy values with 95% confidence intervals
(CIs). If the meta-analysis results exhibited heterogeneity

(defined as results of tests of heterogeneity that indicated that
𝑃 < 0.1 and 𝐼2 ≥ 50%), then a random effects model will
be used to assess combined efficacy values; otherwise, fixed
effects models will be used for these assessments. Funnel plot
analysis was used to evaluate the presence of publication bias.

3. Results

3.1. The Characteristics and Methodological Quality of the
IncludedTrials. Using the search and retrieval strategy, a total
of 746 studies were initially retrieved from the six afore-
mentioned medical databases, including 152 English studies
and 594 Chinese studies. The bibliographic information for
these studies was imported into Microsoft Excel, and 348
duplicated titles were deleted. The titles and abstracts of the
remaining studies were read to exclude irrelevant studies;
after this process, 195 studies remained. These 195 studies
were downloaded and full texts were read; using the pre-
determined exclusion criteria, 152 irrelevant studies were
excluded. Finally, 43 studies were selected for inclusion [3–
45], including 37 studies inChinese and six studies in English.
All of the included studies were published as journal articles.
The flowchart for the literature search process is presented in
Figure 1.
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Among the 43 included studies, there was one CD study
[43] and 42UC studies.These studies included a total of 4,021
patients with IBD; 2,146 of these patients were male (55.9%),
1,691 were female (44.1%), and the gender of the remaining
184 patients (4.6%) was unknown because two studies did not
report this information [5, 31].The average sample size of each
included RCT was 93.5 and ranged from 29 to 640.

Acupuncture and moxibustion therapy was the main
intervention in the treatment groups of the examined RCTs.
These treatments primarily involved acupuncture and/or
moxibustion, although certain studies examined acupoint
catgut embedding therapy, acupoint application, and auric-
ular acupressure. In particular, among the 43 included
studies, acupuncture and moxibustion therapy was used
as the intervention method for the treatment group in 17
studies [5, 8, 9, 13–19, 21, 23–25, 28, 36, 45]; moxibustion
treatment was used as the main intervention in 12 studies
[5, 8, 9, 13–19, 28, 36]; acupuncture alone was used in one
study [45]; acupoint catgut embedding therapy was used in
two studies [24, 25]; balance cupping therapy was used in
one study [21]; and acupoint application was used in one
study [23]. Comprehensive treatment, using two forms of
therapy as an intervention method, was used in 19 studies
[3, 6, 7, 12, 20, 22, 26, 27, 29, 31, 33, 35, 37, 39–44]; in
particular, combinations of two types of acupuncture and
moxibustion treatments were used in 10 studies [3, 12,
22, 29, 35, 37, 41–44]; a combination of acupuncture and
moxibustion with SASP treatments was used in three studies
[6, 20, 39]; a combination of acupuncture and moxibustion
with Chinese herbal treatments was used in one study [40];
and a combination of acupuncture and moxibustion with
a retention enema, using traditional Chinese medicine, was
used in five studies [7, 26, 27, 31, 33]. A combination of
three treatments was used as an intervention method in a
total of six studies [4, 10, 30, 32, 34, 38]; in particular, a
combination of three types of acupuncture and moxibustion
techniques was used in one study [38]; a combination of
two types of acupuncture and moxibustion techniques and
a retention enema using traditional Chinese medicine and/or
western drugs was used in two studies [32, 34]; a combination
of two types of acupuncture and moxibustion techniques
with Chinese herbal medicine was used in one study [4];
and a combination therapy of two types of acupuncture
and moxibustion techniques with oral western medicine was
used in two studies [10, 30]. In addition, a combination
of four interventions, including auricular acupressure, oral
Chinese medicine, oral western medicine, and an enema
with traditional Chinese medicine, was used in one study
[11]. The interventions for the control groups consisted of
drug therapy; in particular, most of these studies involved a
control group that was administered SASP (27 studies). In
addition, sham acupuncture was used as a control in two
studies [41, 43].

The main outcome indicators reported in the included
studies were overall efficacy, colonic activity indices, clinical
symptom scores, fibre colonoscopy results, laboratory test
findings (including evaluations of T lymphocyte subpop-
ulations and immunoglobulin), and adverse reactions to
treatments. The general data and methodological quality

of the included studies are presented in Table 2, and the
interventions and outcome measurements are presented in
Table 3.

The assessments for bias risk revealed that among the
43 RCTs included in this systematic evaluation, nine RCTs
reported their random allocation methods [10–12, 18, 25, 29,
40, 41, 43], three studies utilized appropriate allocation con-
cealment [10, 41, 43], and the random allocationmethods and
allocation concealment of the remaining trials were either
inappropriate or unclear. One study reported using a single-
blind approach [41], one study addressed its implementation
of a single-blind design and the reasons underlying the failure
of final implementation [43], and unclear descriptions of
blinding were provided in two trials [30, 37]. Two studies
reported the numbers and the reasons of withdrawals from
the trials [41, 43]. One study utilised preliminary screening
to estimate its sample size before its main experiments
[41]. In general, the methodological and report qualities of
the included studies were low. Four trials reported follow-
up data [10, 22, 41, 43]. In particular, Zhou and Jin [10]
reported that at the 1-year followup, the recurrence rate was
significantly lower in the treatment group than in the control
group (𝑃 < 0.05). Li et al. [22] observed that by the 2-
year followup, 11 patients in the treatment group and 12
patients in the control group had experienced recurrences.
In a 2004 CD study, Joos et al. [43] found that the efficacy
was fundamentally maintained for 12 weeks of followup after
treatment (𝑃 = 0.059), and the same research group reported
in their 2006 UC study [41] that after 16-week follow-up, the
primary outcomemeasurements remainedmore significantly
improved than receiving treatment before (𝑃 < 0.001). The
remaining included RCTs did not mention follow-up.

3.2. Results of Studies with High Jadad Scores. Three of the 43
included trials were of high quality [10, 41, 43]. Zhou and Jin
[10] utilised an RCT to observe the efficacy in UC patients of
electroacupuncture combined with ginger-partitioned mox-
ibustion and oral SASP treatment. 220 patients in this trial
were randomly divided into the treatment group (𝑛 =
110) and the SASP control group (𝑛 = 110); the overall
clinical efficacy of the treatment group was 84.5%, which was
significantly better than the control treatment (68.2%, 𝑃 <
0.05). In a 2004 study of CD [43] and a 2006 study of UC [41],
Joos et al. examined the treatment efficacy of acupuncture
combined with moxibustion, with sham acupuncture (i.e.,
shallow punctures at non-acupoints) as a control, in investi-
gations that featured the rigorous design and implementation
of a prospective, randomized, controlled, single-blind trial
(although the researchers reported that the implementation
of the single-blind design was unsuccessful in their 2004
CD study). In the 2004 study, Joos et al. randomly divided
51 CD patients into traditional Chinese medicine (TCM)
group (acupuncture combined with moxibustion, 𝑛 = 27)
and control group (sham acupuncture, 𝑛 = 24). After 4
weeks of treatment, the CD Activity Index (CDAI) of the
patients in the TCM group had decreased significantly and
was superior to the control group (𝑃 = 0.003). In their 2006
study, Joos et al. randomly divided 29 UC patients into TCM
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Table 2: Characteristics and methodological quality of included studies.

Study Sample size
(n1/n2)

Sex
(male/female)

Age
(mean or
range)

Type of
IBD Followup Methodology

quality score

Ma and Zhang, 1997 [3] 90 (60/30) 56/34 𝑇: 23–68;
𝐶: 28–65 UC No 1

Gao, 1997 [4] 66 (46/20) 27/39 𝑇: 43.6;
𝐶: 39.5 UC No 1

Wu et al., 1999 [5] 151 (65/56/30) ND 𝑇: 42.7;
𝐶: 38.4 UC No 1

Li et al., 2008 [6] 67 (34/33) 42/25 35.5 UC No 1
Mo et al., 2010 [7] 62 (31/31) 35/27 35.5 UC No 1
X. Guo and F. Guo, 2010
[8] 55 (28/27) 38/17 38.77 UC No 1

Yang et al., 2011 [9] 100 (50/50) 61/39 𝑇: 54.6;
𝐶: 55.3 UC No 1

Zhou and Jin, 2008 [10] 220 (110/110) 131/89 𝑇: 48.60;
𝐶: 50.24 UC Yes 4

Han et al., 2012 [11] 81 (41/40) 47/34 𝑇: 36.5;
𝐶: 34.7 UC No 1

Jiang, 2012 [12] 80 (40/40) 39/41 𝑇: 38.65;
𝐶: 39.35 UC No 3

Zhou, 2003 [13] 66 (34/32) 31/35 40.8 UC No 1

Din et al., 2009 [14] 61 (30/31) 32/29 𝑇: 44.9;
𝐶: 40.2 UC No 1

Wu et al., 2000 [15] 46 (30/16) 25/21 𝑇: 38.75;
𝐶: 37 UC No 1

Wen, 2003 [16] 69 (39/30) 35/34 𝑇: 41.2;
𝐶: 37.4 UC No 1

Wang et al., 2006 [17] 60 (30/30) 28/32 38.5 UC No 1

Xu et al., 2010 [18] 60 (28/32) 35/25 𝑇: 35.0;
𝐶: 37.0 UC No 2

Zhang, 2012 [19] 60 (30/30) 32/28 𝑇: 28–52;
𝐶: 27–55 UC No 1

Chi and Yu, 2011 [20] 84 (44/40) 36/48 𝑇: 45;
𝐶: 43 UC No 1

Luo, 2009 [21] 76 (40/36) 42/34 𝑇: 53;
𝐶: 51.3 UC No 1

Li et al., 2006 [22] 68 (40/28) 40/28 𝑇: 36.4;
𝐶: 38.2 UC Yes 1

Tian et al., 2012 [23] 106 (53/53) 46/60 𝑇: 29–61;
𝐶: 32–63 UC No 1

Chen, 2004 [24] 130 (100/30) 80/50 𝑇: 42.5;
𝐶: 40.2 UC No 1

Li et al., 2006 [25] 116 (56/60) 52/64 𝑇: 37.1;
𝐶: 37.3 UC No 2

Duan et al., 2012 [26] 640 (320/320) 406/234 𝑇: 45.5;
𝐶: 46.5 UC No 1

Sun and Wang, 1998 [27] 88 (45/43) 43/45 𝑇: 34.6;
𝐶: 33.8 UC No 1

Wang, 2008 [28] 108 (54/54) 78/30 𝑇: 35;
𝐶: 33.5 UC No 1

Ma and Xu, 2005 [29] 92 (47/45) 51/41 𝑇: 52.5;
𝐶: 52.5 UC No 2

Cui, 2010 [30] 48 (24/24) 27/21 𝑇: 43;
𝐶: 44 UC No 2

Guo et al., 2007 [31] 33 (22/11) ND ND UC No 1
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Table 2: Continued.

Study Sample size
(n1/n2)

Sex
(male/female)

Age
(mean or
range)

Type of
IBD Followup Methodology

quality score

Wang et al., 2009 [32] 78 (39/39) 44/34 𝑇: 57.5;
𝐶: 55.0 UC No 1

Long and Yang, 2010 [33] 46 (23/23) 20/26 𝑇: 33.5;
𝐶: 33.4 UC No 1

Chen, 2010 [34] 168 (84/84) 91/77 38.4 UC No 1

Sun and Wang, 2001 [35] 55 (35/20) 32/23 𝑇: 22–65;
𝐶: 25–70 UC No 1

Wang et al., 2006 [36] 45 (27/18) 23/22 40.5 UC No 1

Shi et al., 2006 [37] 60 (30/30) 34/26 𝑇: 42.31;
𝐶: 43.64 UC No 2

Qun et al., 2012 [38] 63 (33/30) 32/31 𝑇: 46;
𝐶: 41 UC No 1

Xu, 2006 [39] 110 (56/54) 59/51 𝑇: 35.5;
𝐶: 33 UC No 1

Zhang et al., 2011 [40] 60 (30/30) 38/22 𝑇: 31.2;
𝐶: 30.6 UC No 2

Joos et al., 2006 [41] 29 (15/14) 10/19 37.89 ±

12.0

UC Yes 7

Yang and Yan, 1999 [42] 62 (32/30) 30/32 𝑇: 45.5;
𝐶: 50.1 UC No 1

Joos et al., 2004 [43] 51 (27/24) 15/36 ND CD Yes 5

Ma, 1999 [44] 90 (60/30) 56/34 𝑇: 23–68;
𝐶: 28–65 UC No 1

Ma, 2005 [45] 121 (76/45) 67/54 𝑇: 42;
𝐶: 41.5 UC No 1

n1 : sample size of test group; n2: sample size of control group; 𝑇: test group; 𝐶: control group; ND: not described; IBD: inflammatory bowel disease; UC:
ulcerative colitis; CD: Crohn’s disease.

group (acupuncture combined with moxibustion, 𝑛 = 15)
and control group (sham acupuncture, 𝑛 = 14); after 5 weeks
of treatment, the Colitis Activity Index (CAI) of the patients
in the traditional Chinese medicine group was significantly
lower than the CAI of the control group (𝑃 = 0.048).

3.3. Meta-Analysis Results. The 43 included RCTs featured
complex interventions and different reported outcomes, with
no unified efficacy standard. To develop a general under-
standing of the therapeutic effect of acupuncture and mox-
ibustion therapy for IBD, intervention measurements and
therapies for control group were further refined. We limited
the treatment groupmethods to acupuncture or moxibustion
alone, or a combination of acupuncture and moxibustion;
this limitation produced 10 studies that compared one of
the these treatments with oral SASP for the treatment of
UC [5, 14–16, 18, 19, 37, 42, 44, 45]. We then conducted a
comprehensive efficacy evaluation of the interventions in the
10 RCTs, which featured simple interventions that could be
readily compared with oral SASP. In addition, the efficacy
criteria for these RCTs were similar, featuring the three
outcomes of recently cured, effective, and ineffective; judge-
ments of these outcomes were based on various indicators,
such as clinical manifestations, routine stool test results, and
colonoscopy findings. The definition of ineffective treatment

was consistent among these 10 studies; therefore, a meta-
analysis of the overall clinical efficacies determined in these
studies could be performed.

3.3.1. Analysis of Overall Clinical Efficacy. The results of
heterogeneity tests indicated that 𝐼2 < 50% and 𝑃 > 0.1 for
the 10 examined studies and that the overall heterogeneity
of subgroups was small (𝑃 = 0.28, 𝐼2 = 17%); therefore, a
fixed effects model was used.The overall efficacy of acupunc-
ture alone, moxibustion alone, or acupuncture combined
with moxibustion was greater than the efficacy of western
medicine (oral SASP) for the treatment of IBD (𝑃 < 0.00001,
RR = 5.42, 95% CI [3.38, 8.68]) (Figure 2).

3.4. Funnel Plot. RevMan, version 5.1, was used to conduct
a funnel plot analysis of the aforementioned 10 studies, and
the resulting graph was symmetrical, suggesting that these
studies demonstrated no obvious publication bias (Figure 3).

4. Discussion

4.1. Methodological Quality of the Included Trials. Based
on the RCTs examined in this study, the methodological
quality of the clinical trials regarding the examined topic was
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Table 3: Interventions and outcomes of included studies.

Study Intervention Control Outcome measurement

Ma and Zhang, 1997 [3] Acupuncture + sparrow-pecking
moxibustion SASP + metronidazole Efficacy

Gao, 1997 [4]
Acupoint application + moxibustion +
decoction of traditional Chinese
medicine

Traditional Chinese medicine Efficacy

Wu et al., 1999 [5] Drug-separated moxibustion SASP
Efficacy, T lymphocyte

subpopulations, HLA-DR
antigen

Li et al., 2008 [6] Moxa-box moxibustion + SASP SASP
Efficacy, haemorheology,

immunoglobulin, T lymphocyte
subpopulations

Mo et al., 2010 [7] Moxa-box moxibustion + traditional
Chinese medicine enema

Traditional Chinese medicine
enema Efficacy

X. Guo and F. Guo, 2010 [8] Warm moxibustion of acupoints SASP + PAT Efficacy, T lymphocyte
subpopulations

Yang et al., 2011 [9] Ginger moxibustion Diphenoxylate Efficacy

Zhou and Jin, 2008 [10] Electroacupuncture + ginger
moxibustion + SASP SASP

Medical condition, efficacy,
intestinal mucosa pathology,

adverse reactions

Han et al., 2012 [11]

Auricular acupressure + salicylic acid
preparations + traditional Chinese
medicine + traditional Chinese
medicine enema

Salicylic acid preparations +
traditional Chinese medicine +
traditional Chinese medicine

enema

Enema retention time, efficacy

Jiang, 2012 [12] Abdominal acupuncture + acupoint
catgut embedding Bupi Yichang pills Symptom scores, efficacy, fibre

colonoscopy
Zhou, 2003 [13] Ginger moxibustion SASP + prednisone tablets Efficacy
Din et al., 2009 [14] Ginger moxibustion SASP Efficacy

Wu et al., 2000 [15] Moxibustion with herbal medicine
underneath SASP Efficacy, colonic mucosal

histopathology, mucin
Wen, 2003 [16] Drug-separated moxibustion SASP Efficacy, immunoglobulin

Wang et al., 2006 [17] Drug-separated moxibustion SASP + metronidazole tablets
Efficacy, immunoglobulin, T

lymphocyte subpopulations, NK
content

Xu et al., 2010 [18] Herb-partitioned moxibustion SASP Efficacy, adverse reactions
Zhang, 2012 [19] Drug-separated moxibustion SASP Efficacy

Chi and Yu, 2011 [20] Umbilical compression with
traditional Chinese medicine + SASP SASP Efficacy

Luo, 2009 [21] Balance cupping Enteritidis tablet Efficacy, symptom scores,
immunoglobulin

Li et al., 2006 [22]

Application of musky warm umbilical
cream + use of a specific
electromagnetic spectrum therapeutic
apparatus

SASP Efficacy

Tian et al., 2012 [23] Acupoint application SASP Efficacy, symptom scores
Chen, 2004 [24] Acupoint catgut embedding SASP Efficacy

Li et al., 2006 [25] Acupoint catgut embedding SASP Efficacy, stool characteristics,
abdominal pain

Duan et al., 2012 [26] Acupoint catgut embedding +
traditional Chinese medicine enema

Traditional Chinese medicine
enema Efficacy, routine stool tests

Sun and Wang, 1998 [27] Warm acupuncture + traditional
Chinese medicine enema

Traditional Chinese medicine
enema Efficacy

Wang, 2008 [28] Warm acupuncture SASP + western medicine enema Efficacy
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Table 3: Continued.

Study Intervention Control Outcome measurement
Ma and Xu, 2005 [29] Acupuncture + TDP SASP Efficacy

Cui, 2010 [30] Acupuncture + moxibustion + SASP SASP Efficacy, serum levels of TNF-𝛼,
IL-1, and IL-10

Guo et al., 2007 [31] Acupuncture + traditional Chinese
medicine enema

Traditional Chinese medicine
enema Efficacy, intestinal microscopy

Wang et al., 2009 [32]
Electroacupuncture + ginger
moxibustion + traditional Chinese and
western medicine enema

Traditional Chinese and western
medicine enema Efficacy

Long and Yang, 2010 [33] Acupuncture + traditional Chinese
medicine enema

Traditional Chinese medicine
enema Efficacy, colonoscopy

Chen, 2010 [34] Acupuncture + ginger moxibustion +
traditional Chinese medicine enema

Traditional Chinese medicine
enema Efficacy

Sun and Wang, 2001 [35] Acupuncture + ginger moxibustion Shuanghuanglian compound +
norfloxacin + gentamicin Efficacy

Wang et al., 2006 [36] Warm acupuncture SASP Efficacy

Shi et al., 2006 [37] Electroacupuncture + moxibustion SASP Efficacy, serum levels of TNF-𝛼,
IL-8, IL-l, and IL-10

Qun et al., 2012 [38] Acupuncture + moxibustion + TDP SASP Efficacy, intestinal mucosa
pathology, immunoglobulin

Xu, 2006 [39] Ginger moxibustion + SASP SASP Efficacy

Zhang et al., 2011 [40] Traditional acupuncture + Chinese
medicine decoction SASP Efficacy, symptom scores, serum

levels of IL-8 and IL-10

Joos et al., 2006 [41] Traditional acupuncture +
moxibustion Sham acupuncture

CAI, QLO, general well-being,
C-reactive protein, serum 𝛼1-acid

glycoprotein

Yang and Yan, 1999 [42] Acupuncture + moxibustion SASP
Efficacy, routine examination of

faeces, electrogastrograms,
sigmoidoscopy

Joos et al., 2004 [43] Traditional acupuncture +
moxibustion Sham acupuncture

CDAI, QLO, general condition,
C-reactive protein, serum 𝛼1-acid

glycoprotein

Ma, 1999 [44] Acupuncture + sparrow-pecking
moxibustion SASP Efficacy

Ma, 2005 [45] Acupuncture SASP Efficacy
SASP: sulphasalazine; IBDQ: Inflammatory Bowel Disease Questionnaire; CAI: Colitis Activity Index; QOL: quality of life; CDAI: Crohn’s Disease Activity
Index; PAT: pipemidic acid tablet; sham acupuncture: superficial needling at nonacupoints.

generally low, and few studies provided robust evidence. Ran-
domization and allocation concealment are among the ways
in which bias can arise, and the vast majority of the examined
trials only mentioned “randomization”, without describing
the specific methods used or whether allocation concealment
was implemented. Thus, nonstandard “randomization” was
widespread. The selective reporting of research results or the
loss of trial data can also lead to reporting bias. Among the
43 included trials, only two studies reported the numbers of
withdrawals from the study and the reasons; because none of
the other trials reported exit data or cases lost to followup,
the efficacy conclusions of these trials might be exaggerated.
Most of the studies did not utilize blinding, producing a high
probability of bias. The overall quality of the studies was low,
affecting the strength of the evidence that was examined in
this systematic evaluation.

4.2. Determinations of Sample Size. Adequate attention must
be devoted to the important factor of sample size in RCTs
that address the examined topic. At present, only two relevant
RCTs have featured sample sizes of more than 200 individu-
als. Insufficient sample sizes can reduce the power of a test,
resulting in limited reliability of the results and conclusions,
that do not truly reflect the overall effects observed in a study.
Low statistical power will reduce the magnitude of evidence
that RCTs can provide.

4.3. Selection of Interventions. In this study, the specific
interventions described in the included studies, which in-
cluded acupuncture, herb-partitioned moxibustion, ginger-
partitioned moxibustion, moxibustion, electroacupuncture,
abdominal acupuncture, acupuncture catgut embedding,
acupoint application, cupping, and auricular pressure, were
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Study or subgroup

Ding H 2009 [14]
Ma S 1999 [44]
Ma X 2005 [45]
Wang SM 2003 [36]
Wen LJ 2003 [16]
Wu HG 1999 [5]
Wu HG 2000 [15]
Xu YL 2010 [18]
Yang C 1999 [42]
Zhang HP 2012 [19]

Total events

Events
30
58
73
24
35

110
29
25
31
27

442

Total
30
60
76
27
39

121
30
28
32
30

Events
28
25
22
15
12
20
12
25
29
19

207

Total
31
30
45
18
16
30
16
32
30
30

Weight

3.0%
7.3%
7.2%

13.2%
11.5%
19.2%
3.4%

16.5%
6.2%

12.5%

M-H, fixed, 95% CI
7.49 [0.37, 151.50]
5.80 [1.05, 31.93]

25.44 [6.97, 92.80]
1.60 [0.28, 8.98]

2.92 [0.63, 13.51]
5.00 [1.88, 13.32]
9.67 [0.98, 95.67]
2.33 [0.54, 10.06]
1.07 [0.06, 17.89]
5.21 [1.28, 21.24]

Treatment Odds ratio Odds ratio
M-H, fixed, 95% CI

0.01 0.1 1 10 100
Favors 

Total (95% CI) 473 278 100.0% 5.42 [3.38, 8.68]

Test for overall effect: Z = 7.03 (P < 0.00001)
Favors

experimental control

Control

Heterogeneity: 𝜒2 = 10.91, df = 9 (P = 0.28), I2 = 17%

Figure 2: Forest plot of acupuncture and/or moxibustion for ulcerative colitis Compared to SASP.
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Figure 3: Funnel plot of randomized controlled trials using
acupuncture and/or moxibustion for ulcerative colitis.

treated as one type of therapy, without considering the
differences in acupoint selection or therapeutic techniques.
Therefore, the results of this study might indicate overall
efficacy trends, but they cannot be utilised to draw definitive
conclusions, thus limiting the extent to which the conclusions
of this investigation can be applied.

4.4. The Selection and Measurement of Outcome Indica-
tors. The majority of the included studies selected clinical
efficacy as the outcome measurement. Thus, there may
exist subjectivity in the evaluations of the results. With
little use of objective indicators, such as clinical symptom

scores, endoscopic scores, or pathologic scores, the tendency
towards subjective judgements weakened the credibility of
conclusions regarding the effectiveness of acupuncture and
moxibustion. With regard to long-term efficacy, most of the
included studies did not conduct long-term followup, or if
someone did, either the data for withdraw or the follow-
up methods were not described. As a result, the long-term
efficacy of acupuncture and moxibustion treatment for IBD
cannot be determined.

4.5. Suggestions for Future Research. The objectivity and
accuracy of systematic evaluations rely on high-quality RCTs.
The findings of this systematic evaluation are somewhat
limited due to the generally low quality of the existing studies.
Thus, it is recommended that future research should be
based on the Consolidated Standards of Reporting Trials
(CONSORT) statement [46]. In particular, future studies
should provide detailed reports regarding the generation of
random allocation sequences and allocation concealment;
moreover, to the greatest possible extent, these studies should
be blinded and placebo controlled. In addition, a subject
flowchart should be utilised to provide detailed accounts of
patient withdrawals and loss during trials. Followup should
be strengthened, and all of the trial data should be completely
reported. In addition, intent-to-treat analysis should be con-
ducted to evaluate therapeutic effects. These measurements
will produce clinical RCTs that provide high levels of reliable
evidence.

5. Conclusion

The results of this study suggest that acupuncture and mox-
ibustion treatment demonstrated better overall efficacy than
oral SASP in treating IBD. However, given the limitations of
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this systematic evaluation and the included studies, definitive
conclusions cannot be drawn with regard to the specific
efficacy of acupuncture and moxibustion treatment for IBD.
Currently published RCTs have not provided sufficient evi-
dence for the effectiveness of acupuncture and moxibustion
for IBD; thus, multicentre, double-blind RCTs with large
sample sizes are still required to provide higher levels of
evidence.
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As a major alternative therapy in Traditional Chinese Medicine, it has been demonstrated that moxibustion could generate a series
of molecular events in blood, spleen, and brain, and so forth. However, what would happen at the moxibustioned site remained
unclear. To answer this question, we performed a microarray analysis with skin tissue taken from the moxibustioned site also
Zusanli acupoint (ST36) where 15-minutemoxibustion stimulation was administrated.The results exhibited 145 upregulated and 72
downregulated genes which responded immediately under physiological conditions, and 255 upregulated and 243 downregulated
genes under pathological conditions. Interestingly, most of the pathways and biological processes of the differentially expressed
genes (DEGs) under pathological conditions get involved in immunity, while those under physiological conditions are involved in
metabolism.

1. Introduction

In acupuncture research, microarray analysis has been widely
employed to uncover gene expression profiles at different
tissues or organs [1–19]. Based on these gene expression pro-
files, researchers would be able to have the possibility to find
out more potentially interesting targeted genes to conduct
further experiment to explain the molecular events induced
by acupuncture. Moxibustion, as one of the main therapies
in acupuncture clinical practice, has been demonstrated to
it could be useful for pain relief [20, 21] and generated a
series of molecular events in blood [22, 23], spleen [24, 25],
colonic mucosa [26], brain [27], and so forth, by utilizing
moxa cone or stick to stimulate acupoint or some areas
(also named moxibustioned site). However, none of gene
expression profiles at moxibustioned site to date has been
reported. Therefore, we proposed that moxibustion could,
to a considerable extent, yield a great deal of differentially

expressed genes (DEGs) at moxibustioned site, and we also
anticipate to find out potential molecular targets to explain
how moxibustion works at the stimulated site.

2. Material and Methods

2.1. Animals. Adultmale Sprague-Dawley rats weighing 200–
220 g obtained from Chengdu University of Traditional Chi-
nese Medicine, Experimental Animal Centre, were utilized
in this study. Maintained in animal room of automatically
controlled day cycles (12 : 12 = light : dark cycle) at 24 ±
2∘C, all rats were allowed to freely take food and water ad
libitum and randomly assigned to the various experimental
groups (𝑛 = 3, for each group). The experimental procedures
were conducted in accordance with the National Institutes
of Health (NIH) Guide for the Care and Use of Laboratory
Animals, and all experimental protocols were approved by
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the Animal Ethics Committee of Chengdu University of
Traditional Chinese Medicine.

2.2. Experimental Design. In this study, we aimed to explore
what would take place at the moxibustioned site in the view
of potential molecular target under physiological and patho-
logical conditions. Thus, we designed two different parts of
microarray experiment. One is designed for uncovering the
gene expression profile at physiological condition in which it
consisted of 2 group: healthy control group (C) and healthy
control with moxibustion stimulation group (CM).The other
one is designed for revealing the gene expression profile
at pathological condition in which it composed of model
control group (M) and model control with moxibustion
stimulation group (MM).

2.3. Intervention

2.3.1. Physiological Condition. Under physiological condi-
tion, the rats in CM group received moxibustion at the
left acupoint Zusanli (ST36), at the depression below the
knee from the anterior crest of the tibia [28] for 15min.
The moxibustion stimulation was manipulated with lighting
moxa stick (length: 12 cm, diameter: 0.6 cm, Nanyang Hanyi
Moxibustion Technology Development Co., Ltd., China) for
15min (Figure 1). In case of skin burnt, the tip of moxa stick
was kept about 2-3 cm from the skin.

2.3.2. Pathological Condition. Firstly, the pathological condi-
tion was established by injecting subcutaneously with 0.1mL
Freund’s Complete Adjuvant (FCA, Sigma, USA) into the
plantar surface of the left hind paw of the rat [29]. The
CFA injection immediately led to local inflammation, paw
swelling and pain, which became apparent within 12 hours
and persisted for at least 2 weeks after injection. In this
experiment, the rats in MM group received moxibustion
with the same procedure as mentioned above 1 week after
injection.

2.4. RNA Extraction. Two hours after one time of mox-
ibustion stimulation was completed, rats was euthanized
by CO

2
inhalation. The cutaneous tissue (0.5 cm × 0.5 cm

× 0.2 cm) located at moxibustioned site were immediately
removed and preserved in RNAlater (Ambion, USA) to
prevent RNA degradation. Total RNA was extracted using
TRIzol Reagent (Invitrogen, USA) and purified with RNA
clean-up Kit (MN, Germany) following the instructions
of manufacturers, respectively. Total RNA was quantitated
by spectrophotometry, and the integrity was assessed by
formaldehyde denatured agarose gel electrophoresis.

2.5. Microarray Analysis. The microarray analysis service
provided by CapitalBio Corporation (Beijing, China) was
performed as described [30, 31]. Briefly, total RNA extracted
from the samples was used to produce complementary RNA
using in vitro transcription technique. Then cDNA was
generated by reverse transcription and used as the template to
synthesize the fluorescein-labeled cDNAbyKlenow fragment
polymerase. Universal rat reference RNA purchased from

Zusanli

Figure 1: Rat received moxibustion at ST36 (Zusanli).

Stratagene was also labeled as common reference control.
RNA from sample and common reference were fluores-
cently labeled by Cy5 or Cy3, respectively, and then were
hybridized paired to 27K Rat Genome Array (CapitalBio,
China). The array was comprised of 26,962 oligonucleotide
probes covering 27,044 transcripts which represent about
22,012 genes. All arrays were scanned by LuxScan 10KA
dual channel confocal laser scanner (CapitalBio, China).
The obtained images were analyzed with LuxScan3.0 Image
Analysis Software (CapitalBio, China), which employed the
LOWESS normalization algorithm.

2.6. Data Analysis

2.6.1. Differentially Expressed Genes Selection. The detected
signal intensities of all probes on the chip ≥400were included
for comparison analysis. We applied two-class unpaired
algorithm in the Significant Analysis of Microarray soft-
ware (SAM, Stanford) to identify significantly differentially
expressed genes between CM and C groups, and MM and
M groups. DEGs were determined with the threshold of false
discovery rate, FDR ≤5% and fold change ≥2.0 or ≤0.5.

2.6.2. Pathway and Biological Processes Analysis of DEGs. We
employed the online Molecule Annotation System (MAS)
established by CapitalBio Corporation (http://bioinfo.capi-
talbio.com/mas3/) which integrated with KEGG and Gene
Ontology (GO) database to perform pathway and GO Bio-
logical Process term enrichment analysis and calculate the
statistical significance as described [32]. P value <0.001 was
considered statistically significant.

2.7. Real Time PCR Confirmation. To validate the expression
patterns obtained frommicroarray data, we used quantitative
real time polymerase chain reaction (qPCR) to detect the
expression of four DEGs, Hspa1a, Mcpt8, Slpi, and Clqa,
which were randomly selected from the 27K Rat Genome
Array. Table 1 showed the primers designed for these genes
and the housekeeping gene Gapdh. cDNAwas prepared from
DNase-treated total RNA using the First Strand SuperScript
II Kit (Invitrogen, USA). qPCR was performed with DNA
Master SYBR Green I Kit (Roche, Germany) and LightCycler
machine (Roche, Germany) following the manufacturer’s
protocols.
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Table 1: The primer designed for validation.

Gene Primer (5-3) Temperature (∘C) Product size (bp)

Gapdh FW: CCTTGTAAGGGCAAAACCAA
RV: ATGGCCTTCCGTGTTCCTAC 59 156

Hspa1a FW: GGTGAACTACAAGGGCGAGA
RV: GCTGCGAGTCGTTGAAGTAG 58 152

Mcpt8 FW: CCAGGTCATCGCTGTTGTAAA
RV: CCCAGGTTTCACCCAGTCC 62 382

Slpi FW: ACAGACAGGGGCTCTCTTGA
RV: CCTCCCAATAAGTGCCAGAA 60 216

Clqa FW: AAGTGGGACCTTTGTCTGTCTATC
RV: CCCTGCTAACACCTGGAAGAG 59 108

0 2 4 6 8
 

Androgen and estrogen metabolism
Porphyrin and chlorophyll metabolism
Drug metabolism-other enzymes
Focal adhesion
Metabolism of xenobiotics by cytochrome P450
Pentose and glucuronate interconversions
Retinol metabolism
Ascorbate and aldarate metabolism
Drug metabolism-cytochrome P450
Starch and sucrose metabolism

−lgp value

(a) Physiological condition

0 5 10 15 20 25

Antigen processing and presentation
Natural killer cell mediated cytotoxicity
Cell adhesion molecules (CAMs)
Complement and coagulation cascades
Cell cycle
Cytokine-cytokine receptor interaction
Purine metabolism
Focal adhesion
Drug metabolism-cytochrome P450
Starch and sucrose metabolism
p53 signaling pathway
Drug metabolism-other enzymes
MAPK signaling pathway
Adipocytokine signaling pathway
Androgen and estrogen metabolism
ECM-receptor interaction
Glutathione metabolism
Terpenoid biosynthesis
Hematopoietic cell lineage
Pyrimidine metabolism
Biosynthesis of steroids
Pentose and glucuronate interconversions
Ascorbate and aldarate metabolism

−lgp value

(b) Pathological condition

Figure 2: The statistically significant pathways (𝑃 value <0.001) involved in DEGs at moxibustioned site.
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Figure 3: The statistically significant biological processes (𝑃 value <0.001) involved in DEGs at moxibustioned site.

3. Results

3.1. DEGs at Moxibustioned Site. Different numbers of DEGs
at moxibustioned site were obtained from different condi-
tion. Under physiological condition, we obtained 145 up-
regulated and 72 downregulated DEGs (see Supplemen-
tary Table 1 in Supplementary Material available online at
http://dx.doi.org/10.1155/2013/890579). While under patho-
logical condition, the results displayed 255 upregulated and
243 downregulated DEGs (Supplementary Table 2).

3.2. Enriched Pathways at Moxibustioned Site. Figure 2
showed us statistically significant pathways (P value <0.001)

at moxibustioned site. Under physiological condition
(Figure 2(a)), it was found that 10 pathways were enriched
based on all DEGs at moxibustioned Site. On the other hand,
21 enriched pathways were statistically significant under
pathological condition (Figure 2(b)).

3.3. Enriched Biological Processes atMoxibustioned Site. From
Figure 3, we would find out the biological processes with
significantly statistical differences (P value <0.001) at moxi-
bustioned site. Under physiological condition (Figure 3(a)),
it was found out that 9 biological processes were involved.
Under pathological condition (Figure 3(b)), 29 biological
processes were enriched.
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Figure 4: qPCR validation for 4 DEGs from microarray data.

3.4. Validation of the 4 Selected Genes. To validate the results
of the microarray, we selected 4 genes, Hspa1a, Mcpt8, Slpi,
and Clqa, by qPCR. The results indicated that the expression
levels of confirmed genes inmicroarraywere similar with that
in qPCR (Figure 4).

4. Discussion

Here, we firstly reported the gene expression profiles at the
moxibustioned site.The results imply that themoxibustioned
site would also generate a setting of DEGs apart from
those in other any tissue [16]. In other words, either under
physiological condition or under pathological condition,
we could find out a great number of DEGs responding
to moxibustion stimulation at moxibustioned site. Based
on these DEGs under different condition, we further seek
out 22 coexpressed genes with similar expression tendency
(Supplementary Table 3). To some extent, these genes (16
upnegulated and 6 downregulated genes) should be most
likely to be considered as potential targets for continuing
studies to determine which genes would be essential or
critical in the role of moxibustion at moxibustioned site.

In this study, most (8/10) of the involved pathways at
moxibustioned site were related to metabolism under phys-
iological condition (Figure 2(a)). However, the significant
pathways under pathological condition induced by FCAwere
most associated with immunity (Figure 2(b)), such as the
pathway of antigen processing and presentation and natural
killer cell-mediated cytotoxicity. It is suggested that different
pathway at the moxibustioned site would get involved of
the in different condition even with same moxibustion
stimulation.

According to the biological processes analysis, we also
could find out the difference from different state. Without
FCAas the pathological stimulation, the biological progresses
following moxibustion administration at moxibustioned site
were most composed of oxidation reduction, potassium ion
transport, and so forth. However, a variety of biological
processes related to immunity, such as immune response,
antigen processing and presentation, and antigen processing
and presentation of peptide antigen viaMHCclass I, andwere
exhibited in this study.

Taken together, it seemed to be concluded that a series
of molecular events would happen at moxibustioned site.
Moreover, different pathways and biological progresses at

moxibustioned site would be involved in different condition.
However, this conclusion should be seriously taken for
granted given the following limitations. Firstly, only one
stimulation time point was used in this study. How about
the time course or different time points, such as 5, 10, 15,
20, and 30 minutes, which were frequently practiced in
moxibustion clinic, which needs to be answered in future
study? Secondly, the pathological condition was induced
by FCA injection in this study. To our knowledge, FCA
injection will generate adjuvant arthritis through a series of
immune actions [33, 34]. Moreover, previous studies also
demonstrated that moxibustion would be useful to get better
improved adjuvant arthritis [32, 35, 36].Therefore, we cannot
determine whether the DEGs at moxibustioned site under
pathological condition would play important role in the
moxibustion treatment of adjuvant arthritis. In this point
of view, current data can only be used to explain what
had happened at moxibustioned site under this condition.
How about other pathological conditions? It is necessary
to perform more researches to figure out the difference or
similarity under different pathological conditions.

Additionally, in this study the tissue used for RNA extrac-
tion and microarray detection was taken from the skin of the
moxibustioned site. So far, the skin has been also regarded as
an important immune organ [37, 38] as well as a component
of neuro-immuno-cutaneous system (NICS) [39–42]. In view
of this aspect, we would be able to assure that the molecular
event at moxibustioned site in this experiment will have the
possibility to be applied to explain the initial mechanism of
moxibustion activating the neuroimmunemodulation which
has been demonstrated in previous studies [43, 44]. This
would be another potential mechanism of moxibustion apart
from that it is currently considered as temperature-related
and non-temperature-related work mechanisms [45].

5. Conclusions

The results suggested that a set of molecular events would
have happened at moxibustioned site. Among those molecu-
lar events, different genes and different pathways and biologi-
cal progresses at moxibustioned site would have got involved
under different conditions.

Conflict of Interests

All authors manifest that there is no conflict of interests.

Authors’ Contribution

Hai-Yan Yin and Yong Tang contributed equally to this work.

Acknowledgments

This work was funded by the National Basic Research
Program of China (973 Program, no. 2009CB522903),
the National Natural Science Foundation of China (nos.
81173320, 81102667), Sichuan province Education Bureau (no.



6 Evidence-Based Complementary and Alternative Medicine

12ZA037), and the Scientific Research Foundation of Sichuan
Province of China for Returned Chinese Scholars.

References

[1] S. K. Kim, J. Kim, E. Ko et al., “Gene expression profile of the
hypothalamus in DNP-KLH immunized mice following elec-
troacupuncture stimulation,” Evidence-Based Complementary
and Alternative Medicine, vol. 2011, Article ID 508689, 8 pages,
2011.

[2] Y.-G. Choi, S. Yeo, Y.-M. Hong, and S. Lim, “Neuroprotective
changes of striatal degeneration-related gene expression by
acupuncture in an MPTP mouse model of Parkinsonism:
microarray analysis,” Cellular and Molecular Neurobiology, vol.
31, no. 3, pp. 377–391, 2011.

[3] Y.-G. Choi, S. Yeo, Y.-M.Hong, S.-H. Kim, and S. Lim, “Changes
of gene expression profiles in the cervical spinal cord by
acupuncture in anMPTP-intoxicatedmousemodel:microarray
analysis,” Gene, vol. 481, no. 1, pp. 7–16, 2011.

[4] Y.-G. Choi, S. Yeo, Y.-M. Hong, and S. Lim, “Neuroprotective
changes of striatal degeneration-related gene expression by
acupuncture in an MPTP mouse model of Parkinsonism:
microarray analysis,” Cellular and Molecular Neurobiology, vol.
31, no. 3, pp. 377–391, 2011.

[5] C. Tan, J. Wang, W. Feng, W. Ding, and M. Wang, “Pre-
liminary correlation between warm needling treatment for
knee osteoarthritis of deficiency-cold syndrome and metabolic
functional genes and pathways,” Journal of Acupuncture and
Meridian Studies, vol. 3, no. 3, pp. 173–180, 2010.

[6] L.-H. Jiang and L.-L. Wang, “Gene chips-aided analysis on the
profiles of hippocampal whole-genome expression in depres-
sion rats following electroacupuncture treatment,” Zhen Ci Yan
Jiu, vol. 35, no. 2, pp. 83–89, 2010.

[7] M. S. Hong, H.-K. Park, J.-S. Yang et al., “Gene expression
profile of acupuncture treatment in 1-methyl-4-phenyl-1,2, 3,6-
tetrahydropyridine-induced Parkinson’s disease model,”Neuro-
logical Research, vol. 32, supplement 1, pp. S74–S78, 2010.

[8] S.-H. Sohn, S. K. Kim, E. Ko et al., “The genome-wide expres-
sion profile of electroacupuncture in DNP-KLH immunized
mice,” Cellular and Molecular Neurobiology, vol. 30, no. 4, pp.
631–640, 2010.

[9] S. K. Kim, J. Y. Park, B. H. Koo et al., “Adenoviral gene
transfer of acetylcholinesterase T subunit in the hypothalamus
potentiates electroacupuncture analgesia in rats,” Genes, Brain
and Behavior, vol. 8, no. 2, pp. 174–180, 2009.

[10] H.-S. Shiue, Y.-S. Lee, C.-N. Tsai, Y.-M. Hsueh, J.-R. Sheu,
and H.-H. Chang, “DNA microarray analysis of the effect on
inflammation in patients treated with acupuncture for allergic
rhinitis,” Journal of Alternative and Complementary Medicine,
vol. 14, no. 6, pp. 689–698, 2008.

[11] X.-Y. Wang, X.-L. Li, S.-Q. Hong, Y.-B. Xi-Yang, and T.-H.
Wang, “Electroacupuncture induced spinal plasticity is linked
to multiple gene expressions in dorsal root deafferented rats,”
Journal ofMolecularNeuroscience, vol. 37, no. 2, pp. 97–110, 2009.

[12] Y.-Z. Gao, S.-Y. Guo, Q.-Z. Yin, T. Hisamitsu, and X.-H. Jiang,
“An individual variation study of electroacupuncture analgesia
in rats using microarray,” The American Journal of Chinese
Medicine, vol. 35, no. 5, pp. 767–778, 2007.

[13] L.-P. Yang, M.-C. Wang, W.-G. Liu, and M.-Q. Wang, “Effects
of warming-needle therapy on gene expression pathways in the
patient with knee osteoarthritis of deficiency-cold syndrome,”
Zhongguo Zhen Jiu, vol. 27, no. 9, pp. 677–680, 2007.

[14] M. Li and Y. Zhang, “Modulation of gene expression in
cholesterol-lowering effect of electroacupuncture at Fenglong
acupoint (ST40): a cDNA microarray study,” International
Journal of Molecular Medicine, vol. 19, no. 4, pp. 617–629, 2007.

[15] Y. Chae, H.-J. Park, D.-H. Hahm, S.-H. Yi, and H. Lee,
“Individual differences of acupuncture analgesia in humans
using cDNA microarray,” Journal of Physiological Sciences, vol.
56, no. 6, pp. 425–431, 2006.

[16] H. G. . Wu, H. R. Liu, C. Zhao et al., “Study on differentially
expressed genes of ulcerative colitis in the rat treated by herbs-
partitioned moxibustion,” Zhongguo Zhen Jiu, vol. 25, no. 5, pp.
359–365, 2005.

[17] C. Keun Kim, S. C. Gi, D. O. Sang et al., “Electroacupuncture
up-regulates natural killer cell activity: identification of genes
altering their expressions in electroacupuncture induced up-
regulation of natural killer cell activity,” Journal of Neuroim-
munology, vol. 168, no. 1-2, pp. 144–153, 2005.

[18] J.-C. Guo, H.-M. Gao, J. Chen et al., “Modulation of the
gene expression in the protective effects of electroacupuncture
against cerebral ischemia: a cDNAmicroarray study,” Acupunc-
ture and Electro-Therapeutics Research, vol. 29, no. 3-4, pp. 173–
186, 2004.

[19] J. Ko, S. N. Doe, H. L. Young et al., “cDNA microarray analysis
of the differential gene expression in the neuropathic pain and
electroacupuncture treatment models,” Journal of Biochemistry
and Molecular Biology, vol. 35, no. 4, pp. 420–427, 2002.

[20] J.-H. Kim, H.-K. Kim, Y.-I. Park et al., “Moxibustion at ST36
alleviates pain in complete Freund’s adjuvant-induced arthritic
rats,” The American Journal of Chinese Medicine, vol. 34, no. 1,
pp. 57–67, 2006.

[21] L. Qi, H. R. Liu, T. Yi et al., “Warming moxibustion relieves
chronic visceral hyperalgesia in rats: relations to spinal dynor-
phin and orphanin-FQ system,” Evidence-Based Complemen-
tary and Alternative Medicine, vol. 2013, Article ID 920675, 10
pages, 2013.

[22] H. Yamashita, Y. Ichiman, and Y. Tanno, “Changes in periph-
eral lymphocyte subpopulations after direct moxibustion,” The
American Journal of Chinese Medicine, vol. 29, no. 2, pp. 227–
235, 2001.

[23] Y.-Y. Kung, F.-P. Chen, and S.-J. Hwang, “The different
immunomodulation of indirect moxibustion on normal sub-
jects and patients with systemic lupus erythematosus,” The
American Journal of Chinese Medicine, vol. 34, no. 1, pp. 47–56,
2006.

[24] G. S. Choi, J. B. Han, J. H. Park et al., “Effects of moxibustion
to zusanli (ST36) on alteration of natural killer cell activity in
rats,” The American Journal of Chinese Medicine, vol. 32, no. 2,
pp. 303–312, 2004.

[25] J.-B. Han, S.-D. Oh, K.-S. Lee et al., “The role of the sympathetic
nervous system in moxibustion-induced immunomodulation
in rats,” Journal of Neuroimmunology, vol. 140, no. 1-2, pp. 159–
162, 2003.

[26] E.-H. Zhou, H.-R. Liu, H.-G. Wu et al., “Down-regulation
of protein and mRNA expression of IL-8 and ICAM-1 in
colon tissue of ulcerative colitis patients by partition-herb
moxibustion,”Digestive Diseases and Sciences, vol. 54, no. 10, pp.
2198–2206, 2009.

[27] E.-H. Zhou, X.-M. Wang, G.-H. Ding et al., “Suspended mox-
ibustion relieves chronic visceral hyperalgesia and decreases
hypothalamic corticotropin-releasing hormone levels,” World
Journal of Gastroenterology, vol. 17, no. 5, pp. 662–665, 2011.



Evidence-Based Complementary and Alternative Medicine 7

[28] S. Chen and S.-X. Ma, “Nitric oxide in the gracile nucleus
mediates depressor response to acupuncture (ST36),” Journal of
Neurophysiology, vol. 90, no. 2, pp. 780–785, 2003.

[29] C. Stein, M. J. Millan, and A. Herz, “Unilateral inflammation
of the hindpaw in rats as a model of prolonged noxious
stimulation: alterations in behavior and nociceptive thresholds,”
Pharmacology Biochemistry and Behavior, vol. 31, no. 2, pp. 445–
451, 1988.

[30] Y. Guo, H. Guo, L. Zhang et al., “Genomic analysis of anti-
hepatitis B virus (HBV) activity by small interfering RNA and
lamivudine in stable HBV-producing cells,” Journal of Virology,
vol. 79, no. 22, pp. 14392–14403, 2005.

[31] T. A. Patterson, E. K. Lobenhofer, S. B. Fulmer-Smentek
et al., “Performance comparison of one-color and two-color
platforms within the MicroArray Quality Control (MAQC)
project,” Nature Biotechnology, vol. 24, no. 9, pp. 1140–1150,
2006.

[32] J.-Q. Fang, E. Aoki, A. Seto, Y. Yu, T. Kasahara, T. Hisamitsu
et al., “Influence of moxibustion on collagen-induced arthritis
in mice,” In Vivo, vol. 12, no. 4, pp. 421–426, 1998.

[33] C. M. Pearson and F. D. Wood, “Studies of arthritis and
other lesions induced in rats by the injection of mycobacterial
adjuvant. VII. Pathologic details of the arthritis and spondylitis,”
The American Journal of Pathology, vol. 42, pp. 73–95, 1963.

[34] C. M. Pearson, B. H. Waksman, and J. T. Sharp, “Studies
of arthritis and other lesions induced in rats by injection
of mycobacterial adjuvant. V. Changes affecting the skin and
mucous membranes. Comparison of the experimental process
with human disease,”The Journal of Experimental Medicine, vol.
113, no. 3, pp. 485–510, 1961.

[35] Z. L. Tang, X. G. Song, F. Q. Zang et al., “Study on the
action mechanism of moxibustion in anti-inflammation and
immunoregulation in rheumatoid arthritis rats,” Acupuncture
Research, vol. 28, no. 4, pp. 292–298, 2003.

[36] Y. . Shi and S. L. Zhou, “Effect of zusanli (ST36) acupoint on
nerve-endocrine-immune network,” Journal of Jiangxi College
of Traditional Chinese Medicine, vol. 15, no. 2, pp. 37–39, 2003.

[37] J. C. Simon, “Skin as an immune organ,”Medizinische Monatss-
chrift für Pharmazeuten, vol. 18, no. 11, pp. 316–319, 1995.

[38] J. K. Salmon, C. A. Armstrong, and J. C. Ansel, “The skin as an
immune organ,”Western Journal of Medicine, vol. 160, no. 2, pp.
146–152, 1994.

[39] L. Misery, “The neuro-immuno-cutaneous system (NICS),”
Pathologie Biologie, vol. 44, no. 10, pp. 867–874, 1996.

[40] J. D. Bos and M. L. Kapsenberg, “The skin immune system:
progress in cutaneous biology,” Immunology Today, vol. 14, no.
2, pp. 75–78, 1993.

[41] L. Misery, “The neuro-immuno-cutaneous system and ultravi-
olet radiation,” Photodermatology Photoimmunology and Pho-
tomedicine, vol. 16, no. 2, pp. 78–81, 2000.

[42] F. O. Nestle, P. Di Meglio, J.-Z. Qin, and B. J. Nickoloff,
“Skin immune sentinels in health and disease,” Nature Reviews
Immunology, vol. 9, no. 10, pp. 679–691, 2009.

[43] Y. Shi and S. L. Zhou, “Effect of Zusanli (ST36) Acupoint on
nerve-endocrine-immune network,” Journal of Jiangxi College
of Traditional Chinese Medicine, vol. 15, no. 2, pp. 37–39, 2003.

[44] J. W. Li, J. M. Liu, Y. Y. Xiong, and S. Y. Xiang, “Advance in
research on nerve-endocrine-immune network of rheumatoid
arthritis mediated by acupuncture,”Traditional ChineseMedical
Research, vol. 19, no. 3, pp. 57–60, 2006.

[45] C. Jen-Hwey, “How does moxibustion possibly work?”
Evidence-Based Complementary and Alternative Medicine, vol.
2013, Article ID 198584, 8 pages, 2013.



Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 294091, 9 pages
http://dx.doi.org/10.1155/2013/294091

Research Article
Effect of Electroacupuncture Intervention on Expression of
CGRP, SP, COX-1, and PGE2 of Dorsal Portion of the Cervical
Spinal Cord in Rats with Neck-Incision Pain

Li-na Qiao,1 Jun-ying Wang,2 Yong-sheng Yang,1 Shu-ping Chen,2

Yong-hui Gao,2 Jian-liang Zhang,2 and Jun-ling Liu2

1 Department of Biochemistry and Molecular Biology, Institute of Acu-Moxibustion, China Academy of Chinese Medical Sciences,
16 Nanxiaojie Street, Dongzhimennei, Beijing 100700, China

2Department of Physiology, Institute of Acu-Moxibustion, China Academy of Chinese Medical Sciences,
16 Nanxiaojie Street, Dongzhimennei, Beijing 100700, China

Correspondence should be addressed to Jun-ling Liu; 13521898023@163.com

Received 3 June 2013; Accepted 19 July 2013

Academic Editor: Yong-Qing Yang

Copyright © 2013 Li-na Qiao 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 present study was aimed to determine if cervicospinal substance P (SP) and its neurokinin-1 receptor (NK-1R), calcitonin
gene-related peptide (CGRP), cyclooxygenase-1 (COX-1), and prostaglandin E2 (PGE2) were involved in electroacupuncture (EA)
analgesia in neck-incision pain rats. EA intervention was applied to bilateral Futu (LI18), Hegu (LI4)-Neiguan (PC6), and Zusanli
(ST36)-Yanglingquan (GB34) for 30min. Cervicospinal SP and CGRP immunoactivity was detected by immunofluorescence
technique, NK-1R and COX-1 protein and mRNA expression levels were determined using Western blot and real-time PCR,
respectively, and PGE2 content was measured using ELISA. Outcomes indicated that EA of EA-LI18 and LI4-PC6 (not ST36-GB34)
significantly suppressed neck-incision induced decrease of thermal pain threshold (𝑃 < 0.05). EA stimulation of LI18 and LI4-PC6
markedly inhibited neck-incision induced upregulation of SP and CGRP immunoactivity, NK-1 R and COX-1 mRNA and protein
expression levels, as well as the increase of PGE2 content in the dorsal cervicospinal cord (𝑃 < 0.05). These findings showed that
LI18 and LI4-PC6EA stimulation-induced downregulation of SP, CGRP,NK-1R, COX-1, and PGE2 levels in the dorsal cervicospinal
cordmay contribute to their effects in relieving neck-incision pain.This study highlights the targets of EA intervention for reducing
post-thyroid-surgery pain for the first time.

1. Introduction

Postoperative pain in patients undergoing thyroidectomy
generally lasts for hours or days in spite of being moderate in
severity and different in duration for the types of diseases [1].
In the treatment of this type of postoperative pain, oral
administration of opioids (about 90% of the patients) and
nonopioid adjuncts is the optimized choice currently [2].
However, these drugs may worsen anesthetics-induced nau-
sea, vomiting, and other side effects [3] and the analgesic
effect of these drugs is not always effective [4].

Therefore, a multimodal approach combining various
analgesics with a nonpharmacological strategy is necessary

for providing adequate postoperative pain control. Acupunc-
ture, a component of traditional Chinese medicine, has been
used to treat pain for millennia, and accumulating evidence
indicates the efficacy of acupuncture for postoperative anal-
gesia [5–10]. It has been demonstrated that the analgesic
effect of acupuncture is related to its functions in upregu-
lating plasma beta-endorphin level in patients undergoing
colonoscopy [6], breast radical carcinoma operation [11], and
in activating peripheral opioid pathway in a mouse model of
postoperative pain [12]. It has been well documented from
clinical practice of acupuncture analgesia and anesthesia that
Futu (LI18) and Hegu (LI4)-Neiguan (PC6) are effective
acupoints for thyroid surgery [13–16]. But there have been no
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research reports about acupuncture intervention for relieving
postthyroidectomy pain till now. In the past several years, our
research group investigated the spinal mechanism of elec-
troacupuncture (EA) therapy underlying pain relief of thy-
roid surgery. Our findings showed that the analgesic effect of
EA of Futu (LI18) and Hegu (LI4)-Neiguan (PC6) for neck-
incision pain is closely associated with its actions in upregu-
lating 5-HT 2A receptor (5-HT2AR)mRNAand protein, glial
cell derived neurotrophic factor (GDNF), and its receptor
GDNF family receptor alpha-1 (GFR alpha-1) gene expression
[17, 18], and in downregulating expression levels of intra-
cellular cAMP mRNA and cAMP response element binding
protein (CREB) mRNA in the cervical spinal cord (C1–C4)
[19].

However, the pathogenesis of postoperative pain is very
complex, including both peripheral and central neuronal
changes, cellular and molecular activities, ectopia, sensitiza-
tion of nociceptors, phenotypic switching, structural plastic-
ity, disinhibition, and neuroinflammation [20–22]. Neuronal
cells in the superficial layers of the spinal dorsal horn play
an important role in the development and maintenance of
hyperalgesia. Various mediators released from the central
terminals of the primary sensory neurons contribute to this
process. Among them, the excitatory amino acid glutamate,
calcitonin gene related peptide (CGRP), substance P (SP),
brain-derived neurotrophic factor (BDNF) and somatostatin,
and so forth. Proinflammatory cytokines, chemokines, and
so forth produced and released from nonneuronal cells (pre-
dominantly immune and glial cells) are also important medi-
ators for persistent pain and all are capable of changing the
response properties of central pain signaling neurons [23, 24].
Among the factors, SP, one of the neurotransmitters released
from the primary nociceptive afferent endings in the dorsal
horn of the spinal cord and postsynaptically binds to NK (1)-
receptors [25]. CGRP, an important molecule in the spinal
nociceptive processing and ensuring response from primary
afferents in the spinal dorsal horn, and PGE2, the main
product of cyclooxygenases (COX) and a crucial mediator
for inflammatory pain sensitization via promoting synaptic
transmission within the spinal cord dorsal horn [26], also
contribute to the spinal pain processing network. Therefore,
the present studywas designed to observe their changes in the
cervical spinal cord after neckincision and electroacupunc-
ture (EA) intervention, so as to study the mechanism of
acupuncture therapy underlying relieving thyroid surgery-
induced pain.

2. Material and Methods

2.1. Animals and Grouping. Adult male Wistar rats (200–
250 g), purchased from Beijing Union Medical College, were
acclimatized to standard laboratory conditions (about 12 h
alternate light-dark cycle) of our institute’s environment first
for a week and were given free access to standard chow pellet
diet and water. All protocols were approved by the Institute of
Acu-moxibustion, China Academy of Chinese Medical Sci-
ences, and accorded to the Guidelines for Laboratory Animal
Care and Use of the Chinese Ministry of Science and Tech-
nology. The rats were randomly assigned to 5 experimental

groups: control, model, Futu (LI18), Hegu (LI4)-Neiguan
(PC6), and Zusanli (ST36)-Yanglingquan (GB34), with 8 rats
in each group.

2.2. Thyroid Area Incision Surgery. After detecting the base-
line thermal pain threshold, the rat’s neck-incision pain
model was established by making a 1.5 cm longitudinal inci-
sion along the midline of the neck under isoflurane (1-2% in
oxygen) inhalational anesthesia using a table-top Isoflurane
anesthesia unit (VME, Matrix Company, USA), followed by
repeated blunt dissection stimulation of the bilateral ster-
nohyoideus around the thyroid gland regions for 5min with
a pair of forceps. The incision was then sutured in layers.

2.3. Measurement of Thermal Pain Threshold. The thermal
pain threshold of the neck-incision areawasmeasured 30min
before surgery, 4 h after surgical incision procedures and
post-EA using a tail-flick apparatus (Model 37360, Tail Flick
Unit, UGOBasile, Italy).Theheat intensitywas set to 25 units,
and the cut-off time was set to 30 s to prevent tissue damage.
The latency of escape was recorded automatically when the
rat swiftly moved its neck from the heat source. Each rat was
tested 3 times, with a 3–5 minutes’ interval between tests.

2.4. Electroacupuncture Stimulation. Four hours after neck-
incision, under light anesthesia with isoflurane (0.5–1% in
oxygen) via a nose cone of a table-top Isoflurane anesthesia
unit, the rats of the 3 electroacupuncture (EA) treatment
groups were administrated with EA stimulation following
insertion of filiform needles (Gauge-32, made by Suzhou
Acu-moxibustion Products Factory, China) into bilateral
Futu (LI18), Hegu (LI4), Neiguan (PC6), Zusanli (ST36),
and Yanglingquan (GB34), respectively.With reference to the
descriptions about LI18 in the human body, the rat’s LI18 is
located between the sternal branch and the clavicular branch
of the sternocleidomastoid muscle, at the middle of the
sternocleidomastoidmuscle and on the horizontal level of the
4th cervical vertebra. In the rat, LI4 is located between the 1st
and 2nd metacarpal bones; PC6, about 3mm to the wrist
transverse stripe on the axopetal end; ST36, about 5mm
inferior to the capitulum fibulae and posterior-lateral to the
hindlimb knee joint; and GB34, about 5mm superior-lateral
to ST36 [27].

After insertion, the needle handles were connected to a
HANS EA Apparatus (Hans-100A, Jisheng Medical Technol-
ogy, Co., Ltd., Nanjing, China) for stimulating the abovemen-
tioned acupoints with duration of 30min, frequency of alter-
native 2Hz and 15Hz (2/15Hz), and electric current strength
of 1mA for the first 15min and 2mA for the rest 15min.
Animals of the control group and model group were treated
with the same anesthesia and other procedures but without
EA stimulation.

2.5. Tissue Preparation. After the EA treatment and for
immunofluorescence staining, rats were deeply anesthetized
with a mixture solution of 20% urethane (420mg/kg) and
1.5% chloralose (50mg/kg, 1 : 2, 6mL/kg, i.p.) and transcar-
diacly perfused through the ascending aorta with normal
saline (250mL), followed by 200mL of 4% paraformaldehyde
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(Yili Fine Chemical Co., Ltd., Beijing, China) in 0.1M phos-
phate buffer saline (PBS, pH 7.4). The upper segments of the
cervical spinal cord (C2–C5) were removed and placed in the
same fixative (4∘C) overnight and then kept in 0.1M sodium
phosphate buffer (pH 7.4) containing 30% sucrose for 24 h.

For Western blot and quantitative real-time PCR analy-
sis, the rats, deeply anesthetized with the same anesthetics
mentioned above, were killed for collecting dorsal part of the
cervical spinal cord (C2–C5, semisection along the longitudi-
nal plane) on an ice plate after the EA treatment, kept in liquid
nitrogen or stored in−80∘C formRNA and protein extraction
later.

2.6. Immunofluorescence Assay. The spinal cord tissue was
sectioned on a freezing microtome at 40 𝜇m for immunoflu-
orescence double-labeling. Free-floating tissue sections were
placed in 0.01M PBS, washed with PBS Tween-20 (PBST)
three times, incubated in 1N HCL for 20min and in 3%
H
2
O
2
in distilled water for 15min, and blocked with 5% goat

serum for 30min at room temperature to block the unspecific
staining, respectively. The sections were incubated with a
mixture solution of primary antibodies: calcitonin-gene-
related peptide (CGRP, diluted 1 : 500, C8198, Sigma, USA)
and substance P (SP, 1 : 1000, Santa Cruz Biotechnology Inc.,
USA) for 36–48 h at 4∘C, washed three times with phosphate
buffered saline (PBS), and then incubated in the secondary
antibodies, goat anti-rabbit IgG conjugated Alexa Fluor 561
(Invitrogen, red fluorescence, diluted 1 : 300) and goat anti-
mouse IgG conjugated Alexa Fluor 488 (Invitrogen, green
fluorescence, diluted 1 : 300) on a rocking bed (away from
light) for 2 h under room temperature, respectively.

For control staining, primary antibody was omitted. The
tissue sections were mounted on glass slides, washed four
more times with running water, dried under room temper-
ature and away from light, and sealed with coverslips at last.
The analysis was performed using a light microscope Olym-
pusAX70with an objectivemagnification of 40x and software
analySIS Pro 3.1. Visualization was performed with avidin-
biotin complex method. Images of the spinal cord slices were
acquired using confocal microscope (FV1000, Olympus,
Japan). Laser channels used were 488 nm excitation and
561 nm excitation. And the fluorescence intensity was mea-
sured byAdobe Photoshop 6.0 (Adobe Systems, San Jose, CA,
USA).

2.7. Western Blotting Analysis. Total protein was extracted
from the tissue in RIPA lysis buffer (containing protease and
phosphatase inhibitor mixtures (Roche)) by using a tissue
homogenizer, followed by clearing tissue debris by centrifu-
gation at 13000 rpm at 4∘C for 20min. Twenty micrograms
of protein was loaded per lane and separated by 5% or 8%
SDS-PAGE gel electrophoresis, then, transferred onto PVDF
membranes. Blocking was carried out in 3% bovine serum
albumin (BSA, Amresco, USA) solution for 30min at room
temperature. The membranes were incubated with pri-
mary antibody rabbit anti-NK-1R (diluted 1 : 2000, BS2632,
Bioworld, USA), or rabbit anti-COX-1 (diluted 1 : 2000, 5153-
1, Epitomics, USA) overnight at 4∘C and with secondary

antibody (1 : 20000 dilution of goat anti-rabbit Immunoglob-
ulin G) conjugated to horseradish peroxidase (Jackson,
ImmunoResearch Laboratories,West Grove, PA, USA) for 1 h
at room temperature on the following day. Immunoblotting
signal was detected by ECL (enhanced chemiluminescence)
on chemiluminescent films. For densitometric analyses, the
blots were scanned and quantified using TotalLab Quant
analysis software (TotalLab Limited, England), and the result
was expressed as the ratio of target gene immunoreactivity to
𝛽-actin immunoreactivity.

2.8. Quantitative Real-Time PCR. Total RNA was extracted
with Trizol (CW0581, CWbio. Co. Ltd, Beijing, China),
and then reversely transcribed with cDNA Synthesis Kit
(CW0744, CWbio. Co. Ltd, Beijing, China).The reverse tran-
scribed products were amplified. The primer sequences used
were as follows: NK-1R: forward 5-GAGCATCCCAAC-
AGGACTTAT-3, reverse 5-ATGGTAGCGGTCAGA-
GGAGT-3; COX-1: forward 5-TCCTACATGGGATGA-
CGAGC-3, reverse 5-GGTTGCGATACTGGAACTGG-3;
𝛽-actin: forward 5-GGAGATTACTGCCCTGGCTCCTA-
3, reverse 5-GACTCATCGTACTCCTGCTTGCTG-3.

Quantitative real-time (QRT)-PCR was performed in 96-
well plates using the QRT-PCR detection systems (AB7500,
Applied Biosystem, USA). Three different biological repli-
cates for each sample were performed. All the cDNA samples
were amplified in triplicate from the same RNA preparation
and the mean value was calculated. Each reaction included
2 𝜇L of cDNA, 10 𝜇L of REALSYBRMixture (2x), 0.8 𝜇L
(10 𝜇mol/𝜇L) of both forward and reverse primers, and 7.2 𝜇L
of PCR-grade water, equating to a final volume of 20 𝜇L.
PCR was performed under the following conditions: 10min
at 95∘C, followed by 40 cycles of 15 s at 95∘C, and 60 s at
60∘C. Then, the fluorescence acquisition after each cycle was
performed. Finally, a dissociation curve was generated by
increasing temperature from 65∘C to 95∘C in order to verify
primer specificity. All samples for each reference gene were
run on the same plate to avoid between-ran variations. The
relative expression was calculated in accordance with the
ΔΔCt method. Relative mRNA levels were expressed as
2
−ΔΔCt values.

2.9. Enzyme-Linked Immunosorbent Assay (ELISA). The cer-
vical spinal cord (C2–C5, semitransection) tissue specimen
(1 g), added with 5mL of homogenization buffer (0.1M
phosphate, pH 7.4, containing 1mM EDTA and 10 𝜇M
indomethacin), was homogenized at 5500 rpm for 20 s using a
polytron homogenizer (PT1200, Switzerland), and then cen-
trifuged at 4∘C and 10,000 rpm for 10min using a centrifuger
(Eppendorf Centrifuge 5430, Germany). The supernatant
(50𝜇L) from each sample was added to a PGE2 assay plate
for determining PGE2 levels by enzyme immunoassay (pros-
taglandin-E2-Monoclonal Enzyme immunoassay Kit, 2A-
514010-96, Cayman, USA) according to the manufacture’s
protocols. A microplate reader (Multiskan MK3, Thermo,
USA) at a wavelength of 410 nm was used to detect PGE2
contents, and data were computerized with Excel. The mea-
surements were made in duplicate, and the results were
expressed in pg/mg.
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Figure 1: Effect of EA stimulation of Futu (LI18), Hegu (LI4)-
Neiguan (PC6), and Zusanli (ST36)-Yanglingquan (GB34) on ther-
mal pain thresholds (PT) in rats with neck incision pain (𝑛 = 8 in
each group). Pain thresholds were measured at the time-points of
pre-incision, 4 h post incision, and post-EA, and data are expressed
as mean ± SD. ⋆𝑃 < 0.05, compared with the normal group; 𝑃 <
0.05, compared with the model group (after neck incision).

2.10. Statistical Analysis. The data collected in the present
study were expressed as mean ± standard deviation (Mean ±
SD) and analyzed by two-way repeated measures ANOVA,
followed by post hoc test for least significant difference (LSD)
to determine differences between two groups. 𝑃 < 0.05 was
considered statistically significant.

3. Results

3.1. Effects of EA on Thermal Pain Threshold. Before neck-
incision, the rats’ thermal pain thresholds had no significant
differences among the normal, model, LI18, LI4-PC6, and
ST36-GB34 groups (𝑃 > 0.05). Four hours after the incision,
the pain thresholds were significantly decreased (𝑃 < 0.05).
Following EA stimulation of LI18 and LI4-PC6, the pain
thresholds were considerably increased (𝑃 < 0.05), while that
of EA of ST36-GB34 had no marked changes in comparison
with the model group (𝑃 > 0.05, Figure 1).

3.2. Effects of EA on the Immunoreactivity of SP and CGRP in
Spinal Dorsal Horn. Results of immunofluorescence staining
showed that SP and CGRP immunoreaction (IR)-positive
products were densely distributed in the superficial layer of
dorsal horns of the cervical spinal cord, particularly 4 h after
neck incision (Figure 2(a)). In comparison with the normal
control group, the fluorescence intensity of both SP and
CGRP IR-positive products in the cervicospinal cord were
significantly increased in the model group (Figures 2(b) and
2(c), 𝑃 < 0.05), suggesting an increase of immunoactivity of
SP and CGRP after neck incision. Following EA intervention,
the immunoactivity levels of spinal CGRP in the LI18 group
and LI4-PC6 group, and SP in the LI18 group were signifi-
cantly decreased (𝑃 < 0.05). No apparent changes of both

SP and CGRP immunoactivity were found in the ST36-GB34
group in comparison with the model group (𝑃 > 0.05).

3.3. Effects of EA on Expression of NK-1R mRNA and Protein
in Dorsal Spinal Cord. Compared with the normal group, the
relative expression levels of NK-1R mRNA and protein in the
dorsal cervical spinal cord were significantly increased in the
model group (𝑃 < 0.05, Figures 3(a) and 3(b)). Following EA
intervention, the expression levels of both NK-1RmRNA and
protein in the LI18 group, and NK-1R mRNA in the LI4-PC6
groupwere considerably lower than those in themodel group
(𝑃 < 0.05). No significant differences were found between
ST36-GB34 andmodel groups in the expression levels of NK-
1R mRNA and protein (𝑃 > 0.05). The effects of EA of LI18
were apparently superior to those of EA of ST36-GB34 in
downregulating the expression of NK-1 mRNA and protein
(𝑃 < 0.05).

3.4. Effects of EA Intervention on Expression of COX-1 mRNA
and Protein in Dorsal Spinal Cord. In comparison with the
normal group, the expression levels of COX-1 mRNA and
protein in the cervical spinal cordwere significantly increased
in the model group (𝑃 < 0.05, Figures 4(a) and 4(b)). After
EA intervention, the expression levels of COX-1 mRNA and
protein were obviously downregulated in the LI18 and LI4-
PC6 groups (𝑃 < 0.05). No significant changes were found
in COX-1 mRNA and protein expression in the ST36-GB34
group compared with the model group (𝑃 > 0.05).

3.5. Effects of EA on PGE2 Content in the Cervical Spinal Cord.
In comparison with the normal control group, PGE2 content
of the cervical spinal cord in the model group was signifi-
cantly increased 4 h after neck incision (𝑃 < 0.05, Figure 5).
Following EA interventions of LI18 and LI4-PC6, spinal
PGE2 levels in the LI18, LI4-PC6, and ST36-GB34 groups
were considerably decreased (𝑃 < 0.05), having no significant
differences among the three groups (𝑃 > 0.05).

4. Discussion

In the present report, we characterized for the first time
changes of the expression of CGRP, NK-1R, and COX-1
mRNA and proteins and PGE2 level in the cervical spinal
cord in neck-incision pain rats. Results of this study showed
that, 4 hours after neck incision and repeated mechanical
stimulation (for miming thyroidectomy), the regional ther-
mal pain threshold was significantly decreased. At the same
time, the immunoactivity of both SP and CGRP in the super-
ficial layers of the cervical spinal dorsal horns, the expression
levels of NK-1R mRNA and protein, COX-1 mRNA and
protein, and PGE2 content of the cervical dorsal spinal cord
tissue were considerably increased in rats with neck-incision
pain. The behavioral pain reactions, immunoactivity of SP,
and the expression of NK-1R mRNA and protein and COX-
1 mRNA and protein of the present study were identical to
the results of our past studies using conventional immuno-
histochemistry in the same rat model [28] and similar study
in postsurgery rats [29]. Among the indexes, spinal COX-1
expression changewas the same to Zhu and colleagues’ results
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(c)

Figure 2: Effect of EA stimulation of different acupoints on the immunoactivity of SP and CGRP in the rat’s cervical spinal cord 4 h after
neck incision (𝑛 = 6 in each group). (a) Representative confocal microscopic photos of immunofluorescence double staining showing SP
and CGRP immunoreaction (IR) positive products (green for SP and red for CGRP) in the cervical spinal cord in the 5 groups. (b) and (c)
Histograms showing the mean fluorescence intensity of SP-IR positive products (b) and CGRP-IR positive products (c) in the 5 groups. Data
are expressed as the mean ± SD (ANOVA, followed by LSD post hoc test); ⋆𝑃 < 0.05, compared with the normal control group; 𝑃 < 0.05,
compared with the model group.

about COX-1 immunoactivity change of the lumbar spinal
cord determined by using immunohistochemistry [30] and
the validated role of COX-1 in spinal hypersensitivity by
intrathecal injection of preferring inhibitor, ketorolac, and
the specific inhibitor SC-560 of COX-1 in paw-incisionmodel
[31].

It has been demonstrated that SP and CGRP coexist to
a large extent (70%) in terminals of the primary afferent
neurons in the dorsal horn of the spinal cord [32], and
released in response to peripheral noxious stimuli [33].
Therefore, SP and CGRP (proinflammatory neuropeptides)
immunoactivity was obviously increased following neck-
incision and local mechanical stimulation in the present
study. Simultaneously, spinal NK-1R mRNA and protein
expression levels were also upregulated after neck incision.

Studies have showed that NK-1R is present on approx-
imately 80% of lamina 1 neurons that project to various
brain regions [34] and NK-1R on lamina I neurons activated
signal transduction pathways and low-threshold (T-type)
voltage-gated calcium channels synergistically and facilitated
calcium-dependent long-term potentiation (LTP) at synapses
from nociceptive nerve fibers.This may be the cellular mech-
anism of lamina I neurons in spinal dorsal horn expressing
NK-1 receptor for SP mediated abnormal pain sensitivity
under conditions of inflammation, trauma, or nerve injury
[35].

Yaksh and colleagues [36] held that the postoperative
hypersensitivity process results partially from a complex cas-
cade startingwith the release of SP and glutamate, followed by
activation of spinal NK-1 and NMDA receptors. Among
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(b)

Figure 3: Effect of EA stimulation of different acupoints on the
relative expression levels of NK-1R mRNA (a) and protein (b) in the
cervical spinal cord 4 h after neck incision in rats. Data are expressed
as mean ± SD (𝑛 = 7), (ANOVA, followed by LSD post hoc test).
⋆

𝑃 < 0.05, compared with the normal group, 𝑃 < 0.05, compared
with the model group; 𝑃 < 0.05, compared with the LI18 group,
X
𝑃 < 0.05, compared with the LI4-PC6 group.

several elements, this cascade activates spinal phospholipases
and generates prostanoids by COX activity, leading to spinal
prostanoid release. Further studies have shown that nerve or
tissue injury is associated not only with increases in NK-1
receptor density, but also with increases in NK-1 gene expres-
sion; thus, persistent activation of SP-containing primary
afferent neurons might increase transcription of the NK-1
receptormRNA and enhance the expression of NK-1 receptor
protein [37], which is consistent to our observations in the
present study. A cAMP response element (CRE) site occurs
within the promoter region of the NK-1 receptor gene which
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(b)

Figure 4: Effect of EA stimulation of different acupoints on COX-1
mRNA (a) and protein (b) expression 4 h after neck incision in rats.
Data are expressed as mean ± SD (𝑛 = 7), (ANOVA, followed by
LSD post hoc test); ⋆𝑃 < 0.05, compared with the normal group,


𝑃 < 0.05, compared with the model group; 𝑃 < 0.05, compared
with the LI18 group; X

𝑃 < 0.05, compared with the LI4-PC6 group.

has a CREB binding site [38]. CGRP is a transmembrane
signaling molecule that increases cAMP levels and cAMP
(CRE)-dependent gene expression, and also increases the lev-
els of NK-1R mRNA in spinal neurons, indicating that CGRP
regulates the expression of NK-1R via a pathway involving
activation of the transcription factor, (CREB) [39]. Moreover,
we have demonstrated that in formalin injection induced
neck pain rats, the expression levels of cervical spinal NMDA
receptor 2B subunit mRNA and its phosphorylated protein
were markedly upregulated [40], but if the NMDA R is
involved in neck-incision induced pain processing or not, it
needs further study.

It was demonstrated that NK-1 receptors are not only
expressed in neurons, but also in astrocytes and microglia
which have a high affinity for SP, and more importantly,
SP and NK-1 receptor interactions elicit activation of signal
transduction pathways in both cell types and can initiate
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Figure 5: Effect of EA stimulation of different acupoints on
prostaglandin E2 (PGE2) content in the dorsal spinal cord (C2–C5)
4 h after neck incision in rats. Data are expressed as mean ± SD
(𝑛 = 8), (ANOVA, followed by LSD post hoc test). ⋆𝑃 < 0.05,
compared with the normal group, 𝑃 < 0.05, compared with the
model group. The level of PGE2 in the cervical spinal cord was
determined using an ELISA kit.

or augment pain responses [41, 42]. SP can also stimulate
secretion of TNF-alpha frommacrophages from which IL-1𝛽
was found to increase the production of SP and PGE2 in a
number of neurons and glial cells [43, 44]. Prostaglandins
(PGs), including PGD-2, PGE-2, PGF-2 alpha, and PGI-2 and
known to be produced by cyclooxygenase (COX), catalyze
their synthesis from arachidonic acid [45] and potentiate
release of excitatory amino acids, SP, CGRP, and nitric oxide
to enhance excitation and synaptic transmission of pain sig-
nals in the spinal cord [46].

COX has two forms of COX-1 and COX-2 which are
constitutively expressed in the spinal cord. Double labeling
studies showed that 96% of COX-1 immunoreactive cells
are colocalizedwithmicroglia and 98%of COX-2 immunore-
active cells colocalized with neurons [47]. COX-1 expression
was upregulated in microglia within hours after surgical
incision [48–50] or thoracic muscle deep incision [51], and
COX-2 played a prominent role in inflammatory pain [52–
54]. These results indicate that SP, NK-1R, CGRP, COX-1,
and PGE-2 in the spinal cord are all involved in postsurgery
pain including neck-incision pain of the present study. Both
neurons and glia cells in the cervical spinal cord are probably
complicated with the neck-incision pain processing. How-
ever, the detailed interaction situations of the cervicospinal
neurons and glia cells in inducing postincision pain need
studying in the future.

In addition, findings of the present study showed that
following EA intervention of LI18 (at the neck) and LI4-
PC6 (at the forelimb), the thermal pain thresholds were
obviously upregulated, while EA stimulation of ST36-GB34
(at the hindlimb) had no apparent effect on the decreased
pain threshold in neck-incision pain rats. Correspondingly,
EA of LI18 and LI4-PC6 could effectively suppress neck-
incision induced upregulation of expression of NK-1 mRNA,
COX-1 mRNA and protein, and PGE2 content in the upper-
cervical spinal cord. However, EA stimulation of ST36-GB34
had no apparent effect on SP and CGRP immunoactivity,
NK-1R mRNA and protein, and COX-1 mRNA and protein

expression levels in the cervical spinal cord. It suggests
that the effects of EA stimulation of the three acupoints or
acupoint groups in resisting pain reaction and suppressing
incision-induced upregulation of spinal NK-1 mRNA and
COX-1 mRNA and protein are mainly via homosegmental
nerve reflex pathway. But, why the content of spinal PGE-2
was also downregulated after EA of ST36-GB34, the reason
was not clear and the result needs being confirmed further.

The results of EA analgesia and spinal SP expression are
basically identical to those in our past studies [17, 28, 55] and
changes of spinal PGE-2 after EA intervention are similar
to those of other studies in reducing spinal PGE-2 levels
in inflammatory pain rats [56, 57]. Up to now, we have
not found any studies on the involvement of spinal CGRP,
NK-1R mRNA and protein and COX-1 mRNA and protein
in postsurgery pain. However, viewing from the known
mechanisms of pain processing, we do not think that changes
of these indexes are not expectable under EA analgesia.More-
over, EA analgesia might also involve its favorable regulation
on the communication or interaction between neurons and
glia cells in the spinal cord in neck-incision pain rats.

In conclusion, findings of the present study show that SP,
CGRP, NK-1R, COX-1, and PGE2 in the cervicospinal cord
play an important role in pain processing after neck incision
in the rat. EA stimulation of LI18 and LI4-PC6 can effectively
suppress neck-incision-induced sensory hypersensitivity by
downregulating expression levels of spinal SP, CGRP, NK-
1 mRNA, COX-1 mRNA and protein, and PGE2 content in
the cervicospinal cord. These results highlight the targets of
EA therapy for reducing post-thyroid-surgery pain.The exact
mechanisms of EA underlying regulation of cross-talk of
spinal neurons and gliacytes will be researched in the coming
days.
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Intracellular glucose and lipid metabolic homeostasis is vital for maintaining basic life activities of a cell or an organism. Glucose
and lipid metabolic disorders are closely related with the occurrence and progression of diabetes, obesity, hepatic steatosis,
cardiovascular disease, and cancer. Chlorogenic acid (CGA), one of the most abundant polyphenol compounds in the human
diet, is a group of phenolic secondary metabolites produced by certain plant species and is an important component of coffee.
Accumulating evidence has demonstrated that CGA exerts many biological properties, including antibacterial, antioxidant, and
anticarcinogenic activities. Recently, the roles and applications of CGA, particularly in relation to glucose and lipid metabolism,
have been highlighted. This review addresses current studies investigating the roles of CGA in glucose and lipid metabolism.

1. Introduction

Intracellular glucose and lipid metabolic homeostasis is very
vital for maintaining the basic life activities of a cell or an
organism. In terms of cytology, intracellular glucose and lipid
metabolic disorders are the basis of a variety of metabolic
diseases. Glucose and lipid metabolic disorders are closely
related with the occurrence and progression of diabetes, obe-
sity, hepatic steatosis, cardiovascular disease, and cancer [1].
The complications of glucose and lipid metabolic disorders
will impose a significant burden on health care systems all
over the world. However, medical therapeutic options are not
only limited, but also associated with unwanted side effects
[2–4]. Therapies with novel mechanisms of action to combat
glucose and lipid metabolic disorders would therefore have
significant medical and economic impacts.

Chlorogenic acid (CGA) (Figure 1), one of the most
abundant polyphenol compounds in the human diet, is a
group of phenolic secondarymetabolites produced by certain
plant species and an important component of coffee. It has

been reported that coffee had the highest concentration of
polyphenols among the beverages analyzed [5, 6]. The major
polyphenol in coffee is CGA. Chlorogenic acid (CGA) is
an ester formed from cinnamic acids and quinic acid and
is also known as 5-O-caffeoylquinic acid (5-CQA) (IUPAC
numbering) or 3-CQA (pre-IUPAC numbering) [7]. The
most common form of CGA is 5-caffeoylquinic acid (5-
CQA) (Figure 2). Accumulating evidence has demonstrated
that CGA exhibits many biological properties, including
antibacterial, antioxidant, and anticarcinogenic activities,
particularly hypoglycemic and hypolipidemic effects [8–14].
CGAhas been recently claimed tomodulate glucose and lipid
metabolism in vivo in both healthy and genetically metabolic
disordered conditions [14–16].

Recently, the roles and the applications of CGA, par-
ticularly in relation to glucose and lipid metabolism, have
been highlighted in both biological and medical fields [17–
21]. It will possibly, we think, become a research focus or a
trend of medicine and pharmacology in the near future. A
review of the roles and applications of CGA in glucose and
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Figure 2: Chemical structure of 5-O-cafeoylquinic acid (chloro-
genic acid).

lipid metabolism is consequently urgent and vital to assist in
further research.

2. Effects on Glucose Metabolism

2.1. Hypoglycemic and Antidiabetic Effect. Regular consump-
tion of coffee has been associated with a lower risk of type
2 diabetes mellitus (T2DM), and this has been replicated
across sexes, geographical locations, and obesity levels [22–
28]. CGA is major bioactive compound in coffee that may
provide health benefits. For example, it is reported that daily
consumption of 3 to 4 cups of decaffeinated coffee containing
high contents of CGA significantly reduced the risk for
T2DM by 30% [29].

Chlorogenic acid (CGA) is a novel insulin sensitizer that
potentiates insulin action similar to the therapeutic action of
metformin [30]. Chlorogenic acid (CGA) at a dose of 5mg/kg
body weight exerts antidiabetic potential in streptozotocin
(STZ) (45mg/kg b.w.) nicotinamide induced diabetic rats
[31–33].

Bassoli et al. (2008) analysed the effects of CGA on
hepatic glucose output, blood glucose levels, and glucose
tolerance. It was found that CGA did promote a significant
reduction in the plasma glucose peak in the oral glucose
tolerance test, most likely by attenuating intestinal glucose
absorption, indicating a possible role for CGA as a glycaemic
index lowering agent and highlighting it as a compound of
interest for reducing the risk of developing T2DM [12].

CGA exerts its antidiabetic effects on stimulating glu-
cose uptake in both insulin-sensitive and insulin-resistant
adipocytes. The potency of CGA to stimulate 2-[N-(7-nitro-
benz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-d-glucose(2-
NBDG) uptake was comparable to the antidiabetic drug

rosiglitazone [34]. Moreover, CGA, unlike thiazolidinedione
(TZD) or insulin, does not induce obesity or other side
effects.

It was reported that CGA ingestion significantly reduced
early fasting glucose and insulin responses in overweightmen
during an OGTT [35]. Clinical trials have also testified that
CGA is able to lower the glycemic impact of foods and chron-
ically lower background blood glucose levels of T2DM [36].

2.2. Stimulation of Insulin Secretion. CGAhas been described
as a potential antidiabetic agent.Using in vitro studies, Tousch
et al. [37] (2008) reported that CGA increased glucose uptake
in L6 muscular cells, an effect only observed in the presence
of stimulating concentrations of insulin. In addition it was
found that CGA stimulates insulin secretion from the INS-
1E insulin-secreting cell line and rat islets of Langerhans.
Clinical trials have also testified that CGA in coffee is able to
modulate glucose uptake and gastrointestinal hormone and
insulin secretion in humans [38].

2.3. Improving Glucose Tolerance and Insulin Resistance.
Insulin resistance is amajor obstacle in the diabetes treatment
and is often accompanied by hyperglycemia, hyperinsuline-
mia, and hyperlipaemia in obesity-induced type 2 diabetic
patients, which is also regarded as one of the risk factors lead-
ing to a series of complications, such as nephropathy, retino-
pathy, myocardial infarction, and neuropathy [39]. CGA has
been shown to act as an active principle in glucose metabo-
lism regulation [40, 41]. CGA is capable of improving glucose
tolerance and insulin resistance in obese (𝑓𝑎/𝑓𝑎) Zucker rats,
suggesting that CGA may be a promising candidate for the
development of antidiabetic agents [13]. Liang et al. [42] also
found that, compared to model group (mice were admini-
strated with high-fat emulsion by gastric perfusion), CGA
interference group (mice were administrated with high-fat
emulsion and CGA (20mg⋅kg−1 body weight)) had better
glucose tolerance, higher insulin sensitivity index (ISI), and
lower HOMA-IR index. And the contents of TG, TC, and
LDL-C in serum were decreased in the CGA interference
group.

3. Effects on Lipid Metabolism

3.1. Lowering Serum and Hepatic CG and TG Levels. Hyperc-
holesterolemia is a major risk factor for the development of
cardiovascular disease and nonalcoholic fatty liver disease.
CGA are hypoglycemic agents and may affect lipid metabo-
lism. Rodriguez de Sotillo and Hadley [14] investigated the
effects of CGA in vivo, by using obese, hyperlipidemic, and
insulin resistant (𝑓𝑎/𝑓𝑎) Zucker rats. The authors reported
thatCGAdidnot promote sustained hypoglycemia, but signi-
ficantly lowered the postprandial peak response to a glu-
cose challenge when compared to the same group of rats
before CGA treatment. In CGA-treated rats, fasting plasma
cholesterol and triacylglycerol concentrations significantly
decreased by 44% and 58%, respectively, as did liver tria-
cylglycerols concentrations (24%). There were no statistical
differences (𝑃 > 0.05) in adipose triacylglycerol concentra-
tions. Significant differences (𝑃 < 0.05) in the plasma, liver,
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and spleen concentration of selected minerals were found
in CGA-treated rats. This study suggested that in vivo CGA
improves glucose tolerance, decreases various plasma and
liver lipids, and improves mineral pool distribution.

3.2. Reducing LDL Oxidation Susceptibility and Decreasing
LDL-Cholesterol and MDA Levels. It is currently believed
that oxidativemodification of low-density lipoproteins (LDL)
by free radicals is a key early event in the pathogenesis
of atherosclerosis. The rapid uptake of oxidatively modified
LDL via a scavenger receptor leads to the formation of foam
cells. Oxidized LDL also has a number of other atherogenic
properties [43]. Chlorogenic acidmay favorably affect cardio-
vascular risk status by modestly reducing LDL oxidation
susceptibility and decreasing LDL-cholesterol and malondi-
aldehyde (MDA) levels. Chlorogenic acid, active compound
in coffee, inhibits oxidation of LDL in vitro andmay therefore
protect against cardiovascular disease [44, 45].

3.3. Inhibiting Fat Absorption and Activating Fat Metabolism
in the Liver. Shimoda et al. [46] (2006) testified that CGA,
caffeine, and other polyphenolic compounds in green coffee
bean extract (GCBE) act to suppress body weight gain and
visceral fat accumulation in mice. The authors reported that
CGA is possibly effective against weight gain and fat accu-
mulation by inhibition of fat absorption and activation of fat
metabolism in the liver. And oral administration of CGA (30
and 60mg/kg/day) for 14 days dramatically reduced the level
of hepatic TG inmice.The suppressive effect of CGA on hep-
atic TG accumulation was more potent than that of GCBE.

3.4. Improvement of Obesity-RelatedHormones Levels. Cho et
al. [47] (2010) investigated the efficacy of CGA on altering
body fat in high-fat diet (37% calories from fat) induced
obese mice compared to caffeic acid. The authors found that
CGA significantly lowered body weight, visceral fat mass and
plasma leptin, and insulin levels compared to the high-fat
control group. CGA also lowered triglyceride (in plasma,
liver, and heart) and cholesterol (in plasma, adipose tissue,
and heart) concentrations. Chlorogenic acid significantly
inhibited fatty acid synthase, 3-hydroxy-3-methylglutaryl
CoA reductase, and acyl-CoA cholesterol acyltransferase
activities, while they increased fatty acid beta-oxidation activ-
ity and peroxisome proliferator-activated receptors alpha
expression in the liver compared to the high-fat group.
The authors’ results suggested that CGA can improve body
weight, lipid metabolism, and obesity-related hormones lev-
els in high-fat fed mice.

3.5. Alterations in Lipids, Lipoproteins, and Enzymes Involved
in LipidMetabolism. Diabetesmellitus is associatedwith dys-
lipidemia which is a significant risk factor for cardiovascular
complications. Karthikesan et al. [48] evaluated the effects
of CGA on alterations in lipids, lipoproteins, and enzymes
involved in lipid metabolism in STZ-nicotinamide-(NA-)
induced T2DM rats.The authors found that there was a signi-
ficant increase in the concentrations of plasma and tissue
(liver and kidney) lipids, cholesterol, triglycerides (TGs),
free fatty acids (FFAs) and phospholipids (PLs), and low

density and very low-density lipoproteins (LDL and VLDL),
respectively, and a decrease in the concentration of high-
density lipoproteins (HDL) in STZ administered diabetic
rats. In addition, the activity of 3-hydroxy 3-methylglutaryl
coenzyme A (HMG-CoA) reductase increased significantly
in the liver and kidney whereas the activities of lipopro-
tein lipase (LPL) and lecithin cholesterol acyl transferase
(LCAT) were decreased significantly in the plasma of diabetic
rats. Administration of CGA remarkably reduced the STZ-
induced changes in lipids, lipoproteins, and lipid metabolis-
ing enzymes in diabetic rats. The author’s results indicate
that CGA can potentially ameliorate lipid abnormalities in
experimental T2DM.

3.6. Inhibiting Lipids’ Absorption and Transformation, Inhibit-
ing Cholesterol’s Intestinal Absorption and Hepatic Biosyn-
thesis. Li et al. [49] (2012) observed the effects of CGA
on key enzyme activities in lipid metabolism and explored
its antihyperlipidemia mechanism. The authors studied the
lipid-lowering effect and mechanism of CGA by observing
the influence on the formation of cholesterol micelles and on
the inhibition of 3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase from normal pig liver as well as pancreatic
lipase in vitro. The authors found that CGA has strong
inhibitory effects on cholesterol micelles formation and has
stronger inhibitory potency on HMG-CoA reductase than
simvastatin. In addition, CGA also has a stronger inhibition
on the activity of pancreatic lipase. The mechanism of CGA
in reducing blood lipids was most likely associated with
the inhibition of absorption and transformation of lipids
and with the inhibition of intestinal absorption and hepatic
biosynthesis of cholesterol.

3.7. Improvement of Antioxidant Activities. Wang et al. [50]
(2012) investigated the effect of CGA on lipid metabolism
of hyperlipidemia mice. It was found that the contents of
serum TC, TG, LDL-C levels, and liver TC were significantly
lower. Furthermore, malondialdehyde (MDA) contents in
serum and liver were decreased, and activities of antioxidant
enzymes were increased. Arteriosclerosis index (AI) was also
lower than that of the model group. The results indicated
that CGA could effectively reduce the blood and liver lipid
accumulation and regulate lipid metabolism by improving
their antioxidant activities. Furthermore, the group at the
dose of 50mg/kg CGA showed the best effect among all
groups.

4. Mechanism of Action

4.1. Improvement of Cellular Mechanisms. In vivo studies
have confirmed that CGA can improve glucose tolerance
and mineral pool distribution in obese Zucker rats [14]. The
significant decrease in postprandial blood glucose concentra-
tions may be attributed to an improved sensitivity to insulin
[51]. Impaired glucose tolerance and insulin resistance have
been associatedwith differences in the hepaticmRNAexpres-
sion of the spliced variants of the insulin receptor at exon 11.
Spliced variants of the insulin receptor have not been studied
in obese Zucker rats. Thus, Rodriguez de Sotillo et al. [15]
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(2006) studied the in vivo effect of CGA on plasma insulin
concentrations in a glucose tolerance test. It was found that
in the CGA-treated group, areas under the curve (AUC) for
blood glucose and plasma insulin improved, and the protein
and DNA concentrations in the liver increased. There were
no significant differences between groups for the hepatic G-
6-Pase activity. The insulin receptor exon 11 (+) and the exon
11 (−) variants were expressed in the liver of Zucker (𝑓𝑎/𝑓𝑎)
rats without significant changes. It is consequently suggested
that CGA may improve some cellular mechanisms that are
stimulated by insulin.

4.2. Inhibition of the Activity of 𝛼-Glucosidase. Zheng et
al. [52] (2007) examined the inhibitory effect of CGA on
the postprandial blood glucose concentration in rats. It was
reported that CGA inhibited the activities of 𝛼-amylase and
𝛼-glucosidase and reduced the postprandial blood glucose
concentration. Chlorogenic acid (CGA), as well as acar-
bose, strongly inhibited the activity of 𝛼-glucosidase and
reduced the postprandial blood glucose concentration. It was
reported that CGA suppresses postprandial hyperglycemia by
inhibiting 𝛼-glucosidase and that its action resembles that of
currently available 𝛼-glucosidase inhibitors such as acarbose,
miglitol, and voglibose [53, 54]. Matsui et al. described that
CGA inhibits rat intestinal𝛼-glucosidase in a noncompetitive
manner [55].

In particular, CGA has been implicated to be responsible
for anti-hyperglycemic effects in humans [56]. McCarty [57]
had reported that the consumption of coffee by humans
reduced the rise of plasma glucose concentrations in a tol-
erance test. It suggested that CGA may exert an antagonistic
effect on glucose transport. Experiments with everted gut sac
have showed that CGA inhibits the uptake of glucose from
the rat intestine.Their results suggested that CGAmay inhibit
𝛼-glucosidase by the attenuation of glucose transport in a
synergistic manner.

4.3. Alteration of GIP Concentrations. Chlorogenic acid
(CGA)may inhibit intestinal glucose uptake in vitro. Further-
more, CGA is thought to stimulate the secretion of glucagon-
like peptide-1 (GLP-1), which is known to have a beneficial
effect on the response to glucose in pancreatic beta cells [58].
To elucidate the mechanisms by which CGA acts to mediate
blood glucose response in vivo, Tunnicliffe et al. [59] (2011)
investigated Sprague-Dawley rats that were catheterized and
gavage-fed a standardizedmeal administered with or without
CGA in a randomized crossover design separated by a 3-day
washout period. It was found that the total area under the
curve (AUC) for blood glucose was significantly attenuated
in rats fed with CGA (𝑃 < 0.05). In contrast, no differ-
ences in plasma insulin nor nonesterified fatty acids, and
gastric emptying were observed. Plasma glucose-dependent
insulinotropic peptide (GIP) response was blunted in rats fed
with CGA, with a lower peak concentration and AUC up to
180min postprandially (𝑃 < 0.05). There were no changes
in GLP-1 secretion in either the in vivo or in vitro studies. It
was demonstrated that CGA treatment resulted in beneficial
effects on blood glucose response, with alterations seen in
GIP concentrations. In view of the widespread consumption

and availability of coffee, CGA may be a viable preventative
tool for T2DM.

4.4. Activation of AMPK. AMP activated protein kinase
(AMPK) is a master sensor and regulator of cellular energy
balance [60]. It is activated by various pharmacological,
pathological, and metabolic stressors such as metformin, thi-
azolidinediones, hypoxia and exercise. Activation of AMPK
leads to translocation of GLUT4 from intracellular mem-
branes to plasma membranes, thus increasing glucose trans-
port [61].

Prabhakar and Doble [62] (2009) revealed that CGA
stimulated glucose transport in myotubes via increasing
expression of GLUT4 and PPAR-𝛾 transcript. Subsequently,
Ong et al. [63] (2012) investigated the role of CGA in
the regulation of glucose transport in skeletal muscle iso-
lated from 𝑑𝑏/𝑑𝑏 mice and L6 skeletal muscle cells. The
results showed that CGA stimulated glucose transport in
L6 myotubes in a dose- and time-dependent manner. In
addition, it was demonstrated for the first time that CGA
stimulates glucose transport in skeletal muscle via the acti-
vation of AMPK. In the following year, Ong et al. [18] further
investigated the effects of CGA on glucose tolerance, insulin
sensitivity, hepatic gluconeogenesis, lipid metabolism, and
skeletal muscle glucose uptake in 𝐿𝑒𝑝𝑟𝑑𝑏/𝑑𝑏 mice. It was
found that in 𝐿𝑒𝑝𝑟𝑑𝑏/𝑑𝑏 mice, acute treatment with CGA
lowered AUC glucose in an OGTT. Chronic administration
of CGA inhibited hepatic G-6-Pase expression and activity,
attenuated hepatic steatosis, and improved lipid profiles and
skeletal muscle glucose uptake, which in turn improved
fasting glucose level, glucose tolerance, insulin sensitivity,
and dyslipidemia in 𝐿𝑒𝑝𝑟𝑑𝑏/𝑑𝑏 mice. Furthermore the results
of this study showed that CGA activated AMPK, leading to
subsequent beneficial metabolic effects, such as suppression
of hepatic glucose production and fatty acid synthesis. Inhi-
bition and knockdown of AMPK abrogated these metabolic
alterations. It suggested that CGA can improve glucose and
lipid metabolism via the activation of AMPK (Figure 3).

4.5. Inhibition of HMG CoA Reductase. Gebhardt [64] de-
monstrated that CGA can indirectly yet efficiently inhibit
𝛽-hydroxy-𝛽-methyl glutaric acyl coenzyme A reductase
(HMG CoA reductase) in primary cultured rat hepatocytes
and inhibit the synthesis of cholesterol.

4.6. Strengthening the Activity of CPT. Chlorogenic acid is
able to strengthen the activity of carnitine palmitoyl trans-
ferase (CPT), a fatty acid oxidation speed limit enzyme, and
promote the oxidation of fatty acid. This suggests a possible
way for CGA involvement with lipid metabolism [65].

4.7. Inhibition of G-6-Pase Expression. In previous studies,
many beneficial effects of CGA on the metabolism of glucose
have been noted, with the possibility of improved systemic
glucose control [66]. One of the dominant mechanisms is
thought to be delayed absorption in the small intestine
through the inhibition of glucose-6-phosphate translocase
and reduction of the sodium gradient driven apical glucose
transport [67].
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Figure 3: Chlorogenic acid regulates glucose and lipid metabolism via activating AMPK signal pathway.

Chlorogenic acid (CGA) has been shown to affect glucose
metabolism [12, 34, 68, 69]. It has been shown to delay
glucose absorption in the intestine through inhibition of G-
6-pase translocase and reduction of the sodium gradient-
driven apical glucose transport [68]. It was reported thatCGA
inhibited approximately 40% of glucose-6-phosphatase (G-
6-Pase) activity in the microsomal fraction of hepatocytes
[12].Thus, CGA can decrease hepatic glucose output through
inhibition of the activity of G-6-Pase [62, 66–68].

Chlorogenic acid (CGA) lowers the blood glucose con-
centrations and inhibits G-6-Pase, the two main metabolic
pathways responsible for the release of glucose from the liver
[36, 67, 70–72]. Previous experimental data shows that CGA
promotes the uptake of glucose by liver cells and regulates the
overproduction of glucose by inhibiting G-6-Pase; thereby,
CGA controls glycemic status in T2DM patients [73]. In a
1997 study, Arion et al. [68] investigated the interactions of
CGA and 2-hydroxy-5-nitrobenzaldehyde (HNB) with the
components of the rat hepatic G-6-Pase system. Both CGA
andHNB are competitive inhibitors of G-6-Pase hydrolysis in
intact microsomes with Ki values of 0.26mm and 0.22mm,
respectively. The authors revealed that CGA is the most
specific T1 (the G-6-Pase transporter) inhibitor, and that
CGAmay selectively inhibit hepaticG-6-Pase, which is a rate-
limiting enzyme involved in gluconeogenesis.

Chlorogenic acid (CGA) is a novel insulin sensitizer that
potentiates insulin action similar to the therapeutic action
of metformin [30]. In contrast, CGA reduces blood glucose
level by directly inhibiting G-6-Pase activity with the related
effects of hepatic glycogenolysis [36] and gluconeogenesis
[74]. Andrade-Cetto and Wiedenfeld [75] (2001) examined
hypoglycemic effects of CGA in STZ-induced diabetic rats.
No statistical difference between CGA and glyburide in the

hypoglycemic effect after 3 hours was observed. The mech-
anism may be related to inhibition of glucose-6-phosphate
displacement enzymes and glucose absorption. Wang et al.
[69] (2012) investigated the effects of CGA on hepatic G-6-
pase, skeletal muscle GLUT4 expression, blood glucose and
lipid levels in STZ-induced diabetic rats. It was found that
CGA exerted effects on improving blood glucose, TG, TC,
insulin sensitivity, downregulating expression of G-6-pase
and upregulating mRNA levels of GLUT4. Consequently the
authors demonstrated that CGA may ameliorate the changes
of glucose metabolism, lipid metabolism, insulin sensitivity,
hepatic G-6-pase expression, and skeletal muscle GLUT4
expression in STZ-included SD diabetic rats.

CGA has hypoglycemic and hypolipidemic functions,
and can relieve the mouse insulin resistance development
significantly by down-regulating the expression of G-6-Pase
mRNA and up-regulating GLUT-4 transcript [42].

4.8. Upregulation of Expression of Hepatic PPAR-𝛼. Zhang et
al. [17] (2011) examined the effect of CGA on disordered glu-
cose and lipid metabolism in 𝑑𝑏/𝑑𝑏mice and its mechanism.
They found that the mRNA expression level of G-6-Pase,
the key enzyme that catalyzes the final step of glycogenolysis
and gluconeogenesis, was significantly downregulated in
db/db-CGA group when compared with db/db-CON group.
Both the mRNA level and the protein expression levels
of PPAR-𝛼 were significantly upregulated in db/db-CGA
group compared with the db/db-CON group. The results of
this study demonstrated that CGA improves the disordered
glucose/lipid metabolism in 𝑑𝑏/𝑑𝑏mice, which is speculated
to be related with its role in modulating the adipokines
secretion, upregulating expression of hepatic PPAR-𝛼, and
inhibiting expression of G-6-Pase (Figure 4).
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Figure 4: Chlorogenic acid’s possible mechanism of action of regulating glucose and lipid metabolism.

Li et al. [76] (2009) investigated the effects of CGA
on glucose and lipid metabolism under a high-dietary fat
burden explored the possible role of peroxisome proliferator-
activated receptor-alpha (PPAR-alpha) in these effects. It was
found that CGA treatment significantly elevated the level
of mRNA and protein expression in hepatic PPAR-𝛼. The
authors’ results indicated that CGA may modify glucose
and lipids metabolism, which may be attributed to PPAR-𝛼
facilitated lipid clearance in the liver and improved insulin
sensitivity.

Wan et al. [19] (2013) investigated the hypocholestero-
lemic effects of the dietary consumption of CGA bymonitor-
ing plasma lipid profile in Sprague-Dawley rats. The authors
found that CGA markedly altered the increased plasma
total cholesterol and low-density lipoprotein but decreased
HDL induced by a hypercholesterolemic diet with a dose-
dependent improvement on both atherogenic index and car-
diac risk factor. Lipid depositions in the liver were attenuated
significantly in hypercholesterolemic animals supplemented
with CGA. It is consequently postulated that hypocholes-
terolemic effect is the primary beneficial effect given by
CGA, which leads to further secondary beneficial effects such
as atheroscleroprotective, cardioprotective, and hepatopro-
tective functions. It suggested that the hypocholesterolemic
functions of CGA are most likely due to the increase in fatty
acid utilization in the liver via the upregulation of peroxisome
proliferation-activated receptor 𝛼mRNA.

Li [77] (2007) found that CGA can increase the activity of
animals’ hepatic lipase in the liver, the activity of PPAR𝛼, 𝛽,
and 𝛾 in the liver, and PPAR𝛾 in visceral fat in various extents.
PPARs are members of the nuclear receptor superfamily that
play a key role in regulating glucolipid metabolism. It was
demonstrated that CGA may regulate glucolipid metabolism
by activating PPARs in vivo in rats. Thus, CGA may regulate
glucolipid metabolism by a variety of mechanisms interac-
tively.

From previous as are stated, it has been testified and
reported that CGA is able to exert vital roles on regulation
of glucose and lipid metabolic disorders (Table 1), which are
closely associated with the occurrence and progression of
diabetes, obesity, hepatic steatosis, cardiovascular disease,
and cancer. And increasing evidence shows that CGA will
be exhibiting more potency in glucose and lipid metabolism
in the near future. To our excitement, from diverse aspects,
some mechanisms of actions of CGA are being elucidated,
which will be beneficial to treat some diseases associated with
glucose and lipid metabolic disorders.

5. Future Research Direction and Prospects

Present population epidemiological and animal studies sug-
gest that CGA, which in vivo can regulate glucose and
lipid metabolism and improves insulin sensitivity, may be
capable of preventing and treating obesity, diabetes mellitus,
and metabolic syndrome. However, this needs to be verified
through the intervention studies of large-scale populations.
Dose-response relationship and mechanisms of action of
CGA’s beneficial effects require further research and testifica-
tion. Based on the study concerning the bioactivity of CGA
and glucose and lipid metabolism, individuals may be guided
to adopt a healthy diet, adjust dietary structure, and increase
intake of natural plant ingredients, in order to prevent the
occurrence and progression of chronic diseases.

6. Conclusion

Accumulating research and studies, related with the role
of CGA on glucose and lipid metabolism, have been con-
ducted. While progress has been made, the mechanism on
glucose and lipid metabolism has not yet been conclusively
elucidated. The side effects of CGA have not yet been
investigated comprehensively. Further research is required
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to elucidate both the short- and long-term effects of CGA
on glucose and lipid metabolism. It is hoped that research
concerning the mechanism of action of CGA on glucose and
lipid metabolism will be developed in the future, and that
information on the potential clinical applications of CGAwill
increase.
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The purpose of this study is to investigate the specific innervations on “Weizhong” (BL40) and “Huantiao” (GB30) by using a dual
neural tracing technique. After Alexa Fluor 488 and 594 conjugates of cholera toxin subunit B (AF488/594-CTB) were, respectively,
injected into BL40 and GB30 in the same rat, the labeled sensory and motor neurons were examined in the rat’s dorsal root ganglia
(DRGs) and spinal cord at thoracic (T) and lumbar (L) segments with a laser scanning confocal microscope. In the cases of BL40
injection, AF488-CTB labeled sensory andmotor neurons were located in L

2−6
DRGs and on the mediolateral part of spinal ventral

horn from L
3
to L
5
segments, respectively. By contrast, in the cases of GB30 injection, AF594-CTB labeled sensory and motor

neurons were distributed in T
13
–L
6
DRGs and on the anterolateral part of spinal ventral horn from L

1
to L
5
segments, respectively.

These results indicate that the sensory and motor neurons associated with BL40 and GB30 are located in different spinal segments
and regions in the nervous system, providing the neuroanatomical evidence to serve the specificity of acupoints.

1. Introduction

Both “Weizhong” (BL40) and “Huantiao” (GB30) are com-
monly used for acupuncture treatment on lumbar and lower
limb disorders [1–3], which could be traced back to “A Verse
on the Twelve Heaven-Star Points” compiled by Ma Danyang
in Song dynasty, showing its important historical position
in acupuncture treatment. Although BL40 and GB30 play
active roles in treating common ailments, such as sciatica,
lumbar intervertebral disc herniation, and muscle strain [1–
3], the underlying mechanism for their effectiveness remains
unclear. Recent studies suggest that the effect of acupuncture
is highly correlated with the activation of the nervous system
[4–8]. Thus, to understand the neural properties of different
acupoints may play a pivotal role in exploring themechanism
of acupuncture. In line with this kind of studies, how to apply
an effective approach for further investigating the specific
innervations on different acupoints is an important task to
know the specificity of acupoints.

Since neural tracing technique was introduced into the
acupuncture research, it has opened a newfield to understand

the neural properties of acupoints at the cellular level, espe-
cially the sensory and motor innervation on acupoints [9–
11]. As a new generation of sensitive tracer [12, 13], Alexa
Fluor 488 and 594 conjugates of cholera toxin subunit B
(AF488/594-CTB) have been proven to be a potential
approach in morphological study on the neural properties
of acupoints [14, 15]. In order to reveal the characteristics of
the neurons related to different acupoints, in this study, BL40
and GB30 were, respectively, labeled AF488/594-CTB in rats.
By using this neural tracing technique, the distribution of the
sensory and motor neurons associated with BL40 and GB30
could be revealed, which should benefit the understanding
of the specificity of acupoints from the perspective of neu-
roanatomy.

2. Material and Methods

2.1. Subjects. Four adultmale SpragueDawley rats (6-7 weeks
old, weight 225 ± 25 g) at clean level were used in the present
study. Experimental animals were provided by the Institute
of Laboratory Animal Sciences, Chinese Academy ofMedical
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Figure 1: Illustration of the acupoints of Huantiao (GB30, red) and
Weizhong (BL40, green) in human (a) and rat (b).

Sciences. The license number is SCKX (JUN) 2007-004. All
animals were housed in a 12 h light/dark cycle with controlled
temperature and humidity and allowed free access to food
and water. The handling and care of experimental animals
conformed to the regulations provided by the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals [16].

2.2. Research Protocol

2.2.1. Microinjection of AF488/594-CTB. Injection was per-
formed on both BL40 and GB30 in the same rat. Based
on the classification of traditional Chinese medicine, BL40
belongs to the bladder meridian of foot Taiyang and GB30
is located on the gallbladder meridian of foot Shaoyang. The
AF488/594-CTB (Invitrogen-Molecular Probes, Eugene, OR,
USA) were used as tracers to, respectively, determine the
distribution of neurons related to BL40 and GB30. According
to the principle of comparative anatomy, BL40 is located at
the midpoint of the popliteal crease, and GB30 is situated
at the junction of the lateral 1/3 and medial 2/3 of the line
connecting the prominence of greater trochanter of femur
with the sacral hiatus on the rat, corresponding to BL40
and GB30 on the human body (Figure 1). Under anesthe-
sia with isoflurane (Litian, Jiupai Pharmaceutical Co. Ltd,
Hebei, China) controlled by small animal anesthesiamachine
(VMR,Matrx,Midmark,USA), 8 𝜇Lof 0.1%AF488/594-CTB
were, respectively, injected into BL40 and GB30 on the left
side with 10 𝜇L Hamilton syringe. The depth of injection was
4-5mm. In order to prevent leakage of solution, the needle
was kept for 1min after injection and then slowly pulled out.
When the rats awoke from anesthesia, they were put back in
their cages.

2.2.2. Perfusion. Three days (72 h) after injection, the rats
were deeply anaesthetized by ether and transcardially per-
fused with 150mL of 0.9% saline immediately followed by

300mL of 4% paraformaldehyde in 0.1M phosphate buffered
solution (PB, pH 7.4). After perfusion, dorsal root ganglia
(DRGs) and spinal cord from thoracic (T) 10 to lumbar
(L) 6 segments were dissected out and put into the same
fixative solution about 2–4 h, then changed into 25% sucrose
PB (0.1M, pH 7.4) at 4∘C, and allowed to sink. The tissue
on injection site was also dissected out for observing the
local diffusion of tracers. The level of spinal segments was
determined cytoarchitecturally, referred as to The Rat Brain
in Stereotaxic Coordinates [17].

2.2.3. Section. Serial sagittal sections of DRGs and transverse
sections of spinal cord were cut at a thickness of 40𝜇m on a
freezing microtome (Thermo, Microm International GmbH,
Germany). All sections were collected in order in a six-hole
Petri dish with in 0.1M PB (pH 7.4) and then stored in the
refrigerator at 4∘C.

Before observation, the sections were mounted on the
microscope slides and coverslipped with 50% glycerin to
improve visualization of labeling.

2.2.4. Observation. The tissue samples were observed and
recordedwith a laser scanning confocalmicroscope (FV1000,
Olympus Co., Tokyo, Japan). Digital images were then pro-
cessed with Adobe Photoshop CS2 (Adobe Systems, San Jose,
CA, USA).

2.2.5. Statistical Analysis. Data was expressed as mean ±
standard deviation and processed with the statistical software
SPSS 16.0.

3. Results

The labeled sensory and motor neurons with AF488/594-
CTB were located ipsilaterally on the injection side, in which
AF488-CTB labeling was demonstrated in fluorescent green,
andAF594-CTBwas shown in fluorescent red (Figure 2).The
neurons associated with BL40 and GB30 were distributed
separately on the thoracic and lumbar DRGs and spinal cord.
No neural labeling was observed above the level of spinal
cord. The segmental and regional distribution of the sensory
and motor neurons associated with BL40 and GB30 was
summarized in Figure 3.

3.1. Sensory Innervation. In the cases of BL40 injection, the
AF488-CTB labeled sensory neurons were detected in L

2
–L
6

DRGs with high concentration in L
5
DRGs (Figures 2(A) and

3). By contrast, in the cases of GB30 injection, the AF594-
CTB labeled sensory neurons were detected in the T

13
–L
6

DRGs with high concentration in L
4
DRGs (Figures 2(A1)

and 3). No double labeled sensory neurons were detected
(Figure 2(A2)). In the four rats, a total of 538 AF488-CTB
labeled sensory neurons (BL40) and 866 AF594-CTB labeled
sensory neurons (GB30) were counted in the DRGs and
arranged in order at different segments (Figure 4).

According to the size of soma diameter, the labeled
sensory neurons were assigned to three classes: the large
one (soma diameter > 50𝜇m), the medium one (soma
diameter between 30 𝜇m and 50 𝜇m), or the small one
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Figure 2: Representative sections from lumbar 4 dorsal root ganglion (DRG) and spinal cord showing the distribution of the labeled sensory
neurons in DRG (A–A2) and motor neurons in spinal ventral horn (B–B2) after respective injection of AF488-CTB and AF594-CTB into
BL40 and GB30 in the same rat. A, B: AF488-CTB labeled sensory (A) and motor (B) neurons related to BL40; A1, B1: AF594-CTB labeled
sensory (A1) andmotor (B1) neurons related to GB30; A2, B2: merged photo fromA and A1(A2), B and B1(B2). Scale bar for all photos shown
in A.

T13
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L4
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Figure 3: A series of line drawings through seven levels of dorsal
root ganglia (DRGs) and approximately equal levels of spinal cord
(SP) from thoracic (T) 13 to lumbar (L) 6 spinal segments showing
the segmental and regional distribution of the sensory and motor
neurons associated with BL40 (green) and GB30 (red), respectively.

(soma diameter < 30 𝜇m) [18]. In both BL40 and GB30
injections, the small- and medium-sized sensory neurons
each represented over 40% of the labeled neurons (Table 1).
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Figure 4: The average number of the AF488-CTB and AF594-CTB
labeled sensory neurons in theDRGs ranging from thoracic (T) 13 to
lumbar (L) 6 segments (mean ± standard deviation, 𝑛 = 4), in which
the sensory neurons associated with BL40 were distributed from L2
to L6 segments and those of GB30 distributed from T13 to L6.

3.2. Motor Innervation. In the cases of BL40 injection, the
AF488-CTB labeled motor neurons were distributed on the
mediolateral part of spinal ventral horn from L

3
to L
5
seg-

ments and concentrated at L
4
segment (Figures 2(B) and 3).

By contrast, in the cases of GB30 injection, the AF594-CTB
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Table 1: Numbers and proportions of large-, medium-, and small-
sized sensory neurons associated with BL40 and GB30 in the DRGs
(number (%)).

Sensory neurons in the DRGs BL40 GB30
Large-sized neuron 58 (10.78%) 149 (17.21%)
Medium-sized neuron 222 (41.26%) 357 (41.22%)
Small-sized neuron 258 (47.96%) 360 (41.57%)

labeled motor neurons were distributed on the anterolateral
part of spinal ventral horn from L

1
to L
5
segments with

high concentration at L
3
segment (Figures 2(B1) and 3). No

double labeled motor neurons were observed (Figure 2(B2)).
Because there is no distinct boundary among the different
spinal segments, the figures were shown at approximate
segment of spinal cord, and the labeled motor neurons were
not counted separately.

According to the size of soma diameter, the labeledmotor
neurons were divided into two classes: the large one (soma
diameter> 25 𝜇m) or the small one (soma diameter≤ 25𝜇m),
belonging to 𝛼 and 𝛾 motor neurons, respectively [19]. The
approximate 60 transverse sections from spinal cord were
counted on every rat, resulting in a total of 136 AF488-
CTB labeled motor neurons (BL40) and 174 AF594-CTB
labeled motor neurons (GB30). The large- and small-sized
motor neurons, respectively, represented 98.53% (134/136)
and 1.47% (2/136) in the cases of BL40 injection and 92.53%
(161/174) and 7.47% (13/174) in the cases of GB30 injection.

In addition, around the injection site, AF488-CTB and
AF594-CTB were diffused in the muscles and subcutaneous
tissues, but the scope of local diffusion was not over 1mm
from the center of injection site.

4. Discussion

By using a dual fluorescent labeling technique with AF488/
594-CTB,we successfully revealed that the sensory andmotor
neurons associated with BL40 and GB30 were distributed
separately in DRGs and spinal cord in rats, in which the
segmental and regional arranged neurons closely correspond
with individual acupoint, providing the neuroanatomical
evidence to serve the specificity of acupoints.

4.1. Technical Considerations. Recently, AF488/594-CTB are
increasingly used for tracing the neural pathway in neuro-
science research [12, 13]. Our recent studies also suggested
that the technique of AF488/594-CTB is a proper choice to
investigate the neural properties of different acupoints [14,
15]. Compared with tracers previously used in this field, such
as propidium iodide (PI) and bisbenzimide (Bb) [20–22],
the main advantages of AF488/594-CTB are their sensitivity
and fluorescence persistence. Because the spectral range of
specific fluorescent materials carried by AF488/594-CTB is
concentrated and corresponds with the stimulating lights of
a laser scanning confocal microscope, its neural labeling is
more easily observed and identified without disturbance of
nonspecific fluorescence labeling as observed with that of PI
and Bb labeling [20–22]. Although it does not need complex

staining processes to detect neural labeling of AF488/594-
CTB like that of Horseradish Peroxidase (HRP) [11], it should
be noted that AF488/594-CTB are only limited to the appli-
cation of retrograde labeling the sensory and motor neurons
in the tracing study and cannot be used for labeling trans-
ganglionic axonal terminals like that of HRP. Nevertheless,
the present results provided sufficient evidence to propose
thatAF488/594-CTBare a suitable couple for dual fluorescent
labeling in morphological research of acupuncture.

4.2. Distribution of Sensory and Motor Neurons. Previous
topographic studies have shown that BL40 and GB30 are
highly correlated with the tibial nerve and sciatic nerve,
respectively, at the level of gross anatomy [23, 24]. However, at
the cellular level, we still do not know the distribution of the
sensory and motor neurons associated with both acupoints
in the nervous system. In this study, we demonstrated that
neurons related to BL40 and GB30 were distributed in a
definite segmental and regional pattern, in which the sensory
and motor neurons associated with GB30 distributed more
extensively and higher than those of BL40 about one or
two segments in DRGs and spinal ventral horn (Figure 3).
Although with a part of segmental overlap, there were no
dual labeled neurons in the present study. Thus it could be
concluded that BL40 and GB30 received innervations from
different sensory and motor neurons. In addition, the motor
neurons related to BL40 and GB30 were distributed in the
mediolateral and anterolateral regions of spinal ventral horn,
respectively.This regional arrangement also supports the idea
that the innervations on different acupoints originate from
different neurons.

It has been shown that peripheral areas on the body corre-
late orderlywith the nervous system,whichwas named soma-
totopic organization [25–27].Without exception, as a point of
peripheral areas, every acupoint has its own corresponding
neurons in the nervous system. Considering the distances
from BL40 and GB30 to the truck of body, it is clear that
the closer to the body trunk the acupoint is, the higher the
neurons associated with the corresponding acupoint situate
in the spinal segment. Similar results were also demonstrated
in our previous observations on the acupoints of “Taixi”
(KI3), “Chengshan” (BL 57), “Jinggu” (BL64), and “Dazhong”
(KI4) [11, 14, 15]. Through these neural tracing studies on
the different acupoints, we can speculate the innervations on
acupoints according to their locations on the proximal, mid,
and distal parts of hindlimb. Therefore, from the perspective
of neuroanatomy, this study increases our understanding of
the regular connections between the different acupoints and
the nervous system.

4.3.The Subtype of Sensory andMotorNeurons. Large-,medi-
um-, and small-sized sensory neurons were simultaneously
labeled in both cases of BL40 and GB30 injections, which
roughly correspond to A𝛼/A𝛽-, A𝛿-, and C-fibers, respec-
tively [18, 28]. These three types of sensory neurons may
play different roles in the processing of signals transmission
due to their electrophysiological properties [29–31]. It was
suggested that A𝛼/A𝛽-type fibers transmitmessages of tactile
sensation and proprioception, while A𝛿- and C-type fibers
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relay messages of nociception and thermal sensation [29–31].
Since different kinds of sensory neurons directly innervate
the acupoints, it may be an important implication for further
considering roles of these subtype neurons in the process
of acupuncture stimulation. Besides the different kinds of
sensory neurons, both𝛼 and 𝛾motor neurons also participate
in innervation on the BL40 and GB30. It should be another
important consideration on the neural properties of different
acupoints. Although we only provided the neuroanatomical
evidence of BL40 and GB30 in this study, these results
have served as a source of inspiration for investigating the
specificity of acupoints at the cellular level.

4.4. The Significance for Clinical Practice. The relative speci-
ficity of acupoints is an important issue in the clinical treat-
ment. To understand the neural properties of BL40 or GB30
should be of benefit for us to select proper one for acupunc-
ture treatment according to the patient’s symptoms. Given
that the neurons associated with BL40 and GB30 concentrate
on different spinal segments, we suggest thatwhen the lumbar
disorder occurred on L

4
, GB30 was recommended as main

acupoint, while if it occurred on L
5
, BL40 was recommended.

We can also simultaneously select both GB30 and BL40
to treat the ailment involving multiple spinal segments.
Although this implication was supported by the perspective
of neural pathway from the different acupoints to the nervous
system, it remains to be verified in clinical practice.

5. Conclusion

In summary, we successfully demonstrated the specificity of
distribution and subtype of the sensory and motor neurons
associated with BL40 and GB30 in the rat by using a dual
fluorescent labeling technique with AF488/594-CTB. These
results suggest that regular connections between the different
acupoints and the nervous system should be an important
consideration during the acupuncture treatment.
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Background. To investigate the specific link between lung and large intestine. Methods. Rat COPD-like model was prepared.
Mirabilite or Chinese rhubarb was administrated intragastrically to stimulate the large intestine. Histological analysis of lung
inflammation was assessed.The tissues levels of SP, VIP, NK1R, VIPR1, and VIPR2 were measured by using ELISA kits. In addition,
mouse model of allergic asthma was prepared. Mirabilite was administrated intragastrically to stimulate the large intestine. Airway
responsiveness and lung inflammation were assessed. The tissues levels of SP, VIP, NKA, NKB, NK1R, VIPR1, and VIPR2 were
measured by using ELISA kits. Results. Stimulating the intestine with Mangxiao or Dahuang, SP, NK-1R, VIP, VIPR1, and VIPR2
were significantly increased in intestine tissues of rats with COPD and mice with asthma. Meanwhile, the SP and NK1R were
significantly decreased, while VIP, VIPR1, and VIPR2 were significantly increased in lung tissues. An abnormal secretion of SP
and VIP can be observed in other tissues; however, no marked changes were found in the receptors. The NKA and NKB levels
were similar in lung tissues of mice with asthma among groups. Conclusions. Stimulating intestine with Mangxiao or Dahuang can
specifically regulate the secretion of SP, VIP, and the receptors in lung tissues.

1. Introduction

Traditional Chinese medicine (TCM) is characterized by
its unique system of therapies and theories. The theory
of exterior-interior correlation between the lung and large
intestine is one of the most important components of the
TCM Zang-Fu theory, which has been widely applied in
TCM clinical practice, particularly in the treatments of the
lung-intestine diseases, such as COPD and asthma [1]. Over
thousands of years, TCM doctors have been continuously
exploring the practical implication and application of the
theory. They found that the significance of the theory is
demonstrated in the explanation of lung and large intestine
physiological functions.

Recent studies have proved the relationship between lung
and large intestine from various perspectives, such as embry-
onic development, lymph circulation, mucosal immunity,

micro ecology, and inflammatory harass [2, 3]. However,
this exterior-interior relationship between lung and large
intestine still has not been completely explicated. Further
research on this theory from a biological point of view is
necessary, which we believe might provide new valuable
references for the treatment strategies for lung-intestine
diseases.

Relaxing the bowels with laxative is one of the common
treating methods for lung diseases based on the theory of
exterior-interior correlation between lung and large intestine.
Our previous studies found that Chinese Rhubarb (Dahuang)
could not only effectively improve the intestinal obstruction
in COPD patients and rats with COPD but also effectively
improve the dyspnea and gas exchange function [4, 5], and
this effect was related to the changes of neuropeptide levels
in the blood [6]. Therefore, we hypothesized that stimulus of
intestinal track, like herbal laxatives (osmotic or stimulant),

http://dx.doi.org/10.1155/2013/547837
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Table 1: SP levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of COPD-like rats (pg/ug, mean ± SD).

Groups 𝑛 Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 6 0.78 ± 0.07 14.54 ± 3.53 10.51 ± 3.36 102.15 ± 10.67 1.78 ± 0.69 23.50 ± 6.29 2.93 ± 1.64 113.47 ± 9.16
Model group
(LPS + cigarette) 7 1.49 ± 0.37∗ 9.07 ± 2.06∗ 22.10 ± 4.25∗ 101.10 ± 24.63 2.35 ± 0.48 15.96 ± 3.25∗ 7.59 ± 1.60∗ 130.71 ± 24.02

Mangxiao group
(LPS + cigarette +
Mangxiao)

6 0.99 ± 0.28# 16.93 ± 2.21# 6.51 ± 3.78# 66.34 ± 7.79# 2.09 ± 0.54 16.13 ± 5.42 2.97 ± 1.55# 348.79 ± 15.19#

Dahuang group
(LPS + cigarette +
Dahuang)

8 0.78 ± 0.21# 15.35 ± 3.35# 16.12 ± 7.33# 104.48 ± 9.35 2.53 ± 0.23 10.01 ± 3.35# 2.76 ± 1.10# 144.93 ± 23.53

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 2: VIP levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of COPD-like rats (pg/ug, mean ± SD).

Groups 𝑛 Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 6 1.06 ± 0.30 18.99 ± 7.81 19.02 ± 5.26 212.97 ± 29.65 8.90 ± 2.29 34.68 ± 8.01 0.42 ± 0.13 201.58 ± 8.95
Model group
(LPS + cigarette) 7 0.51 ± 0.20∗ 8.24 ± 2.36∗ 20.42 ± 5.87 209.95 ± 43.53 9.19 ± 1.99 32.08 ± 7.85 0.30 ± 0.12∗ 220.40 ± 15.72

Mangxiao group
(LPS + cigarette +
Mangxiao)

6 0.86 ± 0.15# 12.58 ± 2.45# 10.41 ± 2.94# 183.00 ± 35.58 3.09 ± 1.10# 21.24 ± 5.59# 0.20 ± 0.01# 671.90 ± 81.16#

Dahuang group
(LPS + cigarette +
Dahuang)

8 0.96 ± 0.42# 12.08 ± 3.29# 21.66 ± 7.38 221.89 ± 51.60 8.45 ± 1.28 33.04 ± 9.45 0.21 ± 0.06# 245.28 ± 49.94

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

may affect the secretion of certain specific neuropeptides
(factors linked with lung performance) in lung tissue, which
is similar to the inner meridians collaterals between lung
and large intestine. In order to confirm this hypothesis, we
conducted the following study.

2. Materials and Methods

2.1. Preparation of Herbs. Mangxiao and Dahuang were
purchased from a traditional Chinese medicinal store (Ton-
grentang) in Beijing, China, and were authenticated by
Professor Yue-qi Wang, Basic Theory and Key Technology
Research Center, Beijing University of Chinese Medicine.
Mangxiao is an osmotic laxative, acting on large intestine,
and its effective ingredient is sodium sulfate [7]. Dahuang
is a stimulant laxative, acting on large intestine, and its
main effective ingredient is phenolphthalein [7]. According
to the dose-equivalence equation between rats and humans
(9 g/d) [8], the dose of Mangxiao and Dahuang for rats was
1.5 g/kg, and the dose of Mangxiao for mice was 1.0 g/kg.
Mangxiao or Dahuang decoction was prepared in accordance
with conventional TCM decocting methods, respectively [9,
10]. Quality was controlled with high-performance liquid
chromatography (HPLC) and ion chromatography [11, 12].
The herbs were nontoxic, which were evaluated by animals
liver and kidney function, and so on (data not shown).

2.2. Experimental Animals. MaleWistar rats (230±20 g) and
female BALB/c mice (20 ± 2 g) were obtained from Bei Jing

Vital River Laboratories (VRL) Co., Ltd. (Beijing, China),
and maintained in the Animal Center, Beijing University
of Chinese Medicine, for 1 week prior to the experiments.
Animals were maintained in plastic cages at 23∘C ± 1∘C with
free access to water. They were kept on a 12-hour light-
dark cycle. All experimental procedures were performed in
accordance with the guidelines of the Animal Care and Ethics
Committee of Beijing University of Chinese Medicine.

2.3. Rat COPD-Like Model and Herb Administration. Rat
COPD-like model was prepared by cigarette smoking and
lipopolysaccharides (LPS, Sigma, St. Louis, MO, USA) stim-
uli, as previously described [13]. Briefly, on the 1st and 14th
days, 200𝜇L LPS (1mg/mL in normal saline) was admin-
istered intratracheally. On days 2–28, rats were confined in
an airtight plexiglass container (60 cm × 50 cm × 40 cm)
for 1 hour twice daily, which was full of cigarette smoke at
a concentration of about 5% (v/v). Rats were randomized
into 4 groups, the treatment was performed as follows:
control group received room air, intratracheal normal saline
instillation, and intragastric administration of water on days
22–28;model group received cigarette smoking, intratracheal
LPS instillation, and intragastric administration of water on
days 22–28; Mangxiao group received cigarette smoking,
intratracheal LPS instillation, and intragastric administration
of Mangxiao decoction on days 22–28; Dahuang group
received cigarette smoking, intratracheal LPS instillation, and
intragastric administration of Dahuang decoction on days
22–28.
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Table 3: NK1R levels in lung, large intestine, stomach, heart, and brain tissues of COPD-like rats (pg/ug, mean ± SD).

Groups 𝑛 Lung Large intestine Stomach Heart Brain
Control group 6 4.49 ± 0.58 101.33 ± 48.03 116.31 ± 20.12 98.67 ± 22.51 51.24 ± 8.11

Model group (LPS +
cigarette) 7 6.43 ± 0.82

∗
44.86 ± 11.73

∗
125.80 ± 34.06 106.92 ± 20.47 24.98 ± 14.33

∗

Mangxiao group (LPS +
cigarette + Mangxiao) 6 4.40 ± 1.57

#
42.05 ± 13.33 40.06 ± 19.45

#
84.60 ± 20.39 24.97 ± 7.99

Dahuang group (LPS +
cigarette + Dahuang) 8 3.29 ± 0.75

#
73.20 ± 12.10

#
108.59 ± 31.91 106.70 ± 21.23 20.99 ± 7.11

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 4: VIPR1 levels in lung, large intestine, stomach, and brain tissues of COPD-like rats (pg/ug, mean ± SD).

Groups 𝑛 Lung Large intestine Stomach Brain
Control group 6 3.08 ± 0.45 647.83 ± 86.18 101.83 ± 12.12 52.62 ± 14.00

Model group (LPS + cigarette) 7 1.76 ± 0.43
∗

253.17 ± 41.75
∗

64.60 ± 9.77
∗

45.76 ± 8.31

Mangxiao group
(LPS + cigarette + Mangxiao) 6 2.44 ± 0.80 230.44 ± 43.62 66.26 ± 9.02 41.01 ± 11.15

Dahuang group
(LPS + cigarette + Dahuang) 8 3.29 ± 1.74

#
323.27 ± 66.17

#
67.75 ± 8.76 42.40 ± 11.90

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

2.4.MouseModel of Allergic Asthma andHerbAdministration.
Sensitization and challenge of mice were performed as
previously described [14], with some modifications. Briefly,
mice were immunized via intraperitoneal injection of 100𝜇g
chicken OVA (grade V; Sigma, St. Louis, MO, USA) and
4mg aluminum hydroxide (Thermo, Rockford, IL, USA)
suspended in 0.1mL saline on days 0 and 14. On days 22, 23,
and 24, mice were challenged with aerosolized 3% (w/v in
PBS) OVA solution for 30min using an ultrasonic nebulizer
(YC-Y800, Yadu Corp., Beijing, China). Mice were randomly
divided into 3 groups, the treatment was performed as
follows: control group and model group received intragastric
administration of water on days 17–23; Mangxiao group
received intragastric administration of Mangxiao decoction
on days 17–23. Animals were sacrificed 48 h after the last
challenge.

2.5. Assessment of Respiratory Resistance in Mouse Model
of Allergic Asthma. Airway high reactivity (AHR) as an
indicator of decline in lung function was detected in 24 hrs
after the final exposure to aerosol by using an AniRes
2005 Lung Function system (Bestlab 2.0, Beijing, China)
according to manufacturer’s instructions. Anesthesia was
induced by intraperitoneal injection of 95mg/kg pento-
barbital sodium. A connection was made by a computer-
controlled ventilator via a cannula that had been implanted
surgically in the trachea. The respiratory rate and the time
ratio of expiration/inspiration were preset at 90/min and
1.5 : 1, respectively. Each mouse inhaled increasing doses
of methacholine (MCH, Sigma, USA) ranging from 0 to
0.2mg/kg body weight for 5min while staying inside the
whole-body plethysmograph, and AHR was recorded and
assessed by indexes of expiratory resistance (𝑅

𝑒
).

2.6. Histological Analysis of Lung Inflammation in Rat Model
of COPD and Mouse Model of Allergic Asthma. For staining
with H&E, lungs were inflated and fixed with 10% buffered
formalin. Samples were embedded in paraffin, then sectioned
(4 𝜇m), and stained with H&E.

2.7. Measurement of SP and VIP in the Lung, Large Intestine,
Stomach, Kidney, Spleen, Heart, Brain, and Liver Tissues
in Model of COPD and Allergic Asthma. After the serum
sample collection, lung, large intestine, stomach, kidney,
spleen, heart, brain, and liver tissues were rinsed in ice
cold phosphate-buffered saline (PBS: pH 7.5), then dried,
and weighed. Afterwards, the tissues were homogenized by
using a glass homogenizer on ice, with 10mL/g of ice cold
PBS. Next, homogenates were centrifuged at 5000×g, for
5min at 4∘C, and supernatants were collected for detection.
The tissue levels of SP and VIP were measured by using
enzyme-linked immuno sorbent assay (ELISA) kits according
to manufacturer’s instructions (Cusabio).

2.8. Measurement of NK1R, VIPR1, and VIPR2 in Lung, Large
Intestine, Stomach, And So On Tissues in Model of COPD
and Allergic Asthma. After the serum sample collection,
lung, large intestine, stomach, heart, and brain tissues were
rinsed in ice cold phosphate-buffered saline.Then, the rinsed
tissues were homogenized in 1mL PBS and stored overnight
at −20∘C. After two freeze-thaw cycles, the tissues were
performed to break the cell membranes, the homogenates
were centrifuged at 5000×g, for 5 minutes at 4∘C, and the
supernatants were collected for detection.

Levels of NK1R in the tissues of lung, large intestine,
stomach, heart, and brain, VIPR1 and VIPR2 levels in the
tissues of lung, large intestine, stomach, and brain of COPD
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Table 5: VIPR2 levels in lung, large intestine, stomach, and brain tissues of COPD-like rats (pg/ug, mean ± SD).

Groups 𝑛 Lung Large intestine Stomach Brain
Control group 6 16.84 ± 3.18 152.97 ± 62.04 132.55 ± 12.57 66.96 ± 3.34

Model group (LPS + cigarette) 7 11.97 ± 2.19
∗

84.93 ± 22.24
∗

114.45 ± 31.26 58.10 ± 13.29

Mangxiao group
(LPS + cigarette + Mangxiao) 6 19.04 ± 3.91

#
95.52 ± 14.27 98.16 ± 51.85 53.44 ± 7.89

Dahuang group
(LPS + cigarette + Dahuang) 8 16.14 ± 3.17

#
75.71 ± 8.75 119.63 ± 28.01 67.89 ± 18.69

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 6: SP levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of asthma mice (pg/mg, 𝑛 = 6, mean ± SD).

Groups Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 5.92 ± 0.58 3.08 ± 0.26 2.98 ± 1.03 1.80 ± 0.54 2.78 ± 0.52 3.47 ± 0.40 2.48 ± 0.60 1.62 ± 0.32

Model group (OVA) 7.27 ± 1.76∗ 1.74 ± 0.26∗ 3.10 ± 0.75 1.89 ± 0.44 2.25 ± 0.28 2.13 ± 0.24
∗
2.08 ± 0.61 0.99 ± 0.13

∗

Mangxiao group
(OVA +Mangxiao) 5.29 ± 2.37

#
2.49 ± 0.73

#
4.01 ± 0.99

#
1.88 ± 0.28 2.38 ± 0.65 2.05 ± 0.72 2.13 ± 0.24 0.78 ± 0.22

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

rats, and levels of NK1R, VIPR1, and VIPR2 in the tissues of
lung, large intestine, stomach, and heart of allergic asthma
mice were measured by using a commercial ELISA kit,
following the manufacturer’s instructions (Cusabio).

2.9. Measurement of NKA and NKB in Lung, Large Intestine,
Stomach, Kidney, Spleen, Heart, Brain, and Liver Tissues in
Model of Allergic Asthma. Levels of NKA and NKB in lung,
large intestine, stomach, kidney, spleen, heart, brain, and liver
tissues were measured by using a commercial ELISA kit,
following the manufacturer’s instructions (Cusabio).

2.10. Statistical Analysis. Data were expressed as mean val-
ues± standard deviation. Statistical comparisons were per-
formed by using one-way analysis of variance. Significant
levels were set at 𝑃 < 0.05.

3. Results

3.1. Effects of Mangxiao or Dahuang on SP and VIP Levels in
Lung, Large Intestine, Stomach, Kidney, Spleen, Heart, Brain,
and Liver Tissues of COPD-Like Rats. Compared with the
control group, the levels of SP in lung, stomach, and brain
tissues were significantly increased, while the levels of SP in
large intestine and heart tissues were decreased in the model
group (𝑃 < 0.05). Compared with themodel group, the levels
of SP in lung, stomach, and brain tissues were significantly
decreased, while the level of SP in large intestine tissue were
increased in Mangxiao group and Dahuang group (Table 1).

The levels of VIP in lung, large intestine, and brain tissues
in themodel groupwere notably lower than that in the control
group (𝑃 < 0.05). However, intervention with Mangxiao or
Dahuang significantly increased the levels of VIP in lung and
large intestine tissues while reducing the levels of VIP in brain
tissue compared with the model group (𝑃 < 0.05) (Table 2).

3.2. Effects of Mangxiao or Dahuang on NK1R, VIPR1, and
VIPR2 Levels in Lung, Large Intestine, Stomach Heart, and

Brain Tissues of COPD-Like Rats. Compared with the control
group, the level of NK1R in lung tissues was distinctively
increased, while the levels of NK1R in large intestine and
brain tissues were decreased in themodel group. Intervention
with Mangxiao or Dahuang significantly reduced the level of
NK1R in lung tissue (𝑃 < 0.05) compared with the model
group (Table 3).

The levels of VIPR1 and VIPR2 in lung and large intestine
tissues in the model group were significantly lower than that
in the control group. InterventionwithMangxiao orDahuang
increased the levels of VIPR1 and VIPR2 in lung tissues,
compared with the model group, while the levels of VIPR1
and VIPR2 in stomach and brain tissues had no obvious
changes (Tables 4 and 5).

3.3. Effects of Mangxiao on SP and VIP Levels in Lung, Large
Intestine, Stomach, Kidney, Spleen, Heart, Brain, and Liver
Tissues of OVA Allergic Asthma Mice. Compared with the
control group, a considerable increase in the level of SP in
lung tissues and a decrease in the levels in large intestine,
heart, and liver tissues were observed in the model group.
Intervention withMangxiaomarkedly lowered the level of SP
in lung tissues and increased the levels of SP in large intestine
and stomach tissues (Table 6).

Compared with the control group, the levels of VIP in
lung, large intestine, heart, and brain tissues were reduced
significantly (𝑃 < 0.05), and the level of VIP in stomach
tissues was increased obviously in themodel group. Interven-
tion with Mangxiao increased the level of VIP in lung, large
intestine, and heart tissues while lowering the level of VIP
in stomach tissues compared with that in the model group
(Table 7).

3.4. Effects of Mangxiao on of NK1R, VIPR1, and VIPR2 Levels
in Lung, Large Intestine, Stomach, and Heart Tissues of OVA
Allergic AsthmaMice. Compared with the control group, the
level of NK1R in lung and stomach tissues was up (𝑃 < 0.05),
while the levels of NK1R in large intestine and heart tissues
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Table 7: VIP levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of asthmamice (pg/mg, 𝑛 = 6, mean ± SD).

Groups Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 5.84 ± 0.35 2.10 ± 0.36 3.22 ± 0.35 1.53 ± 0.27 1.90 ± 0.27 2.74 ± 0.84 2.10 ± 0.31 1.23 ± 0.17

Model group (OVA) 4.04 ± 0.26∗ 1.43 ± 0.28∗ 3.80 ± 0.11∗ 1.50 ± 0.18 2.15 ± 0.30 1.27 ± 0.35∗ 1.53 ± 0.30∗ 0.96 ± 0.15
Mangxiao group
(OVA +Mangxiao) 5.09 ± 0.60

#
1.95 ± 0.35

#
3.26 ± 0.50

#
1.76 ± 0.20 1.96 ± 0.25 2.16 ± 0.54

#
1.56 ± 0.38 1.16 ± 0.39

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 8: NK1R levels in lung, large intestine, stomach, and heart tissues of OVA allergic asthma mice (pg/ug, 𝑛 = 6, mean ± SD).

Groups Lung Large intestine Stomach Heart
Control group 0.96 ± 0.19 1.16 ± 0.23 6.80 ± 2.36 29.11 ± 5.28

Model group (OVA) 1.18 ± 0.19
∗

1.38 ± 0.32 9.40 ± 1.13
∗

35.38 ± 10.05

Mangxiao group (OVA +Mangxiao) 0.97 ± 0.13
#

1.86 ± 0.27
#

10.84 ± 1.38 35.60 ± 13.06

All values are expressed as mean ± SD. Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #P < 0.05 versus model
group.

had no distinct changes in the model group mice. Compared
with the model group, the level of NK1R in lung tissues
reduced obviously, while the level of NK1R in large intestine
tissues increased sharply in the Mangxiao group (Table 8).

Comparedwith the control group, the levels of VIPR1 and
VIPR2 in lung tissue were significantly lower (𝑃 < 0.05).
Intervention with Mangxiao visibly increased (𝑃 < 0.05) the
level of VIPR1 in lung tissues comparedwith themodel group
(Tables 9 and 10).

3.5. Effects of Mangxiao on NKA and NKB Levels in Lung,
Large Intestine, Stomach, Kidney, Spleen, Heart, Brain, and
Liver Tissues of OVAAllergic AsthmaMice. The levels of NKA
andNKB in lung, large intestine, stomach, kidney, and spleen
tissues were similar between the control group and themodel
group (𝑃 > 0.05). Compared with the control group, levels
of NKA in heart and liver tissues and level of NKB in brain
tissues went down significantly (𝑃 < 0.05). However, the
levels of NKA in large intestine and NKB levels in lung,
large intestine, stomach, and spleen tissues were reduced in
Mangxiao group (Tables 11 and 12).

3.6. Effect of Mangxiao or Dahuang on Inflammation in Lung
Tissues of COPD-Like Rats. As the results of hematoxylin-
eosin staining shown in Figure 1, the lung tissue of control
group had normal alveolar structure and no inflammatory
infiltration and exudates. The model group showed basic
pulmonary pathological changes of COPD, the bronchial
epithelium presented with degeneration, necrosis, and shed-
ding, and intrabronchial presented with exudation. The
bronchial wall was thickening and surrounded by pulmonary
bullae. Compared with the model group, after treatment
of Mangxiao or Dahuang, the pathological changes of lung
tissue were alleviated, which presented with mild congestion
and pulmonary interstitial inflammation (Figure 1).

3.7. Comparison of Airway Effect in Mice. After excitation
by different concentrated MCH, airway resistance changes
are displayed in Figure 2. Compared with the control

group, when the MCH concentration was 0.0125mg/kg,
0.025mg/kg, 0.05mg/kg, 0.1mg/kg, and 0.2mg/kg, respec-
tively, the airway resistance in the model group mice went up
distinctively (10.03 ± 2.63 versus 5.06 ± 2.38, 18.05 ± 4.38
versus 8.09 ± 4.52, 21.21 ± 0.57 versus 10.91 ± 1.98, 30.66 ±
7.67 versus 13.47 ± 1.52, and 104.15 ± 35.23 versus 22.66 ±
3.81); compared with the model group, when the MCH
concentration was 0.05mg/kg, 0.1mg/kg, and 0.2mg/kg,
respectively, airway resistance decreased significantly in mice
of Mangxiao group (12.55 ± 5.97, 20.39 ± 7.53, and 38.84 ±
18.28) (Figure 2).

3.8. Effect of Mangxiao on Inflammation in Lung Tissue
of OVA Allergic Asthma Mice. Hematoxylin-eosin staining
displayed that alveolar epithelial cells arranged orderly,
alveolar walls had structure integrity, no hyperemia, hem-
orrhage, or inflammatory cell infiltration were present in
the control group. However, OVA-challenged lung tissues
displayed bronchial epithelial cells which arranged disorderly.
Compared to the control group, part of epithelium damage
and infiltration of inflammatory cells into the airway were
observed around the bronchi, bronchioles, and alveoli. More-
over, the majority of leukocytes were eosinophils and lym-
phocytes. Infiltration of inflammatory leukocytes in OVA-
challenged mice treated with Mangxiao was significantly
attenuated, compared with that in OVA-challenged mice
(Figure 3).

4. Discussion

This study explored the specific link between lung and
large intestine. Rat COPD-like model was prepared by
cigarette smoking and LPS stimuli. Intragastric adminis-
tration of Mangxiao (an osmotic laxative) or Dahuang (a
stimulant laxative) was to stimulate the large intestine.Mouse
model of allergic asthma was prepared by ovalbumin (OVA)
sensitization and challenge. Intragastric administration of
Mirabilite was to stimulate the large intestine. The tissue
(including lung, and large intestine) levels of neuropeptides
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(a) (b) (c) (d)

Figure 1: The effects of Mangxiao or Dahuang on COPD-like rats’ lung histopathology (H&E stain ×100). Histological examination of
lung tissues was performed 48 h after the final administration. Lung tissues were fixed, sectioned at 4𝜇m thickness, and stained with
H&E solution. (a) Control group: received room air, intratracheal normal saline instillation, and intragastric administration of water.
(b) Model group (LPS + cigarette): received cigarette smoking, intratracheal LPS instillation, and intragastric administration of water. (c)
Mangxiao group (LPS + cigarette +Mangxiao): received cigarette smoking, intratracheal LPS instillation, and intragastric administration of
Mangxiao (1.5 g/kg) decoction. (d) Dahuang group (LPS + cigarette +Dahuang): received cigarette smoking, intratracheal LPS instillation,
and intragastric administration of Dahuang (1.5 g/kg) decoction.
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Figure 2:The development of airway hyperresponsiveness analysis (mean± SD, 𝑛 = 5). All values are expressed as mean± SD.Means labeled
with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group (OVA).

(a) (b) (c)

Figure 3: The effects of Mangxiao on mice’s lung histopathology (H&E stain ×400). Histological examination of lung tissues was performed
48 h after the final OVA challenge. Lung tissues were fixed, sectioned at 4 𝜇m thickness, and stained with H&E solution. (a) Control group, (b)
model group (OVA): OVA-sensitized/-challenged mice, and (c) Mangxiao group (OVA+Mangxiao): Mangxiao (1 g/kg) +OVA-sensitized/-
challenged mice.
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Table 9: VIPR1 levels in lung, large intestine, stomach, and heart tissues of asthma mice (pg/ug, 𝑛 = 6, mean ± SD).

Groups Lung Large intestine Stomach Heart
Control group 5.72 ± 0.62 1.06 ± 0.13 2.67 ± 0.85 7.59 ± 3.89

Model group (OVA) 3.93 ± 0.47
∗

0.73 ± 0.15
∗

3.15 ± 0.68 7.26 ± 3.10

Mangxiao group (OVA +Mangxiao) 5.26 ± 0.65
#

0.96 ± 0.11
#

10.089 ± 4.78
#

8.46 ± 0.54

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 10: VIPR2 levels in lung, large intestine, stomach, and heart of asthma mice (pg/ug, 𝑛 = 6, mean ± SD).

Groups Lung Large intestine Stomach Heart
Control group 1.47 ± 0.19 1.18 ± 0.17 2.84 ± 1.09 16.59 ± 8.78

Model group (OVA) 1.11 ± 0.41
∗

1.22 ± 0.48 6.00 ± 1.30
∗

24.32 ± 13.55

Mangxiao group (OVA +Mangxiao) 1.43 ± 0.15 1.32 ± 0.19 5.85 ± 3.04 29.57 ± 17.12

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

and the receptors, such as SP, VIP, NKA, NKB, NK1R,
VIPR1, and VIPR2, were measured by using ELISA kits. The
findings indicate that stimulating intestine with Mangxiao or
Dahuang can specifically regulate the secretion of SP, VIP, and
the receptors in lung tissues. These findings provide a new
perspective to interpret the TCM theory of exterior-interior
correlation between lung and large intestine.

The theory of exterior-interior correlation between the
lung and large intestine was first recorded in Huang Di Nei
Jing (the Yellow Emperor’s Canon of Internal Medicine) and
became one of the basic theories of TCM. The theory posits
that the specific link between lung and large intestine is
meridians. Since the lung meridian of Hand-Taiyin and the
large intestine meridian of Hand-Yang ming are a pair of
interior-exterior meridians, there is a very close connection
between the lung and the large intestine. That is to say, they
interact with each other physically and interfere with each
other pathologically, such as lung diseases could affect the
large intestine [15, 16] and vice versa [17–19]. It has been
proved that relaxing intestine by laxative can be very helpful
in treating a number of lung diseases including asthma,
bronchitis, pneumonia, pleural effusion, pulmonary heart
disease, adult respiratory distress syndrome (ARDS), and
chronic obstructive pulmonary disease (COPD).

The theory of exterior-interior correlation between the
lung and large intestine suggests that they connect with each
other directly by meridians, and the connection between the
lung meridian and the large intestine meridian is further
strengthened by collaterals and branches of the twomeridians
[20].The circulation ofmeridians andmeridian points are the
physiological basis of acupuncture effects [21]. Some scholars
have found that the neural anatomy could be the basis of
acupuncture effects and acupuncture stimulation acts on the
nerves which could lead to the excretion of substance P,
vasoactive intestinal peptide, neuropeptide Y, and so on [22–
24]. The finding suggests that peptidergic nerve and neural
peptides might play an important role in the exterior-interior
correlation between meridians and organs.

Mangxiao and Dahuang, as an osmotic laxative and a
stimulant laxative, respectively, have been used in TCM
clinical practice for nearly 2000 years. Both of them have

an intense effect on contracting the intestinal smooth mus-
cle and increasing peristalsis [25–27], so they are widely
prescribed in treating COPD, asthma, and exacerbations or
attack other pulmonary diseases. Here, we assumed that
herbs like Mangxiao and Dahuang could generate stimuli by
stimulating the intestinal tract. Then, enteric nerves receive
the stimuli and transmit them to lung through some neural
pathways in the body, which ultimately creates a biological
effect on regulating lung tissue neuropeptide, such as SP, VIP,
and their receptors.

Our findings indicate that by stimulating the large intes-
tine byMangxiao orDahuang in rats with COPD, the levels of
SP in lung, stomach, and brain tissues and the level of NK1R
in lung were reduced. The levels of SP and NK1R in large
intestine tissue were increased after stimulating by Dahuang.
The levels of VIP in lung and large intestine tissues andVIPR1
and VIPR2 in lung tissue were increased. The level of VIP
in brain tissue was reduced. Stimulating the large intestine
by Mangxiao in mice with asthma significantly reduced the
levels of SP and NK1R in lung tissues but increased the levels
of SP and NK1R in large intestine tissues. The levels of VIP
in lung, large intestine, and heart tissues and VIPR1 in lung
tissues were increased. The levels of NKA and NKB in lung
and large intestine tissues of mice with asthma were similar
between the control and the model groups.

The results confirmed that after stimulating the large
intestine by Mangxiao or Dahuang, SP, NK1R, VIP, VIPR1,
and VIPR2 were all significantly increased in large intestine
tissue of rats with COPD and mice with asthma. At the
same time, the SP and NK1R were markedly decreased, while
VIP, VIPR1, and VIPR2 became much higher in lung tissue.
Abnormal secretion of SP and VIP could be observed in
other organs such as stomach tissues of rats or heart and
stomach tissues of mice; however, the receptors did not
change obviously, while theNKAandNKB levels were similar
in lung tissues ofmicewith asthma among groups. It indicates
that stimulating large intestine with Mangxiao or Dahuang
can specifically regulate the secretion of SP, VIP, and the
receptors in lung tissues. Our findings provide some new
lines of evidence to interpret the theory of exterior-interior
correlation between the lung and large intestine.
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Table 11: NKA levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of asthma mice (pg/mg, 𝑛 = 6, mean ±
SD).

Groups Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 0.88 ± 0.23 0.27 ± 0.06 0.39 ± 0.08 0.24 ± 0.03 0.30 ± 0.05 0.41 ± 0.05 0.26 ± 0.06 0.17 ± 0.03

Model group (OVA) 0.87 ± 0.07 0.28 ± 0.06 0.37 ± 0.06 0.21 ± 0.05 0.27 ± 0.06 0.30 ± 0.03
∗
0.25 ± 0.03 0.14 ± 0.01

∗

Mangxiao group
(OVA +Mangxiao) 0.75 ± 0.09 0.19 ± 0.05

#
0.30 ± 0.02 0.24 ± 0.04 0.30 ± 0.04 0.29 ± 0.05 0.25 ± 0.05 0.15 ± 0.03

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

Table 12: NKB levels in lung, large intestine, stomach, kidney, spleen, heart, brain, and liver tissues of asthma mice (pg/mg, 𝑛 = 6, mean ±
SD).

Groups Lung Large intestine Stomach Kidney Spleen Heart Brain Liver
Control group 2.97 ± 0.36 1.16 ± 0.35 1.48 ± 0.08 0.80 ± 0.24 1.02 ± 0.22 0.64 ± 0.26 1.02 ± 0.14 0.27 ± 0.09

Model group (OVA) 2.81 ± 0.64 1.33 ± 0.43 1.55 ± 0.34 0.68 ± 0.15 0.87 ± 0.22 0.43 ± 0.24 0.72 ± 0.13
∗
0.23 ± 0.06

Mangxiao group
(OVA +Mangxiao) 2.07 ± 0.45

#
0.22 ± 0.08

#
0.62 ± 0.21

#
0.76 ± 0.12 0.55 ± 0.20

#
0.75 ± 0.24 0.84 ± 0.16 0.27 ± 0.06

Means labeled with superscripts were significantly different. ∗𝑃 < 0.05 versus control group, #𝑃 < 0.05 versus model group.

In conclusion, we have found some new lines of evidence
which suggest that a signal conditioning way of Meridian -
nerve - neuropeptide between lung and large intestine does
exist. Because of the complexity of the nervous system and
the neural signal transmission, we still need to do further and
deeper researches to find out specific nerves and specific ways
that associate with the neuropeptide secretion. However, the
theory of central neural circuits, proposed by academician
Zhang in the research of the mechanism of acupuncture
analgesia,may point out a direction for future researches [28].
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Though the effects of acupuncture in atopic dermatitis have been proven in clinical studies, its mechanism remains unclear. In this
study, we investigate the effectiveness andmechanism of action for acupuncture treatment on the LI11 meridian point for treatment
of allergic contact dermatitis. BALB/cmice received 1-chloro-2,4-dinitrobenzene (DNCB) application to induce skin inflammation.
Acupuncture treatment on LI11 significantly inhibited cutaneous hyperplasia, serum IgE levels, and expression of proinflammatory
cytokine (IL-4, IL-8, and TNF-𝛼) mRNA and NF-𝜅B, ERK1/2, JNK, and p38 proteins. Acupuncture treatment of local points also
inhibited cutaneous hyperplasia and serum IgE levels; however, it was not effective in regulating proinflammatory cytokines and
proteins. In addition, LI11 treatment is more effective at reducing serum IgE levels and pro-inflammatory cytokines and proteins
than local point treatment. These results suggest that acupuncture treatment is effective in alleviating allergic contact dermatitis by
reducing pro-inflammatory cytokines and proteins.

1. Introduction

Allergic contact dermatitis (ACD) is a chronic inflammatory
skin disease presenting with cutaneous hyperreactivity that
progresses due to the activation of inflammatory cells related
to various allergic immune responses [1]. Although the
etiology and pathology of ACD are not fully understood,
previous studies suggest that typical symptoms of ACD
are predominantly caused by allergen-specific T-helper (Th)
1/2 cell dysregulation, leading to immunoglobulin E (IgE)
production [2, 3] and the accumulation of proinflammatory
mediators [4].

The incidence of ACD has increased dramatically, espe-
cially in industrialized countries, and it now affects up to 20%
of children and 3% of adults worldwide [5]. Until recently,
ACD has been treated with medications such as steroid

therapy and immunosuppressive agents. However, these
pharmacological therapies may cause various side effects [6].
Thus, the use of less toxic alternative therapies, including
acupuncture and herbal preparations, is increasing for the
treatment of ACD [7–9].

Acupuncture is a nonpharmacologic technique widely
used in the treatment of pain [10–12], wounds, and vari-
ous skin diseases such as inflammation [13–15]. In several
studies, acupuncture has been shown to reduce experimental
itch, allergen-induced basophil activation, and eczema in
atopic dermatitis [16–19]. Though the therapeutic efficacy of
acupuncture in the treatment of atopic dermatitis has been
proven in clinical studies [17, 18], its mechanism of action
remains poorly understood.

In the present study, we employed a 1-chloro-2,4-dini-
trobenzene- (DNCB-) induced model of ACD in mice.
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Table 1: Primer sequences.

Target gene Primer Sequence (5-3) Amplicon size (bp)

IL-8 F 5-TGTGGGAGGCTGTGTTTGTA-3 151
R 5-ACGAGACCAGGAGAAACAGG-3

IL-4 F 5-TCATCGGCATTTTGAACGAG-3 399
R 5-CCCATACTTTAGGAAGACACGGATT-3;

IL-1𝛽 F 5-CTC TAG ACC ATG CTA CAG AC-3 291
R 5-TGG AAT CCA GGG GAA ACA CTG-3

TNF-𝛼 F 5-GGT GCA ATG CAG AGC CTT CC-3 173
R 5-CAG TGA TGT AGC GAC AGC CTG G-3

GAPDH F 5-GGC ATG GAC TGT GGT CAT GA-3 376
R 5-TTC ACC ACC ATG GAG AAG GC-3

To evaluate the effects of acupuncture on ACD, we investi-
gated changes in histology, total IgE serum levels, andmRNA
expression of pro-inflammatory cytokines. In addition, the
expression of NF-𝜅B and MAPKs (ERK1/2, JNK, and p38)
was measured in the dorsal skin by western blot.

2. Materials and Methods

2.1. Animals and Treatment. BALB/c mice (7-week-old
females) were purchased from Japan SLC, Inc. (Hamamatsu,
Japan). Both animal care and the study protocol were con-
ducted according to the guidelines of the Committee on Care
and Use of Laboratory Animals of Kyung Hee University
(KHUASP (SE)-12-020). The mice were maintained for 10
days in pathogen-free conditions before the start of the
experiment. Mice were kept at a constant temperature (23∘C)
andhumidity (55%)with a 12 h light/dark cycle, and theywere
providedwith a laboratory diet andwater ad libitum. After the
10-day adaptation period, mice were assigned to one of four
groups (each, 𝑛 = 5): NOR (normal group, mice treated with
vehicle);DNCB (negative control group,mice sensitized with
DNCB); MP (meridian point, mice sensitized with DNCB
and treated at meridian point LI11); and LP (local point, mice
sensitizedwithDNCB and treated at local points surrounding
the lesion).

For induction of ACD-like skin disorders, DNCB was
applied onto the mouse dorsal skin. The dorsal skin region
of mice in all groups was shaved with an electric razor
in preparation for each experimental cutaneous application.
Induction of ACD was achieved by topical application of
100 𝜇L 1%DNCB in 4 : 1 (v/v) acetone/olive oil solution (A/O)
once daily to the shaved dorsal skin. These procedures were
repeated for 3 days (days 0–2) and followed by a period of
no treatment for 5 days (days 3–7). In the second challenge,
the LP and MP groups were treated with acupuncture 3 h
prior to the application of 0.5% DNCB (days 8–16). Mice in
the control group for ACD received vehicle treatment alone
(A/O, 4 : 1) without DNCB treatment. Following challenge
for 7 days, the mice were sacrificed on day 17 of the
experiment. Skin tissues from the backs of the mice were
excised and subjected to histological examination, and blood
was collected in heparinized tubes from cardiac puncture. All
experiments were performed blindly.

2.2. Histological Examination. The dorsal skin (1 × 0.5 cm)
was removed and fixed in 10% paraformaldehyde (Sigma, St.
Louis,MO,USA). Fixed tissueswere embedded in paraffin for
24 h and serially sectioned to a thickness of 4𝜇m for histolog-
ical analysis. Tissue sections were stained with hematoxylin
and eosin (H&E) and examined for general morphology. To
assess epidermal and dermal hyperplasia in all four groups, all
tissue samples were examined and photographed in a blinded
fashion. Images were captured using the Leica Application
Suite (LAS; Leica Microsystems, Buffalo Grove, IL, USA) and
viewed at ×100 magnification.

2.3. Measurement of Total Serum IgE Levels. Blood samples
were collected from the mice after sacrifice, and serum
samples were obtained by centrifugation (14,000×g, 30min).
Total serum IgE levels of three group (𝑛 = 5) were measured
three times repeatedly by an enzyme-linked immunosorbent
assay (ELISA) kit (Cat. no. KT-401; Kamiya Biomedical,
Seattle, WA, USA) following the manufacturer’s instructions.

2.4. Detection of mRNA Expression by Reverse Transcrip-
tion Polymerase Chain Reaction (RT-PCR). To determine
cytokine gene expression in the dorsal skin, reverse-
transcription PCR was performed. Total RNA was extracted
from the dorsal skin using TRIzol Reagent (Invitrogen Corp.,
Carlsbad, CA, USA) following themanufacturer’s instruction
and quantified by determining the OD at 260 nm. Prepared
cDNAs were amplified using commercially available cDNA
synthesis kits (Invitrogen Corp., Carlsbad, CA, USA) accord-
ing to the manufacturer’s recommendations. Thermocycler
conditions consisted of an initial step at 4∘C for 5min,
followed by a step at 45∘C for 60min and 40 cycles of a
subsequent 2-step PCRprogram at 95∘C for 5min. Amplifica-
tion of cDNAwas conductedwith Taq polymerase (Promega)
and primers specific for tumor necrosis factor- (TNF-) 𝛼,
interleukin- (IL-) 1𝛽, IL-4, IL-8, and GAPDH mRNA. The
primers used for amplificationwere synthesized using Primer
Express Software (Applied Biosystems), and the sequences
of the primers used in this study are shown in Table 1.
The PCR cycles consisted of denaturation at 94∘C for 30 s,
annealing at 58∘C for 30 s, and extension at 72∘C for 45 s for
30 cycles. PCR products were separated by electrophoresis
through a 2%agarose gel, stainedwith ethidiumbromide, and
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then detected using UV light. For semiquantitative analysis
of PCR bands, the density of each band was measured with a
computer imaging device and accompanying software (Bio-
Rad, Hercules, CA, USA).

2.5. Detection of Protein Expression by Western Blot Analysis.
Western blotting was performed to study pro-inflammatory
protein expression. Frozen skin tissues were homogenized in
cytoplasmic lysis buffer (10mM HEPES, pH 7.9, 10mM KCl,
0.1mM EDTA, 0.1mM EGTA, 1mM DTT, 0.15% Nonidet
P-40, 50mM 𝛽-glycerophosphate, 10mM NaF, and 5mM
Na
3
VO
4
) containing a protease inhibitor cocktail (Roche,

Indianapolis, IN, USA) and centrifuged at 500 rpm for 5min.
After removing the supernatant, the sunken pellet (nuclear
pellet) was added to nuclear lysis buffer (20mM HEPES, pH
7.9, 400mM NaCl, 1mM EDTA, 1mM EGTA, 1mM DTT,
0.50% Nonidet P-40, 50mM 𝛽-glycerophosphate, 10mM
NaF, and 5mMNa

3
VO
4
) containing protease inhibitor cock-

tail and then homogenized for 15min on ice. Nuclear protein
was centrifuged at 12,000×g for 15min at 4∘C to deter-
mine NF-𝜅B levels. MAPKs (extracellular signal-regulated
kinase (ERK), Jun NH2-terminal kinase (JNK), and p38
MAPK) levels were confirmed from whole extracts. Each
group of skin tissues was homogenized on ice for 15min
in RIPA buffer (50mM Tris-HCl, pH 7.4, 1% Nonidet P-
40, 0.5% sodium deoxycholate, and 150mM NaCl) contain-
ing protease inhibitor cocktail. The resultant homogenate
was centrifuged at 10,000×g for 30min at 4∘C, and the
supernatant was collected for whole protein extraction. The
protein concentration was measured using a protein assay
reagent (Bio-Rad, Hercules, CA, USA), and 30 𝜇g of protein
was denatured with SDS buffer. Samples were separated
on a 10% SDS-polyacrylamide gel, and the proteins were
then electrotransferred to a polyvinylidene fluoride (PVDF)
membrane. The immunoblot was incubated overnight in
blocking solution (5% skim milk) at 4∘C, followed by a 4 h
incubation in monoclonal anti-NF-𝜅B, ERK1/2, JNK, or p38
(Cell Signaling, CA, USA). Blots were washed two times with
TBS-T and incubated with anti-rabbit alkaline phosphatase-
conjugated secondary antibody (Santa Cruz Biotechnology
Inc., CA, USA) for 2 h at room temperature. The proteins
were then visualized using an enhanced chemiluminescence
(ECL) detection reagent (Amersham Pharmacia, Piscataway,
NJ, USA). The relative band density was determined using a
computerized densitometry system and normalized to the 𝛽-
actin signal from a blot developed under similar conditions.

2.6. Statistical Analysis. GraphPad Prism 5 software (Graph-
Pad Software Inc., San Diego, CA, USA) was used for the
statistical analysis. All data are expressed as the mean ±
standard deviation (SD). Significance was determined using
one-way ANOVA with the Newman-Keuls post hoc test. In
all analyses, 𝑃 < 0.05 indicated statistical significance.

3. Results

3.1. Effects of Acupuncture onHistological Changes. We exam-
ined whether acupuncture treatment affected the interrupted

skin barrier in ACD using H&E staining. The average
epidermal thickness of the dorsal skin was 32.58 ± 6.55 𝜇m
in the normal group, 120 ± 15.83 𝜇m in the DNCB group,
87.16 ± 12.38 𝜇m in the LP group, and 76.30 ± 10.34 𝜇m in
the MP group. Additionally, the average dermal thickness of
the dorsal skin was 243.36 ± 15.37 𝜇m in the normal group,
660.97 ± 67.89𝜇m in the DNCB group, 447.27 ± 38.55 𝜇m
in the LP group, and 427.94 ± 19.89 𝜇m in the MP group.
The skinwas significantly thicker inDNCB-treatedmice than
in the normal group. Compared to the DNCB group, MP-
treated mice displayed significantly reduced skin thickening
and hyperplasia (𝑃 < 0.001). LP-treated mice also showed
reduced skin thickening compared to the DNCB group (𝑃 <
0.001), although not to the extent of that observed in the MP
group, which displayed the least amount of thickening among
the groups (Figures 1(c)–1(e)).

3.2. Effects of Acupuncture on Serum IgE Levels. Total IgE
serum levels were measured to assess the effects of acupunc-
ture treatment on DNCB-induced mice. The DNCB group
showed increased IgE levels (328.87 ± 25.13 ng/mL, 𝑃 <
0.001) compared to the normal control group (46.95 ±
2.5 ng/mL). DNCB-mediated enhancement of serum IgE
levels was significantly reduced in the MP-treated group
(186.37 ± 3.23 ng/mL, 𝑃 < 0.001) and the LP-treated
group (232.47 ± 5.93 ng/mL, 𝑃 < 0.001) compared to the
DNCB group. In addition, IgE levels of the MP group were
significantly reduced compared to the LP group (𝑃 < 0.01)
(Figure 2).

3.3. Effects of Acupuncture on Cytokine Levels. RT-PCR
was performed to measure the expression levels of pro-
inflammatory cytokine (IL-8, TNF-𝛼, and IL-1𝛽) and Th2
cytokine (IL-4) mRNA in the dorsal skin. Expression of IL-4,
IL-8, TNF-𝛼, and IL-1𝛽mRNA was induced by DNCB treat-
ment (5.05 ± 1.25, 155.04 ± 22.49, 110.67 ± 11.16, and 392.82 ±
70.59, resp.). IL-4, IL-8, and TNF-𝛼 mRNA expression was
drastically downregulated in the dorsal skin of MP-treated
mice (2.05 ± 0.35, 50.58 ± 16.87, and 21.21 ± 1.61, resp.) but
not in the LP group (Figure 3). In addition, the level of IL-4,
IL-8, and TNF-𝛼mRNA was significantly reduced in the MP
group compared to the LP group. Expression of IL-1𝛽mRNA
followed an expression pattern similar to that of the other
cytokines in the treatment groups, but it was not statistically
significant.

3.4. Effects of Acupuncture on NF-𝜅B Expression in the Skin.
To investigate the anti-inflammatorymechanism of acupunc-
ture treatment in ACD-like disorders, the effects of acupunc-
ture on activation ofNF-𝜅B, an important transcription factor
that mediates the transcription of many pro-inflammatory
cytokine genes, were examined by western blotting. MP and
LP treatment significantly reduced the expression of NF-𝜅B
(MP: 260.02± 14.67,𝑃 < 0.001; LP: 556.87± 36.24,𝑃 < 0.001)
compared to the DNCB group (826.82 ± 60.63). In addition,
the MP group displayed greater anti-inflammatory efficacy
than the LP group (𝑃 < 0.001) (Figure 4).
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Figure 1: Experimental details and the result of histological analysis by H&E staining of epidermal and dermal hyperplasia. (a) Experimental
schedule of DNCB sensitization and acupuncture treatment at the local and meridian points. (b) Location of the acupuncture point LI11
used in this study. LI11 is in the depression on the lateral end of the cubital crease, at the midpoint of the line connecting LU5 with the
lateral epicondyle of the humerus. (c) Reduced thickening and hyperplasia after acupuncture treatment at local and meridian points in the
epidermis and dermis. Scale bar: 200 𝜇m. (d-e) The skin thickness of the DNCB group was significantly increased compared to the normal
group. Acupuncture treatment at the local points and meridian points significantly reduced thickening and hyperplasia in the epidermis (d)
and dermis (e) compared to the DNCB group. NOR: mice treated with vehicle; DNCB: mice sensitized with DNCB; LP: mice sensitized with
DNCB and treated at local points around the lesion; MP: mice sensitized with DNCB and treated at meridian point, LI11. ∗∗∗𝑃 < 0.001,
compared to the NOR group; ###

𝑃 < 0.001, compared to the DNCB group. One-way ANOVA followed by the Newman-Keuls test was
performed for statistical analysis, and all data are presented as the mean ± S.D.

3.5. Effects of Acupuncture on Expression ofMAPKs in the Skin.
The DNCB group displayed increased expression of MAPK
signaling proteins: p-ERK1/2, p-JNK, and p-p38 in theMAPK
signaling pathway (946.89 ± 68.80, 305.89 ± 7.64, and 184.81
± 24.64, resp.). MP treatment inhibited the upregulation of
phosphorylation of ERK1/2, JNK, and p38 (299.95 ± 10.39,
161.66 ± 21.35, and 93.00 ± 20.04) compared with the DNCB
group. In addition, the levels of p-ERK1/2 and p-38 in the LP
group were not statistically different from, the DNCB group,
whereas the change in expression of p-JNK was statistically

significant. MP treatment reduced the levels of p-ERK1/2, p-
JNK, and p-p38 more effectively than LP treatment (930.88 ±
77.37, 260.99 ± 21.77, and 201.35 ± 18.08, resp.) (Figure 5).

4. Discussion

Although acupuncture treatment has been increasingly used
in atopic dermatitis, with several clinical studies demonstrat-
ing the effectiveness of acupuncture [17, 18], preclinical stud-
ies, especially in vivo studies, investigating the mechanism of
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Figure 2: Suppression of serum IgE levels by acupuncture treatment. DNCB-mediated induction of IgE levels was significantly reduced in
the MP and LP groups. IgE levels in the MP group were less than in the LP group. NOR: mice treated with vehicle; DNCB: mice sensitized
with DNCB; LP: mice sensitized with DNCB and treated at local points around the lesion; MP: mice sensitized with DNCB and treated at
meridian point LI11. ∗∗∗𝑃 < 0.001, compared to the NOR group; ###

𝑃 < 0.001, compared to the DNCB group. §§
𝑃 < 0.01, compared to

the LP group. One-way ANOVA followed by the Newman-Keuls test was performed for statistical analysis, and all data are presented as the
mean ± S.D.
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Figure 3: Effects of acupuncture treatment on production of cytokines. IL-4, IL-8, TNF-𝛼, and IL-1𝛽 mRNA expression was increased
significantly by DNCB sensitization. MP treatment significantly reduced IL-4, IL-8, and TNF-𝛼 expression. NOR: mice treated with vehicle;
DNCB: mice sensitized with DNCB; LP: mice sensitized with DNCB and treated at local points around the lesion; MP: mice sensitized with
DNCB and treated at meridian point LI11. ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001, compared to the NOR group; ##

𝑃 < 0.01, ###
𝑃 < 0.001, compared to

the DNCB group; §§
𝑃 < 0.01, §§§

𝑃 < 0.001, compared to the LP group. One-way ANOVA followed by the Newman-Keuls test was performed
for statistical analysis, and all data are presented as the mean ± S.D.
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Figure 4: Suppression of NF-𝜅B expression by acupuncture treat-
ment. Increased expression ofNF-𝜅Bwas significantly reduced upon
MP and LP treatment. The MP group showed reduced expression
compared to the LP group. NOR: mice treated with vehicle; DNCB:
mice sensitized with DNCB; LP: mice sensitized with DNCB and
treated at local points around the lesion; MP: mice sensitized with
DNCB and treated at meridian point LI11. ∗∗∗𝑃 < 0.001, compared
to the NOR group; ###
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by theNewman-Keuls test was performed for statistical analysis, and
all data are presented as the mean ± S.D.

action for acupuncture are lacking. To the best of our knowl-
edge, this is the first study to identify acupuncture-mediated
anti-inflammatory mechanisms in atopic dermatitis.

Several methods for selecting acupuncture points to treat
dermatitis exist. One method involves selection of meridian
points at locations remote from the lesion, such as LI11 and
LI4 [20, 21]. An alternativemethod selects local points around
the lesion [14]. Among the meridian points, LI11 is known
to have therapeutic effects on various skin diseases such as
inflammation, pruritus, and urticaria [20–22]. In this study,
we investigated the therapeutic effect of the LI11 meridian
point compared to local points around the lesion to define
potential differences of the effect based on the location of
acupuncture treatment.

ACD is defined as inflammatory skin disease char-
acterized by pruritic and eczematous skin lesions, exten-
sive inflammatory cell infiltration, and release of pro-
inflammatory mediators [23]. To evaluate the histological
changes after MP treatment in DNCB-induced mice, dorsal
skin sections were subjected to H&E staining. Hypertro-
phy and hyperkeratosis of the dermis and epidermis were
observed in our DNCB-induced model. In contrast, the MP
and LP groups displayed significant reductions in DNCB-
induced hyperplasia of epidermal and dermal thickening.
Though there was no significant difference between the MP
and LP groups, the reduction of DNCB-induced hyperplasia
and epidermal thickeningwas a littlemore pronounced in the
MP group.

IgE expression was known to cause both acute and
chronic phase skin inflammations. Therefore, the upregu-
lation of total serum IgE is a hallmark of ACD [24]. In
the present study, the concentration of total serum IgE was
reduced in both MP- and LP-treated mice as compared to
the DNCB group. Interestingly, meridian point acupuncture
treatment is more effective in reducing allergic sensitization
and the severity of ACD than local acupuncture treatment.

We next examined the effect of acupuncture treatment
on cytokine responses. In the pathogenesis and progression
of ACD, the regulation of inflammatory cytokine produc-
tion is an essential step. Important roles of Th1 and Th2
cytokines have been confirmed in DNCB-induced allergic
skin inflammation models by targeting deletions of these
cytokines [25]. Generally, contact allergens have been asso-
ciated with increases in the Th1 cytokines, INF-𝛾 and TNF-
𝛼. In particular, TNF-𝛼 is an essential mediator of ACD
[26]. TNF-𝛼 expression is increased after challenge with
DNCB and only showed a significant reduction in MP
treatment. Also, we showed thatMP treatment decreasedTh2
cytokine IL-4, which plays a central role in the promotion
of an allergic inflammatory eosinophilic reaction in allergic
diseases through IgE isotype switching [25]. Therefore, our
results suggest that MP treatment can reduce serum IgE by
suppressing the Th1 response as well as Th2. In addition, IL-
8, a member of the chemokine family, is produced by various
types of cells upon stimulation with inflammatory stimuli
[27]. A pathological increase of cutaneous IL-1𝛽 is associated
with edema formation, epidermal hyperproliferation, and
contact atopic dermatitis in humans [27]. Our data showed
that IL-8 and IL-1𝛽 expression is increased after challenge
with DNCB and only showed a significant reduction of
IL-8 reduction in MP treatment. Meanwhile, LP treatment
did not affect any of the expression of pro-inflammatory
cytokines. These results showed that acupuncture treatment
on the LI11 meridian point is more effective in regulating
pro-inflammatory, Th1 and Th2, cytokines than local point
treatment.

Transcription factors of the NF-𝜅B family have also been
implicated in the arrest of proliferation and initiation of
differentiation in epidermal keratinocytes [28]. Additionally,
many studies have reported that theMAPK signaling cascade
plays an essential role in the initiation of inflammatory
responses [29]. In addition, activation of theMAPK signaling
pathway ultimately results in direct or indirect phosphory-
lation and/or activation of NF-𝜅B, as well as alterations in
gene expression [30]. These findings indicate that the MAPK
pathway could be an effective target for anti-inflammatory
therapy. We confirmed that increased expression of NF-
𝜅B and MAPKs by DNCB treatment was subsequently
reduced after MP treatment. The results suggest that MP
treatment has anti-inflammatory effects by inhibiting pro-
inflammatory activities. This anti-inflammatory effect of MP
treatment might be produced through the systemic immune
modulations which are connected to central nerve changes
induced by acupuncture treatment [31–37]. We also found
that LP treatment influenced regulating NF-𝜅B and p-JNK.
It might be mainly produced by local anti-inflammatory
action of acupuncture stimulation [14]. Overall, effect of LP
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Figure 5: Suppression of MAP kinase expression by acupuncture at the meridian point LI11. Phosphorylation of ERK1/2, JNK, and p38
MAP kinases was significantly elevated by DNCB sensitization. Acupuncture treatment on the meridian point significantly suppressed the
expression of MAP kinases. NOR: mice treated with vehicle; DNCB: mice sensitized with DNCB; LP: mice sensitized with DNCB and treated
at local points around the lesion; MP: mice sensitized with DNCB and treated at meridian point LI11. ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001, compared
to the NOR group; ##

𝑃 < 0.01, ###
𝑃 < 0.001, compared to the DNCB group; §§

𝑃 < 0.01, §§§
𝑃 < 0.001, compared to the LP group. One-way

ANOVA followed by the Newman-Keuls test was performed for statistical analysis, and all data are presented as the mean ± S.D.

treatment was less powerful than MP treatment and it did
not affect pro-inflammatory cytokines and proteins. From
these results, we suggest that MP treatment is more effective
in regulating pro-inflammatory biomarkers speculated to be
exerted by systemic modulation.

In summary, we demonstrated that acupuncture treat-
ment on the LI11 meridian point is an effective means to
reduce mouse dorsal skin hyperplasia and serum IgE levels
in ACD, and these effects were mediated by regulating pro-
inflammatory cytokines (IL-4, IL-8, andTNF-𝛼) and proteins
(NF-𝜅B and MAPKs). In contrast, local point treatment was
also effective in reducing dorsal skin thickness and serum IgE
levels; however, it did not affect most of pro-inflammatory
cytokines and proteins, which indicates that the therapeutic
effect of local stimulation inACDmight be produced by path-
ways other than pro-inflammatory pathways. These results
demonstrate that acupuncture may be a useful treatment
for the treatment of ACD. Further investigation would be
necessary to clarify its molecular mechanisms of action.
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Adult neural stem cells (NSCs) persist throughout life to replace mature cells that are lost during turnover, disease, or injury.
The investigation of NSC creates novel treatments for central nervous system (CNS) injuries and neurodegenerative disorders.
The plasticity and reparative potential of NSC are regulated by different factors, which are critical for neurological regenerative
medicine research. We investigated the effects of Psoralen, which is the mature fruit of Psoralea corylifolia L., on NSC behaviors
and the underlying mechanisms.The self-renewal and proliferation of NSCwere examined.We detected neuron- and/or astrocyte-
specific markers using immunofluorescence and Western blotting, which could evaluate NSC differentiation. Psoralen treatment
significantly inhibited neurosphere formation in a dose-dependent manner. Psoralen treatment increased the expression of
the astrocyte-specific marker but decreased neuron-specific marker expression. These results suggested that Psoralen was a
differentiation inducer in astrocyte. Differential gene expression following Psoralen treatment was screened using DNAmicroarray
and confirmed by quantitative real-time PCR. Our microarray study demonstrated that Psoralen could effectively regulate the
specific gene expression profile of NSC. The genes involved in the classification of cellular differentiation, proliferation, and
metabolism, the transcription factors belonging to Ets family, and the hedgehog pathway may be closely related to the regulation.

1. Introduction

Adult neural stem cells (NSCs) in the adult nervous system
serve as a common source of all neural cells, including
neurons, astrocytes, and oligodendrocytes [1]. NSCs persist
throughout life in the subgranular zone (SGZ) and the sub-
ventricular zone (SVZ) [2] to replacemature cells that are lost
during turnover, disease, or injury. NSCs remain relatively
quiet under normal circumstances [3]. However, various
stimuli, such as blood anoxia, trauma, and oxidative stress,
initiate the proliferation and differentiation of NSC [4]. NSCs
continually self-renew and expand the pool of undifferenti-
ated cells during early stages.These actively proliferatingNSC
create neurons and subsequently differentiate into astrocytes
and oligodendrocytes. Neurons are the functional compo-
nents of the nervous system, and they are responsible for

information processing and transmission. In contrast, astro-
cytes and oligodendrocytes are collectively known as glia and
play supporting roles that are essential for the proper func-
tioning of the nervous system. Astrocytes have become the
focus of brain function research in recent years. Mouse brain
astrocytes modulate the excitation of inhibitory neurons and
inhibit the general activity of surrounding neurons to prevent
the overexcitation of neurons in the nerve ring [5]. Neurons
cannot produce an enhanced response without the help of
astrocytes [6]. This long-term neuronal reaction is the basis
of learning and memory. Astrocytes may aid neurons in the
production of this enhanced response for a few hours or
several days. Astrocytes may play an important role in brain
functional activities.

The plasticity and reparative potential of NSC is regulated
by various factors, such as neurotransmitters, growth factors,
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and other extrinsic factors [7]. Therefore, the factors that
control the balance between NSC proliferation and differ-
entiation are critical for neurological regenerative medicine
research.

Recent evidence suggests that Chinese traditional medi-
cines protect neural cells, improve the ability to resist the
damage, and induceNSCproliferation anddifferentiation [8].
Notably, some herbs may be involved in the maintenance of
NSC, but others induce neurogenesis or astrogenesis. The
literature [9] suggests that astragaloside as the main active
components in astragalus (Huang-Qi in Chinese) signifi-
cantly promotes the proliferation of NSCs in vitro. Another
evidence [10] has established that the combination of BDNF
and salidroside can promote the NSCs in the epileptic brain
tissues that differentiate into GABA neurons. Therefore, the
use of Chinese medicine and its effective ingredients in NSC
research generates a novel direction in nerve regeneration
research and demonstrates great potential for the curing of
diseases of the central nervous system.

Psoralens are the linear isomers of the furocoumarin
family. Psoralen is extracted from themature fruit of Psoralea
corylifolia L. (Bu-Gu-Zhi in Chinese) and exhibit photo-
sensitizing effects and various biological activities. Psoralen
is commonly used in combination with long wavelength
ultraviolet light for the treatment of a variety of skin diseases,
such as psoriasis, vitiligo, cutaneous T-cell lymphoma, pem-
phigus vulgaris, systemic sclerosis, and systemic lupus ery-
thematosus [11–15]. Varying degrees of remission of these dis-
eases occur after Psoralen treatment. The ability of Psoralen
to modulate the proliferation and differentiation of cultured
cells in vitro, including epidermal cells [16], vascular smooth
muscle cells [17], bladder carcinoma cells [18], mucoepider-
moid carcinoma cells [19], mammary cancer cells [20], and
osteoblasts [21], has been investigated. Psoralen induces
transformation from the G1 phase to the S phase or the G2
phase in osteoblasts, which suggests that these compounds
effectively regulate progenitor and stem cells.

A series of experiments were performed to examine the
role of Psoralen on the proliferation, multidirectional differ-
entiation of NSC. Microarray libraries were generated from
the Psoralen-treated NSC to systematically analyze the tran-
script profile of Psoralen-treated NSC and gain insight into
the underlying molecular mechanisms.

2. Materials and Methods

2.1. Animals. Pregnant Kunming female mice were main-
tained in the animal facility of the Public Health Center
of Fudan University. All procedures were approved by the
Animal Care and Use Committee of Fudan University in
accordance with the guidelines for animal use of the National
Institutes of Health.

2.2. NSC Preparation and Culture. Neurosphere culture was
performed as described previously [22] with some modi-
fications. Mouse embryos at embryonic day 14 (E14) were
collected from timed-pregnant Kunming mice and placed in
D-PBS (Invitrogen, CA, USA). The forebrain neuroepithe-
lium was removed from the embryos under a dissection

microscope. The resultant tissue was dissociated by mechan-
ical dissociation into a single-cell suspension using a small-
bore, fire-polished Pasteur pipette. The cells were filtered
through a sterile nylon mesh and washed twice with a
DMEM/F12 medium (Invitrogen, CA, USA) containing
100 units/mL penicillin and 100 𝜇g/mL streptomycin. The
number of viable cells was determined by trypan blue stain-
ing. Neurosphere culture was initiated by seeding the cells at
a density of 1 × 105 to 2 × 105 viable cells/mL in the basal
medium supplemented with 20 ng/mL human recombinant
fibroblast growth factor-2 (hrFGF2, Invitrogen, CA, USA),
20 ng/mL human recombinant endothelial growth factor
(hrEGF, Invitrogen, CA, USA), and Stempro NSC supple-
ment (Invitrogen, CA,USA).The surface of the culture dishes
was coated with Poly-D lysine (PDL) (10mg/mL, Millipore,
USA) to prevent cell attachment.

2.3. Neurosphere Formation Assay. Cells were plated under
clonal conditions at 5 cells/𝜇L in 96-well plate (0.1mL/well)
in serum-free DMEM/F12 medium containing 20 ng/mL
hrFGF-2 (Invitrogen, CA, USA), Stempro NSC supple-
ment (Invitrogen, CA, USA), 100 units/mL penicillin and
100 𝜇g/mL streptomycin. The next day, various concentra-
tions (10 nM, 50 nM, and 100 nM) of Psoralen (Yousi Biotech-
nology, Shanghai, China; purity above 99% HPLC) were
added to each well. The total number of spheres that formed
in each well was quantified after 8 d. Only colonies >40 𝜇m
in diameter were counted as neurospheres. Neurosphere size
was determined by measuring the diameters of individual
neurospheres under light microscopy, and it is expressed
as a volume (assuming a spherical shape). The consecutive
second, third, or fourth passages were used to determine
neurosphere formation.

2.4. Cell Proliferation Assay. Cell proliferation was based
on the incorporation of EdU and its subsequent detection
by a fluorescent azide through a Cu(I)-catalyzed [3 + 2]
cycloaddition reaction (“click” chemistry) as described pre-
viously [23]. In brief, single NSCs were grown in 96-well
plates in DMEM/F12 medium containing 20 ng/mL hrFGF-2
and hrEGF (Invitrogen, CA, USA), Stempro NSC supple-
ment (Invitrogen, CA, USA), 100 units/mL penicillin, and
100 𝜇g/mL streptomycin. EdUwas added to the culturemedia
in a final concentration of 10 𝜇M for 3 h. Cells were fixed
in formaldehyde and penetrated with 0.5% Triton X-100.
The cells were stained during a 30min incubation with
100mM Tris, 0.5mM CuSO

4
, 10𝜇M Alexa 594-azide, and

50mM ascorbic acid. Cells were counterstained with 4-6-
diamidino-2-phenylindole (DAPI). The cells were washed
and imaged using fluorescence microscopy.

2.5. Differentiation Assay. Single NSCs were plated at a
density of 5000 cells/well in 10𝜇g/mL PDL-coated 96-well
culture dishes (Corning, NY, USA) and incubated for 3 d in a
differentiation medium of DMEM/F12 containing 1% fetal
bovine serum (Invitrogen, CA, USA), Stempro NSC supple-
ment (Invitrogen, CA, USA), 100 units/mL penicillin, and
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100 𝜇g/mL streptomycin.The cells were harvested 3 d later for
Western blot and immunocytochemical analyses.

2.6.Western Blot Analysis. Cells cultured using the differenti-
ation protocol were harvested and lysed in a buffer containing
50mM HEPES-NaOH (pH 7.5), 100mM KCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% sodium dodecyl sul-
fate, 1mM EGTA, 1mM dithiothreitol, 1mM phenylmethyl-
sulfonyl fluoride, 0.5% protease inhibitor cocktail (Sigma-
Aldrich, MO, USA), 1mM Na

3
VO
4
, 10mM NaF, and 20mM

𝛽-glycerophosphate. The resultant extracts were centrifuged
at 14,000 g for 15min at 4∘C to obtain clear cell lysates. Protein
concentrations were determined using the Biotime protein
assay kit (Beyotime, Shanghai, China)with BSA as a standard.
Equal amounts of 35𝜇g of proteins were loaded on a sodium
dodecyl sulfate polyacrylamide gel and separated by elec-
trophoresis. Separated proteins were transferred to nitrocel-
lulosemembranes (AmershamBiosciences, USA).Themem-
branes were blocked with 5% (w/v) skim milk in phosphate-
buffered saline containing 0.1% Tween 20 and blotted with
antibodies for glial fibrillary acidic protein (GFAP) (1 : 500;
Chemicon, USA) and 𝛽-tubulin III (TuJ1) (1 : 200, Chemicon,
USA) followed by incubation with appropriate sets of sec-
ondaryHRP-conjugated goat anti-mouse or rabbit antibodies
(1 : 5000; Jackson ImmunoResearch, USA). Immunoreactive
bands were visualized with ECL reagents (Biyotime, Shang-
hai, China).

2.7. Immunocytochemistry. Thecells cultured using the differ-
entiation protocol were fixed for 20min in 4% paraformalde-
hyde, blocked in 1% BSA and 0.1% Triton X-100, washed
with PBS, incubated for 30min with 0.3% H

2
O
2
to inhibit

endogenous peroxidases, and blocked for 1 h using 3% BSA
in PBS/0.1% Triton X-100. The following primary anti-
bodies were incubated for 2 hours at room temperature:
monoclonal rabbit anti-GFAP (1 : 500; Chemicon, USA),
mouse anti-TuJ1 (diluted 1 : 200; Chemicon, USA), and rab-
bit antinestin (1 : 1000, Chemicon, USA). Secondary Alexa-
conjugated 594 F(ab)2 goat anti-rabbit antibody and 488
Alexa-conjugated goat anti-mouse IgG (H + L) (1 : 1000;
Invitrogen, USA) were added for 1.5 h in PBS in 1% BSA
and 0.1% Triton X-100. The cells were counterstained with
DAPI. The number of immunoreactive cells in each well was
quantified using fluorescent microscopy.

2.8. Microarray and Data Analysis. The cells cultured using
the differentiation protocol for 3 days were harvested and
lysed in TRIzol Reagent (Invitrogen, USA). Total RNA was
isolated using the Qiagen RNeasy kit (Qiagen) in accordance
with the manufacturer’s protocol. The isolated RNA was sub-
ject to a quality control test. RNA from each sample was used
for cDNA synthesis followed by the labeling of the cDNA
with Cy3.The labeled cDNA samples were submitted to Nim-
bleGen and hybridized to Mouse Gene Expression 12x135K
Arrays (Roche NimbleGen, 05543797001) that represent
44,170mouse genes.The single-color NimbleGen arrays were
scanned using aGenePix 4000Bmicroarray scanner.Thedata
were extracted from the scanned images using NimbleScan

v2.5 Software. Expression data were normalized through
quantile normalization, and the Robust Multichip Average
(RMA) algorithm was included in the NimbleScan software.
The Probe level (∗ norm RMA.pair) files and Gene level
(∗ RMA.calls) files were generated after normalization. All
gene level files were imported into Agilent GeneSpring GX
software (version 11.5.1) for further analysis.

2.9. Quantitative Real-Time PCR. Total RNA from cells
was extracted using TRIzol reagent (Invitrogen, USA). One
microgram of total RNA was reverse transcribed using the
Advantage RT-for-PCR kit (Qiagen, Valencia, CA). Freshly
transcribed cDNA was used for quantitative real-time PCR
using SYBR Green (Bio-Bad, Hercules, CA). The primers
for each gene were designed using the online tool, Primer3
(http://frodo.wi.mit.edu/), and the sequences are listed in
supplementary Table 1. PCR was performed using a Rotor-
Gene real-timeDNAamplification system (Corbett Research,
Sydney, Australia) as described in our previous study [24].

2.10. Bioinformatic Analysis. Differentially expressed genes
(𝑃 < 0.05) between the control and Psoralen-treated groups
were functionally annotated via the functional annotation
tool, Database for Annotation, Visualization, and Integrated
Discovery (DAVID) (http://david.abcc.ncifcrf.gov/), which
was developed within the Gene Ontology Consortium [25].
The KEGG pathways of the differentially expressed genes
between the control and Psoralen-treated groups were also
matched using the DAVID functional annotation tool.

The key regulatory processes of the Psoralen effect were
analyzed using the Gene Ontology (GO) Tree Machine
(http://bioinfo.vanderbilt.edu/webgestalt/) [26].The directed
acyclic graph (DAG) was generated automatically by the GO
Tree Machine for the input gene sets, which was created to
identify the most important GO categories and suggest their
potential biological importance.

Transcription factors are of great significance for cellular
differentiation and proliferation. The online tool, oPOSSUM
(http://www.cisreg.ca/oPOSSUM/), was used for the analysis
of transcription factor binding sites of differentially expressed
genes [27].

2.11. Statistical Analysis. All data were expressed as themeans
± SD. The statistical significance was calculated using One-
way ANOVA (analysis of variance) followed by the least
significant difference (LSD) test for post hoc analysis.The sig-
nificance level was defined as 𝑃 < 0.05. The number of repli-
cated experiments is indicated in the results section or the
figure legends.

3. Results

3.1. Psoralen Inhibited Neurosphere Formation. Neurosphere
formation demonstrates the self-renewal ability of NSCwhen
single NSC are plated at a very low cell density. NSC formed
neurospheres of various sizes in our growth culturing con-
ditions with diameters ranging from 20𝜇m to greater than
100 𝜇m (Figure 1(a)). These neurospheres exhibited positive
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Figure 1: Effects of Psoralen on neurosphere formation of neural stem cells in vitro. Single NSCs at a density of 500 cells/well were cultured
in normal growthmedium (NGM) containing DMEM/F12 supplemented with hrFGF for 7 days to form various size of neurospheres (a).The
neurospheres expressed NSC marker nestin (b). Single NSCs were exposed to NGM, DMSO (0.1%), and 10, 50, 100 nM Psoralen dissolved
in DMSO (0.1%), respectively. Psoralen caused a significant decrease in frequency of neurosphere formation (c). Scale bars: 100 𝜇m. Results
were expressed as mean ± S.D. of six independent experiments. ∗𝑃 < 0.05 versus NGM.

nestin staining (NSC marker), which suggests the presence
of NSC and/or neural progenitor cells (Figure 1(b)). We
calculated the frequency of neurosphere formation in the
presence or absence of Psoralen. The control group formed
15.75 ± 4.43 (𝑛 = 6) neurospheres from the initially seeded
500 hundred cells (frequency of approximately 3.15%). The
solvent (DMSO) did not alter the frequency of neurosphere
formation (15.5 ± 3.99, 𝑛 = 6). The neurosphere frequencies
for the low (10 nM), middle (50 nM), and high (100 nM) con-
centrations of Psoralen were 13.91± 2.17, 12.56± 3.41, 9.43±
1.53 (𝑛 = 6), respectively. The high Psoralen concentration
(100 nM) significantly decreased the neurosphere formation
of NSC compared to control (𝑃 < 0.05) (Figure 1(c)).

3.2. Psoralen Inhibited NSC Proliferation. The decrease in
neurosphere formationmay have been due to a compromised
cell proliferation of NSC. Therefore, we investigated NSC
proliferation in the presence of Psoralen using EdU incorpo-
ration, which identifies cells in the S phase of the cell cycle.

The ratio of EdU-positive cells to total cells was 18.8 ± 3.2%
(𝑛 = 4) in the control group. The incorporation of EdU
into NSC decreased significantly in the presence of 100 nM
Psoralen (12.6 ± 0.8%, 𝑛 = 4; 𝑃 < 0.05 versus control)
(Figures 2(a), 2(b), and 2(c)).

3.3. Psoralen Induced the Differentiation of NSC to Astrocytes.
Single cells were cultured in a monolayer on PDL-coated
dishes in serum without growth factors for 48 h. Immuno-
chemistry revealed that 43.93 ± 6.21% (𝑛 = 4) of cells in
the control group were GFAP-positive (Figure 3(a)) and
18.45 ± 4.6% (𝑛 = 4) of cells were TuJ1-positive (Figure 3(b)),
which suggests multi-potential NSC. The percentage of TuJ1-
positive cells did not change after Psoralen treatment (𝑃 >
0.05 versus control) (Figure 3(c)), but the percentage of
GFAP-positive cells significantly increased to 54.32 ± 6.33%
(𝑛 = 4; 𝑃 < 0.05 versus control) (Figure 3(d)). Western
blotting analyses of total cell lysates in the Psoralen-treated
or untreated cells revealed an increase in GFAP expression.
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Figure 2: Effects of Psoralen on the proliferation of NSC. Single NSCs were plated at a density of 5000 cells per well in PDL-coated 96-well
plate for 12 h.Then, cells were subjected to 10 nMEdU for 2 h, followed by addition of 100 nMOA(b) or not (a).ThenEdu immunofluorescence
analysis was performed. The cell nuclei were counterstained with DAPI. The percentage of EdU-positive cells in total of 1000 cells was
calculated. As a result, Psoralen significantly inhibited the DNA incorporation (c). Scale bars: 100𝜇m. Results were expressed as mean ±
S.D. from four independent experiments. ∗𝑃 < 0.05 versus control.

The expression of TuJ1 protein, a neuron-specificmarker, was
slightly decreased (Figure 3(f)). These results suggested that
Psoralen induces the differentiation of NSC to astrocytes.

3.4. Microarray and Data Analysis. We screened the differ-
ential expression of genes that were induced by Psoralen
using the microarray technique. A total of 129 genes were up-
regulated by Psoralen by more than 1.5-fold compared to the
control group (𝑃 < 0.05), and 146 genes were downregulated
by more than 1.5-fold (𝑃 < 0.05).

3.5. Confirmation of Differentially Expressed Genes Using
Quantitative Real-Time PCR. We confirmed the mRNA
expression of CREM, Kit1, Shh, TBX1, Bcl2l11 using quanti-
tative real-time PCR, and these genes were chosen based on

the gene function after bioinformatic analyses. The results
were a highly consistent with the DNA microarray mea-
surements (Figure 4). CREM (cAMP responsive element
modulator) encodes a ZIP transcription factor that binds to
the cAMP-responsive element in many viral and cellular pro-
moters. Kit1 (Kit ligand), otherwise known as Stem cell factor
or Steel factor, is a growth factor important for the survival,
proliferation, and differentiation of hematopoietic stem cells
and other progenitor cells. Shh (Sonic hedgehog) is a secreted
protein that is required to establish patterns of cellular growth
and differentiation within ventral regions of the developing
CNS. TBX1 (T-box-1) plays an important role in develop-
mental processes. The fourth gene encodes Bcl2l11 (BCL2-
like 11, apoptosis facilitator), regulates, and contributes to
programmed cell death and apoptosis.The expression profiles
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Figure 3: Effects of Psoralen on the differentiation of NSC. Single NSCs were seeded at a density of 50 cells/𝜇L in PDL-coated 96-well plate in
differentiation medium for 48 h without Psoralen (a, b) or with 100 nM Psoralen (c, d). Cells were subjected to primary antibodies of GFAP,
TuJ1 and corresponding secondary antibodies and visualized with Alexa-conjugated 594 F(ab)2 goat anti-rabit antibody and 488 Alexa-
conjugated goat antimouse IgG (H+L).The ratio of GFAP, TuJ1-positive cells against DAPI-stained cells was calculated. Psoralen significantly
increased the GFAP-positive cells and decreased the TuJ1-positive cells (e). The same cells were performed using Western blotting. Psoralen
significantly increased the GFAP, decreased the TuJ1 protein expression (f). Scale bars: 100 𝜇m. Results were expressed as mean ± S.D. from
three independent experiments. ∗𝑃 < 0.05 versus control.
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Figure 4: The expression profiles of these representative genes
including CREM, Kit1, Shh, TBX1, and Bcl2l11 were confirmed by
quantitative real-time PCR, which validates our data. Our data sets
could be used for further bioinformatic analyses.

of these representative genes using quantitative real-time
PCR analysis corresponded to the microarray profiles, which
validates our data.

3.6. Comparisons of the DAVID Gene Functional Classifica-
tion. A total of 276 known genes with different genebank
accession numbers were assigned to the data sets using the
DAVID Functional Annotation Tool for the functional anno-
tation of the differentially expressed genes. The 261 system-
recognized genes were functionally classified into 7 groups
using the default settings (medium classification stringency),
and the corresponding enrichment scores were greater than 1.
These groups included “apoptosis” (12 genes), “regulation of
apoptosis” (11 genes), “multicellular organism reproduction”
(10 genes), “cellular protein catabolic process” (9 genes),
“epidermis development” (4 genes), “cell differentiation” (3
genes), and “regulation of cell cycle process” (3 genes). The
details of the differentially expressed genes are listed in
Table 1.

3.7. DAG Analysis of Gene Categories. DAG visualized
enriched gene categories. Ten GO categories were enriched
after Psoralen treatment, including “establishment of cell
polarity” (2 genes), “myotube differentiation” (2 genes),
“positive regulation of angiogenesis” (2 genes), “glycolipid
metabolic process” (2 genes), “regulation of pigmentation
during development” (2 genes), “negative regulation of DNA
metabolic process” (2 genes), “microtubule polymerization
or depolymerization” (2 genes), “telomere organization” (2
genes), “mesenchymal cell development” (3 genes), and
“neural crest cell differentiation” (3 genes). The details of the
differentially expressed genes are listed in Table 2.

3.8. Identification of KEGG Pathways. KEGG pathway anal-
ysis was assigned using the DAVID annotation tool to
reveal the functional roles of the differentially expressed
genes. Twenty-nine KEGG pathways were matched to the
differentially expressed tags of the two groups, such as
“Hedgehog signaling pathway”, “Oxidative phosphorylation”,

and “Wnt signaling pathway”. The details of the differentially
expressed genes are listed in Table 3.TheHedgehog signaling
pathway is a key regulator of animal development, and it
also plays an important role in the development of adult
NSC. Oxidative phosphorylation is an important metabolic
pathway for cellular respiration, glycolysis, and the Krebs
cycle. The Wnt signaling pathway plays a key role in cellular
differentiation, apoptosis, and development.

3.9. Identification of Transcription Factor Binding Sites.
oPOSSUM is a web-based system for the detection of
overrepresented transcription factor binding sites in the
promoters of gene sets [27]. A total of 171 transcription factors
were identified in this study, including the gene families of
“Ets” “BetaBetaAlpha-zinc finger,” “TATA-binding,” “Helix-
Loop-Helix,” and “Hormone-nuclear Receptor”. The details
of the differentially expressed genes are listed in Table 4.
The transcription factor, Sfpi1 1(PU.1), targeted 139 genes,
which may encode an ETS-domain transcription factor that
is critical for the determination of cell lineage and the
regulation of differentiation versus stem cell proliferation
[28]. Recent research indicates that Sfpi1 1 controls dendritic
cell development in a dose-dependent manner [29].

4. Discussion

NSCs open a new way of treatment of the injured central
nervous system and neurodegenerative disorders. Potential
uses of NSC in repair include transplantation to repair
missing cells and the activation of endogenous cells to provide
“self-repair.” Before the full potential of NSC can be realized,
we need to know what controls their proliferation and differ-
entiation. Precise control of proliferation and differentiation
of multipotent NSC is crucial for proper development of the
nervous system. Chinese herb extracts as effective factors
regulating the self-renewal and differentiation capacity of
NSC have been widely studied [8]. Psoralen can modulate
the proliferation and differentiation of a variety of stem cells
through different mechanisms [19–21].

In the present study, single cells derived from dissected
neural tissue formfloating balls of cells, termedneurospheres,
when plated under nonadherent, permissive conditions [30].
These highly heterogeneous structures contain neural stem
cells, more restricted progenitors, and differentiated progeny.
The more restricted progenitors and differentiated progeny
exhibit limited proliferation capacity, and these cells only
form very small neurospheres. However, the neural stem cells
demonstrate strong self-renewal and generate neurospheres
in continuous passages. The self-renewal potential of cells
within neurosphere cultures may be investigated by the
dissociation of single cells that must be plated at a density
at which a single cell gives rise to a single neurosphere. This
process is termed clonal analysis. Single cells that are plated
under medium to high cell densities permit the adherence
of cells or small neurospheres to each other, and these
structures combine to form larger neurospheres [31, 32].
Clonal analysis is impossible in this situation, and the true
proliferative capacity of stem cells cannot be properly deter-
mined. However, drug-screening assays do not require that
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Table 1: The list of the differentially expressed tags of DAVID gene functional classification.

Functional
annotation clustering

Gene
number

Gene bank
accession Description

Apoptosis 12

BC058175 BCL2-like 11 (apoptosis facilitator)
AK144648 CASP2 and RIPK1 domain containing adaptor with death domain
AK186862 Cytokine-induced apoptosis inhibitor 1
AK049134 Ectodysplasin A2 isoform receptor
AK010878 Hypothetical protein LOC100233175
AK041961 Kit ligand
XM 001476612 Predicted gene 15753, Sp110 nuclear body protein

BC016606 Proteasome (prosome, macropain) assembly chaperone 2, similar to Clast3
protein

BC063087 Sonic hedgehog
AK082974 Sphingomyelin synthase 1
BC027335 Tectonic family member 3
AK183781 Zinc finger, DHHC domain containing 16

Regulation of
apoptosis 11

BC058175 BCL2-like 11 (apoptosis facilitator)
AK144648 CASP2 and RIPK1 domain containing adaptor with death domain
AK186862 Cytokine-induced apoptosis inhibitor 1
BC080315 Glutamate receptor, metabotropic 7
BC152841 Heat shock protein 1B, heat shock protein 1A, heat shock protein 1-like
AK010878 Hypothetical protein LOC100233175
AK041961 Kit ligand
AK160757 Microphthalmia-associated transcription factor
XM 001476612 Sp110 nuclear body protein

BC016606 Proteasome (prosome, macropain) assembly chaperone 2; similar to Clast3
protein

AK082974 Sphingomyelin synthase 1

Multicellular
organism
reproduction

10

BC058175 BCL2-like 11 (apoptosis facilitator)
AK086849 beta-1,4-N-Acetyl-galactosaminyl transferase 1
AY738720 cAMP responsive element modulator
BC152841 Heat shock protein 1B, heat shock protein 1A, heat shock protein 1-like
AK160943 Heterogeneous nuclear ribonucleoprotein L-like, glutathione peroxidase 4
AK041961 Kit ligand
AK078529 Neuralized homolog 1A (Drosophila); similar to neuralized 1
XM 001474694 Rik protein
BC115962 Germ cell-less homolog 1
BC061175 Testis-specific serine kinase 2

Cellular protein
catabolic process 9

BC058593 SUMO1/sentrin specific peptidase 7
AK053749 WW domain containing E3 ubiquitin protein ligase 2
BC040367 Ligand of numb-protein X 1
BC128498 Myosin, heavy polypeptide 9, nonmuscle
BC115962 Germ cell-less homolog 1
XM 001474694 Rik protein
XM 354829 Seven in absentia homolog 3 (Drosophila)
BC059027 Similar to midline 1, midline 1
BC026983 Ubiquitin specific peptidase 39
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Table 1: Continued.

Functional
annotation clustering

Gene
number

Gene bank
accession Description

Epidermis
development 4

BC152326 Involucrin, RIKEN cDNA 1110019C06 gene

BC148438 Small proline-rich protein 2E, small proline-rich protein 2F, Small proline-rich
protein 2I

BC156163 Small proline-rich protein 2H
BC063087 Sonic hedgehog

Cell differentiation 3
AK041961 Kit ligand
AF349658 Similar to T-box 1; T-box 1
BC063087 Sonic hedgehog

Regulation of cell
cycle process 3

AK018243 ZW10 homolog (Drosophila), centromere/kinetochore protein

BC016606 Proteasome (prosome, macropain) assembly chaperone 2, similar to Clast3
protein

AK003451 Timeless interacting protein

Table 2: The list of the differentially expressed tags of DAG analysis of gene categories.

Categories Gene bank
accession Description

Establishment of cell polarity 17886 Myosin, heavy polypeptide 9, nonmuscle
20423 Sonic hedgehog

Myotube differentiation 17886 Myosin, heavy polypeptide 9, nonmuscle
20423 Sonic hedgehog

Positive regulation of angiogenesis 14461 GATA binding protein 2
12394 Runt-related transcription factor 1

Glycolipid metabolic process 14421 beta-1,4-N-Acetyl-galactosaminyl transferase 1
12916 cAMP responsive element modulator

Regulation of pigmentation during
development

12125 BCL2-like 11 (apoptosis facilitator)
17311 Kit ligand

Negative regulation of DNA metabolic
process

66131 Timeless interacting protein
72836 Protection of telomeres 1B

Microtubule polymerization or
depolymerization

17318 Midline 1
17997 Neural precursor cell expressed, developmentally downregulated gene 1

Telomere organization 15511 Heat shock protein 1B
72836 Protection of telomeres 1B

Mesenchymal cell development
21380 T-box 1
20423 Sonic hedgehog
17311 Kit ligand

Neural crest cell differentiation
21380 T-box 1
20423 Sonic hedgehog
17311 Kit ligand

each neurosphere derived from a single stem or progenitor
cell. A low plating cell density of 5000 cells/mL or 1000
cells/mL is sufficient to measure the self-renewal of neural
stem cells [33, 34].

We plated single cells at a density of 5000 cells/mL in
100 𝜇L/well in a 96-well plate. Approximately 5% of the
plated single cells reformed neurospheres, which is consis-
tent with previous studies. Psoralen significantly inhibited
neurosphere formation with maximum effects at 100 nM.

This Psoralen-induced decrease in neurosphere formation
may be derived from the compromised proliferation of NSC.
Therefore, we investigated NSC proliferation in the presence
of Psoralen using an EdU incorporation assay. Psoralen
significantly reduced EdU incorporation. These results sug-
gested that Psoralen inhibits the self-renewal of NSC through
the inhibition of proliferation.

NSCs generally and gradually exit the cell cycle when they
enter the process of differentiation. The length of the neural
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Table 3: The list of the differentially expressed tags of matched KEGG pathway analysis.

KEGG pathways Gene number
matched

Gene bank
accession Description

MAPK signaling pathway 5

BC119041 RAS-related C3 botulinum substrate 3
BC052705 Dual specificity phosphatase 8
BC152841 Heat shock protein 1B
BC006037 Mitogen-activated protein kinase kinase kinase kinase 3
BC054533 Protein kinase, cAMP dependent, catalytic, beta

Pathways in cancer 5

BC119041 RAS-related C3 botulinum substrate 3
AK041961 Kit ligand
AK160757 Microphthalmia-associated transcription factor
AK155262 Runt-related transcription factor 1
BC063087 Sonic hedgehog

Spliceosome 4

AK040680 Cell division cycle 40 homolog (yeast)
BC152841 Heat shock protein 1B
BC004793 Poly(rC) binding protein 1
BC026983 Ubiquitin specific peptidase 39

Axon guidance 4

AK089130 Eph receptor A5
BC119041 RAS-related C3 botulinum substrate 3
AK171860 Actin-binding LIM protein 1
AK053689 Netrin G1

Hedgehog signaling
pathway 3

AK149310 Casein kinase 1, gamma 1
BC054533 Protein kinase, cAMP dependent, catalytic, beta
BC063087 Sonic hedgehog

Viral myocarditis 3
BC119041 RAS-related C3 botulinum substrate 3
BC128498 Myosin, heavy polypeptide 9, nonmuscle
BC156199 v-abl Abelson murine leukemia viral oncogene homolog 2

Melanogenesis 3
AK041961 Kit ligand
AK160757 Microphthalmia-associated transcription factor
BC054533 Protein kinase, cAMP dependent, catalytic, beta

Oxidative phosphorylation 3
AK078484 ATP synthase
XM 895878 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex 11
AK149674 NADH dehydrogenase (ubiquinone) Fe-S protein 8

Cytokine-cytokine receptor
interaction 3

AK049134 Ectodysplasin A2 isoform receptor
AY221616 Interleukin 15 receptor, alpha chain
AK041961 Kit ligand

Cysteine and methionine
metabolism 2 AK085987 5-Methyltetrahydrofolate-homocysteine methyltransferase

BC094469 Mercaptopyruvate sulfurtransferase

Prion diseases 2 BC152841 Heat shock protein 1B
BC054533 Protein kinase, cAMP dependent, catalytic, beta

SNARE interactions in
vesicular transport 2 AK030538 Vesicle transport through interaction with t-SNAREs homolog 1A

BC086925 Vesicle-associated membrane protein 5

Adherens junction 2 AK137694 LIM domain only 7
BC119041 RAS-related C3 botulinum substrate 3

Gap junction 2 AK031305 Guanylate cyclase 1, soluble, alpha 3
BC054533 Protein kinase, cAMP dependent, catalytic, beta

Systemic lupus
erythematosus 2 BC152885 Histone H4

K02799 Complement C4 precursor
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Table 3: Continued.

KEGG pathways Gene number
matched

Gene bank
accession Description

Vascular smooth muscle
contraction 2 AK031305 Guanylate cyclase 1, soluble, alpha 3

BC054533 Protein kinase, cAMP dependent, catalytic, beta
Natural killer cell mediated
cytotoxicity 2 BC119041 RAS-related C3 botulinum substrate 3

AY860969 Natural killer cell receptor Ly49C

Parkinson’s disease 2 AK078484 ATP synthase
AK149674 NADH dehydrogenase (ubiquinone) Fe-S protein 8

Tight junction 2 BC002003 Claudin 1
BC128498 Myosin, heavy polypeptide 9, non-muscle

Ubiquitin mediated
proteolysis 2 AK053749 WW domain containing E3 ubiquitin protein ligase 2

BC059027 Midline 1

Insulin signaling pathway 2 BC054533 Protein kinase, cAMP dependent, catalytic, beta
AK172276 Regulatory associated protein of MTOR, complex 1

Wnt signaling pathway 2 BC119041 RAS-related C3 botulinum substrate 3
BC054533 Protein kinase, cAMP dependent, catalytic, beta

Purine metabolism 2 AK031305 Guanylate cyclase 1, soluble, alpha 3
AK036090 Phosphodiesterase 8B

Alzheimer’s disease 2 AK078484 ATP synthase
AK149674 NADH dehydrogenase (ubiquinone) Fe-S protein 8

Chemokine signaling
pathway 2 BC010478 Hemopoietic cell kinase

BC054533 Protein kinase, cAMP dependent, catalytic, beta

Huntington’s disease 2 AK078484 ATP synthase
AK149674 NADH dehydrogenase (ubiquinone) Fe-S protein 8

Regulation of actin
cytoskeleton 2 BC119041 RAS-related C3 botulinum substrate 3

BC128498 Myosin, heavy polypeptide 9, non-muscle
Neuroactive
ligand-receptor interaction 2 AK050472 Gastric inhibitory polypeptide receptor

BC080315 Glutamate receptor, metabotropic 7

Olfactory transduction 2 BC104278 Olfactory receptor 1173
BC054533 Protein kinase, cAMP dependent, catalytic, beta

progenitor cell cycle is directly coupled to cell fate choices
because factors that shorten the cell cycle inhibit differ-
entiation divisions, but factors that lengthen the cell cycle
promote differentiation divisions. We also investigated the
effect of Psoralen on NSC differentiation. Psoralen increased
the percentage of GFAP-positive cells, but the percentage of
TuJ1-positive cells was not altered. Psoralen increased GFAP
protein expression on Western blots, but it did not influence
TuJ1 protein expression. Our experiment demonstrated that
Psoralen strongly induced the differentiation of NSC into
astrocytes.

A cluster analysis was performed on these differentially
expressed genes using DAVID bioinformatics resources.
DAVID functional classification suggested that Psoralen pri-
marily altered the expression of genes involved in differen-
tiation, proliferation, apoptosis, and catabolism. The DAG
analysis suggested that the effect of Psoralen on neural stem
cells is a biological process that impacts the metabolism of
DNA, sugar, and lipids and regulates cellular proliferation,
split polarization, and differentiation.

There are several genes of interest in theDAVID andDAG
classification, including BCL2-like 11, Kit ligand, and Sonic
hedgehog, which were confirmed by our previous quantita-
tive real-time PCR test. BCL2-like 11 protein is encoded by a
gene in the BCL-2 protein family, which play important roles
in the regulation of neuronal and lymphocytic apoptosis.
BCL-2 deficiency does not affect neuronal numbers in the
cerebellum [35], but this protein has been implicated in
hippocampal neuronal protection in a seizure model [36].
BCL-2-deficient mice exhibit relatively normal development
of the nervous system, but BCL-2 is important for the
postnatalmaintenance of specific neuronal subsets, including
facial motor neurons and dorsal root ganglia [37]. Kit ligand,
also known as stem cell factor (SCF), steel factor (SLF) and
mast cell growth factor (MGF), is as 30-kDa glycoproteinwith
broad activity in various tissues [38]. Kit ligand regulates the
development of cellular lineage by expressing c-kit, which
affects proliferation and maturation [38, 39]. Kit signaling
in the CNS influences oligodendrocyte precursors prior to
differentiation towards a myelinated phenotype [39]. Greater
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Table 4: The list of the differentially expressed tags of matched
transcription factor binding sites.

Transcription factor Gene family Target gene
(>70 hits)

Sfpi1 1 Ets 139
Elf3 1 Ets 131
Zfp105 1 Beta-Beta-Alpha-zinc finger 114
Tbp 1 TATA binding 110
Foxj1 1 Forkhead 100
Sox12 1 High-mobility group 95
Tcfap2a 1 Helix-Loop-Helix 94
Zic2 2 Beta-Beta-Alpha-zinc finger 93
Irf3 1 IRF 92
Foxj3 2 Forkhead 91
Zic3 2 Beta-Beta-Alpha-zinc finger 89
Sox11 1 High-mobility group 89
Sox4 1 High-mobility group 86
Klf7 1 Beta-Beta-Alpha-zinc finger 85
Arid5a 1 Arid 83
Ehf 1 Ets 83
Sox11 2 High-mobility group 80
Sox18 1 High-mobility group 80
Osr1 2 Beta-Beta-Alpha-zinc finger 79
Sox5 1 High-mobility group 79
Sp4 1 Beta-Beta-Alpha-zinc finger 77
Zscan4 2 Beta-Beta-Alpha-zinc finger 76
Tcfap2e 1 Helix-Loop-Helix 76
Egr1 2 Beta-Beta-Alpha-zinc finger 75
Foxl1 2 Forkhead 75
Foxa2 1 Forkhead 75
Tcfap2c 1 Helix-Loop-Helix 75
Sox14 2 High-mobility group 75
Smad3 1 MH1 75
Sox17 1 High-mobility group 74
Hic1 2 Beta-Beta-Alpha-zinc finger 73
Sox21 2 High-mobility group 72
Zic1 2 Beta-Beta-Alpha-zinc finger 71
Tcf1 2 Homeo 71
Zfp740 1 Beta-Beta-Alpha-zinc finger 70

than 93% of nestin-positive NSC from the embryonic rat
cortex express Kit ligand [40]. Kit ligand is a survival factor
for NSPCs during the early stages of differentiation [41].
The Sonic hedgehog (Shh) gene is one of a homolog gene
of Hedgehog (hh) [42]. Shh gene plays an important role
in the development of the mammary glands, prostate, lung,
hair, nervous system, and other organs. Shh regulates the
development of the neural system, especially the proliferation
and differentiation of neural stem cells [43, 44]. Shh is

a positive regulator of adult hippocampal neural stem cell
proliferation, and it may participate in injury remodeling.

We further searched the possible transcription factor
binding sites existing in the upstream sequences of differen-
tially expressed genes. Consequently, 139 genes differentially
expressed were predicted to have transcription factor binding
sites for Sfpi1, a member of the Ets family. The common
character of Ets factors was highly conserved and the DNA
binding domain can combine with specific gene sequence to
regulate the expression and function of target gene by being
involved in cell proliferation, differentiation, apoptosis, and
mesenchymal-epithelial interactions [45, 46]. ETs could be
involved in many physiological and pathological processes.
A large number of researches showed that Ets transcription
factors play an important regulation role in the development,
tumor invasion, and metastasis of amphibians, birds and
mammals [47].

Sfpi1, also called PU.1, belongs to the SpI subfamily of
the Ets family. The transcription factors Sfpi2, Sfpi3 also
belong to the same family. These members all showed the
existence of the Ets structure domain in the C-terminal of the
protein and an acid transcription activation structure domain
in the N-terminal. Literature study reported that this kind
of structure played an important role in the differentiation
process of a variety of cells. The changes of the expression
quantity of the transcription factors played a decisive role
in adjusting the differentiation direction of stem cells [48].
Sfpi1 was highly expressed in myeloid cells but not in
lymphocyte. It functioned in the early state of differentiation
in granulocyte, red blood cells, and megakaryocyte, and it
suppressed red blood cell differentiating to red blood cells.
Studies [28] have shown that a high level of Sfpi1 could
cause differentiation of macrophage but not proliferation
of progenitor cells. In embryogenesis process, lack of Sfpi1
could lead to development delay [49, 50]. In recent years,
study [29] showed that Sfpi1 also played an essential role in
differentiation of dendritic cells. Based on bioinformatical
analysis and the literature review, we thought that Sfpi1 may
mediate the effects of Psoralen.

TheKEGGpathway analysis demonstrated that the effects
of Psoralen on neural stem cells were closely related to
the Hedgehog signaling pathway, Wnt signaling pathways,
MAPK, spliceosomes, axon guidance, oxidative phosphory-
lation, adherens junction, gap junction, and tight junction.
The matched Hedgehog signaling pathway is of interest,
which is crucial for the generation and maintenance of both
embryonic and adult stem cells.This pathway regulates spinal
dorsal-ventral plasticity and the multizone of neural precur-
sor cell proliferation and differentiation in the developing
nervous system. Hedgehog signaling pathway also plays a
key role in the regulation of neural progenitor cell growth
[51]. Granule cell precursor proliferation in the cerebellum
requires Hedgehog signaling [52]. Hedgehog signaling may
regulate the self-renewal of progenitor cells in the SVZ,
hippocampus, olfactory bulb, and other brain areas [51, 53].
The downstream target gene of the Hedgehog pathway, BMI1,
regulates central and peripheral nervous system progenitor
cell self-renewal [54].The oligodendrocyte generation of glial
precursor cells and the subsequent differentiation intomature
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oligodendrocytes require Hedgehog signaling in SHH(−/−)
mutants [55]. Cell proliferation and differentiation culture
conditions in theNSC clones expressmRNAof the functional
Shh receptor, PTCH, and Shh (5∼50 nmol/L) in vitro pro-
motes the proliferation of fetal rat spinal cord in primary and
passaged neural stem cells in a dose-dependent manner.This
activation is also observed in quiescent adult neural stem cells
in which theHedgehog signal pathway stimulates continuous
proliferation and differentiation [56].

Recently, Crosstalk of Hedgehog with other critical sig-
naling pathways has been mentioned. Hedgehog and Wnt
pathways resulted in opposite proliferative outcomes of neu-
ral stem/progenitor cells, and Sfrp-1 and Gli3 contributed to
this negative cross-regulation [57]. But Hedgehog and Notch
signaling could cooperate to regulate neurogenic divisions of
neocortical progenitors. The transcription factors Hes1 and
Blbp were possibly the key molecules in the Hh/Notch co-
regulation of corticogenesis [58].

In conclusion, our study demonstrated the antiprolif-
erative and prodifferentiative effects of Psoralen on NSC.
The microarray study demonstrated that the gene expression
profile of NSC could be specifically regulated by Psoralen.
The genes involved in the classification of cellular differentia-
tion, proliferation, and metabolism, the transcription factors
belonging to Ets family, and the hedgehog pathway may play
important roles in the regulation process, which need further
studies.
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In order to observe the clinical therapeutic effects of Yiqi Kaimi Prescription and biofeedback therapy on treating constipation with
deficiency of spleen qi, the 30 cases in the control group were given oral administration of Yiqi Kaimi Prescription, in combination
with anus-lifting exercise; the 30 cases in the treatment group were given biofeedback therapy on the basis of the afore mentioned
methods for the control group. The TCM symptom scores and anorectal pressures before and after treatment were observed and
evaluated.There were significant differences in TCM symptom scores, anorectal pressure, and clinical recovery rate before and after
treatment. In the treatment group, the total recovery rate was 86.66%, while in the control group it was 50%; there were significant
differences between the two groups (𝑃 < 0.01). Yiqi Kaimi Prescription coupled with biofeedback therapy is clinically effective for
treating constipation with deficiency of spleen qi, and thus this method is applicable for functional constipation with deficiency of
spleen qi.

1. Introduction

Constipation, defined as having a bowel movement less than
three times a week or the necessity of using laxatives more
than three times a week [1], is a common problem with
high prevalence and greatly affects the life quality of people
[2]. The prevalence rates were 22.6% for constipation in the
primary care clinic of the United States [3].The prevalence of
constipation was 14.1%–27% in the different ages of women
in Australia [4]. In Asia, the chronic constipation affects 15%
of Sri Lankan school children and adolescents [5]. It is also
reported that up to 30% of preschool children in the eastern
district of Hong Kong had constipation [6]. The prevalence
of constipation of China is about 6%, which is substantially
lower than that in the western countries [7]. However, a
survey on people who were above 60 in Tianjin and Xi’an
revealed that the incidence of chronic constipation reached

7.3%∼20.39% [8]. With the aging of society, quickening pace
of the modern life and the influencing of improper life habits
(e.g., lack of fiber in food, irregular defecation, and subjective
inhibition of desire for defecation), the incidence rate of this
disease is increasing year by year.

Symptoms of constipation include infrequency of spon-
taneous defecation, difficulty initiating or completing bowel
movement, rectal bleeding, pain, abdominal distention, and
faecal incontinence [9]. It is known that the constipation
was associated with multiple complications such as faecal
impaction and bowel perforation [10]. The occurrence of
constipation was related to many factors, so a single therapy
will not achieve satisfactory effects. The chronic constipation
may be caused by the diet deficient in fiber and fluids. It is
reported that the moderate physical activity and increasing
fiber intake were associated with substantial reduction in
the prevalence of constipation in women [11]. However,
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the function of fiber in a diet for the chronic constipation
was controversial. Although some patients may be helped by
a fiber-rich diet, many patients withmore severe constipation
get worse symptoms when increasing dietary fiber intake
[12]. There was also no evidence that constipation can
successfully be treated by increasing fluid intake unless there
is evidence of dehydration [13]. Functional limitations such as
immobility and lack of exercisewere other important reasons.
A cross-sectional survey supported the notion that those who
undertake more physical activity do have a lesser incidence
of constipation [14]. The symptom of constipation was also
a common adverse effect of many medications including
analgesics, antidepressant drugs, iron salts, nonsteroidal anti-
inflammatory drugs, and opiates. It is reported that factors
other than opioid dose and physical functioning may be
more important in contributing to constipation [15]. The
afore-mentioned study suggested that the combination of
manymethods or therapies providesmore possibilities for the
diagnosis and cure.

TCM syndrome differentiation is of unique advantage,
and hence it is widely accepted and applied in treating
digestive tract diseases, which collect and analyze symptoms
and signs to evaluate the overall conditions and to classify
the pattern ofmaladjustment through determining the nature
and location of the maladjustment [16]. It is reported that
patients in the active treatment groups (standard and individ-
ualized Chinese herbal medicine) had significant improve-
ment in bowel symptom scores when compared with patients
in the placebo group [17]. The result of a systematic review
suggested that traditional Chinese medicine interventions
appear to be useful to manage constipation [18]. However, a
research of European and Asian demonstrated that there was
no clear consensus as to whether complementary therapies
were beneficial, although the symptoms ofmany patientswith
inflammatory bowel disease were improved [19]. In general,
the effects of traditional Chinesemedicine therapy in treating
the digestive system diseases were still controversial and need
more well-designed studies.

Biofeedback, as a nonmedicinal and noninvasive therapy,
has no side effects and can be used repeatedly, so it is regarded
as the first choice for the clinical treatment of functional
constipation. It is widely recognized that oral administra-
tion of Chinese medicine in combination with biofeedback
therapy can be very effective for functional constipation. Our
study aims at investigating the clinical therapeutic effects of
Yiqi Kaimi Prescription and biofeedback therapy on treating
constipationwith deficiency of spleen qi, which could provide
evidence for biofeedback therapy with traditional Chinese
medicine prescription in treating diseases.

2. Methods

2.1. Clinical Data. The 60 patients were diagnosed as func-
tional constipation at the department of proctology from June
2009 to May 2011. The two groups included 27 males and
33 females, averaging 40.28 ± 11.40 years old. There were
no significant differences between the groups in gender, age,
disease course, and scores (𝑃 > 0.05). The constipation
symptoms of patients were determined by the Rome III

diagnostic criteria [20].The TCM diagnostic criteria for defi-
ciency of spleen qi syndrome include the primary symptoms
and secondary symptoms. The primary symptoms were dry
stools resembling chestnuts, with desire for defecation yet
without strength to complete it, shortness of qi, and pale
tongue. The secondary symptoms were whitish complexion,
lassitude with weakened qi, weary limbs with reluctance to
speak, and weak pulse. Patients with 3 items of the primary
symptoms or 2 items of the primary symptoms plus 2 items
of the secondary symptoms could be determined.

2.2. Treatment Methods. The two groups were given Yiqi
Kaimi Prescription before the treatment. The Yiqi Kaimi
Prescription was composed of the Raw Astragalus (30 g),
Atractylodes (15 g), Aitrus Aurantium (12 g), Almond (12 g),
Radix Rehmanniae (15 g), and Rngelica (15 g). It was taken
orally twice a day, and four weeks made up a disease
course. Before the treatment, the anorectal pressure was
measured. The treatment group was given oral Yiqi Kaimi
Prescription in combination with biofeedback treatment as
well as anorectal muscle electrical testing. The control group
was given oral Yiqi Kaimi Prescription in combination with
anus-lifting exercise.

The specific procedures and main indexes of anorectal
pressure test were as follows. The urine and feces were
evacuated before the test. And the whole process should be
explained in detail to the patient. At first, put a pressure-
measurement tube into the anus at 6 cm in depth, and then
tell the patient to imitate the effort to defecate, which lasted
for 5∼10 seconds. After 5 seconds of rest, ask the patient to
contract his anus for 5∼10 seconds; then adjust the depth
of the tube to 2 cm, and tell the patient to rest for 30∼60
seconds; afterwards repeat the previous procedures; use a
syringe to rapidly inject 10mL of gas into the anus at the
2 cm position, then discharge the gas 1 or 2 seconds later, and
meanwhile observe the pressure difference and if the pressure
curve would present double phase waves; inflate 50mL of
gas into the saccule and at the same time tell the patient
to imitate the effort to defecate, which should last for 5∼10
seconds; after 30∼60 seconds of rest, inflate the saccule with
a syringe slowly and evenly, and meanwhile record the initial
feels, initial pressing and intense pressuring, of the patients.

For specific procedures of biofeedback, The patient
should lie on his or her back and bend the body until the
upper half and the lower half formed a 120∘ angle, and then
the doctor put the measuring electrode of the biofeedback
equipment into the anus and conducted Glazer assessment
(test when relaxing the anus for 60 seconds, rapidly contract-
ing it for 5 times/relaxing for 10 seconds, contracting for 10
seconds/relaxing for 10 seconds, persistently contracting for
60 seconds, and posterior baseline for 60 seconds).

Above 2 uv at the vagina and above 4 uv at the anus
when relaxing, first carry out pelvic floor muscle multimedia
training, electrostimulation on the pelvic floor nerves and
muscles, myoelectricity triggering electric stimulation, and
template Kegel training. If the pelvic floor muscles contract
rapidly and the index is lower than 37.5 at the vagina and
lower than 70 uv at the anus, yet there is no increase of resting
value, the electrostimulation on the pelvic floor nerves and
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Table 1: The score before and after treatment.

Treatment group Control group
Before After Before After

Difficult defecation 2.06 ± 0.37 1.06 ± 0.58∗# 2.07 ± 0.37 1.10 ± 0.30∗

Fecal character 2.07 ± 0.42 0.79 ± 0.38∗# 2.10 ± 0.45 1.34 ± 0.45∗#

Defecation time (min) 2.10 ± 0.30 0.96 ± 0.18∗# 1.87 ± 0.58 1.21 ± 0.41#

Endless and dilatation felling 2.03 ± 0.31 1.57 ± 0.50∗# 1.90 ± 0.54 1.17 ± 0.38#

Frequency 2.14 ± 0.48 0.86 ± 0.48∗ 2.10 ± 0.45 0.82 ± 0.43∗

Abdominal distension 2.17 ± 0.46 0.87 ± 0.35∗# 1.90 ± 0.55 1.53 ± 0.51#

Data were shown as mean ± SD (𝑛 = 30). Statistical comparisons were made by the Student’s 𝑡-test. ∗indicates 𝑃 < 0.05, compared to that of before; #Indicates
𝑃 < 0.05, compared to that of control.

muscles, myoelectricity triggering electric stimulation, and
template kegel training should be carried out first once a day
and 20min a time for 3 treatment courses; anorectal muscle
electrical testing was performed every six days; a treatment
course includes 10 days. The changes of TCM symptoms
after treatment and retest of the anorectal pressure will be
observed.

2.3. Therapeutic Criteria. The therapeutic criteria for con-
stipation are made according to the Guiding Principles for
Clinical Research of New Traditional Chinese Medicines
stipulated by China’s Ministry of Health in 1993 [21].

2.4. Statistical Analysis. The comparisons of curative rate and
disappearance rate of positive transmission testwere analyzed
by𝑋2 test.The clinical symptom scores and life quality scores
were processed by 𝑡-test or analysis of variance.

3. Results

In this study, it was found that patients with deficiency of
spleen qi cannot be simply diagnosed as slow transmission
constipation (STC). The weakened intestinal motive power
was often accompanied by uncoordinated contraction of the
pelvic floormuscles and interferences of psychological factors
during defecation. Before the treatment, the survey on the age
and gender baselines of the patients found that the average
onset age of the patients with deficiency of spleen qi was
40.28 ± 11.40 years old. Constipation with deficiency of
spleen qi was common in old people, and females account
for a large proportion, which may be due to the influence of
menopause and hormone levels.

The results showed that the constipation symptoms, such
as difficult defecation, endless and dilatation felling, and
abdominal distension, had been significantly improved (𝑃 <
0.05; see Table 1). The defecation time was also significantly
shortened after treatment from 2.1min to 0.96min, which
had a significant difference when compared to that of the
control (𝑃 < 0.05). After biological feedback therapy, the
anorectalmuscle electricity of patients in the treatment group
was significantly improved (𝑃 < 0.05); at the same time,
anorectal muscle electricity continues to rise in the six-time
detection; the fast flick voltage and intermittent and contin-
uous contraction voltages were significantly elevated, which

suggested that the strength has been significantly improved.
The change of the resting muscle electricity was not obvious,
which suggested that the impact of the biofeedback treatment
on the pelvic floor muscle was weak. However, the resting
muscle electricity of the 30 patients in the treatment group
was tested every 6 days.The result showed that the pelvic floor
muscles get more training; the myo-electrical value and the
muscle endurance were significantly improved at the same
time (see Figure 1). Meanwhile, after biofeedback therapy
combined with traditional Chinese medicine prescription,
the fast flick voltage, and intermittent contraction voltages,
continuous contraction voltages of 14 patients with clinical
recovery were greatly improved after 3 medical courses.
However, the fast flick voltage, intermittent contraction
voltages, and continuous contraction voltages of 4 patients
with ineffectiveness were not significantly changed, which
may be related to the change of myoelectricity within 30%
(see Figure 2).

The resting pressure of the internal sphincter, pressure of
the external anal sphincter, and maximum systolic pressure
significantly increased to some degree (𝑃 < 0.05; see
Table 2). The contradictory contraction of the pelvic floor
muscles during defecation was addressed; some patients had
improved rectal sensory function, coordination between the
rectum’s motive power and the relaxation of the anus, and
establishment of correct defecation. In both groups, there
was no significant difference in the initial threshold values
before and after treatment (𝑃 > 0.05). In the treatment
group, there was significant difference in the maximum
threshold values before and after treatment (𝑃 < 0.05).
This indicated that biofeedback can improve the rectal sen-
sory function; there was marked change in the treatment
group after the treatment, indicating that the anus-lifting
exercise lacks an effective nervous feedback-circuit training
mechanism. Without regular and quantized training, the
therapeutic effects were often unsatisfactory. However, in the
treatment group, the biofeedback treatment coupled with
electric stimulation can effectively improve the sensibility of
the lower portion of the rectum, which may be due to the
reparation of damaged nerves. However, the sample size of
the study was small; the relationships among the conditions
of the pelvic floor electromyography, the symptoms, and the
anorectal pressure functional change were still unclear and
need further research.
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Table 2: The rectum pressure before and after treatment.

Treatment group Control group
Before After Before After

Anal rest pressure 38.23 ± 13.14 53.70 ± 10.07∗# 30.90 ± 14.90 39.23 ± 10.45#

Maximum systolic pressure 100.48 ± 22.55 128.83 ± 23.38∗# 88.97 ± 20.45 95.53 ± 12.19#

Rectal initial threshold 39.73 ± 9.26 35.76 ± 5.50 37.43 ± 6.67 36.53 ± 5.30
Rectal maximum threshold 246.47 ± 46.50 225.13 ± 42.71∗# 218.83 ± 52.50 219.93 ± 45.80
Data were shown as mean ± SD (𝑛 = 30). ∗indicated 𝑃 < 0.05, compared to that of the control, #Indicated 𝑃 < 0.05, compared to that of the before treatment.

Table 3: The comparison of the clinical effects.

Groups Cases Total effective rate Clinical recovery rate Excellent effectiveness rate Effectiveness rate Ineffectiveness rate
Treatment group 30 26 (86.66%) 14 (46.7%) 8 (26.66%) 4 (13.33%) 4 (13.33%)
Control group 30 15 (50.00%) 2 (6.66%) 5 (16.67%) 8 (26.66%) 15 (50.00%)
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Figure 1: The trends of fast flick voltage, intermittent contraction,
and continuous contraction within 30 days in the treatment group.
The anorectal muscle electricity of patients in the treatment group
continued to rise in the six-time detection, including the fast flick
voltage and intermittent and continuous contraction voltages, which
suggested that the strength has been significantly improved.

In general, the total effective rate of the treatment group
was 86.66% (26 cases; see Table 3), the clinical recovery rate
was 46.7% (14 cases), the excellent effectiveness rate was
26.66% (8 cases), the effectiveness rate was 13.33% (4 cases),
and the ineffectiveness rate was 13.33% (4 cases).

4. Discussion

According to Rome III, functional constipation can be
divided into three types: slow transmission constipation
(STC), outlet obstructive constipation (OOC), and mixed
pattern constipation [22]. Clinically the symptoms of func-
tional constipation were various, which may differentiate

STC from OOC. However, the treatment with clear target
received unsatisfactory effects. Some patients had atypical
symptoms of STC or OOC, long histories of drug reliance,
and too many accompanying diseases and symptoms, which
affected the diagnosis and treatment of constipation. The
disease differentiation and syndrome differentiation of TCM
had a unique advantage in the treatment of constipation.
The diagnosis was made through examining the symptoms
and signs of the patients as well as the anorectal pressure
and made by combining TCM disease differentiation and
syndrome differentiation [23]. After the diagnosis, the disease
can be treated by traditional Chinese medicine coupled with
modern therapeutics, and the effects were often satisfactory.

TCM had a unique advantage in treating functional
constipation [24]. It approached the disease from overall
regulation, emphasized on the root cause, and treated it
in view of time, locality, and individuality [25]. Flexible in
medication, it took into account both the primary and the
secondary aspects and treated the disease and syndrome
simultaneously, thus fully playing the role of individualized
treatment. Biofeedback training was a new psychological
treatment developed on the basis of behavior therapy [26]. It
was based onKegel training and aimed at directing the patient
to correctly exercise the pelvic floor muscles, hence chang-
ing the measurable physiological parameters, strengthening
the contracting function of the pelvic floor muscles, and
achieving the best effects for excises of pelvic floor muscles
[27]. The main symptoms of patients with spleen deficiency
constipation were the decrease of both the intestinal motility
and the anal sphincter muscle power, un-coordination of
the pelvic floor muscle movement. The prescription was able
to regulate the qi activity, improve intestinal motility, and
promote the power of anal sphincter muscle. On the other
hand, biofeedback therapy could improve the pelvic floor
muscle movement through the enhancement of the anal
sphincter muscle strength, which improved the symptoms of
spleen deficiency constipation.

The disease location of constipation was in the large
intestine, but it was also closely related to the viscera,
channels, qi, blood, fluids, and emotions. It was controlled by
the spleen, so if the spleen qi was sufficient, the defecationwill
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Figure 2: The comparison of the fast flick voltage, intermittent contraction voltages, and continuous contraction voltages among the groups
of patients with clinical recovery, patients with excellent effectiveness, patients with effectiveness, and patients with ineffectiveness. (a) The
trends of the fast flick voltage among the 4 groups. (b)The trends of the intermittent contraction voltages among the 4 groups. (c)The trends
of the continuous contraction voltages among the 4 groups.

be normal; if the spleen qi was deficient, the transportation
will be abnormal, or the qi transformation will be inadequate,
leading to malfunction of transformation and, eventually,
constipation. The root of constipation (deficiency of spleen
pattern) was qi stagnation and/or spleen deficiency, and the
branchwas accumulation of heat. Unsmooth flowof qi leaded
to the obstruction of the large intestine, or deficiency of qi
failed to promote transportation, also leading to constipation.
Qi deficiency and qi stagnation were often mixed and inter-
promoted, thus making the disease more refractory. In brief,
unsmooth qi transformation, stagnated qi movements, and
insufficient qi and fluid were the fundamental causes of this
disease.

Deficient spleen qi failed to promote transportation, so
the intestinal movements and transportation of water and
food will slow down, leading to prolonged retaining of food
dregs in the intestinal tract and excessive absorption of
water, characterized by dry, hard stools like chestnuts. The
dysfunction of the spleen and stomach in digestion gives
rise to abnormal ascending of food essences and abnormal
descending of turbid things, and consequently the promoting

ability of the intestines will be weakened. The spleen and
stomach were the prenatal foundation, so their malfunction
will cause disordered circulation of qi and blood in the
whole body, marked by whitish complexion, lassitude with
weakened qi, weary limbs with reluctance to speak, weak
pulse, and decreased muscle strength, as well as asynchrony
of abdominal muscle strength and pelvic floor muscle group
in varying degrees.

Yiqi Kaimi Prescription was effective for constipation
due to deficiency of spleen qi [28]. It used Raw Astragalus
and Atractylodes as the monarch herbs and used Aitrus
AurantiumandAlmond to regulate qi so as to dredge both the
upper orifices and lower ones and promote the transportation
of the large intestine. If coupled with a small quantity of
Radix Rehmanniae, they can moisten the intestinal tract,
nourish the middle energizer, and regulate qi activity. Once
the qi was replenished, it will regain its original abilities,
break the stagnations, and remove the obstructions.Through
nourishing qi, ascending the clear, and descending the turbid,
as well as steaming the fluids, the yin will be nourished,
so will the fluids. The fluids and qi were interchanged and
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mutuallymoistened.All of these factorsworked together so as
to effectively improve the intestinal motive power and restore
the transportation of the stomach and intestines.

The anorectal pressures before and after the treatment
were measured. Although the technique cannot give a direct
view of the structural disorder of the gastrointestinal tract,
it can objectively describe the functional disorder of the
gastrointestinal tract [29]. It was one of the main methods
which can reveal whether the constipation was due to
structural disorder or due to functional disorder and a way to
classify chronic constipation. It can also help us understand,
quantize, and evaluate the defecation function of the anal
canal and rectum, thus providing pathological and physiolog-
ical foundations for the researches into anorectal disorders
such as abnormal defecation [30]. The changes of sensory
threshold value also played a critical role in the occurrence
and development of constipation [31]. It can provide objective
foundation for the contradictory contraction of the anus and
abdominal muscles and therefore guide clinical treatment.
Patients with constipation due to deficiency of spleen qi often
had anal laxity and relatively low resting pressure of the
internal sphincter, pressure of the external anal sphincter,
andmaximum squeezing pressure.Whenmaking an effort to
defecate, the patientsmay present with inadequate increase of
rectal pressure, weak abdominal strength, and contradictory
contraction of anal sphincter, though such occasions are rare.
Therewas also a slight increase of the initial sensory threshold
value of the rectum, initial defecation threshold value, and
maximum toleration value of the rectum. Besides, in patients
with constipation due to spleen deficiency, there may be
damages of the internal motor nerves, which require further
studies for confirmation.

For some patients with colon transportation disturbances
without apparent symptoms of outlet obstruction, their situ-
ations can also be improved through biofeedback treatment
[32]. This indicated that biofeedback can promote defecation
at the same time of improving anorectal sensibility. However,
the effects of placebo and psychological factors cannot be
excluded. The patients in the control group performed anus-
lifting exercise, yet without effective guidance and electric
stimulation. The effect was not obvious, and the effect of
the treatment group was far better than that of the control
group. Traditional Chinese medicine coupled with biofeed-
back treatment can effectively improve the intestinal motive
power, with marked improvement of TCM symptoms and
alleviation of exhaust gas and abdominal distension. Biofeed-
back treatment was used to actively train the contraction of
pelvic floor muscles so as to strengthen them, improve their
supportive force and prevent prolapse and slackness of the
pelvic floor. It can display the muscular electric activities
by electrodes inserted into the rectum or abdomen. The
physiological signals in these positions can be amplified and
transformed into visible ones such as sound, lights, and
graphs, which will be fed back to the patients. The patients
trained themselves on the basis of these signals, and gradually
developed conditioned reflex, and learned to voluntarily
control the contraction of pelvic floor muscles. For patients
with reduced sensitivity, the stimulation will be increased
mainly by stimulus wave produced by microcurrent, which

changed the central nervous system indirectly and regulated
the pelvic floor nervous system. In this study, the treatment
group received three courses of biofeedback treatment in
addition to traditional Chinese medicine.

Multipattern combined treatment of functional consti-
pation was of great significance. Constipation cannot be
explained by monism, so medication should be combined
with biofeedback so as to regulate the intestinal motive
power and strengthen the coordination of pelvic floormuscle
groups.The clinical therapeutic effectswere often satisfactory.
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[1] C. J. M. Böhmer, J. A. J. M. Taminiau, E. C. Klinkenberg-Knol,
and S. G. M. Meuwissen, “The prevalence of constipation in
institutionalized people with intellectual disability,” Journal of
Intellectual Disability Research, vol. 45, no. 3, pp. 212–218, 2001.

[2] V. Garrigues, C. Gálvez, V. Ortiz, M. Ponce, P. Nos, and J.
Ponce, “Prevalence of constipation: agreement among several
criteria and evaluation of the diagnostic accuracy of qualifying
symptoms and self-reported definition in a population-based
survey in Spain,”American Journal of Epidemiology, vol. 159, no.
5, pp. 520–526, 2004.

[3] V. Loening-Baucke, “Prevalence rates for constipation and fae-
cal and urinary incontinence,” Archives of Disease in Childhood,
vol. 92, no. 6, pp. 486–489, 2007.

[4] P. Chiarelli, W. Brown, and P. McElduff, “Constipation in Aus-
tralianwomen: prevalence and associated factors,” International
Urogynecology Journal and Pelvic Floor Dysfunction, vol. 11, no.
2, pp. 71–78, 2000.

[5] S. Rajindrajith, N. M. Devanarayana, C. Adhikari, W. Pannala,
and M. A. Benninga, “Constipation in children: an epidemio-
logical study in Sri Lanka using Rome III criteria,” Archives of
Disease in Childhood, vol. 97, no. 1, pp. 43–45, 2012.

[6] K. S. Ip, W. T. K. Lee, J. S. H. Chan, and B. W. Y. Young, “A
community-based study of the prevalence of constipation in
young children and the role of dietary fibre,”Hong KongMedical
Journal, vol. 11, no. 6, pp. 431–436, 2005.

[7] Y.-F. Zhao, X.-Q. Ma, R. Wang et al., “Epidemiology of
functional constipation and comparison with constipation-
predominant irritable bowel syndrome: the Systematic Inves-
tigation of Gastrointestinal Diseases in China (SILC),” Alimen-
tary Pharmacology and Therapeutics, vol. 34, no. 8, pp. 1020–
1029, 2011.



Evidence-Based Complementary and Alternative Medicine 7

[8] P. D. R. Higgins and J. F. Johanson, “Epidemiology of constipa-
tion in North America: a systematic review,” American Journal
of Gastroenterology, vol. 99, no. 4, pp. 750–759, 2004.

[9] L. R. Schiller, “Constipation and fecal incontinence in the
elderly,” Gastroenterology Clinics of North America, vol. 30, no.
2, pp. 497–515, 2001.

[10] C. Dennison, M. Prasad, A. Lloyd, S. K. Bhattacharyya, R.
Dhawan, and K. Coyne, “The health-related quality of life and
economic burden of constipation,” PharmacoEconomics, vol. 23,
no. 5, pp. 461–476, 2005.

[11] L. Dukas, W. C. Willett, and E. L. Giovannucci, “Association
between physical activity, fiber intake, and other lifestyle vari-
ables and constipation in a study of women,” American Journal
of Gastroenterology, vol. 98, no. 8, pp. 1790–1796, 2003.

[12] S. A. Müller-Lissner, M. A. Kamm, C. Scarpignato, and A.
Wald, “Myths and misconceptions about chronic constipation,”
American Journal of Gastroenterology, vol. 100, no. 1, pp. 232–
242, 2005.

[13] R. D. Lindeman, L. J. Romero, H. C. Liang, R. N. Baumgartner,
K. M. Koehler, and P. J. Garry, “Do elderly persons need to be
encouraged to drink more fluids?” Journals of Gerontology A,
vol. 55, no. 7, pp. M361–M365, 2000.

[14] S. Müller-Lissner, A. Rykx, R. Kerstens, and L. Vandeplassche,
“A double-blind, placebo-controlled study of prucalopride in
elderly patients with chronic constipation,” Neurogastroenterol-
ogy and Motility, vol. 22, no. 9, pp. 991–998, 2010.

[15] M. Bennett and H. Cresswell, “Factors influencing constipation
in advanced cancer patients: a prospective study of opioid dose,
dantron dose and physical functioning,”PalliativeMedicine, vol.
17, no. 5, pp. 418–422, 2003.

[16] W.-Y. Jiang, “Therapeutic wisdom in traditional Chinese
medicine: a perspective from modern science,” Trends in Phar-
macological Sciences, vol. 26, no. 11, pp. 558–563, 2005.

[17] A. Bensoussan, N. J. Talley, M. Hing, R. Menzies, A. Guo, and
M. Ngu, “Treatment of irritable bowel syndrome with Chinese
herbal medicine: a randomized controlled trial,” Journal of the
American Medical Association, vol. 280, no. 18, pp. 1585–1589,
1998.

[18] L.-W. Lin, Y.-T. Fu, T. Dunning et al., “Efficacy of traditional
Chinese medicine for the management of constipation: a
systematic review,” Journal of Alternative and Complementary
Medicine, vol. 15, no. 12, pp. 1335–1346, 2009.

[19] G. A. Moody, J. A. Eaden, P. Bhakta, K. Sher, and J. F. Mayberry,
“The role of complementary medicine in European and Asian
patients with inflammatory bowel disease,” Public Health, vol.
112, no. 4, pp. 269–271, 1998.

[20] D. A. Douglas, ROME III—the Functional Gastrointestinal
Disorder, Degnon Associates, Inc., 2006.

[21] Ministry of Health of the People’s Republic of China, “The clin-
ical research guiding principles of new drug of the traditional
Chinese medicine,” p. 41, 1993.

[22] A. E. Bharucha, A. Wald, P. Enck, and S. Rao, “Functional
anorectal disorders,” Gastroenterology, vol. 130, no. 5, pp. 1510–
1518, 2006.

[23] Y. Feng, Z. Wu, X. Zhou, Z. Zhou, and W. Fan, “Knowledge
discovery in traditional Chinese medicine: state of the art and
perspectives,” Artificial Intelligence in Medicine, vol. 38, no. 3,
pp. 219–236, 2006.

[24] M. S. Lee, T.-Y. Choi, J.-E. Park, and E. Ernst, “Effects of
moxibustion for constipation treatment: a systematic review of
randomized controlled trials,” Chinese Medicine, vol. 5, article
28, 2010.

[25] G. Maciocia, The Foundations of Chinese Medicine: A Com-
prehensive Text for Acupuncturists and Herbalists, Elsevier
Churchill Livingstone, 2005.

[26] V. Ricca, G. Castellini, E. Mannucci et al., “Comparison of
individual and group cognitive behavioral therapy for binge
eating disorder. A randomized, three-year follow-up study,”
Appetite, vol. 55, no. 3, pp. 656–665, 2010.

[27] S. S. C. Rao, “Constipation: evaluation and treatment of colonic
and anorectal motility disorders,” Gastroenterology Clinics of
North America, vol. 36, no. 3, pp. 687–711, 2007.

[28] Y. Zou, X. Zheng, and S. Dai, “Effect of Zhi Zhu decoction on
substance P and vasoactive intestine peptide expression in the
colon of spleen-deficiency constipation mice,” Journal of New
Chinese Medicine, vol. 43, no. 1, p. 128, 2011.

[29] D. Wingate, M. Hongo, J. Kellow, G. Lindberg, and A. Smout,
“Disorders of gastrointestinal motility: towards a new classifi-
cation,” Journal of Gastroenterology and Hepatology, vol. 17, no.
1, pp. S1–S14, 2002.

[30] A. E. Bharucha, J. G. Fletcher, B. Seide, S. J. Riederer, and A.
R. Zinsmeister, “Phenotypic variation in functional disorders of
defecation,”Gastroenterology, vol. 128, no. 5, pp. 1199–1210, 2005.

[31] J. Wang, M.-H. Luo, Q.-H. Qi, and Z.-L. Dong, “Prospective
study of biofeedback retraining in patients with chronic idio-
pathic functional constipation,”World Journal of Gastroenterol-
ogy, vol. 9, no. 9, pp. 2109–2113, 2003.

[32] S. S. C. Rao, “Constipation: evaluation and treatment of colonic
and anorectal motility disorders,” Gastrointestinal Endoscopy
Clinics of North America, vol. 19, no. 1, pp. 117–139, 2009.



Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 198282, 12 pages
http://dx.doi.org/10.1155/2013/198282

Research Article
Moxibustion Inhibits the ERK Signaling Pathway and Intestinal
Fibrosis in Rats with Crohn’s Disease

Xiaomei Wang,1 Yuan Lu,2 Luyi Wu,2 Chen Zhao,1 Chunbin Song,2

Shuguang Yu,3 Baixiao Zhao,4 Tianping Zhao,2 Huirong Liu,2 Chuanzi Dou,2

Yingying Zhang,2 and Huangan Wu1,2

1 Yueyang Hospital of Integrated Traditional Chinese and Western Medicine, Shanghai University of Traditional Chinese Medicine,
Shanghai 200437, China

2 Key Laboratory of Acupuncture-Moxibustion and Immunological Effects, Shanghai University of Traditional Chinese Medicine,
Shanghai 200030, China

3 Laboratory of Experimental Acupuncture of College of Acumox and Tuina, Chengdu University of Traditional Chinese Medicine,
Chengdu 610075, China

4 School of Acupuncture-Moxibustion and Tuina, Beijing University of Chinese Medicine, Beijing 100029, China

Correspondence should be addressed to Huangan Wu; wuhuangan@126.com

Received 27 May 2013; Accepted 2 July 2013

Academic Editor: Yong-Qing Yang

Copyright © 2013 Xiaomei Wang 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.

Intestinal fibrosis is the main pathological process in Crohn’s disease (CD); acupuncture andmoxibustion can inhibit the process of
fibrosis in CD rats, but the regulatory mechanism remains unknown. The present study observed the effect of moxibustion on the
extracellular signal-regulated kinase (ERK) signaling pathway in the CD rat. The result shows that the phosphorylation of the Ras,
Raf-1,MEK-1, and ERK-1/2 proteins and the expression of the correspondingmRNAs in the colon tissue of CD rat were significantly
higher than the normal control group. Both treatments with mild moxibustion and with herb-separated moxibustion significantly
reduced the expression of the Ras, Raf-1, MEK-1, and ERK-1/2 proteins and Ras and Raf-1 mRNA. MEK-1 and ERK-1/2 mRNA
expression in each treatment group showed a downward trend, and the ERK-1/2 mRNA levels were significantly lower in the mild
moxibustion group. It indicates that Ras, Raf-1, MEK-1, and ERK-1/2 are involved in the process of intestinal fibrosis in CD rats.
Moxibustion can downregulate the abnormal expression of colonic Ras, Raf-1, MEK-1, and ERK-1/2 protein and mRNA levels in
CD intestinal fibrosis in rats. Moxibustion may play a role in the treatment of CD intestinal fibrosis by regulating ERK signaling
pathway.

1. Introduction

Crohn’s disease (CD) is an agnogenic, chronic, and nonspe-
cific granulomatous inflammatory disease of the intestine
[1]. The histological features of CD are characterized by
transmural inflammation, lymphangiectasia, and lymphatic
and fibrous tissue hyperplasia. CD is more common in
Europe and the USA than in other countries. The annual
incidence in Europe and theUSA is 5–10 per 100,000 persons,
and the prevalence is 50–100 per 100,000 persons [2]. The
incidence of CD in Asia is lower than in Western countries,
although the incidence in China has noticeably increased in
recent years [3, 4].

Under the pathological conditions of the chronic and
recurring inflammation of CD, collagen decomposition is
limited, and the continuously increasing deposition of col-
lagen fibers results in excessive scar tissue, which promotes
the hardening of the intestinal wall and luminal stenosis.
Therefore, local intestinal function is impaired [5]. The
results of impaired intestinal function range from the loss of
intestinal wall compliance, severe abdominal pain, anorexia,
and diarrhea to priming fistula formation and even increasing
the possibility of malignant transformation, in which disease
duration is persistent and refractory [6]. Studies have shown
[7, 8] that early mild intestinal fibrosis can be reversed,
which has great significance for slowing disease. At present,
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the basis of therapy for CD intestinal fibrosis is long-term
anti-inflammatory treatment. However, although they may
reduce inflammation, anti-inflammatory treatments do not
reduce fibrous stenosis. Therefore, an understanding of the
pathogenesis of CD intestinal fibrosis and the discovery of
effective prophylactic measures with fewer side effects are
urgently needed in this field.

Intestinal fibrosis is a complicated pathological process in
whichmany cell types, cytokines, and signaling pathways par-
ticipate, including the extracellular signal-regulated kinase
(ERK) signaling pathway, which has become a popular topic
of current study. ERK, including ERK1 and ERK2, is one
of the mitogen-activated protein kinase (MAPK) signaling
pathways.The ERK1/2-MAPK signaling pathway is a cascade
that is related to the pathological fibrosis of multiple diseases
[9]. An activated Ras-Raf-MEK-ERK pathway promotes
fibrosis and plays an important role inTGF-𝛽-mediated type I
collagen expression, extracellular matrix (ECM) production,
and myofibroblast formation [10, 11].

Preliminary studies have shown that medicine-separated
moxibustion can significantly inhibit the process of fibrosis
in CD rats [12, 13], but the regulatory mechanism underlying
this process remains to be further explored. In this study, a
CD intestinal fibrosis rat model was prepared by the Morris
method [14]. EnVision immunohistochemistry and qPCR
were used to measure the levels of Ras, Raf, MEK, and ERK
proteins and mRNA expression in colon tissues to explore
the key signaling molecules involved in the regulation of CD
intestinal fibrosis in rats and reveal the mechanisms underly-
ing the effects of moxibustion on CD intestinal fibrosis.

2. Materials and Methods

2.1. Experimental Animals. A total of 60 male Sprague-
Dawley (SD) rats with a body weight of 180 ± 20 g were
provided by the Experimental Animal Center at the Shanghai
University of Traditional Chinese Medicine. All of the rats
were kept for one week at room temperature after receipt.The
rats that behaved normally with respect to feeding, drinking,
and other behaviors were included in the experiment. This
study received permission from the Ethics Committee in
Yueyang Hospital, which is affiliated with Shanghai Univer-
sity of Traditional Chinese Medicine, China. All protocols
were performed in strict accordance with the Guidance
Suggestions for the Care and Use of Laboratory Animals,
formulated by the Ministry of Science and Technology of the
People’s Republic of China [15].

2.2. Grouping and Model Establishment. A total of 60 SD rats
were randomly divided into a normal group of 12 rats and
a model group of 48 rats. A 2,4,6-trinitrobenzene sulfonic
acid (TNBS) (Sigma Co., St. Louis, USA) enema of 5% TNBS
and 50% ethanol was prepared at a 2 : 1 ratio. The rats in each
group were fasted but not deprived of water for 48 h.The rats
in the model group were anesthetized by the intraperitoneal
injection of 2% sodium pentobarbital (China Langchem Inc.,
Shanghai, China) at a dose of 20mg/kg and were vertically
inverted to introduce 100mg/kg TNBS by rectal infusion
once per 7 days for a total of four treatments, whereas the

normal group was not treated. To validate the model, the
distal colons from one rat in the normal group and two rats
in the model group were examined by visual observation and
H&E staining. After the success of the model was confirmed,
the 44 rats were randomly assigned to a model group, a mild
moxibustion group, a herb-separatedmoxibustion group, and
an EA group, with 11 rats per group. Two rats died during the
modeling process, and one rat from themodel group and one
rat from the mild moxibustion group died during the course
of treatment.

2.3. Treatment

NC Group. No treatment.

MC Group. TNBS enema only, no treatment.

MM Group. A TNBS enema was administered, and the
ST25 (bilateral) and RN6 acupuncture points were located. A
moxa stick (Nanyang Hanyi Moxa Co., Ltd. China) 5mm in
diameter was lit and placed at points at a distance of 1-2 cm
from the ST25 and RN6 acupuncture points. Moxibustion
was performed for 10min per point per treatment, once a day
for a total of seven treatments.

HSP Group. A TNBS enema was administered, and the
ST25 (bilateral) and RN6 acupuncture points were located.
Aconite, cinnamon, salvia, and other drugs were milled into
a powder andmixed with rice wine to form a paste.The paste
was then pressed into amedicinal cake, 5mm in diameter and
3mm in thickness. A moxa cone was formed from 90mg of
refined moxa. Two moxa cones were used for moxibustion
for each point per day, and a total of seven moxibustion
treatments were performed for 7 days.

EA Group. A TNBS enema was administered, and the ST25
(bilateral) and RN6 acupuncture points were located. Nee-
dles (Suzhou Huatuo Co., Ltd. Suzhou, China) 0.25mm in
diameter and 25mm in length were inserted to a depth of 3-
4mm and connected to an LD202HHan electroacupuncture
apparatus (Beijing Huawei Co., Ltd. Beijing, China). The
RN6 and bilateral ST25 acupuncture points were stimulated
alternately by a continuouswave of 0.3ms pulsewidth, 100Hz
frequency, and 1mA current once a day for 10min, with
continuous treatment for 7 days.

2.4. Specimen Collection. Following treatment, the rats were
fasted for 24 hwith access towater andwere then anesthetized
by intraperitoneal injection of 2% sodium pentobarbital at a
dose of 50mg/kg. The anesthetized rats were then surgically
sectioned to remove approximately 6 cm of the distal colon.
Themesenteriumwas then cut longitudinally and rinsedwith
4∘C saline. The mucosal injury was visually examined and
evaluated using a gross injury score [16, 17]. Two pieces of
tissue with obvious lesions were removed, of which one was
transferred to liquid nitrogen until testing, and the other was
fixed in a 10% neutral formaldehyde solution.

2.5. Detection of Collagen Fibers in the Rat Colon. Masson
trichrome staining was used to detect collagen fibers in
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Table 1: The sequence of the forward primer and reverse primer used for fluorescent quantitative PCR assays.

Name Primer sense Sequence (5→3) Amplification product (bp)

GAPDH Forward 5-CCGAGGGCCCACTAAAGG-3 116 bp
Reverse 5-GCTGTTGAAGTCACAGGAGACAA-3

Ras Forward 5-TGGTGGGCAACAAGTGTGAC-3 181 bp
Reverse 5-GGGTTCAGTTTCCGCAGTTTATG-3

Raf-1 Forward 5-CAGGAGCACAAAGGTAAGAAAGC-3 201 bp
Reverse 5-GCCACAAGTCTGACATCGAAATC-3

MEK-1 Forward 5-AATATGTCAGGTTCAAGGAAAGGAC-3 169 bp
Reverse 5-AGGTAAGGACGAAGCCACAAG-3

ERK-1/2 Forward 5-TATATACATTCAGCTAATGTTCTGC-3 169 bp
Reverse 5-TCTACCTGCAGCTGGAACCTCTC-3

the rat colon. Green staining was interpreted as collagen,
mucus, and cartilage; red staining denotes muscle and nerve
fibers; and black indicates nuclei.

2.6. EnVision Plus Immunohistochemical Detection of Ras,
Raf, MEK, and ERK-1/2 in Colonic Tissue. Fixed tissues were
conventionally deparaffinized in water and washed three
times for 3min in 0.01M PBS, pH 7.4. The tissue samples
were heated and allowed to equilibrate to room temperature
for 20min and then washed three times in PBS for 3min. To
inhibit endogenous peroxidase, the samples were treatedwith
0.3% H

2
O
2
at room temperature for 20min and then rinsed

three times with PBS for 3min. The tissue samples were
incubated in 20%normal goat serum at room temperature for
30min and then with one drop of the appropriately diluted
primary antibody (Santa Cruz Bio Inc., Santa Cruz, USA) at
4∘C for 18 h. The tissues were washed three times with PBS
for 3min, mixed with one drop of Envision reagent (HRP-
M), and incubated in a humidified chamber for 30min at
37∘C. After washing three times with PBS for 3min, the assay
was developed in 0.04% DAB and 0.3% H

2
O
2
for 8–12min,

then washed in water, stained with hematoxylin for 1min,
and bathed in hot water for 3 sec to allow the blue color to
develop. Finally, the tissue sections were dried and mounted
with a neutral resin. All the samples were analyzed by aMotic
Med 6.0 image analysis system (MoticGroupCo., Ltd.).Three
fields were randomly selected, the positive target value of
the integral optical density was calculated under an optical
microscope (Olympus Co., Ltd.) at 200x magnification.

2.7. qPCR Detection of Ras, Raf, MEK, and ERK-1/2 mRNA
Levels in Colonic Tissues. The total RNA was extracted from
colon tissue samples. The cDNA was synthesized by reverse
transcription (RT) according to the qPCR kit (Shanghai
Daweike Bio Inc., Shanghai, China) instructions and ampli-
fied by PCR according to the kit instructions (Table 1). The
following cycling conditions were used: RT at 37∘C for 1 h,
95∘C for 5min to inactivate the MMLV RT enzyme, 50∘C for
2min, 95∘C for 5min, and 40 cycles of 95∘C for 15 sec and
60∘C for 45 sec.

2.8. Statistical Analysis. SPSS 18.0 statistical software (SPSS
Inc., Chicago, USA) was used for statistical analysis. The

0
1
2
3
4
5
6
7
8

NC MC MM EA HSP

G
ro

ss
 in

ju
ry

 sc
or

es

#

#
# #

∗

Figure 1: The gross injury scores of the colon tissue in each
rat group. NC: normal control group, MC: model control group,
MM: mild moxibustion, EA: electroacupuncture, and HSM: herb-
separated moxibustion. ∗𝑃 < 0.01 versus NC; #𝑃 < 0.01 versus MC.

measurement data are presented as the mean ± SD. For
normally distributed data, one-way analysis of variance
(ANOVA) was applied. The least significant difference
method (LSD) was used for the homogeneity of variance, and
Games-Howell was used to compare the differences between
groups for the heterogeneity of variance; A value of 𝑃 < 0.05
was considered statistically significant. The nonparametric
Mann-Whitney U-test was used for abnormal distributions.

3. Results

3.1. Gross Injury in the Colon Tissue of Rat. When the colonic
tissues were observed by visual inspection, the rats in the
normal group exhibited a uniformity of colon bowel and
intestinal wall, a smooth colonic mucosa surface, clear vascu-
lar texture, no bleeder, and no erosion or ulcers. The model
group exhibited partial intestinal canal stenosis or intestinal
wall thicken and harden, fuzzy vascular texture, edematous
colonic mucosa, serious congestion, erosion, and different
size, shape, and depth ulcer formation. After treatments,
there were lacked smooth colonicmucosa surface, edematous
colonic mucosa and erosion in both MM and EA group,
and lacked smooth colonic mucosa surface with no obvious
erosion and ulcer in HPM group.

As shown in Figure 1, the gross injury score of the colonic
tissue in the NC group was significantly higher than the MC
group (𝑃 < 0.01). After treatment, the scores were lower in
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Figure 2: Expression of collagen fibers in the colon tissue of rat. Masson trichrome staining method, ×100. (a) Normal; (b) Crohn’s disease;
(c) mild moxibustion; (d) electroacupuncture; (e) herb-separated moxibustion.

both the HPM group, MM group, and the EA group (𝑃 <
0.01). It suggests that these treatments are able to improve the
tissue damage of CD.

3.2. Expression of Collagen Fibers in the Colon Tissue of Rat.
As shown in Figure 2, Masson trichrome staining revealed
that in the MC group, a large number of collagen fibers were
present in the mucosa, muscularis mucosa, submucosa, and
muscularis of the rat colon, with a disordered arrangement.
In the MM group and the HSM group, there were small
numbers of collagen fibers in the colonic lamina propria and
submucosa at the original ulcer-healing location, which was
less severe compared with that of the model group. In the EA
group, there were a small number of collagen fibers in the

mucosa, submucosa, muscularis, and serosa of the rat colon,
and the effect was less severe than in the MC group.

3.3. Ras Expression in the Colonic Mucosa of Rat. As shown
in Figures 3 and 4, the phosphorylation of Ras protein in
the rat colon was significantly higher in the MC group than
in the NC group (𝑃 < 0.01). Ras protein expression was
significantly reduced (𝑃 < 0.01) to normal levels after acu-
puncture treatment.

Figure 5 indicates that Ras mRNA expression in the MC
group was higher than that in the NC group (𝑃 < 0.01) and
that HSM effectively reduced the Ras mRNA levels in the rat
colon (𝑃 < 0.05), whereas there was no significant difference
between the EA group and the NC group.
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Figure 3:The integral optical density (IOD) of Ras phosphorylation in each rat group. NC: normal control group, MC: model control group,
MM: mild moxibustion, EA: electroacupuncture, and HSM: herb-separated moxibustion. ∗𝑃 < 0.01 versus NC; #𝑃 < 0.01 versus MC.

(a) (b)

(c) (d)

(e)

Figure 4: Expression of phosphorylated Ras protein in the colonic mucosa of rat. The phosphorylation of Ras protein was expressed
in epithelial cells and lymphocyte in the colonic mucosa of rats. EnVision Plus method, ×200. (a) Normal; (b) Crohn’s disease; (c) mild
moxibustion; (d) electroacupuncture; (e) herb-separated moxibustion.
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Figure 5: The Ras mRNA levels in the rat colon. NC: normal
control group, MC: model control group, MM: mild moxibustion,
EA: electroacupuncture, and HSM: herb-separated moxibustion.
∗
𝑃 < 0.01 versus NC; ##𝑃 < 0.05 versus MC.
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Figure 6: The IOD of Raf-1 protein expression in rat colon.
NC: normal control group, MC: model control group, MM: mild
moxibustion, EA: electroacupuncture, and HSM: herb-separated
moxibustion. ∗𝑃 < 0.01 versus NC; ##𝑃 < 0.05, #𝑃 < 0.01 versus
MC; 𝑃 < 0.05, 𝑃 < 0.01 versus EA.

3.4. The Raf-1 Expression in the Colonic Mucosa of Rat. As
shown in Figures 6 and 7, the Raf-1 protein expression in
the colonic tissue of the MC group was significantly higher
than in the NC group (𝑃 < 0.01) and that the Raf-1 protein
expression in the colon was reduced to varying degrees after
acupuncture treatment (𝑃 < 0.05 or 𝑃 < 0.05).

The results in Figure 8 show that the Raf-1 mRNA
levels in the MC group were significantly higher than in the
NC group (𝑃 < 0.01) and that MM and HSM treatments
significantly reduced rat colon Raf-1 mRNA levels (𝑃 < 0.05),
whereas EA treatment did not significantly affect rat colon
Raf-1 mRNA levels.

3.5. The MEK-1 Expression in the Colonic Mucosa of Rat. As
shown in Figures 9 and 10, the MEK-1 protein expression in
the colonic tissue of the MC group was significantly higher
than in NC rats (𝑃 < 0.01), and MEK-1 protein expression
was significantly reduced in each group after acupuncture
treatment (𝑃 < 0.01), although the levels were still higher
than normal levels (𝑃 < 0.01).

The results in Figure 11 show that theMEK-1mRNA levels
in the model group were significantly higher than those in
the NC group (𝑃 < 0.01) and that MM, HSM, and EA
treatment reduced MEK-1 mRNA levels, although there was

no statistically significant difference between the treatment
and no treatment groups or among the treatment groups.

3.6. The ERK-1/2 Expression in the Colonic Mucosa of Rat. As
shown in Figures 12 and 13, the phosphorylation of ERK-1/2
significantly increased in the MC group compared with the
NC group (𝑃 < 0.01) and that the levels of phosphorylated
ERK-1/2 proteins were significantly reduced after the MM
and HSM treatments (𝑃 < 0.01).

The results in Figure 14 show that the ERK-1/2 mRNA
expression in the MC group was significantly higher than
that in the NC group (𝑃 < 0.01) and that ERK-1/2 mRNA
expression was significantly lower in the MM group after
acupuncture treatment compared with the MC group (𝑃 <
0.05).

4. Discussion

Extracellular signal-regulated kinase (ERK), a member of
the mitogen-activated protein kinase (MAPK) family, plays
an important biological role in transmitting signals from
surface receptors to the nucleus. The ERK1/2 pathway is the
most thoroughly researched pathway in the ERK family and
plays a role in a wide range of cellular functions, includ-
ing regulating meiosis, mitosis, and anaphase processes in
different cells. A variety of stimulating factors, such as growth
factors, cytokines, viruses, G protein-coupled receptor lig-
ands, and oncogenes, can activate the ERK1/2 pathway [18].
The ERK signaling pathway is a Ras-Raf-MEK-ERK path-
way. Phosphorylation-activated ERK1/2 translocates from
the cytoplasm to the nucleus and thereby mediates the
transcriptional activation of Elk-1, ATF, NF-𝜅B, AP-1, and c-
fos, which in turn regulate cell proliferation and differentia-
tion, the maintenance of cell shape, the construction of the
cytoskeleton, apoptosis, and the malignant transformation of
cells, among other biological functions.

One of the features of CD is the transformation of smooth
muscle cells into fibroblasts and/or myofibroblasts [8]. This
abundance of fibroblasts and myofibroblasts increases the
expression of type I collagen mRNA and produces collagen
tissue within the muscle [19]. There are a large number of
fibroblast cells and type I, III, IV, and V collagen transcripts
in the small intestines of CD patients [20], which produce
more ECM, including collagen, elastin, and glycoproteins
that are deposited intramurally to produce a thickening of the
intestinal wall [10]. Based on a large number of experimental
reports, the ERK-1/2 signaling pathway appears to participate
in myofibroblast proliferation, differentiation, and collagen
production [10, 11, 21–25], extracellular matrix synthesis [26,
27], smooth muscle cell proliferation and apoptosis [28],
and the migration of vascular smooth muscle cells [29].
Inhibiting the expression and activity of ERK can inhibit the
proliferation of vascular smooth muscle cells [30] to reduce
the accumulation of ECM [31]. Therefore, it is inferred that
the ERK-1/2 signaling pathway may induce the activation
and proliferation of CD intestinal myofibroblasts and their
transformation intomuscle fiber cells. Additionally, the ERK-
1/2 signaling pathway may regulate the proliferation and
apoptosis of smooth muscle cells.
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Figure 7: Expression of Raf-1 protein in the colonic mucosa of rat. The Raf-1 protein was expressed in epithelial cells in the colonic mucosa
of rats. EnVision Plus method, ×200. (a) Normal; (b) Crohn’s disease; (c) mild moxibustion; (d) electroacupuncture; and (e) herb-separated
moxibustion.
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Figure 8: The Raf-1 mRNA levels in the rat colon. NC: normal
control group, MC: model control group, MM: mild moxibustion,
EA: electroacupuncture, and HSM: herb-separated moxibustion.
∗
𝑃 < 0.01 versus NC; ##𝑃 < 0.05 versus MC.
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Figure 9: The IOD of MEK-1 protein expression in the rat colon.
NC: normal control group, MC: model control group, MM: mild
moxibustion, EA: electroacupuncture, and HSM: herb-separated
moxibustion. ∗𝑃 < 0.01 versus NC; #𝑃 < 0.01 versus MC.
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Figure 10: Expression of MEK-1 protein in the colonic mucosa of rat. The MEK-1 protein was expressed in epithelial cells in the colonic
mucosa of rats. EnVision Plus method, ×200. (a) Normal; (b) Crohn’s disease; (c) mild moxibustion; (d) electroacupuncture; and (e) herb-
separated moxibustion.

As an upstream protein in the Raf-MEK-ERK pathway,
Ras is the product of the proto-oncogene c-ras. A variety of
stimulating factors, particularly growth factors (e.g., PDGF,
EGF, TNF, and PKC activators as well as Src family members)
can activate Ras, which further activates Raf-1. Activated
Raf-1 then activates MEK and ERK downstream [32, 33] to
initiate the MAPK pathway. Raf-1 protein kinase is widely
expressed in various types of cells [34]. Ras and Raf-1 often
exist in the form of complexes. Ras, the upstream activator
protein, can translocate Raf from the cytoplasm to the
plasma membrane, where the latter is activated. However,
the mechanism by which Raf is activated remains unclear,
although it may include phosphorylation [35]. All that is
known is that Raf activation is related to its phosphorylation

on Ser/Thr residues [33]. Recent studies have shown that
Raf-1 protein kinase may be a point of crosstalk with other
signaling pathways. This protein may participate in a variety
of biological processes in signal transduction, including its
own regulation, by interactingwith other signalingmolecules
or via reciprocal regulation.

The MAPK kinases include MEK1 (MKK1) and MEK2
(MKK2).MEK1 andMEK2 are the central links in theMAPK
pathway. The activated upstream Raf-1 protein kinase can
combine with MEK1 and 2 and doubly phosphorylate Tyr
and Thr, its two regulatory sites, to activate ERK [36]. MEKs
are not only ERK activators but may also relocalize the
activated ERKs to the nucleus or other active sites to further
phosphorylate downstream substrates [37].
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Figure 11: The MEK-1 mRNA levels in the rat colon. NC: normal
control group, MC: model control group, MM: mild moxibustion,
EA: electroacupuncture, and HSM: herb-separated moxibustion.
∗
𝑃 < 0.01 versus NC.
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Figure 12: The IOD of phosphorylated ERK-1/2 levels in the
rat colon. NC: normal control group, MC: model control group,
MM: mild moxibustion, EA: electroacupuncture, and HSM: herb-
separated moxibustion. ∗𝑃 < 0.01 versus NC; ##𝑃 < 0.05, #𝑃 < 0.01
versus MC.

The upstream kinase MEK1 is a dual-specificity enzyme.
ActivatedMEK1 can phosphorylate ERK1 and ERK2.There is
evidence that the Tyr residues of ERK1 and 2 are phosphory-
lated before the Thr residues, both intracellularly and extra-
cellularly [38]. ERK translocates into the nucleus by forming
a homodimer of phosphorylated ERK and phosphorylated
or unphosphorylated ERK [39]. ERK is evenly distributed
in quiescent cells, but when the cells are stimulated by
serum, persistently activated ERK can partially translocate
into the nucleus, whereas transiently activated ERK cannot
relocalize. Activated ERKs accumulate in the nucleus and
then phosphorylate the corresponding transcription factors,
which drive expression of specific gene products. Because
of the difference in nuclear localization, transiently activated
(or low-activity) ERK and persistently activated (or high-
activity) ERK cause cells to express genes at a different quality
or quantity, resulting in different biological effects [40–43].

The ERK1-ERK2-MAPK pathway incorporates a mech-
anism for inactivation after activation, which can prevent
excessive activation-induced adverse consequences. At the
same time, the inactivated kinase is prepared for the next
activation. The mechanisms of inhibition of this pathway
include the following: (1) the activation of ERK1/2-MAPK is

the result of the phosphorylation cascade and can be inac-
tivated by dephosphorylation by the corresponding phos-
phatases; (2) Raf-1 is the direct substrate of PKA, which can
phosphorylate Ser43 of c-Raf, an inhibitory phosphorylation
site in the N-terminus of Raf that interacts with Ras, and
the phosphorylation of this site can inhibit the binding
between RasGTP and the N-terminus of Raf, which blocks
the activation of ERK; (3) the phosphatase PP2 can inactivate
MEK and ERK via dephosphorylation; (4) activated ERK
phosphorylates Sos and Raf while ERK dephosphorylation
inactivates them, thereby generates negative feedback regula-
tion of the pathway.Therefore, the study of themechanism by
which acupuncture regulates the expression of ERKupstream
receptors, the phosphorylation of ERK cascade members, the
targets of downstream signal transduction, and the potential
impact of other signaling pathways on this pathway is neces-
sary to confirm acupuncture as an antifibrotic treatment.

Our experiments studied the regulation of Ras, Raf,MEK,
and ERK protein and gene expression by acupuncture in
CD intestinal fibrosis in the rat colon. Our results show
that the mRNA levels of Ras, Raf-1, MEK-1, and ERK-
1/2 were significantly increased in CD rat intestinal tissue
and that the expression of p-Ras, Raf-1, MEK-1, and p-
ERK-1/2 proteins in intestinal epithelial cells were also sig-
nificantly increased. These results suggest that the activity
of the ERK pathway in CD intestinal fibrosis process was
altered. Medicine-separated moxibustion mild moxibustion,
and electroacupuncture treatments could effectively down-
regulate the expression of p-Ras, Raf-1, MEK-1, and p-ERK-
1/2, but different inhibitory effects on Ras, Raf-1, MEK-1,
and ERK-1/2 mRNA levels were shown in ERK pathway
activity changes. In this discussion, we propose the following:
(1) medicine-separated moxibustion, mild moxibustion, and
electroacupuncture can inhibit CD intestinal fibrosis by
regulating ERK pathway activity; and (2) the acupuncture-
induced inhibition of p-Ras, Raf-1, MEK-1, and p-ERK-
1/2 expression may be the key elements in the treatment’s
inhibition of CD intestinal fibrosis. At present, most reports
regarding the role of acupuncture in the regulation of the
ERK signaling pathway have focused on EA, such as EA
model rats. After EA on the Dazhui (DU14) and Baihui
(DU20) acupuncture points, the number of ERK-positive
striatal cells increased significantly in the cerebral cortex, and
ERK protein expression was increased in rats with damaged
neurons after cerebral ischemia and reperfusion; therefore,
EA can increase ERK pathway activity [44, 45]. After the EA
treatment of gastric mucosa-injured rats, the phosphoryla-
tion levels of ERK in gastric mucosal cells from extracted
serum were significantly increased and were significantly
different between the serum of the normal rats and that of
the model rats. These observations suggest that ERK may
be involved in signal transduction in the EA stimulation at
acupoints of stomach meridian of foot yangming, repairing
gastric mucosal injury [46], and that EA had an analgesic
effect by downregulating p-ERK expression levels in the
dorsal horn of the spinal cord of rats with adjuvant arthritis
[47]. The previous reports have demonstrated that EA can
regulate the ERK signal transduction pathway. The results of
our experiments show that medicine-separated moxibustion
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Figure 13: Expression of phosphorylated ERK-1/2 protein in the colonicmucosa of rat.The phosphorylation of ERK-1/2 proteinwas expressed
in epithelial cells and lymphocyte in the colonic mucosa of rats. EnVision Plus method, ×200. (a) Normal; (b) Crohn’s disease; (c) mild
moxibustion; (d) electroacupuncture; and (e) herb-separated moxibustion.
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Figure 14: The ERK-1/2 mRNA levels in the rat colon. NC: normal
control group, MC: model control group, MM: mild moxibustion,
EA: electroacupuncture, and HSM: herb-separated moxibustion.
∗
𝑃 < 0.01 versus NC; ##𝑃 < 0.05 versus MC.

andmildmoxibustion can also regulate the ERK signal trans-
duction pathway and inhibit Ras and Raf-1 better than EA.
The functional mechanisms underlying these observations
need to be explored further.

Abbreviations

CD: Crohn’s disease
NC: Normal control group
MC: Model control group
EA: Electroacupuncture
MM: Mild moxibustion
HSM: Herb-separated moxibustion
ST25: Tianshu acupoint
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RN6: Qihai acupoint
ERK: Extracellular signal-regulated kinase
MAPK: Mitogen-activated protein kinase
TNBS: 2,4,6-Trinitrobenzene sulfonic acid.
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One of the most important theories of the traditional Chinese medicine is the exterior-interior relationship between the lung
and the large intestine; so far, little direct experimental evidence has been reported to support such relationship. Here we for the
first time investigated the mutual interactions between the lung and the large intestine by examining the relevancies between the
pulmonary functions and the rectal resting pressure in the rat models of asthma and constipation. We also evaluated the effects
of the lung homogenate and the large intestine homogenate on the isolated large intestine muscle strip and the isolated tracheal
spiral, respectively. Our results showed that the pulmonary resistance and pulmonary compliance were closely related to the rectal
resting pressure in the asthmatic rat model, while the rectal resting pressure was much correlated with the pulmonary resistance
in the rat model of constipation. Moreover, it was shown that the lung homogenate could specifically contract the isolated large
intestine muscle strip. Overall, this study provided new lines of evidence for the theory and highlighted the potential application
in the treatment of the corresponding diseases.

1. Introduction

The theory of the “exterior-interior relationship between
the lung and the large intestine” originates from the Yellow
Emperor’s Classic of Internal Medicine (Huang Di Nei Jing),
which is one of the most important governing principles of
traditional Chinese medicine in the clinical application [1].
According to the theory, the lung meridian communicates
with the large intestine meridian, which creates an exterior-
interior relationship and influences each other specifically
[2].The lung diseases affect the condition of the large intestine
except for the symptoms of nose and throat, while the distur-
bances of the large intestine could cause the pulmonary and
bronchial dysfunctions. The lung is the essential respiration
organ while the large intestine absorbs water and passes
the wastes out of the body; obviously the two organs are
anatomically separated; however, there are several aspects of
evidence for the special relationship between the lung and the
large intestine in both physiology and pathology.

The possibility of the mutual interaction between the
lung and the large intestine was demonstrated by the same
origin, the interactive pathophysiologic relationship, and the
common effectors molecules. From the developmental point
of view, the foregut was the commondevelopmental structure
of the lung and the large intestine, which suggested that there
were similar regulations in the critical biological processes,
such as the cellular apoptosis, mutations, communication,
proliferation, anddifferentiation [3, 4]. Besides, the structures
of bronchus and intestine were both characterized by the
columnar epithelia with goblet cells and submucosal glands,
which provided a basis for the development of inflammatory
changes in both bronchus or bowel diseases under the same
circumstance [5].

In the normal condition, the lung maintains the move-
ment and gas emission of the large intestine by respira-
tory movement, while the large intestine assisted the lung
to conduct proper breathing function [6]. In pathological
conditions, the disorders of the lung and the large intestines
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can affect each other. The epidemiological survey showed
that lung and large intestine cancers were closely associated
with the industrialization and the related factors [7]. Large
intestine carcinoma is usually accompanied by cough and
shortness of breath because of endo-bronchial metastases
[8]. Alveolar leakage and airway inflammation were found
during intestinal ischemia by using laser confocalmicroscope
[9]. Similarly, the intestinal permeability was increased in
children with asthma [10]. It is reported that 28.5% of
patients with inflammatory bowel diseases had abnormal
pulmonary function tests, and 22% of patients had small
airway obstruction or bronchiectasis via high-resolution CT
screening [11]. The gut-derived factors contributed to burn-
induced lung injury and were related to subsequent respi-
ratory failure [12]. In multiple organ dysfunction syndrome
(MODS), the digestive tract symptoms often appeared after
acute lung injury [13]. The activation of neutrophils in
blood released a large number of enzymes and cytokines
and caused inflammatory reaction in both lung and large
intestine [14], which suggested that active components in the
blood circulation and lymphokinesis may contribute to the
relationship between the two organs.

A serial of common effector molecules were found
in various pathophysiologic conditions in both lung and
intestine, such as pulmonary surfactants family, vasoactive
intestinal peptide, pulmonary thromboxaneA2, sIgA (soluble
immunoglobulin A), and cholecystokinin. The pulmonary
surfactants played a key role in the evolution of air breathing
[15]; however, intestinal surfactants had an earlier origin
which could perform a variety of functions after the secretion
of enterocyte [16, 17]. It is reported that the pulmonary surfac-
tant proteins A and Dwere expressed in both pulmonary and
gastrointestinal epitheliums [17], which extended the concept
of intestinal surfactant and underlined its close relationships
with pulmonary surfactant [18, 19]. It is recognized that
the onset of asthma and airway responsiveness were closely
associated with decrease of vasoactive intestinal peptide
(VIP), which influenced the endogenous oxidant/antioxidant
balance and the relaxation of the intestine [20]. Through
the release of pulmonary thromboxane A2 (TxA2), intesti-
nal reperfusion induced pulmonary vaso-constriction and
increased pulmonary microvascular permeability [21]. After
intestinal ischemia and reperfusion, the release of nitric oxide
(NO) from the pulmonary vascular endothelium and the
airway smoothmuscle contractionwere impaired, whichmay
contribute to the respiratory failure [22]. The trefoil factor
family domain peptides (TFF), responsible for the protection
and repair of the intestinal epithelium, were expressed much
higher in respiratory tract than in colon tissue and found to be
closely associatedwith lung function [23]. Pathogenic effector
Th17 cells were considered to be the common pathogenetic
basis in both intestinal and respiratory tracts [24].

The above-mentioned facts provided preliminary scien-
tific evidence for the close relationship between the two
organs; however, direct experimental proofs are still lack-
ing. Our study aims to investigate the mutual interactions
between the lung and the large intestine by examining the
relevancies between the pulmonary functions and the rectal
resting pressure in the ratmodels of asthma and constipation,

evaluate the effects of the lung homogenate and the large
intestine homogenate on the isolated large intestine muscle
strip and the isolated tracheal spiral, respectively, which could
provide not only solid experimental evidence for the special
relationship between lung and large intestine but also clues
for solving complex clinical problems.

2. Method

2.1. Animals. Male Sprague-Dawley (SD) rats (4 weeks old,
110–130 g, SLAC Laboratory Animal Co. Ltd., Shanghai,
China) were raised in a pathogen-free rodent facility and
provided with food and water ad libitum. Rats were kept
in animal facilities approved by the Shanghai Committee
for Accreditation of Laboratory Animal, and the animal
experiment conformed to the regulations of the State Science
and Technology Commission.

2.2. The Rat Model of Asthma. Rats were randomly divided
into two groups (𝑛 = 8 each): control and asthmatic
model groups. The protocol of SD rat model of asthma was
described as previously [25]. Briefly, rats were sensitized with
1mg ovalbumin (OVA) precipitated with 10mg of aluminum
hydroxide gel in 1mL normal saline with intraperitoneal
injection.The sensitized rats were challenged two weeks later
with 1mL/kg of 5%OVA innormal saline by injection into the
external jugular vein over 10 s. Control rats were sensitized
and challenged with normal saline instead of OVA.

2.3. The Rat Model of Constipation. Rats were randomly
divided into two groups (𝑛 = 8 each): control and constipa-
tion model groups. The protocol of rat model of constipation
was modified from Shan et al. [26]. Briefly, after fasting
for 24 h with free access to water, rats were treated with
compound diphenoxylate (10mg/kg body weight, once a day,
for four days) in 1mL normal saline through intragastric
administration, and the time of first defecation with the
charcoal meal was recorded. Number and weight of feces
were recorded 12 h after the administration. Control rats were
treated with normal saline instead of compound diphenoxy-
late.

2.4. Measurements of the Pulmonary Functions and the Rectal
Resting Pressure. When measuring the pulmonary function,
a rat under anesthesia was placed on a wood plate in the
supine position. A heater was controlled pneumotachograph
which connected to a differential pressure transducer (600D-
011, AutoTran, USA) was gently inserted into the trachea,
and the tidal flow was determined. To measure transpul-
monary pressure, a water-filled tube which coupled to a
pressure transducer (PT14MX, Jialong Teaching Equipment,
Shanghai) was inserted into the esophagus to the level of
the midthorax. The pneumotachograph tidal flow signal was
integrated with time to obtain tidal volume, which was
continuously recorded for 30min.Themeasurement of rectal
resting pressure was modified from Hancock [27]. The tube
(diameter = 2.5mm) with a balloon at the front end was
inserted slowly into anus for 3.5 cm, which connected with
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pressure transducer (PT14MX, Jialong Teaching Equipment,
Shanghai). Twenty min after the tube insertion, rectal resting
pressure was recorded by the SMUP-B biological signal
analysis system for 30min.

2.5. The Preparation of the Tissue Homogenates. After rats
were sacrificed, the lung (including trachea), heart, small
intestine (total ileum), and large intestine (total colon) were
taken out quickly and respectively. Afterwashingwith normal
saline and removal of fat, the tissues were weighed andmixed
with normal saline at the ratio of 1 : 4. By using electric glass
homogenizermachine in ice bath, the tissueswere turned into
homogenates. After centrifugation at 3500 r/min for 20min,
the supernatants were kept. The protein concentrations of
the homogenates of the lung, heart, large intestine and small
intestine, were all adjusted to 5mg/mL, BSA (5mg/mL) and
normal saline were served as control.

2.6. The Preparation of the Tracheal Spiral and the Large
Intestine Muscle Strip. The trachea and large intestine were
immediately removed after the sacrifice of rats. The adherent
connective tissue and fat on the surface were all removed, and
the tissues were put into a Petri dish full of Krebs’-Henseleit
(KH) solution (NaCl 118.0mmol/L; KCl 4.7mmol/L; CaCl

2

2.5mmol/L; MgSO
4

1.2mmol/L; NaHCO
3

25.0mmol/L;
KH
2
PO
4
1.2mmol/L; glucose 10.0mmol/L). A tracheal seg-

ment (approximately 20mm in length from thyroid cartilage
to bifurcation of tracheas) was isolated and then suspended
in a 80mL organ bath by two stainless-steel wires (0.3mm
diameter). The 2.5 cm long large intestine was quickly cut
(20mm away from the lower end of the cecum). One end
was fixed to the bottom of the organ bath, whereas the other
was connected to the pressure transducer (PT14MX, Jialong
Teaching Equipment, Shanghai) for the measurement of
isometric tension. The tracheal spiral and the large intestine
muscle strip were set up vertically under a tension of 1.5 g,
which were maintained in the KH solution. The organ bath
was kept at 37.0±0.5∘C and continuously gassed with 95%O

2

and 5% CO
2
. The measurement of the isometric tension was

recorded, and the tension changed in 10min was analyzed.
Each tracheal spiral and large intestinemuscle stripwere used
only one time.

2.7. Data Analysis. All data are expressed as the mean ± SD.
The Student’s 𝑡-test was used to analyze the significance of
the pulmonary resistance, the pulmonary compliance, and
the rectal resting pressure between the two groups in vivo.
The relationship between two variables was identified by
the linear regression analysis. One-way ANOVA (analysis of
variance) followed by the least significant difference (LSD)
test for post hoc analysis was used to analyze the significance
of tension among the different groups in vitro. The 𝑃 value
that was lower than 0.05 was considered significant.

3. Results

3.1. The Pulmonary Functions Were Closely Related to Rectal
Resting Pressure in the RatModels of AsthmaandConstipation.

There was no significant relationship between rectal resting
pressure and pulmonary resistance in the control rat within
30min (𝑟 = −0.032, 𝑃 > 0.05), and there was also no
significant relationship between rectal resting pressure and
pulmonary compliance within 30min (𝑟 = −0.050, 𝑃 >
0.05). In asthmatic rat, the pulmonary resistance was signif-
icantly increased at 3–7min (𝑃 < 0.05, Table 1); the pul-
monary compliance was significantly decreased at 3–10min
(𝑃 < 0.05), which suggested the successful establishment
of asthma model. There was a significant difference in the
rectal resting pressure at 2min between the asthmatic model
and the control group (𝑃 < 0.05). Three to sevenmin after
OVA challenge, the rectal resting pressure was decreased and
had a negative relationship with pulmonary resistance within
30min (𝑟 = −0.423, 𝑃 < 0.05). Meanwhile, the rectal
resting pressure has a positive relationship with pulmonary
compliance within 30min (𝑟 = 0.711, 𝑃 < 0.05), which
demonstrated that the changes of the pulmonary resistance
and pulmonary compliance were closely associated with the
level of the rectal resting pressure in the asthmatic model.

Twelve h after compound diphenoxylate administration,
the number of stool of rats was significantly decreased by
77.23% when compared to that of the control group (𝑃 <
0.05). The weight of stool was significantly decreased in rats
in the group of compound diphenoxylate administration
by 76.01% (𝑃 < 0.05), which suggested the successful
establishment of the constipation model. There was no
significant difference in the rectal resting pressure between
the constipation model and the control group in 10min (𝑃 >
0.05), although the rectal resting pressure of the constipation
rats had a tendency to decrease. The pulmonary resistance
had a tendency to increase (𝑃 > 0.05) but had no significant
relationship with the rectal resting pressure within 30min
(𝑟 = 0.063, 𝑃 > 0.05). However, the pulmonary compliance
of the constipation model was significantly decreased at 1-2,
4–7, and 9-10min (𝑃 < 0.05, Table 2) and had a significant
positive relationship with the rectal resting pressure within
30min (𝑟 = 0.663, 𝑃 < 0.05), which suggested that the
constipation and the breath difficulty happened at the same
time, and the change of the pulmonary compliance was
closely associated with the level of the rectal resting pressure
in the constipation model.

3.2. Measurements of the Isometric Tensions. The different
levels of the acetyl choline (Ach) were used to test the
contractive effect on the isolated large intestine muscle strip
and the isolated tracheal spiral, and the 70%–75% of the
maximal contractile response was chosen and examined in
order to avoid the maximum of the concentration response
and allow for adequate extension [28]. In the study, the
addition of 0.02mg/L and 20mg/L Ach produced 70%–75%
of the maximum contraction of the isolated large intestine
muscle strip and the isolated tracheal spiral, respectively,
which suggested the successful establishment of the in vitro
testing system and demonstrated that the sensitivity of
isolated large intestine muscle strip was about 1000 times
higher than that of the isolated tracheal spiral.

Different volumes of the tissue homogenates were added
separately into the bath of the large intestine muscle strip,
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Figure 1:The effects of the lung homogenate, the heart homogenate,
BSA, and normal saline on the isolated large intestine muscle strip.
The addition of 100, 200, 500, 1000, and 2000 𝜇L of the 5mg/mL
lung homogenate, heart homogenate, BSA, and normal saline into
the in vitro testing system of the isolated large intestine muscle strip.
The addition of the lung homogenate could significantly contract the
isolated large intestine muscle strip at the volume of 500, 1000, and
2000𝜇L (𝑃 < 0.05).

and,with the increase of the volume, the contraction response
was recorded. The addition of the 100, 200, 500, 1000, and
2000𝜇L of the 5mg/mL heart homogenate, BSA, and normal
saline had no significant effects on the isolated large intestine
muscle strip (𝑃 > 0.05, Figure 1); however, the addition of
500, 1000, and 2000𝜇L of the 5mg/mL lung homogenate
could significantly contract the isolated large intestinemuscle
strip (𝑃 < 0.05), which demonstrated the special effect of lung
homogenate on the isolated large intestinemuscle strip. In the
group of 500 and 1000 𝜇L addition, the tension induced by
the lung homogenate was 3.1 and 2.8 times greater than that
of the heart homogenate (𝑃 < 0.05). In the group of 2000𝜇L
addition, the tension induced by the lung homogenate was
the maximal and 4.8 time greater than that of the heart
homogenate (𝑃 < 0.05).

The addition of the 100, 200, 500, 1000, and 2000𝜇L
of the 5mg/mL large intestine homogenate, small intestine
homogenate, BSA, and normal saline had no significant
effects (𝑃 > 0.05, Figure 2) on the isolated tracheal spiral,
whichmay be due to the low sensitivity of the isolated tracheal
spiral.

4. Discussion

The data showed that the pulmonary resistance and pul-
monary compliance were closely related to the rectal resting
pressure in asthmatic rat model, and the rectal resting
pressure was closely associated with pulmonary resistance in
the rat model of constipation. The lung homogenate could
specifically contract the isolated large intestinemuscle strip in
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Figure 2: The effects of the large intestine homogenate, the small
intestine homogenate, BSA, and normal saline on the isolated
tracheal spiral. The addition of the 100, 200, 500, 1000, and
2000𝜇L of the 5mg/mL large intestine homogenate, small intestine
homogenate, BSA, and normal saline had no significant effects (𝑃 >
0.05) on the isolated tracheal spiral.

vitro.These results suggested that the lung and large intestine
had a specific relationship between each other, which may
provide clues for a further study.

The common active proteins and the corresponding
receptors, such as sIgA and cholecystokinin, may account for
the underlying mechanism of lung and large intestine mutual
interaction. sIgA exists specifically in both lung and intestinal
tissues and is considered to be the commonmucosal immune
molecules base [29]. The polymeric immunoglobulin recep-
tors for IgA were also found expressed in lung, bronchi,
gut, and so on, which was involved not only in the antigen-
antibody complex recognition but also in various signal
transduction under different conditions [30]. Another impor-
tant neuropeptide cholecystokinin (CCK), which is expressed
in the gastrointestinal nervous system, was now found widely
distributed in trachea and alveoli [31]. CCK played a role in
protecting gastric mucosa and stimulating the digestion of
nutrition, and now totally two types of CCK receptors have
been identified [32]. Recent studies have reported that the
sIgA and CCK and their corresponding receptors may be
closely associated with the specific relationship between the
lung and large intestine. It is reported that the CCK2 receptor
with retention of intron 4 (CCK2Ri4sv) was now a marker
of specific gastrointestinal and lung tumors [33]. In CCR3
knockout mice model, the eosinophil recruitment in the
lung was decreased while the number of intraepithelial mast
cells was increased in the trachea after OVA sensitization
and allergen challenge [34]. Study demonstrated that the
expression of CCK receptors and cytokine productions on
peripheral blood and bronchoalveolar lavage fluid (BALF)
in asthma patients were significantly increased [35]. Modern
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research has confirmed that both the lung and large intestine
were endocrine organs and could synthesize a serial of active
substances when receiving signals from the internal and
external environments. Ovalbumin (OVA) is widely used
as a reference allergen to induce allergic asthma, which
can cause the imbalance of CD4+ T lymphocytes, secretion
of cytokines, and immune inflammation [36]. In our rat
model of OVA-induced asthma, the expressions of immune-
related proteins, like sIgA and CCK, could be changed in
asthmatic lung; meanwhile the corresponding receptors were
subsequently altered in the large intestine; in this way the
pathological condition of lung may influence the status of
large intestine and vice versa.

The intestine muscle strip is frequently used as an evalu-
ation tool for the intestinal smooth muscle function, and the
behavior of the intestines varies among different species. It
is showed that the 0.01mg/L Ach evoked the contraction of
human colon [37], which was two times more sensitive than
that of the rat intestine. The level of 0.03mg/L Ach caused
the contraction of the longitudinal muscle strip which was
obtained from guinea pig ileum [38]. It is reported that 0.1–
10mg/L Ach contracted the longitudinal and circular muscle
strips of rabbit while 0.1mg/L atropine blocked the effect of
10mg/L Ach [39]. In our large intestine muscle strip of rat,
the level of 0.02mg/L Ach caused about 70%–75% of the
maximum contraction, and this data was consistent with the
previous studies, which provided a suitable testing system for
the in vitro research.

A serial of pharmacological agents have been tested in
the model of the intestine muscle strip. It is reported that
the 10–50 𝜇mATP transmural stimulation caused relaxations
of the rat duodenum and ileum [40]. Exogenous addition
of 20 ng/mL IL-6 increased the contraction of the circular
muscle strip of colon and suggested that the contraction
induced by IL-6 may be due to the acting on the gut’s
nervous system [41]. As an antagonist of the muscarinic
receptors, MB327 showed a fully reversible smooth muscle
relaxing effect at lower concentrations in a rat jejunum
smoothmuscle model [42]. In our in vitro study, the addition
of the lung homogenate contracted specially the isolated
large intestine muscle strip, which suggested that the lung
homogenate might contain active proteins that could bind
to the corresponding receptors in the large intestine and
carried out biological functions. Besides, it is also known
that the interstitial cells, such as smooth muscle cells and
the interstitial cell of Cajal (ICC), could release Ach by
transmural stimuli and the activation of the cholinergic fibers
[43, 44]. In our study, the addition of tissue homogenatesmay
induce a small amount of Ach release of the large intestine
and lead to the contraction.The study provided a foundation
for further research, and, if a specific protein and receptor
could be well identified in the future, it may contribute to
the medical science and well reflect the biological value of
traditional Chinese medicine.

5. Conclusion

In the current study, we showed that the changes of the
pulmonary functions were closely related to the rectal resting

pressure in the rat models of asthma and constipation, and
the lung homogenate could significantly contract the large
intestine muscle strip. It provided new lines of evidence for
the “exterior-interior relationship between the lung and the
large intestine” and highlighted the use of this theory in the
treatment of the corresponding diseases in the future.
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Neuropathic pain is an intractable problem in clinical practice. Accumulating evidence shows that electroacupuncture (EA) with
low frequency can effectively relieve neuropathic pain. Transient receptor potential vanilloid type 1 (TRPV1) plays a key role in
neuropathic pain. The study aimed to investigate whether neuropathic pain relieved by EA administration correlates with TRPV1
inhibition. Neuropathic pain was induced by right L5 spinal nerve ligation (SNL) in rats. 2Hz EA stimulation was administered.
SNL inducedmechanical allodynia in ipsilateral hind paw. SNL caused a significant reduction of TRPV1 expression in ipsilateral L5
dorsal root ganglia (DRG), but a significant up-regulation in ipsilateral L4 and L6 DRGs. Calcitonin gene-related peptide (CGRP)
change was consistent with that of TRPV1. EA alleviated mechanical allodynia, and inhibited TRPV1 and CGRP overexpressions in
ipsilateral L4 and L6 DRGs. SNL did not decrease pain threshold of contralateral hind paw, and TRPV1 expression was not changed
in contralateral L5 DRG. 0.001, 0.01mg/kg TRPV1 agonist 6-IRTX fully blocked EA analgesia in ipsilateral hind paw. 0.01mg/kg
6-IRTX also significantly decreased pain threshold of contralateral paw. These results indicated that inhibition of TRPV1 up-
regulation in ipsilateral adjacent undamaged DRGs contributed to low frequency EA analgesia for mechanical allodynia induced
by spinal nerve ligation.

1. Introduction

Neuropathic pain such as painful diabetic neuropathy, pos-
therpetic neuralgia, trigeminal neuralgia, and poststroke pain
is an intractable problem in clinical practice. It results from
lesions or disease affecting the somatosensory nervous sys-
tem either in the periphery or centrally and is characterized
by spontaneous pain, allodynia, and hyperalgisea [1]. Up to
now, the medication treatment of neuropathic pain is still
unsatisfactory [2].

Abnormalities of channels or receptors in sensory noci-
ceptors and dorsal root ganglia (DRG) are closely related to
neuropathic pain [2, 3]. Transient receptor potential vanilloid
type 1 (TRPV1), an important signal integrator in sensory
nociceptors, plays a key role in neuropathic pain [4]. TRPV1

up-regulation contributes to mechanical allodynia and ther-
mal hyperalgisea caused by various nerve injuries, while its
antagonists can reverse the allodynia and hyperalgisea [5–
7]. Furthermore, TRPV1 is coexpressed with various neu-
ropeptides including calcitonin gene-related peptide (CGRP)
in sensory ganglia and small sensory C and A𝛿 fibers [8, 9].
Activation of TRPV1 promotes CGRP release from nerve
terminals [10, 11], which further aggravates neuropathic pain
[12, 13].

Electroacupuncture (EA), a commonly used acupuncture
method applying a pulsating electrical current to acupunc-
ture needles for acupoints stimulation, has been widely
adopted for pain relief for decades [14]. Accumulating evi-
dence shows that EA is effective in relieving neuropathic pain
under multiple conditions like painful diabetic neuropathy,
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nerve ligation, injury, and chronic constriction [15–19]. A
former study showed that EA with low frequency reduced
nociceptive response and normalized TRPV1 abnormalities
in hind paw skin and DRG induced by nerve growth factor
injection in rats [20]. However, little is known about the
effect of EAwith low frequency on TRPV1 under neuropathic
pain condition, and whether this effect contributes to its
alleviation of neuropathic pain.

For this sake, the rat neuropathic pain model induced
by right L5 spinal nerve ligation (SNL) was used in the
current study. The effects of EA with low frequency on
mechanical allodynia and the expressions of TRPV1 and
CGRP in ipsilateral L4–6 and contralateral L5 DRGs were
systematically examined. A block study using TRPV1 agonist
was also performed to further ascertain the involvement of
TRPV1 inhibition in neuropathic pain relief by low frequency
EA.

2. Materials and Methods

2.1. Animal Preparation. Male Sprague-Dawley rats (180–
200 g body weight) were obtained from SLAC Laboratory
Animal Co. Ltd., Shanghai, China. Rats were housed in
temperature-controlled animal cages (25 ± 1∘C) under a 12 h
light and 12 h dark cycle, with free access to food and water.
All animals were treated in accordance with the regulations
of the State Science and Technology Commission for the care
and use of laboratory animals (State Science and Technology
Commission Order no. 2, 1988).

2.2. Experimental Design. Two experiments were conducted:
(1) effects of low frequency EA on allodynia-like behavior
and profiles of TRPV1 and CGRP in DRGs of rats with SNL-
induced neuropathic pain and (2) effects of TRPV1 receptor
agonist 6-iodoresiniferatoxin (6-IRTX) on EA action. In
experiment 1, rats were randomly divided into the following
groups (𝑛 = 8 per group): normal, sham, SNL, and SNL +
2Hz EA. In experiment 2, SNL-induced neuropathic pain
rats were randomly divided into SNL + 2Hz EA + vehicle,
SNL + 2Hz EA + 0.001mg/kg 6-IRTX, and SNL + 2Hz EA +
0.01mg/kg 6-IRTX groups (𝑛 = 8 per group).

2.3. Spinal Nerve Ligation. L5 SNL was performed as pre-
viously described [21]. Briefly, rats were anesthetized with
chloral hydrate (300mg/kg, i.p.) and placed under a micro-
surgical apparatus in a prone position. A midline incision
was made at the L3–S2 level, and the dorsal vertebral column
from L4 to S2 was exposed. The right L6 transverse process
was carefully removed, and then the right L5 spinal nerve
was carefully isolated and then tightly ligated with a 6-0 silk
thread. Sham-operated animals were subjected to the same
surgical procedure except that the isolated L5 spinal nerve
was not ligated.

2.4. EA Treatment. Acupuncture needles of 0.25mm in
diameter were inserted approximately 5mm deep into the
ipsilateral acupoints Zusanli (ST36, 5mm lateral to the
anterior tubercule of the tibia) andKunlun (BL60, at the ankle

joint level and between the tip of the external malleolus and
tendo calcaneus). The ends of the needles were attached to
a pair of electrodes from an electrical stimulator (LH-202H,
Huawei Co. Ltd., China). EA (2Hz, 2mA, 0.4ms pulse width)
was administered for 30 minutes once every other day from
day 3 to day 15 after surgery. Since the analgesic effects of the
two acupoints are well documented [10, 21], we did not carry
out sham acupuncture for control. Animals were awake and
calmed by placing the heads in black hoods with no physical
restraint during EA treatment. Rats were subject to the same
calming procedure in normal, sham, and SNL groups.

2.5. Drug Delivery. In experiment 2, 1mg/mL 6-IRTX
(Sigma, USA) solution was made by dissolving 6-IRTX
in a 95% ethanol mixture which was used as the vehicle
control. 6-IRTXwas intraperitoneally injected (0.001mg/kg,
0.01mg/kg, resp.) in a volume of 1mL by adding saline 10
minutes before EA treatment on day 15.

2.6. Behavioral Testing. All tests were performed by an exper-
imenter blinded to the treatment groups. After habituation,
paw withdrawal threshold to a von Frey-like filament was
measured to assess mechanical allodynia using a Dynamic
Plantar Aesthesiometer (Ugo Basile, Italy) on day 0 (base),
1, 3, and 30min after EA treatment on day 3, 7, 11, and
15 after surgery. The steel rod was pushed against the hind
paw with linear ascending force (0–50 g) until a strong and
immediate withdrawal occurred. Paw withdrawal threshold
(PWT)was determined as themean of three consecutive tests
with intervals of 30 sec.

2.7. Immunofluorescence. Rats were deeply anesthetized by
an intraperitoneal injection of 10% (w/v) chloral hydrate
(3.5mL/kg) and transcardially perfused with 150mL cold
sterilized saline followed by 500mL cold, fresh 4% (w/v)
paraformaldehyde in 0.01M phosphate-buffered saline (PBS,
pH 7.4). Contralateral L5 and ipsilateral L4, L5, and L6 DRGs
were harvested, postfixed in the same fixatives for 2 h, and
then consecutively immersed in 15% (w/v) and 30% (w/v)
sucrose solution overnight at 4∘C. DRGs were embedded in
OCT (BayerCorp., Elkhart, IN), frozen, and then cut in 10𝜇m
sections. Sectionsweremounted on glass slides, rinsed in PBS
(pH 7.4), and blocked for 1 h at 37∘C in 0.01M PBS containing
5% (v/v) normal donkey serum and 0.3% (v/v) Triton X-
100. Sections were incubated overnight at 4∘Cwith a primary
antibody (sheep anti-rat TRPV1, 1:4000; Abcam, USA) dis-
solved in PBS containing 0.3% (v/v) Triton X-100 and 5%
(v/v) donkey serum.After beingwashed in PBS, sectionswere
incubated for 1 h at 37∘C with Alexa Fluor 594-conjugated
donkey anti-sheep IgG (1:400; Jackson Immunoresearch,
USA). After immunostaining, sections were rinsed in PBS
and cover-slipped with 50% (v/v) glycerol and 2.5% (w/v)
triethylenediamine (antifading agent) in 0.05MPBS. Images
were obtained using a fluorescence microscope (Olympus
IX71; Olympus, Japan) equipped with Image-Pro Insight 8.0
software (Media Cybernetics, USA).

TRPV1-immunoreactive (IR) analysis was performed as
previously described [22, 23]. The observer was blinded for
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Figure 1: Effects of 2Hz EA on bilateral paw withdrawal thresholds of rats subject to right L5 spinal nerve ligation. Data are presented as
mean ± SEM, 𝑛 = 8 per group. ∗∗∗𝑃 < 0.001, SNL group versus normal group; #𝑃 < 0.05, ##𝑃 < 0.01, SNL + EA group versus SNL group.

the treatment groups. DRG neurons with a clear nuclear
profile were counted using Image-Pro Plus 6.0 (Media Cyber-
netics, USA). TRPV1-IR ratio was calculated by dividing the
number of TRPV1-IR neurons by the total number of neurons
in each section. The mean ratio was determined from three
every tenth DRG sections for each DRG.

2.8. Western Blotting. Rats were deeply anesthetized by
an intraperitoneal injection of 10% (w/v) chloral hydrate
(3.5mL/kg). Contralateral L5 and ipsilateral L4, L5, and
L6 DRGs were harvested, sonicated on ice in RIPA Lysis
Buffer (Beyotime, China) with an addition of protease
inhibitor cocktail (Sangon Biotech, China), and centrifuged
at 10,000x rpm for 10min at 4∘C, and then the supernatants
were collected. Protein concentrations were determined by
the bicinchoninic acid method. Protein extracts of animals in
each group were equally pooled according to their concen-
trations. Samples were mixed with an equal volume of 2 ×
sample loading buffer and denatured by boiling at 100∘C for
5min. Proteins (30 𝜇g/lane) were separated by an 8% SDS-
PAGE gel for TRPV1 and 15% SDS-PAGE gel for CGRP and
then transferred to 0.45𝜇m and 0.22𝜇m PVDF membranes,
respectively (0.45𝜇m, Millipore, USA; 0.22𝜇m, Bio-Rad,
USA). After being blocked in 0.01MTBS with 0.1% Tween
20 and 5% dehydrated skim milk, the membranes were incu-
bated overnight at 4∘C with sheep anti-rat TRPV1 (1:2000;
Abcam, USA), rabbit anti-rat CGRP (1:2000; Abcam, USA),
or horseradish peroxidase-conjugated mouse anti-rat 𝛽-
actin (1:10,000; Kangcheng, China). After being washed, the
membrane for 𝛽-actin was visualized by chemiluminescence
(ECL Plus; Amersham), while themembranes for TRPV1 and
CGRP were incubated with the species-specific secondary
antibodies for 2 h at room temperature and then washed
and visualized by chemiluminescence (ECL Plus; Amersham,
USA). Bands were detected by an Image Quant LAS 4000
system (Fujifilm, Japan) with Image Quant TL 7.0 software
(GE Healthcare, USA).Three independent experiments were
carried out for western blotting analysis. Target protein levels

were normalized against 𝛽-actin levels and then expressed as
relative fold changes compared to the normal control group
[24, 25].

2.9. Statistical Analysis. All data were expressed as mean ±
SEM. Statistical analysis was performed by one-way analysis
of variance (ANOVA) followed by post hoc test of the least
significant difference (LSD) for multiple comparisons. 𝑃 <
0.05 was set as the level of statistical significance.

3. Results

3.1. EA Alleviated Mechanical Allodynia Induced by SNL. We
first determined bilateral PWTs of rats to assess the extent
of mechanical allodynia induced by SNL. Rats subjected to
L5 SNL surgery developedmechanical allodynia in ipsilateral
hind paw, as shown by a drastic reduction of ipsilateral
PWLs on day 1, persisted to day 15 through the whole obser-
vation period (Figure 1(a)). 2Hz EA significantly increased
ipsilateral PWLs of rats subjected to SNL from day 3 after
treatment, compared to the PWLs of SNL-controlled rats
(𝑃 < 0.05,𝑃 < 0.01). Shamoperation had no significant effect
on ipsilateral PWLs during the whole period. Moreover,
there was no significant difference in rats’ contralateral PWTs
among normal, sham-operated, SNL, and SNL + EA groups
(Figure 1(b)).

3.2. EA Inhibited Ipsilateral Undamaged DRG TRPV1 Upreg-
ulation Resulted from SNL. To determine the contribution of
TRPV1 to the mechanical allodynia resulted from SNL, we
performed immunofluorescence study and western blotting
analysis to test TRPV1 expressions and levels in ipsilateral L4,
L5, and L6 and contralateral L5 DRGs of rats. Immunofluo-
rescence showed that TRPV1 positive neurons were mainly
small-to-medium DRG cells (20–50𝜇m; Figure 2). TRPV1
expression in ipsilateral L5 DRG in SNL group (7.0 ± 1.0%)
was significantly reduced as compared to that in normal
group (14.7 ± 2.8%, 𝑃 < 0.01). No significant difference
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Figure 2: Immunofluorescence of TRPV1 expressions in ipsilateral L5, L4, and L6 and contralateral L5 DRGs in normal, SNL, and SNL + EA
groups. TRPV1-IR is mainly seen in small-to-medium DRG neurons (20–50 𝜇m). Scale bar, 50 𝜇m for all.

of TRPV1 expression in ipsilateral L5 DRG was observed
between SNL and SNL + EA groups. TRPV1 expressions in
ipsilateral L4 and L6 DRGs in SNL group (18.1 ± 1.8%, 15.3 ±
1.0%) were significantly increased as compared to those in
normal group (10.2 ± 1.3%, 9.4 ± 0.6%; 𝑃 < 0.001, 𝑃 < 0.001,
resp.). The increases were inhibited by 2Hz EA (7.3 ± 0.9%,
5.5 ± 0.7%; 𝑃 < 0.001, 𝑃 < 0.001, resp., compared to SNL
group). Besides, there was no significant difference in TRPV1
expressions in rats’ contralateral L5 DRG among normal,
SNL, and SNL + EA groups.

The changes of TRPV1 protein levels as revealed by
western blotting analysis were consistent with the changes
of TRPV1 expressions. TRPV1 protein level in ipsilateral L5
DRG of rats in SNL group was significantly decreased as
compared to that in normal group (𝑃 < 0.01), and no
significant difference was found between SNL and SNL + EA
groups (Figure 3(a)). TRPV1 levels in ipsilateral L4 and L6
DRGs in SNL groupwere significantly increased as compared
to that in normal group (𝑃 < 0.05, 𝑃 < 0.05, resp.). EA

treatment with 2Hz frequency fully inhibited SNL-induced
increases of TRPV1 protein in ipsilateral L4 and L6 DRGs
(𝑃 < 0.001, 𝑃 < 0.01, resp., compared to SNL group) and
even lower than normal TRPV1 levels (𝑃 < 0.01, 𝑃 < 0.05,
resp., compared to normal group; Figures 3(b) and 3(c)). No
significant difference of TRPV1 levels in contralateral L5DRG
was observed in rats among normal, SNL, and SNL + EA
groups (Figure 3(d)).

3.3. EA Inhibited Ipsilateral Undamaged DRG CGRP Upregu-
lation Resulted from SNL. Since TRPV1 activation promotes
CGRP release, which further strengthens TRPV1 role in pain
sensation, we also performed western blotting analysis to
detect CGRP protein levels. The changes of CGRP levels in
ipsilateral DRGs were consistent with the changes of TRPV1
levels. CGRP protein level in ipsilateral L5DRG in SNL group
was significantly decreased as compared to that in normal
group (𝑃 < 0.05), and no significant difference in CGRP
protein level was found between SNL and SNL + EA groups
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Figure 3: Western blotting analysis of TRPV1 levels in ipsilateral L5, L4, and L6 and contralateral L5 DRGs in normal, SNL, and SNL + EA
groups. Results were expressed as relative fold changes as compared to normal group after normalization to 𝛽-actin. Data are presented as
mean ± SEM of three independent experiments. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, SNL group or SNL + EA group versus normal group; ##𝑃 < 0.01,
###
𝑃 < 0.001, SNL + EA group versus SNL group.

(Figure 4(a)). CGRP protein levels in ipsilateral L4 and L6
DRGs in SNL groupwere significantly increased as compared
to that in normal group (𝑃 < 0.05, 𝑃 < 0.05, resp.), and the
increases of CGRP protein in these two DRGs were fully
inhibited by 2Hz EA (𝑃 < 0.001,𝑃 < 0.01, resp., compared to
SNL group), with even lower expression in L4 DRG in SNL +
EA group than that in normal group (𝑃 < 0.01; Figures 4(b)
and 4(c)).

3.4. 6-IRTX Blocked the Antiallodynic Effect of EA. To testify
EA with 2Hz frequency alleviated SNL-induced mechanical
allodynia, at least in part, by inhibiting ipsilateral undamaged
and adjacent DRG TRPV1 up-regulation, we performed
block study via using TRPV1 ultrapotent agonist 6-IRTX.
Intraperitoneal injection of 0.001 and 0.01mg/kg 6-IRTX
greatly reduced ipsilateral PWTs in EA-treated SNL rats

(𝑃 < 0.001, 𝑃 < 0.001, resp., compared to EA treatment-
controlled group; Figure 5(a)). The two doses of injection
blocked the antiallodynic effect of 2Hz EA in ipsilateral
hind paw, and 0.01mg/kg 6-IRTX was more potent than
0.001mg/kg 6-IRTX in counteracting 2Hz EA action (𝑃 <
0.05). 0.001mg/kg 6-IRTX did not significantly change
contralateral PWLs of SNL rats that received EA treatment,
while 0.01mg/kg 6-IRTX significantly reduced contralateral
PWL as compared to SNL + EA + vehicle and SNL + EA +
0.001mg/kg 6-IRTX groups (𝑃 < 0.05, 𝑃 < 0.05, resp.,
Figure 5(b)).

4. Discussion

In the current study, the correlation of DRG TRPV1 with low
frequency EA analgesia was for the first time investigated in
rat neuropathic pain model induced by L5 SNL of the right
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Figure 4: Western blotting analysis of CGRP levels in ipsilateral L5, L4, and L6 DRGs in normal, SNL, and SNL + EA groups. Results were
expressed as relative fold changes as compared to normal group after normalization to 𝛽-actin. Data are presented as mean ± SEM of three
independent experiments. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, SNL group or SNL + EA group versus normal group; ##𝑃 < 0.01, ###𝑃 < 0.001, SNL + EA
group versus SNL group.

side. The rats’ ipsilateral but not contralateral PWTs were
decreased after SNL surgery. It was interesting to find that
L5 SNL caused reductions of TRPV1 and CGRP in ipsilateral
L5 DRG, but up-regulations in ipsilateral undamaged L4 and
L6 DRGs. Low frequency EA alleviated mechanical allodynia
and inhibited TRPV1 andCGRPupregulations. Furthermore,
TRPV1 agonist 6-IRTX fully blocked the antiallodynic effect
of low frequency EA in ipsilateral hind paw.

Neuropathic pain may arise from nerve compression and
trauma, diabetic neuropathy, chemotherapy-caused periph-
eral neuropathy, spinal cord injury stroke, and viral infec-
tions. Despite obvious differences in etiology, many of these
pain conditions share common clinical phenomena: sponta-
neous pain together with allodynia and hyperalgisea [26, 27].
Nerve injury caused by SNL is a classic method to study
neuropathic pain [28]. In the current study, rats subjected
to L5 SNL developed prominent mechanical allodynia in

ipsilateral hind paw. The signs of spontaneous pain such as
guarding, licking, and lifting of ipsilateral hind paw were
also observed. These results showed that neuropathic pain
model was successfully made. Considering that mechanical
allodynia was not further serious on day 3 after SNL surgery,
we administered 2Hz EA from day 3 and found that it
effectively alleviated mechanical allodynia. Neuropathic pain
relief by EA may be frequency specific. A former study
showed that 2Hz EA significantly attenuated hyperalgisea,
whereas 120Hz EA did not exert beneficial effect in diabetic
neuropathic pain model [16]. The effectiveness of low fre-
quency EA is also documented in other neuropathic pain
models [17–19].

Changes in phenotype of primary sensory neurons fol-
lowing peripheral nerve injury contribute to allodynia and
hyperalgisea in neuropathic pain [29]. TRPV1 is a mem-
ber of TRP family channels which are ion channels that
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Figure 5: TRPV1 agonist 6-IRTX blocked the antiallodynic effect of 2Hz EA. 6-IRTX was intraperitoneally injected 10min before 2Hz EA
treatment on day 15. Data are presented as mean ± SEM, 𝑛 = 8 per group. ∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001, SNL + EA + 0.001mg/kg 6-IRTX group
or SNL + EA + 0.01mg/kg 6-IRTX group versus SNL + EA + vehicle group; #𝑃 < 0.05, SNL + EA + 0.01mg/kg 6-IRTX group versus SNL +
EA + 0.001mg/kg 6-IRTX group.

respond to mechanical, thermal, chemical, and many other
stimuli coming from the extra- and intracellular milieu
[30]. Activation of TRPV1 in sensory neurons results in
pain perception. A former study showed that the enhanced
TRPV1 function in injured sensory neurons by SNL was
responsible for neuropathic pain [7]. In the present study,
it was interesting to find that L5 SNL caused mechanical
allodynia and resulted in an increase TRPV1 in the ipsilateral
uninjured L4 and L6 DRGs but not in L5 DRG. It suggested
that TRPV1 up-regulation in remaining adjacent undamaged
sensory neurons may be also crucial to neuropathic pain.
However, the reason why TRPV1 up-regulation could not
be observed in injured sensory neurons by SNL needs to be
further studied. The enhanced TRPV1 in ipsilateral L4 and
L6 DRGs was fully inhibited by 2Hz EA. Former studies also
showed that analgesia produced by EA with low frequency
was accompanied by inhibition of TRPV1 up-regulation in
sensory neurons in diabetic neuropathic pain, nerve growth
factor-induced hyperalgisea, and cancer-induced pain [15,
20, 31]. These findings suggest that inhibition of TRPV1 up-
regulation in ipsilateral adjacent undamaged DRGs may be
involved in alleviation of mechanical allodynia produced by
2Hz EA.

Furthermore, we also carried out block study of 2Hz EA
analgesia by using TRPV1 ultrapotent agonist 6-IRTX.
TRPV1 agonist such as capsaicin can not only activate TRPV1
resulting in pain but also desensitize TRPV1 in a large dose
leading to analgesia [32, 33]. A former study showed that
systemic administration of RTX (0.1mg/kg, i.p.) could lead
to desensitization of TRPV1 resulting in abolishment of SNL-
induced hyperalgisea in rats [33]. Thus, 6-IRTX in smaller
doses of 0.01 and 0.001mg/kg were administered here to
abrogate EA analgesia. A single intraperitoneal injection of
0.001 and 0.01mg/kg 6-IRTX on day 15 fully blocked the
antiallodynic effect of 2Hz EA in ipsilateral hind paw, which

further supported the speculation mentioned above that
2Hz EA alleviated neuropathic pain induced by SNL, at least
in part, through inhibiting TRPV1 up-regulation.

Activation of TRPV1 can lead to the efferent release
of proinflammatory neuropeptides [34]. CGRP is a pro-
inflammatory neuropeptide implicated in a variety of painful
conditions [35–37]. TRPV1-mediated release of CGRP con-
tributes to TRPV1 role in pain sensation [10, 34]. We found
that the variation of CGRP caused by SNL was consistent
with that of TRPV1, with an increase in the adjacent intact
L4 and L6 DRGs and a decrease in the injured L5 DRG.
These results indicated interplay between TRPV1 and CGRP,
whichmay further aggravate SNL-induced neuropathic pain.
The increased CGRP was also inhibited by 2Hz EA, which
may result from the suppression of the increased TRPV1 and
contribute to EA analgesia.

In conclusion, our data indicate that compensatory
TRPV1 up-regulation in ipsilateral adjacent undamaged
DRGs, with accompanied increased CGRP,may contribute to
SNL-induced mechanical allodynia. EA with low frequency
may alleviate SNL-induced mechanical allodynia through
inhibiting TRPV1 up-regulation. Our study shows that EA
with low frequency may be a useful approach for the man-
agement of neuropathic pain.
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Cancer metastasis is refractory to most forms of chemotherapy. Conventional and alternative drugs, such as Chinese herbal
remedies, have been developed to target metastatic cancer cells. In this study, we investigated the effects of PC-SPESII, an herbal
formulation, on the migration, invasion, and metastasis of an experimental human breast cancer cell line in vivo and in vitro. PC-
SPESII suppressed pulmonary metastasis and tumor growth of MDA-MB-231 human breast cancer xenografts without affecting
body weight, liver function, and kidney function. PC-SPESII also inhibited MDA-MB-231 cell migration and invasion in vitro in a
dose-dependent manner. Based on ELISA analysis, secretion of MMP-2 and MMP-9, proteins associated with extracellular matrix
degradation, was reduced in response to PC-SPESII treatment. Western blot analysis of whole-cell extracts revealed that the levels
of proteolytic proteins associated with matrix and base membrane degradation (MMP-2, MMP-9, and uPA) were decreased and
the levels of their endogenous inhibitors (TIMP1 and TIMP2) were increased. Moreover, the p38MAPK and SAPK/JNK signaling
pathway, which stimulates proteolytic enzymes and matrix degradation, was inhibited by PC-PSESII. Remarkably, cotreatment
with PC-PSESII and p38MAPK or SAPK/JNK inhibitors magnified the antimetastatic phenotype. Our results indicate that PC-
PSESII impairs human breast cancer metastasis by regulating proteolytic enzymes and matrix dynamics through the p38MAPK
and SAPK/JNK pathway.

1. Introduction

Breast cancer is the most common cancer among women,
with 1.38 million cases diagnosed in 2008. Incidence rates of
breast cancer vary by geographic region.They were highest in
Europe and lowest in Africa and Asia [1], although the rates
in China are rapidly increasing [2].

Metastasis is themajor cause of death in cancer patients. It
is a multifaceted process that results from coordinated events
including cancer cell invasion, migration, and adhesion [3].
Degradation of extracellular matrix (ECM) and basement
membrane (BM) by proteolytic enzymes and subsequent
cancer invasion are the essential early steps of metastasis
[4]. Matrix metalloproteinases (MMPs) and urokinase-type
plasminogen activator (uPA) are the two important prote-
olytic enzymes that degrade the ECM and BM. Accordingly,
expression of MMP-2, MMP-9, uPA, and uPA receptor

(uPAR) is associated with increased tumor-cell invasion and
metastasis in breast cancer [5, 6].

The functions of mitogen-activated protein kinase
(MAPK) pathways are abundant in cancer cell progression.
These pathways have been implicated in cell proliferation,
differentiation, apoptosis, angiogenesis, and tumormetastasis
[7]. In recent years, studies have shown that MAPK signaling
is important for malignant tumor development. In early
stages of metastasis, MAPK signaling pathways help regulate
tumor cell adhesion, motility and degradation of ECM and
BM [7–11].

Today, chemotherapy is the most frequently used treat-
ment for breast cancer and other cancers. However, this
method of treatment is not selective for cancer cells and
often leads to the destruction of normal cells [12]. To
compensate for the limitations and toxicity of chemotherapy,
Chinese herbal medicines and other alternative strategies

http://dx.doi.org/10.1155/2013/894386
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are being developed. These agents are also being tested for
their efficacy in preventing or suppressing metastasis. PC-
SPESII, an herbal mixture, is made up of seven Chinese herbs
(Isatis indigotica, Glycyrrhiza glabra, Panax pseudoginseng,
Rabdosia rubescens, Dendranthema morifolium, Scutellaria
baicalensis, and Ganoderma lucidum) [13]. This mixture
contains 7 recognized and active antineoplastic compounds.
A relatedmixture, PC-SPES, has an additional herb called saw
palmetto. PC-SPES had been widely used for prostate cancer
[14, 15] and PC-SPESII has been used in a phase I trial for
prostate cancer [13]. The anticancer mechanisms of PC-SPES
have been studied in vitro [16–21]. However, the inhibitory
activities, if any, of PC-SPESII in the highly metastatic
human breast cancer MDA-MB-231 cells have not been
investigated.

In this study, we investigated the effects of PC-SPESII
on migration, invasion, and metastasis of MDA-MB-231 cells
and its molecular mechanisms of action. We found that PC-
SPESII inhibits MDA-MB-231 cell migration, invasion, and
metastasis. Furthermore, PC-SPESII regulates MMPs and
uPA proteolytic enzymes via the p38MAPK and SAPK/JNK
signaling pathway. Remarkably, PC-SPESII has no side
effects.

2. Materials and Methods

2.1. Reagents. Matrigel, 3-(4, 5)-dimethylthiahiazo(-z-y1)-3,
5-di-phenytetrazoliumromide (MTT), was from Sigma (St.
Louis, MO, USA). The antibodies against MMP-9, MMP-2,
TIMP-1, TIMP-2, uPA, and uPAR were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). p38MAPK, p-
p38MAPK, p-ERK1/2, p-SAPK/JNK, and SAPK/JNK anti-
bodies were obtained from Cell Signaling Technology
(Boston, MA, USA). The p38MAPK inhibitor SB203580
and the SAPK/JNK inhibitor SP600125 were obtained from
Biomol (Philadelphia, PA, USA).

2.2. Drugs. PC-SPESII was obtained from Shanghai Zhong
Yao BioTechCo., Ltd. (Shanghai, China).The following crude
herbs, 1.0 g of Huangqin, 2.0 g of Daqingye, 1.0 g of Dongling-
cao, 0.5 g of Sanqi, 3.0 g of Lingzhi, 1.5 g of Juhua, and 0.5 g
of Gancao, were made into PC-SPESII extract powder. The
quality control and the standardization of each preparation
of PC-SPESII is established and enforced strictly by Shanghai
Zhong Yao BioTech Co., Ltd. To provide adequate quality
control, the contents of major ingredients were measured
on-line during the manufacturing processes (Table 1). The
formulated PC-SPESII was subjected to high-performance
liquid chromatography (HPLC) finger printing analysis in
which themajor peakwas identified as themarker compound
Baicalin (Figure 1).

320mg of PC-SPESII powder was extracted with 70%
ethanol as reported previously [16]. The ethanol extracts
were kept at −20∘C, and dilutions were made in the same
culture media used for all in vitro studies. For in vivo studies,
capsulated extracts were suspended in 1.5% CMC with 0.2%
Tween 20 (Sigma, Chemical Co., St. Louis, MO, USA) as
described previously [22].

Table 1: Quality control standardization for PC-SPESII.

Compounds
(marker) Refers to

Quality criterion (lowest
amounts tolerated in 19 g of
PC-SPESII crude extract)

Baicalin Huangqin 15mg
Indirubin Daqingye 12mg
Oridonin Donglingcao 10mg
Notoginsenoside Sanqi 8mg
Ganoderma
lucidum
polysaccharides

Lingzhi 1mg

Chrysanthemum
yellow ketone Juhua 4mg

Glycyrrhizic acid Gancao 8mg
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Figure 1: HPLC trace of the PC-SPESII extract.Themajor represen-
tative peaks of herbs in the formula are marked by their retention
times. Baicalin represents one of markers listed in the PC-SPESII
formula. The following HPLC conditions using a Discovery C18
analytical column (4.6mm × 25 cm) were used: 100% methanol
mobile phase at a flow rate of 1.0mL/min and UV absorbance
detected at 280 nm. Retention times of purified PC-SPESII are
shown directly on this tracing.

2.3. Cell Culture. Human breast cancer MDA-MB-231 cells
were obtained from American Type Culture Collection
(Manassas, VA, USA) and were cultured in DMEM medium
(Gibco, San Francisco, CA, USA) supplemented with 10%
heat-inactivated (56∘C, 30min) fetal calf serum (PAA, A-
4061, Pasching, Austria), 0.01mg/mL insulin (Sigma, St.
Louis, MO, USA), 2mmol/L glutamine (Gibco, San Fran-
cisco, CA, USA), penicillin (100U/mL), and streptomycin
(100 𝜇g/mL).The cell culture wasmaintained at 37∘Cwith 5%
CO
2
in a humidified atmosphere.

2.4. Human MDA-MB-231 Breast Cancer Xenograft Model
Pulmonary Metastasis Assay. Female nude mice (6–8 weeks
old) were purchased from the Laboratory Animal Center at
Shanghai University of Traditional Chinese Medicine and
housed in pathogen-free conditions throughout the duration
of the experiment. Mice were given free access to commercial
rodent feed andwater.MDA-MB-231 cells (3×106, suspended
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Figure 2: PC-SPESII inhibits pulmonary metastasis of MDA-MB-231 cells in Balb/c mice. Mice were divided into three experimental groups
and were given drugs by oral gavage. The experiment was terminated 8 weeks after the initiation of therapy. Lungs were removed and fixed
with Bouin’s solution for 24 hours. Metastatic lesions on the lungs were counted under a dissecting microscope (100x magnification). (a)
Histological appearances of representative lungs from normal, saline-treated, and PC-SPESII-treated mice are shown. (b) Quantification of
metastatic lung nodules. (c) Tumor weights in grams of animals with different treatments were measured. ∗∗𝑃 < 0.01 compared to the saline
group.

in 100𝜇L of PBS) were injected into mammary fat pads
of female athymic nude mice. One day after tumor cell
inoculation, the mice were randomly divided into three
groups (𝑛 = 8). In the treated group, 500mg/kg of PC-
SPESII was administered by oral gavage. Untreated groups
were divided into a normal group and a model group
(sham control) that were injected with physiological saline
containing 1.5% CMC with 0.2% Tween 20. Body weight of
each mouse was measured at different time points following
tumor implantation. Mice were killed 2 months after tumor
cell injection.Theprimary tumor of eachmousewasweighed.
The lungs were fixed with formalin. Thin sections were
stainedwith hematoxylin and eosin. Five representative fields
(at 100x magnification) for each group were photographed.
The metastatic nodules of each field on the lungs were
counted.

2.5. Kidney and Liver Function Tests. Blood was drawn from
harvested eyeballs and centrifuged at 3000 rpm for 10minutes
to separate the serum. Glutamic oxalacetic transaminase
(GOT/AST), glutamic pyruvic transaminase (GPT/ALT),
serum creatinine (Cr), and blood urea nitrogen (BUN) were
measured using the colorimeter testing kit (Kangcheng,
Nanjing, China). Following the manufacturer’s instructions,

serum samplesweremeasured at 510 nm, 510 nm, 510 nm, and
520 nm, respectively.

2.6. Cell Viability Assay. Cell viability was determined by
MTT assay.MDA-MB-231 cells (5×104 cells/mL)were seeded
in 96-well culture plates. After overnight incubation, MDA-
MB-231 cells were treated with various concentrations of PC-
SPESII. Following incubation, cell growth was measured at
different time points after the addition of 20𝜇L MTT at
37∘C for 4 h. Then, DMSO (150 𝜇L) was added to dissolve
the formazan crystals. Optical density (OD) was measured at
490 nm with an ELISA plate reader (BioTek, Winooski, VT,
USA).

2.7. Wound Healing Migration Assay. The wound healing
migration assay was performed as reported previously [23].
MDA-MB-231 cells were seeded at a density of 1∼5 × 105
cells/well in 12-well culture plates and allowed to form a
confluent monolayer. The layer of cells was then scraped
with a 20–200𝜇L micropipette tip to create a ∼1mm wide
wound. Cells were then washed twice with fresh medium
and replaced with FBS-free medium containing indicated
concentration of PC-SPESII. After incubation at 37∘C for
24 h and 48 h, cells were washed with PBS, fixed with 4%
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Figure 3: Effect of PC-SPESII on body weight, kidney function, and liver function in nude mice. Mice were treated with saline or PC-SPESII
(500mg/kg) for 8 weeks. (a) Body weights in grams of animals with different treatments were measured every week. (b) ALT, (c) AST, (d)
BUN, (e) Cr andweremeasured using the colorimeter testing kit. According to themanufacturer’s instructions, serum samples weremeasured
at 510 nm, 510 nm, 510 nm, and 520 nm, respectively.

paraformaldehyde. Images of the wounds were captured at
0 h, 24 h, and 48 h after scraping at 100x magnification.

2.8. Migration and Invasion Assays. The in vitro cell migra-
tion and invasion assays were performed by using a Tran-
swell chamber inserted with polyethylene terephthalate filter
membrane containing 8 𝜇mpores in 24-well plates (Corning,
USA) as reported previously [24]. For cell invasion assays,
the filter membranes were coated with Matrigel (30𝜇g,
Sigma, USA). Cell migration assays did not require a coat of
Matrigel in the upper chamber. Cells (1 × 105) suspended in
200𝜇L of serum-free medium were seeded onto the upper

compartment of the Transwell chamber. The lower chamber
was filled with medium containing chemoattractants (10%
FBS for migration and invaded cancer cells) and various
concentrations of PC-SPESII. After incubation for 24 h, the
medium in the upper chamber was removed, and the filters
were fixed with 70% ethanol for 10min. The cells remaining
on the upper surface of the filter membrane were then
completely removed by wiping with a cotton swab, and the
cells on the opposite surface of the filter membrane were
stained with 0.5% Coomassie Brilliant Blue for 10min. The
migrated/invaded cells were then visualized and counted
from six randomly selected fields (100x magnification) using
an inverted microscope.
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Figure 4: Effect of PC-SPESII on breast cancer cell viability.
MTT assay was performed to measure cell survival (by percent)
in response to PC-PSESII treatment. MDA-MB-231 cells were
treated with the indicated amounts of PC-SPESII for 24, 48, or 72
hours. Results are presented as means ± SD of three independent
experiments and SDare denoted by error bars (∗∗𝑃 < 0.01 compared
to untreated control).

2.9. ELISA for Detection of Human MMP-2 and MMP-9
Protein Levels Secreted by Human Breast Cancer Cells. To
measure human MMP-2 and MMP-9 secretion, MDA-MB-
231 cells were treated with the indicated concentrations of
PC-SPESII, and after 24 h the culture media was analyzed by
ELISA using Human MMP-9 ELISA Kit from R&D Systems
(Minneapolis, MN, USA) and Human MMP-2 ELISA Kit
from RayBiotech. ELISA was done according to the instruc-
tions of the manufacturer. Each experiment was repeated
three times.

2.10. Western Blot Analysis. Whole-cell lysate was loaded
in each lane and separated by 10% or 8% SDS-PAGE.
Protein expression was detected using primary antibody
(1 : 1000∼5000) and IRDye conjugated secondary antibody
(1 : 10000∼20000). Levels ofMMP-2,MMP-9, TIMP-1, TIMP-
2, uPA, uPAR, p38MAPK, p-p38MAPK, p-ERK1/2, p-
SAPK/JNK, SAPK/JNL, and GAPDH were analyzed in this
manner. Quantitative analysis of Western blotting was done
using Alpha Ease FC (FluorChem FC2) software. Using the
analysis tools, we calculated the density ratio of protein to
GAPDH, the loading control.

2.11. Statistical Analyses. All data are expressed as means ±
SD. Comparisons between groups were performed by Stu-
dent’s t-test and one-way analysis of variance (ANOVA). The
level of significance was set at 𝑃 < 0.05.

3. Results

3.1. PC-SPESII Inhibits InVivo PulmonaryMetastasis ofMDA-
MB-231 Cells in Nude Mice. To determine whether PC-
SPESII can inhibit human breast cancer metastasis, we exam-
ined the effects of PC-SPESII on spontaneous lungmetastasis
using MDA-MB-231 human breast cancer xenograftsin nude
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Figure 5: Effect of PC-SPESII on MDA-MB-231 cell invasion. (a)
Transwell chamber was used for the invasion assay and images were
taken at 200x magnification.The filter membranes were coated with
Matrigel. MDA-MB-231 cells were treated with 0 (B), 0.05 (C), 0.25
(D), 0.5 (E), or 1 (F) 𝜇L/mL of PC-SPESII for 24 hours. No cells were
seeded in (A). (b) Stand and error bars represent three independent
experiments and each experiment was performed in triplicate (∗𝑃 <
0.05 and ∗∗𝑃 < 0.01 compared to untreated control).

mice. Histological examination of the lung sections showed
high levels of metastasized MDA-MB-231 cells in saline-fed
mice (Figure 2(a)).The average number of tumor noduleswas
21.60 ± 3.92 in the saline-treated group and 6.10 ± 2.33 in
the PC-SPESII-treated group.These results indicated that PC-
SPESII treatment significantly decreases tumor colonization
in the lung compared with the saline group (𝑃 < 0.01;
Figure 2(b)).Moreover, tumorweight was significantly inhib-
ited in the PC-SPESII-treated group as shown in Figure 2(c)
(𝑃 < 0.01). Together, these results strongly suggested that PC-
SPESII can inhibit cancer metastasis and tumor growth.

3.2. Side Effects of PC-SPESII in NudeMice. In order to detect
the potential side effects of PC-SPESII, wemeasured the body
weight of mice every week. As shown in Figure 3(a), there
were no significant differences in body weight among the
three experimental groups (𝑃 < 0.05). We further tested
the effects of PC-SPESII on liver and kidney functions. We
did not detect significant changes on ALT (Figure 3(b)), AST
(Figure 3(c)), BUN (Figure 3(d)), andCr (Figure 3(e)) among
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Figure 6: Effect of PC-SPESII on MDA-MB-231 cell migration. (a) Images of wound healing assays (100x magnification). Cells were seeded
into 12-well cell culture plates, cultured inDMEMsupplementedwith 10%FBS, and allowed to grow to near confluence. Confluentmonolayers
were carefully wounded and the cellular debris was gently washed away with PBS. The wounded monolayer was reincubated in FBS-free
DMEM containing 0, 0.25, 0.5, or 1 𝜇L/mL of PC-SPESII for 24 or 48 hours. (b) Transwell chamber was performed for the migration assay
(200x magnification). MDA-MB-231 cells were treated with 0 (B), 0.25 (C), 0.5 (D), or 1 (E) 𝜇L/mL of PC-SPESII for 24 hours during assay.
No cells were seeded in (A). (c) Stand and error bars represent three independent experiments and each experiment was done in triplicate
(∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared to untreated control).

the PC-SPESII-treated group, normal group, and saline group
(𝑃 < 0.05), indicating that liver and kidney functions were
normal after PC-PSESII treatment. Together, these results
suggest that PC-SPESII has no side effects in mice.

3.3. Effect of PC-SPESII on Human Breast Cancer Cell Via-
bility. In light of our findings in vivo, we further tested
PC-SPESII in vitro. We first determined the effect of PC-
SPESII on MDA-MB-231 cell viability by MTT assay. As
shown in Figure 4, cell survival was inhibited after 72 h
treatment with 1 𝜇L/mL PC-PSESII. Doubling the dose to
2𝜇L/mL resulted in increased inhibition after 24 h, 48 h,
and 72 h treatments. No significant differences were detected
within 48 h at concentrations lower than 2𝜇L/mL compared
with untreated cells. Therefore, to test the effects of PC-
SPESII on human breast cancer cell invasion and migration
without confounding effects from cytotoxicity, nonlethal
concentrations (<2 𝜇L/mL) and treatment times (<48 h) were
used in subsequent experiments.

3.4. PC-SPESII Inhibits In Vitro Human Breast Cancer Cell
Invasion. Metastasis consists of sequential steps involving
cancer cell invasion and migration. To study whether PC-
SPESII has anti-invasion effects, MDA-MB-231 cell invasion
properties were analyzed byMatrigel coated Transwell cham-
bers in the presence of PC-SPESII. Indeed, the number of
cell invasions through the Matrigel coated filter was dose
dependently reduced by PC-SPESII (Figure 5(a)). Compared
with the control group, the number of invaded cells from PC-
SPESII-treated (0.25, 0.5, and 1 𝜇L/mL) samples was reduced
by 17%, 35%, and 59% respectively (𝑃 < 0.01; Figure 5(b)).
Thus, in addition to its inhibitory effect on cell viability at high
concentrations, low concentrations of PC-SPESII inhibited
the cell invasion potential of MDA-MB-231 cells in vitro.
Notably, the inhibitory effects of PC-SPESII on cell invasion
were not due to its cytotoxic effects because viability was
barely affected at the concentration range tested (Figure 4).

3.5. PC-SPESII Inhibits In Vitro Human Breast Cancer Cell
Migration. We next tested whether PC-SPESII can inhibit
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Figure 7: PC-SPESII reduces MMP-2 and MMP-9 extracellular
secretion inMDA-MB-231 cells. MDA-MB-231 cells were treated for
24 h with the indicated concentrations of PC-SPESII.Then, each cell
culture mediumwas collected and analyzed by ELISA using Human
MMP-2 and MMP-9 ELISA Kit (a, b). ELISA was done according
to the instructions from the manufacturer. Each experiment was
repeated three times. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 compared to
untreated control.

themigration ability ofMDA-MB-231 cells.We initially tested
this by performing a wound-healing assay. Confluent cells
were scrapedwith a sterilized tip and the remaining cells were
allowed to migrate into the gap created in the absence or
presence of PC-SPESII as shown in Figure 6(a). Remarkably,
after 24 and 48 h incubation, the wound gap was wider in
the PC-SPESII-treated (0.05, 0.25, 0.5, and 1 𝜇L/mL) groups
than the untreated group, indicating that PC-SPESII inhibits
MDA-MB-231 cell motility.

To corroborate these findings, we tested the effect of PC-
SPESII onMDA-MB-231 cell motility by the Transwell cham-
ber assay. As expected from the wound-healing assay, the
number of cells migrating to the lower chamber was reduced
in response to PC-SPESII treatment in a concentration-
dependent manner (Figure 6(b)). Compared to the untreated
group, the number of migrated cells from PC-SPESII-treated
(0.25, 0.5, and 1 𝜇L/mL) groups was reduced by 19%, 42%,
and 62%, respectively (𝑃 < 0.01; Figure 6(c)). Together,
these data confirm that PC-SPESII inhibitsMDA-MB-231 cell
migration.

3.6. PC-SPESII Reduces MMP-2 and MMP-9 Secretion in
MDA-MB-231 Cells. Degradation of extracellular matrix and
basement membrane are very important steps in cancer
invasion and metastasis. MMP-2 and MMP-9 are the two
important proteolytic enzymes involved in this process. Here,

we tested secretion levels of humanMMP-2 andMMP-9 from
MDA-MB-231 cells with or without PC-SPESII treatment.
As shown in Figures 7(a) and 7(b), PC-SPESII significantly
inhibited MMP-2 (0.25 and 0.5 𝜇L/mL, 𝑃 < 0.05; 1𝜇L/mL,
𝑃 < 0.01) and MMP-9 (𝑃 < 0.01) secretion into the medium
in a dose-dependent manner. This result suggests that PC-
SPESII-dependent inhibition of breast cancer metastasis may
involve the degradation of extracellular matrix and basement
membrane.

3.7. PC-SPESII Regulates Proteolytic Enzymes. To determine
whether proteolytic protein expression is regulated by PC-
SPESII, cells were treated with or without PC-SPESII for 24 h
andwhole-cell extracts were analyzed byWestern blotting. As
shown in Figures 8(a) and 8(b), MMP-2, MMP-9, uPA, and
uPAR levels were decreased by varying degrees in response
to 1𝜇L/mL and other concentrations of PC-SPESII. Alterna-
tively, TIMP-1 andTIMP-2 levels were significantly increased.
Taken together, these data suggest that PC-SPESII-mediated
inhibition of MDA-MB-231 cell migration, invasion, and
metastasis is dependent on the degradation of extracellular
matrix.

3.8. PC-SPESII Regulates Expression of Proteins Involved in
the p38MAPK and SAPK/JNK Pathway. The MAPK and
SAPK/JNK signaling pathway has been implicated in the
regulation of various cellular processes including cancer cell
metastasis. This pathway also regulates the expression of
proteolytic proteins and ECM degradation. Thus, we tested
the effect of PC-SPESII on MAPK levels and signaling
by Western blotting. In response to PC-SPESII treatment,
p38MAPK and SAPK/JNK expression were reduced while
p-ERK1/2 expressions remained unchanged (Figures 8(c)
and 8(d)). Phosphorylation of p38MAPK and SAPK/JNK
was also reduced. The p38MAPK protein phosphorylated
ratios were 0.59, 0.65, 0.55, and 1.60. The SAPK/JNK protein
phosphorylated ratios were 0.90, 0.09, 0.02, and 0.01. These
results confirmed that the signaling competency of these
proteins was compromised.

We hypothesized that pharmacological inhibition of
p38MAPK and SAPK/JNK signaling would recapitulate the
phenotypes associated with PC-SPESII treatment. To test
this, we treated MDA-MB-231 cells with the p38MAPK-
specific inhibitor (SB203580) and the SAPK/JNK-specific
inhibitor (SP600125) alone or in combination with PC-
SPESII. Interestingly, inhibiting p38MAPK or SAPK/JNK
mimicked the effects we described in PC-SPESII-treated cells
(Figure 9), indicating that PC-SPESII acts on these signaling
pathways. Since the inhibitors and PC-SPESII act on the
same pathway, we reasoned that cotreatment would amplify
their effects. Compared to cells treated with PC-SPESII alone,
expression ofMMP-9, uPA, TIMP-1, and TIMP-2 was further
reduced in cells cotreated with PC-SPESII and SB203580 or
SP600125 (Figures 9(a) and 9(b)). Next, we tested the effect
of cotreatment on cell invasion by the Transwell chamber
assay. Again, PC-SPESII and the two inhibitors combined to
further reduce cell invasion (Figures 9(c) and 9(d)). Taken
together, these results suggest that the anti-invasion effect
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Figure 8: Changes in protein expression in response to PC-SPESII treatment. (a, c) MDA-MB-231 cells were treated with or without PC-
SPESII for 24 h. Then Western blot analysis was performed using antibodies specific for MMP-2, MMP-9, uPA, uPAR, TIMP-1, TIMP-2,
p38MAPK, p-p38MAPK, p-ERK1/2, p-SAPK/JNK, and SAPK/JNK. (b, d) The density ratio of proteins to GAPDH is shown as relative
expression. Values are expressed in mean ± SD; three experiments were repeated with similar results. a𝑃 < 0.05 and b

𝑃 < 0.01 compared to
control.

of PC-SPESII acts through the p38MAPK and SAPK/JNK
pathway in MDA-MB-231 cells.

4. Discussion

Most cancer patients do not die from local complications of
their primary tumor growth, but rather from the develop-
ment and spread of the tumor. Preventing and suppressing
tumor invasion and metastasis is a promising means for
decreasing the mortality of patients with malignant tumors.
In recent years, studies performed on antitumor drugs are
increasing. These include natural products that have been
used as alternative treatments for treating certain cancers
such as breast cancer [25, 26]. Despite the increased research

in this field, there still remains a serious shortage of agents
that target cancer cell metastasis [27].

This study focuses on the mechanism and antimetastatic
effects of PC-PSESII, a Chinese herbal medicine. We demon-
strated that PC-PSESII has high antimetastatic activity and
low toxicity. Specifically, PC-PSESII suppressed pulmonary
metastasis of human MDA-MB-231 breast cancer cells in
nudemice.The average number ofmetastasized lung nodules
and tumor weight in the PC-SPESII-treated group was signif-
icantly lower than in saline group (Figure 2). Despite its dra-
matic effects on cancer cell metastasis, PC-SPESII treatment
did not alter body weight, kidney function, and liver function
(Figure 3) in vivo. We also found concentration-dependent
inhibition of MDA-MB-231 cell migration and invasion in
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Figure 9: Protein expression and cell invasion after PC-SPESII treatment with or without p38MAPK and SAPK/JNK inhibitors. (a) MDA-
MB-231 cells were treated with or without 1𝜇L/mL PC-SPESII, 15 𝜇m/L SB203580, and 20 𝜇m/L SP600125 in the indicated combinations for
24 h.Then, Western blot analysis was performed and stained for the indicated epitopes. (b)The density ratio of proteins to GAPDH is shown
as relative expression. Values are expressed as mean ± SD. Three experiments were repeated with similar results. a𝑃 < 0.01, b𝑃 < 0.05, and
c
𝑃 < 0.05 compared to control. (c, d) Transwell chamber was used for the invasion assay (100x magnification). The filter membranes were
coated with Matrigel. Cells were treated according to the conditions in (a) for 24 h. Results are presented as mean ± SD of three independent
experiments. ∗∗𝑃 < 0.01 compared to control; #𝑃 < 0.01 and 𝑃 < 0.05 compared to 1 𝜇L/mL PC-SPESII treatment.

response to PC-SPESII in vitro (Figures 5 and 6).These results
indicated that PC-SPESII has potent antimetastatic activity in
vivo and in vitro with no side effects.

The ECM and BM are two barriers that hinder cancer
cell invasion.TheMMP family of zinc-dependent proteinases
mediates ECM degradation. MMP-2 and MMP-9 are the key
enzymes for type IV collagen degradation and are considered
to be important for cancer invasion [28]. In cancer cells,
MMP-2 and MMP-9 are controlled by their endogenous
inhibitors TIMP-1 and TIMP-2 [29]. Therefore, decreasing
MMP activity while increasing TIMP activity could inhibit
cancer cell invasion and metastasis [30]. In order to investi-
gate the mechanisms of the antimigration and anti-invasion
effects of PC-SPESII, we examined the regulation of MMP
and TIMP activity in MDA-MB-231 cells. Our data showed
that PC-SPESII significantly inhibited MMP-2 and MMP-9

secretion (Figure 7) and expression and increased TIMP-1
andTIMP-2 levels (Figure 8(a)), consistent with its inhibitory
effects on metastasis.

uPA is another important ECM proteinase. It is a ser-
ine protease that converts plasminogen to plasmin, which
directly mediates cancer cell invasion by degrading matrix
proteins such as collagen IV, fibronectin, and laminin or
indirectly by activating MMP-2, MMP-3, MMP-9, and uPA
[31]. It is well documented that overexpression of uPA in
breast cancers is a strong indicator of poor prognosis. uPAR
focuses uPA activity on the cell membrane, thus regulating
cell surface-associated plasminogen proteolysis by uPA [32].
Thus, we studied the effects of PC-SPESII on uPA and uPAR
in MAD-MB-231 cells. The results showed that PC-SPESII
decreased uPA and uPAR expression (Figure 7(a)). Taken
together, our data indicates that PC-PSESII exerts its effects
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through regulating the balance between MMP and TIMP
expression and decreasing uPA and uPAR expression in vitro.

The MAPK pathway is upstream of MMP activity and
ECM degradation. It has been reported that the overexpres-
sion and phosphorylation of MEK and ERK may play an
important role in the development of human breast cancer
[33]. Tetraspanin CD9 activates p38MAPK, which induces
MMP expression and activates JNK and c-Jun pathways in
human melanoma cells [34]. Previous studies have shown
that p38MAPK phosphorylation occurs in 20% of primary
breast carcinomas and may be associated with poor out-
comes in patients with lymph node-positive breast carcinoma
[35]. P38MAPK could promote breast cancer progression by
upregulating uPA expression, suggesting that phosphorylated
p38MAPK and uPA expression could serve as biomarkers
for breast cancer prognoses [20]. A natural product, Butein,
inhibits the migration and invasion of SK-HEP-1 human
hepatocarcinoma cells by suppressing the ERK, JNK, p38, and
uPA signaling pathways [36]. Constitutive p38alpha MAPK
activity is required for increased uPAR expression andmatrix
invasion by breast cancer cells [37]. Downstream fromMAPK
signaling, JNK activation helps regulate cancer cell invasion
and expression ofMMP-1,MMP-2, andMMP-9. Accordingly,
inhibiting JNK decreases cancer cell invasion [38].

In this study, we confirmed that PC-SPESII functions by
inhibiting the p38MAPK and SAPK/JNK pathway without
altering ERK1/2 phosphorylation. In order to further assess
the role of p38MAPK and SAPK/JNK in PC-SPESII treat-
ment, MDA-MB-231 cells were treated with the p38MAPK-
specific inhibitor, SB203580, and the SAPK/JNK-specific
inhibitor, SP600125, alone or in combinationwith PC-SPESII.
The results showed that the effects of PC-SPESII combined
with inhibitors were significantly strengthened (Figures 9(a)
and 9(b)), suggesting that PC-SPESII regulates the proteolytic
enzyme via the p38MAPK and SAPK/JNK pathway inMDA-
MB-231 cells.

5. Conclusion

PC-SPESII inhibits human breast cancer MDA-MB-231 cell
migration, invasion, and metastasis through in vitro and in
vivo studies. PC-PSESII regulates secretion and expression
of proteolytic enzymes by targeting the p38MAPK and
SPK/JNK pathway. The potent antimetastatic effect and low
toxicity of PC-PSESII suggest that this Chinese herbal remedy
has a high therapeutic potential for metastatic breast cancer.
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Objectives. To investigate the effect of Si Ni San freeze-dried powder (SNSP) on sleep phase in insomniac and normal rats, to
identify its mode of action in improving sleep, and to provide a reliable method for determining pharmacodynamic material basis
of Si-Ni-San on improving sleep. Methods. Rats were deprived of sleep by using the footplate electrical stimulator to record the
rats’ electroencephalogram (EEG) and electromyogram (EMG) by using polysomnography (PSG) and copy insomnia model by the
method of electric stimulation. Analysis on EEG and EMG was carried out to observe the effects of SNSP on the sleep phase of
insomniac and normal rats. Results. Rats were treated by intragastric administration (i.g.) consecutively for seven days. The results
showed that the total sleep time was extended; meanwhile, SWS2 (𝑃 < 0.01) and REMS (𝑃 < 0.05) were mainly prolonged for both
insomniac and normal rats.The dates implied SNSP could significantly improve sleep. Conclusions. SNSP could prolong SWS2 and
REMS, the experimental reproducibility is good, and the dates indicate that SNSP has the sedative function. Study on the effects of
SNSP on sleep phases provided a basis for the further studies on effective constituents and the pharmacodynamic mechanism of
SNSP.

1. Introduction

With the accelerated pace of modern social life and work
pressure, improving sleep quality has increasingly become the
focus of attention. Sleep disturbance is a common disease and
a variety of diseases’ associated symptom. As necessary as
sleep is for life, it is an important part of the body recovery,
integration and consolidation of memories, indispensable
part of health.

Sedative and hypnotic chemical drugs mainly decrease
slow-wave sleep 2 (SWS2) and rapid-eye-movement sleep
(REMS) and relatively increase slow-wave sleep 1 (SWS1) to
prolong the total sleep time (TST). After repeated admin-
istration, addiction and dependence will appear. Moreover,
many adverse effects such as abstinence symptoms and
rebound phenomena will appear following drug withdrawal
[1]. Traditional Chinese medicines have important effects
in treating insomnia and have fewer side effects compared
with chemical drugs. Si Ni San freeze-dry powder (SNSP) is
considered a typical medicine.

Si Ni San was first recorded in Shang Han Lun by
Zhang Zhongjing in Eastern Han Dynasty, and it consisted
of four herbs that are bupleurum, white peony, immature
bitter orange, and licorice. It is the basic prescriptions of
traditional Chinese medicine (TCM) to alleviate Shaoyang
and coordinate liver and spleen. Si Ni San can disperse
pathogens, alleviate mental depression, sooth the liver, regu-
late the spleen, and exhaust the stagnation of qi and blood. In
recent years, studies found that SNSP has a unique curative
effect in sedative-hypnotic and raising the quality of sleep,
after the experiment of sedative hypnotic pharmacodynamics
of SNSP [2–5]. According to clinical data of traditional
Chinese medicine, insomnia induced by stagnation of Liver-
qi accounts for more than 80% of all insomnia patients.
Therefore, we select a representative prescription Si Ni San
with the function of relieving the depressed liver and harmo-
nizing liver and spleen as the research objective anddiscuss its
pharmacological effects on improving sleep. Compared with
chemical drugs, Si Ni San has important effects in treating
insomnia and has fewer side effects. Efficacy study on Si
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Ni San of sleeping time of rats is carried out, which will
provide a basic data for developing new traditional Chinese
medicine drugs to improve sleep with high performance and
low toxicity and provide information for the further studies
on effective constituents and the effectingmechanism of Si Ni
San.

The aim of this study is to verify the effect of SNSP on
sleeping states of rats by recording the cortical electroen-
cephalography (EEG) of insomniac rats and normal rats
and calculating the total duration of each sleeping state,
which will provide a reliable method for determining the
pharmacodynamic material basis of Si Ni San on improving
sleep.

2. Materials and Methods

2.1. Animals. This experiment was performed in the Depart-
ment of Pharmacology of Chinese Materia Medica, Gansu
University of Traditional Chinese Medicine from January
2008 to July 2011.

Male Wistar rats, weighing 220 ± 10 g, were purchased
from the Experimental Animal Centre of GansuUniversity of
Traditional Chinese Medicine. Before the study, the animals
were acclimated for 5 to 7 days in temperature (20–22∘C) and
humidity (40–45%) controlled rooms with a 12 h light cycle.
All experiments followed a protocol approved by the local
Animal Ethics Committee and the local government.

2.2. Instruments. There are 16-channel physiological sig-
nal recorder (Stoelting Company, USA); electromagnetically
shielded recording chamber; stereotaxic apparatus (Stoelt-
ing, USA); plexiglass boxes; footplate electrical stimulator
(Lanzhou Research Institute of Electrical Instruments).

2.3. Reagents and Chemicals. Pentobarbital sodium (batch
no. 080605) was purchased from Shanghai General Reagent
Factory, Shanghai, China. It was prepared with distilled water
to a 1% solution before use. Dental acrylic water (08-05-
07) and dental acrylic cement (batch no. 09-07-02) were
purchased from Gansu Dental Equipment Factory and ben-
zylpenicillin sodium (batch no. A09078537) from theGeneral
Pharmaceutical Factory of the Gansu Pharmaceutical Group.
Components of SNS, Bupleurum root, radix Paeoniae alba,
bitter orange, and licorice were kindly authenticated by Dr.
Chengyi Li, Professor of Pharmacognosy.

2.4. Methods

2.4.1. Preparation of Si Ni San Freeze-Dried Powder (SNSP).
Themixture (580 g) of Bupleurum root, Radix Paeoniae Alba,
bitter orange, and licorice was decocted for 30min with
boiling distilled water (equal to 10-fold the weight of the
mixture) and then filtered. The drug residue was decocted
for 20min with boiling distilled water (equal to 6-fold the
weight of themixture) and thenfiltered. Filtrates from the two
decoctions were put together, concentrated to the required
volume, and prepared by freeze-drying processed Si Ni San

Table 1: The contents of five marker constituents in Si-Ni-San
(freeze-dried powder) determined by 3D-HPLC.

Compound Paeoniflorin Naringin Hesperidin Licorice acid
Contentsa
(mg/g) 507.4 ± 0.03 167.5 ± 0.01 135.1 ± 0.02 136.6 ± 0.02
aData expressed as mean ± SD (𝑛 = 4).
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Figure 1: HPLC-FP of Si Ni San (freeze-dried powder).

freeze-dried powder. The constituents in Si Ni San freeze-
dried powder were detected, and the four major ones of them
(including paeoniflorin, naringin, hesperidin, and licorice
acid) were quantified by HPLC (Figures 1 and 2, Table 1).

2.4.2. Rat Sleep Phase Distinguishing Standard and Quantita-
tive Analysis Index. Each 30 s is a segmented time, and the
sleep-wake cycle of rats can be divided into four states [6–12]
(Table 2) based on the wave form (Figure 3).

2.4.3. Implantation for EEG. After the animals were anes-
thetized with pentobarbital sodium (45mg/kg) and fixed in
the stereotaxic apparatus, the skull was exposed. Two screw
electrodes (1mm diameter) were implanted into the skull
(AP-2, R2; AP+2, R2) as cortical electrodes, and another one
was placed at the center of the frontal bone (AP+5, R0) as
a ground electrode. The cortical electrodes must touch the
dura, but not cut it. The electrodes were connected to a
socket by leads, which were fixed on the skull with dental
acrylic cement [13–16]. Postoperatively, rats were put into
separate plexiglass boxes and housed in an electromagneti-
cally shielded recording chamber under standard conditions
of temperature (21 ± 2∘C), humidity (40%–45%), lighting
(7:00–21:00 h), and ventilation. Each rat was administered
intraperitoneally with 45 000U penicillin for three days and
allowed to recover for seven days. Before testing, the EEG
recording cable was connected to a socket for 5.5 h for
habituation to the experimental conditions. During EEG
recording, the behavior of the rats was observed using a video
monitoring system.

2.4.4. Replication of Insomniac Model in Rats. On the 8th
day after operation, the EEG signals of rats in a nonstressed
state were recorded. Recording time lasted for 10 h from08:00
to 18:00 h. The next day, animals were placed in separate
plexiglass boxes (14mm × 25mm × 28 cm), on an electrified
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Table 2: Sleeping states differentiation.

(a) Waking (W)

During W, EEG signals are different when rats are in different behavioral conditions, and there are two
kinds of EEG signals: when rats are moving, climbing, exploring, or scanning, cortical EEG waves are
predominantly theta rhythm (6–9Hz) waves, and when rats are grooming or standing still, cortical EEG
waves are predominantly low voltage waves with high frequency.

(b) SWS1
SWS2

When rats are lying, eyes closed, or sleeping, cortical EEG waves are predominantly high amplitude waves
(0.5–5Hz) with sleep spindles (10–15Hz). During SWS1, high amplitude waves occupied less than 50% of
the period.
SWS2 is characterized by high amplitude waves with low frequency and also sleep spindles. High
amplitude and low frequency waves occupied more than 50% of the period.

(c) Rapid
eye-movement
sleep (REMS)

REMS is characterized by theta waves which are not markedly different fromW.Thus, REMS is
determined according to the EEG signal together with the behavior of the rats. Because waking cannot
transform into REMS directly, SWS must appear before REMS, while REMS can return to SWS or W
directly. Generally, the duration of REMS is less than 3min. Any separate state lasts for at least 20 s, and a
period of 20 s is considered an analytic unit.

(d) TST Total sleep time (TST) includes the SWS1, SWS2, and REMS.
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Figure 2: Contrast analysis of the HPLC chromatogram of Si Ni San
(freeze-dried powder) and mixed standard substance a: peoniflorin,
b: naringin, c: aurantiamarin, d: ammonium glycyrrhizinate salt, e:
saikoside A, f: saikoside D, and g: enoxolone.

grid, through which electric shocks were delivered. The
shock intensity was 0.5mA, 1Hz, and 18ms long [7]. The
electric shocks lasted for 30 s with a 30min interval between
sessions. At the same time, the EEG signals were recorded.
After the test, the EEG and EMG were analyzed by the
outcome measures of W, SWS1, SWS2, and REMS using the
paired Student’s t-test to check if the insomniac models were
replicated successfully.

2.4.5. The Effect of Si Ni San Freeze-Dried Powder on Sleep
Phase in Normal Rats. The animals were placed in a quiet
laboratory, and the recording time lasted for 4.5 h from 09:30
to 14:00 h. Rats were housed under standard conditions of
humidity (40%) and temperature (20∘C). Rats’ embedded
recording electrodes were randomized into two groups, with
fifteen rats in each group. Rats were ensured light and dark
alternately for 12 h every day and allowed to recover for two
days after operation. Rats were administrated with SNSP
5.0 g/kg (containing about paeoniflorin 43mg, naringin
246mg, hesperidin 19mg, and licorice acid 20mg) for seven
consecutive days.Thirtymin after the last administration, the
EEG recording cable was connected to sixteen physiological
signal recorders by a socket and a connecting line, and
the sampling rate was 500.000 samples/sec. EEG and EMG

signals of each rat were recorded for two days, and recording
results were used averagely.

2.4.6.The Effect of Si Ni San Freeze-Dry Powder on Sleep Phase
in Insomniac Rats. Rats’ EEGandEMGsignalswere recorded
in a nonstressed state on the 8th day after operation, record-
ing under nonstress state of normal rat electroencephalogram
(EEG) and electromyogram (EMG) signals. The tracing time
was 9:30–17:30 for total 8 h. Nine am the next day, the same
rats were given the same volume of distilled water by gavage
again, and then the rats were placed in a cage electric gate at
the bottom of insomnia stimulator; the rats’ feet were bottom
stimulated for 8 h. The impact strength was 0.5mA, 15ms
wide, and 1Hz, during stimulus EEG, and EMG recording
line can automatically interrupt it. Electrical stimulation can
be started by two adjustable timers automatically. Thus, each
stimulus was 30 s with intervals of 30min to cause rats’
insomnia. Tracing time was from 9:30 to 17:30 after the end
of the stimulation. EEG and EMG were analyzed after the
test. Animals with the reduced SWS1, SWS2, and TST were
used as the experimental mice. After three days, insomnia
rats were administratedwith SNSP 5.0 g/kg (containing about
paeoniflorin 43mg, naringin 246mg, hesperidin 19mg, and
licorice acid 20mg) for seven consecutive days. Thirtymin
after the last administration, the EEG and EMG signals of
each rat in an electrically stimulated state were recorded for
8 h from 09:30 to 17:30 h. The variation characteristics of
EEGwere analyzed for pre- and poststimulation and different
periods of administration.

2.4.7. Statistical Analysis. The first author analyzed the raw
data statistically. All the results are analyzed with SPSS 17.0
using the paired Student’s t-test.

3. Results

3.1. Analytical Results of the Effect of Si Ni San Freeze-Dry
Powder on Sleep Phase in Normal Rats (Figure 4, Table 3).
Results in Figure 4 and Table 3 were shown after rats were
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(a) Waking stage (b) SWS1 stage

(c) SWS2 stage (d) REMS stage

Figure 3: EMG and EEG of waking and sleep phase in freely moving rats.

Table 3: The effect of Si-Ni-San freeze-dry powder on sleep phase in normal rats (𝑥 ± SD).

𝑛 W SWS1 SWS2 SWS REMS TST (min)
BG 15 165.93 ± 23.75 83.77 ± 20.04 14.97 ± 14.61 100.27 ± 21.68 3.80 ± 3.95 104.07 ± 23.75
SNSP 15 133.70 ± 30.95∗∗ 100.40 ± 29.97 28.67 ± 18.06∗ 129.07 ± 29.82∗∗ 8.73 ± 7.12∗ 136.30 ± 30.95∗∗

SNSD 15 125.83 ± 30.42 98.33 ±25.21 22.17 ± 15.09∗ 118.51 ± 24.33∗∗ 7.89 ± 6.35∗ 120.26 ± 35.47∗

THS 15 131.52 ± 20.33 88.84 ± 21.03 15.85 ± 15.32 120.35 ± 21.25 6.55 ± 2.78∗ 125.11 ± 18.58∗
∗∗
𝑃 < 0.01, ∗𝑃 < 0.05 versus BG: blank group; SNS: Si-Ni-San.

THS (melatonin) tui hei su (melatonin is a natural hypnotic substance that is deep within the brain-like echinacea size “the pineal gland secretion of an amine
hormone, so some people call it the pineal gland”); SNSD Si-Ni-San decoction (SNSD: is hypnotic-sedative herbs).
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Figure 4: The effect of Si Ni San freeze-dry powder on sleep phase
in normal rats.

administrated with SNSP 5.0 g/kg (containing about paeoni-
florin 43mg, naringin 246mg, hesperidin 19mg, and licorice
acid 20mg) for seven consecutive days. The time of the
awakening of the normal rats’ decreased significantly (𝑃 <
0.01), TST increased markedly (𝑃 < 0.01), SWS2 (𝑃 < 0.05),
REMS (𝑃 < 0.05), and SWS increased, and SWS1 was not
obviously affected. After the rats were administrated with

SNSP for seven consecutive days, the effects of SNSP on
prolonging the total sleeping time of mice were significantly
stronger than those in the control group, and the effects of
SNSP on prolonging the total sleeping time of mice were
significantly stronger than those In the Si Ni San decoction
(SNSD) and tui hei su (THS) groups.

3.2. Analytical Results of the Effect of Si Ni San Freeze-Dry
Powder on Sleep Phase in Insomnia Rats (Figure 3, Table 2).
Result in Figure 5 and Table 4 showed that significant dif-
ferences were found for W, REMS SWS1, SWS2, and TST by
comparing pre- with postshock (PrS and PS), indicating that
the model was successful in replicating insomnia. The time
of the awakening of insomniac rats decreased significantly
(𝑃 < 0.01), but TSTwas significantly longer than preadminis-
tration with Si Ni San freeze-dried powder (𝑃 < 0.01), SWS2
increased markedly (𝑃 < 0.01), REMS increased significantly
(𝑃 < 0.05), and SWS1 was not significantly longer than
preadministration.

4. Discussion

So far, efficacy study on SiNi San on sleeping time is limited to
the clinical observation phase. In this study, researchmethods
on the central nervous system pharmacology are used, and
efficacy study on Si Ni San on sleeping time induced by



Evidence-Based Complementary and Alternative Medicine 5

Table 4: The effect of Si-Ni-San freeze-dry powder on sleep phase in insomnic rats (𝑥 ± SD).

𝑛 W SWS1 SWS2 SWS REMS TST (min)
PrS 8 268.31 ± 44.02 161.88 ± 41.80 38.94 ± 15.63 199.56 ± 43.56 12.13 ± 5.13 211.69 ± 44.0
PS 8 380.63 ± 21.52∗∗ 83.13 ± 22.80∗∗ 12.06 ± 5.22∗∗ 95.19 ± 22.39∗∗ 4.19 ± 2.19∗∗ 99.38 ± 21.52∗∗

PA 8 322.25 ± 41.61## 114.69 ± 46.97 34.13 ± 12.41## 148.81 ± 40.47# 8.94 ± 3.70# 157.75 ± 41.61##
∗∗
𝑃 < 0.01, ∗𝑃 < 0.05, versus PrS; ##𝑃 < 0.01, #𝑃 < 0.05, versus PrS: pre-shock, PS: post-shock, PA: post-administration.
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Figure 5: The effect of Si Ni San freeze-dry powder on sleep phase
in insomniac rats.

pentobarbital sodium is carried out onmice, which elucidates
its pharmacological effects on improving sleep.

The present study aimed to investigate the effect of
SNSP at pre- and postshock (PrS and PS) on states of
the sleep phase in insomniac Wistar rats using a modern
experimental model. The effects of SNSP on prolonging the
total sleeping time of rats were significantly stronger than
those in the control group. The results showed that Si Ni
San can increase markedly the sleeping time and also has
a distinct pharmacological action in ameliorating insomnia
as compared to synthetic drugs, because Si Ni San acts by
extending SWS2 and REMS to increase the total sleeping
time, and the effects of SNSP on prolonging the total sleeping
time of mice were significantly stronger than those in the Si
Ni San decoction (SNSD) and tui hei su (THS) groups. Si Ni
San is likely to cause few side effects, and SNSP and SNSD
could prolong the mouse sleeping time (𝑃 < 0.01), especially
SNSP (𝑃 < 0.01), proving that SNSP has a very significant
effect on insomnia treatments.

SNSP showed an internal role in improving sleep, which
has been found in the cerebrospinal fluid component analysis
studies. This explains that SNSP has some unique phar-
macological effects on improving sleep role and has great
advantages compared to synthetic drugs [1].

This study establishes the basis for clinical use of SNS and
provides experimental evidence underlying its mechanism of
action.

Abbreviations
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Electroacupuncture (EA) has been regarded as an alternative treatment for inflammatory pain for several decades. However, the
molecular mechanisms underlying the antinociceptive effect of EA have not been thoroughly clarified. Previous studies have
shown that cannabinoid CB1 receptors are related to pain relief. Accumulating evidence has shown that the CB1 and dopamine
systems sometimes interact and may operate synergistically in rat striatum. To our knowledge, dopamine D1/D2 receptors are
involved in EA analgesia. In this study, we found that repeated EA at Zusanli (ST36) and Kunlun (BL60) acupoints resulted in
marked improvements in thermal hyperalgesia. Both western blot assays and FQ-PCR analysis results showed that the levels of CB1
expression in the repeated-EA group were much higher than those in any other group (𝑃 = 0.001). The CB1-selective antagonist
AM251 inhibited the effects of repeated EA by attenuating the increases in CB1 expression. The two kinds of dopamine receptors
imparted different actions on the EA-induced CB1 upregulation in AA rat model. These results suggested that the strong activation
of the CB1 receptor after repeated EA resulted in the concomitant phenomenon of the upregulation of D1 and D2 levels of gene
expression.

1. Introduction

More than 40 disorders have been endorsed by the World
Health Organization (WHO) as conditions that can benefit
from acupuncture treatment. Acupuncture has been used
for several years in the treatment of acute and chronic
pain. Thus, of the 3975 acupuncture research articles that
have been published from 1991 to 2009, 1647 (41%) focus
on pain and analgesia [1]. According to the latest reports
in the American journal of Nature Neuroscience, acupunc-
ture has been found to cause the human body to release
some natural painkillers [2]. In addition, arthritis-induced
hyperalgesia and allodynia have been shown as suppressed
by repeated EA in some animal experiments [3]. Several

processes have been proposed to explain the EA effects,
primarily the pain relief effects. One of the main processes
of the pain relief effects is to stimulate the central nervous
system to release neurotransmitters or neuromodulators,
such as opioid peptides, serotonin, and noradrenaline, into
muscles, spinal cord, and brain. These substances can either
change the degree of pain scale or promote the release of
some other chemicals, such as neurohormones, that influence
the neuroimmune system [4]. Taken together, acupuncture
analgesia involves a comprehensive course of multichannels,
multilevels, and multilinks. Acupuncture signals and the
pain transduction channels of the central nervous system
have obvious overlapping parts, and thus, acupuncture may
influence pain signal transduction in the central nervous
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system [5]. In recent years, more and more studies have been
conducted to discover the neurobiological mechanisms of
acupuncture analgesia.

The endocannabinoid system is of great physiological
significance inmany aspects. In particular, endocannabinoids
play an important role in painmodulation [6]. Earlier studies
have demonstrated that the cannabinoid receptor system
has therapeutic potential in curing inflammatory diseases,
such as rheumatoid arthritis [7]. Electroacupuncture (EA)
has been suggested by some researchers to be able to
modulate neural responses by decreasing the release of
gamma-aminobutyric acid in the brain, most likely through
a presynaptic cannabinoid receptor 1 (CB1) mechanism [8].
Given the analgesic effects of EA and the importance of the
endocannabinoid system in pain modulation, we hypoth-
esized that the action of EA on inflammatory pain may
be attributable to increases in the expression of the CB1
receptor. In order to verify this hypothesis, we established
a complete Freund’s adjuvant arthritis (AA) rat model and
observed the effects of EA at the Zusanli (ST36) and Kunlun
(BL60) acupoints on the arthritis and the expression of
CB1. In addition, the paw withdrawing latency (PWL) of
the AA rats in response to noxious heat was analyzed as
an indicator of the thermal pain threshold (PT). We chose
to observe the above acupoints because of their common
use in acupuncture analgesia [9, 10]. Previous studies have
shown that cannabinoid CB1 receptors of the rat corpus
striatum, including the nucleus accumbens and caudate
nucleus, interact with the dopamine system [11–13] and that
dopamine D1/D2 receptors are involved in EA analgesia [14].
Therefore, we also monitored the cross-modulation between
CB1 and dopamine D1 and D2 receptors in the analgesic
effects of repeated EA.

2. Materials and Methods

2.1. Animals. 60 adult male Sprague-Dawley (SD) rats (age,
5 weeks old; weight, 180 ± 20 g; Shanghai Laboratory Animal
Center, Chinese Academy of Sciences, Shanghai, China) were
raised in groups of 4–6 per cage under controlled conditions
(23±1∘C; relative humidity, 50%±10%, 12-h/12-h alternating
light/dark cycles; and food and water ad libitum). All animals
were handled with care to prevent infection and minimize
stress. They all exhibited normal PWL values (8–11 s).

2.2. Environmental Adaptation and Grouping. 60 SD male
rats were randomized into the following groups with 12 rats
per group: shammodel (injection of saline), model (injection
of Complete Freund’s Adjuvant (CFA) to induce arthritis),
EA (injection of CFA followed by EA stimulation at ST36
and BL60), EA + AM251 (injection of CFA followed by EA
stimulation at ST36 and BL60 and an injection of the CB1-
selective antagonist AM251), and WIN55212-2 (injection of
CFA followed by an injection of the potent cannabinoid
receptor agonist WIN55212-2). At least one week before the
experiment, all rats were habituated to a plastic chamber.
All of the rats, except for the sham-model group, underwent
AA model establishment on the 1st day, and they were taken

for environmental adaptation on the 2nd day. On the 3rd
day, the rats were subjected to PT measurements. After
that, EA (2/100Hz, 30 s, 1.0, −2.0, −3.0mA) was applied to
the “Zusanli” (ST 36) and “Kunlun” (BL 60) acupoints for
20min, once every other day starting from the 4th day,
for 4 sessions. The other groups of rats were maintained
within the same small cages with five holes for their four
limbs and their tail. On the 10th day, the rats in the relevant
groups were intraperitoneally injected with AM251 (1mg/kg)
[15] or WIN55212-2 (2mg/kg) [16]. The rest of the rats
were intraperitoneally injected with an equal volume of
10% dimethyl sulfoxide according to their weight. One and
a half hour later, all rats were decapitated, and specimen
preparations were made after the last PT measurements.
All animal experiments and protocols were approved by the
Committee on the Ethics of Animal experiments of Shanghai
University of Traditional Chinese Medicine (approval ID:
08001) and were conducted in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals and the International Association for the Study of
Pain’s (IASP) guidelines for pain research [17]. We conducted
a randomized, controlled experimentwith blinded evaluation
and statistical analyses of the results. A flow chart of the study
protocol is shown in the schematic diagram in Figure 1.

2.3. Reagents. Complete Freund’s adjuvant (CFA) was used
to induce inflammatory pain. The CB1-selective antago-
nist AM251 and the potent cannabinoid receptor agonist
WIN55212-2 were used to interfere with the natural processes
of the cannabinoid CB1 receptors. All of the above reagents
were purchased from Sigma-Aldrich Co. LLC (St. Louis, MO,
USA).

2.4. Instruments. An IITC Model 336GT paw/tail stimulator
analgesia meter was purchased from IITC Life Science Inc.
(Woodland Hills, CA, USA). Han’s acupoint nerve stimulator
LH202H was bought from Beijing Huawei Electronic Indus-
try Development Co., Ltd (Beijing, China). The rodent brain
matrix was purchased from Analytical Scientific Instruments
(Richmond, CA, USA).

2.5. Induction of the AA Rat Model by CFA. The AA rat
model was established on the 1st day of the experiment. It was
induced as described previously [18]. Rats were anesthetized
with 10% chloral hydrate (40mg/kg, i. p.).The skin around the
site of the injection was sterilized with 75% alcohol. A 25-
gauge needle was inserted vertically to penetrate the skin and
then turned distally to insert it into the left ankle articular
cavity of the hind paw from the gap between the tendo
calcaneus and the lateral malleolar fossa until an obvious
decrease in resistance was felt. Then, a dose of 0.05mL of
CFA (1mg/mL), which contained 0.05mg of heat-killed and
driedMycobacterium tuberculosis in 85% paraffin oil and 15%
mannide monooleate, was administered to this site. Rats in
the sham group were injected with an equal volume of sterile
normal saline instead of CFA. CFA is a strong and effective
inflammation-inducing agent. It can induce obvious local
inflammatory pain that lasts for a long period. A Complete
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Figure 1: Experimental protocol: 60 rats were used with 12 rats each in 5 groups.

Freund’s adjuvant arthritis (AA) model can better reflect the
essence of pain and the analgesic courses. It is thought that
the exaggerated pain results from peripheral sensitization
due to an increase in the sensitivity of the nociceptive
primary afferent neurons and central sensitization due to
the hyperexcitability of nociceptive neurons in the central
nervous system [19–22].

2.6. Blinded PWL Method. Thermal hyperalgesia was eval-
uated by measuring the latency of the PWL according to a
previously described method [23]. The thermal stimulus was

produced with the IITC model 336GT paw/tail stimulator
analgesia meter. PWL was taken as an indicator of PT. An
automatic 20 s cutoff was utilized to avoid tissue injury.
Unrestrained and conscious rats were placed in the clear
plastic chambers (12 × 12 × 18 cm) on an elevated surface,
and they were allowed to habituate to the testing apparatus
for 20min. Then, the radiant heat that was produced by a
strong light beam that was applied to the left hind paw near
the toes. The time from onset of the radiant heat application
to paw withdrawal was regarded as PWL. Each animal was
tested three times with an interval of 15min, and the average
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ST-36
BL-60

Figure 2: Schematic diagram indicating the selected acupoints,
Kunlun (BL 60) and Zusanli (ST36), which correspond to the
equivalent acupoints in humans.

was chosen as the baseline of PT.Those animals for which the
baselineswere higher than 11 s or lower than 8 swere excluded
from the experiment. In addition, to control for potential bias,
the investigators who performed the behavioral tests were
blinded to the actual EA procedure.

2.7. EA Treatment. On the 3rd day, EA stimulation was
performed. Sterilized disposable stainless-steel acupuncture
needles (0.3mm in diameter and 25mm in length; Suzhou
Medical Appliance Factory, Suzhou, China) were inserted to
a depth of 7mm into the left hind limb at ST36 and to a 2mm
insertion depth at BL60. As illustrated in Figure 2, Zusanli
(ST36) is located 5mm lateral and distal to the anterior
tubercle of the tibia, and Kunlun (BL60) is located at the
ankle joint level between the externalmalleolus and the tendo
calcaneus in the hind limb. The needles that were inserted
into the acupoints were connected to an EA stimulator. The
stimuli were generated with a constant current programmed
pulse generator and applied for 30min. The electric stimuli
were set to be square waves with a, 0.5ms width, and a
frequency of 2 or 100Hz. The intensity was adjusted so that
localmuscle contractionswere seen. Intensities of 1.0, 2.0, and
3.0mAwere applied for 10min each. EA treatment was given
every other day for 7 sessions in total. In order to examine the
possible effects of EA, the other groups of rats were placed in
the same apparatus, and they had needle insertions into the
same acupoints. However, no electrical current was applied
to these groups of rats [24].

2.8. Specimen Preparations. All rats were anesthetized and
decapitated immediately after the PT measurements. The
brains were removed from the skull and then transferred,
ventral side up, to an ice-cold Rodent Brain Matrix with
0.5mm spacing (this process required 1–1.5min).Thenucleus
accumbens and striatum were taken from the adjacent slice
that was approximately 2.0mm to 1.5mm anterior to the
bregma with two thin, double-edged razor blades. Following
the removal from the matrix, the 2.0mm brain slices were
placed flat onto an ice-cold dissection stage, and specific
regions were dissected according to anatomical landmarks as
described below.The brain tissues that were isolated from the
right and left sides were rapidly frozen in liquid nitrogen and
stored at −80∘C [25–27].

2.9. Fluorescent Quantitative Reverse Transcription-Polymer-
ase Chain Reaction (FQ-PCR) Analysis. Total RNA was pre-
pared from treated frozen brain tissues that were treated with
TRIzol extraction reagent (Shanghai UniBi Tec, Shanghai,
China) and reverse transcribed with an M-MLV first-strand
cDNA synthesis kit (Promega Corporation, Madison, WI,
USA) and oligo(dT) primer, as recommended by the man-
ufacturer. A 50 𝜇L PCR reaction contained 10 𝜇L of 5X Taq
PCR Master Mix buffer, 0.5 𝜇L of upstream primer, 0.5 𝜇L of
downstream primers, 0.5𝜇L of TaqMan fluorescence probe,
1 𝜇L of taq polymerase, 0.5𝜇L of dNTPs, 32 𝜇L ddH

2
O, and

5 𝜇L of first-strand cDNA. Quantitative PCR was performed
with an iCycler iQ real-time PCR system (Bio-Rad Labora-
tories, Inc., Hercules, CA, USA). Amplified products were
detected with SYBR Green PCR Master Mix (Toyobo Co.,
Ltd., Osaka, Japan). The sequences of the primer pairs that
were specific for each gene are shown in Table 1.The PCRwas
initially denatured at 50∘C for 2min, which was followed by
40 PCR cycles of 95∘C for 5min, 95∘C for 15 s, and 60∘C for
45 s.The fold changes in expressionwere calculated relative to
the expression of glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), which was used as an endogenous control for
normalization. These mRNA levels were quantified by FQ-
PCR based on TaqMan technology with the ABI PRISM 7500
Sequence Detection System (Life Technologies Corporation,
Grand Island, NY, USA). Fluorescence was measured for
each amplification cycle, and the data were analyzed with the
2
−ΔΔCT method for the relative quantification of expression.
Reactions were performed in duplicate [28].

2.10. Western Blot Analysis. The brain tissues were collected
and stored for FQ-PCR. Each sample was weighed and
homogenized in 100mL of RIPA Lysis Buffer (Beyotime Insti-
tute of Biotechnology, Nanjing, China) containing 0.01M
Tris-HCl buffer (pH 7.6), 0.25M sucrose, 0.1M NaCl, 1mM
ethylenediaminetetraacetic acid, and 1mM phenylmethyl
sulfonyl fluoride at 4∘C. The supernatant was centrifuged
at after 12,000 rpm for 10min and then examined with
western blotting. The pellet was discarded, and the protein
concentrations of the supernatant were determined with
an Enhanced BCA Protein Assay Kit (Beyotime Institute
of Biotechnology). In order to quantify the CB1 protein
levels, 40𝜇g of total protein of each tissue was processed
with 2x Tricine-SDS-PAGE loading buffer (Beyotime Insti-
tute of Biotechnology), separated on 10% gels with sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and then
electrotransferred at 300mA to Immun-Blot polyvinylidene
fluoride membranes (EMD Millipore, Corporation, Biller-
ica, MA, USA) for 1 h. Membranes were blocked in Tris-
buffered saline with phosphate-buffered saline containing
5% nonfat dried milk and 0.1% Tween 20 for two hours at
room temperature. The blocked membranes were incubated
overnight at 4∘C with the rabbit anti-cannabinoid CB1 recep-
tor polyclonal antibody (1 : 250, Sigma-Aldrich Co, LLC),
or the rabbit anti-GAPDH-horseradish peroxidase poly-
clonal antibody (1 : 4,000, Jingmei, Shanghai, China), which
were diluted in Tris-Buffered Saline with Tween (TBST)
containing 5% bovine serum albumin. Blots were washed
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Table 1: Sequences of primers specific for real-time polymerase chain reaction analyses.

Target sequence Sequence (5 → 3) Size (bp)

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) R: CGAGGGCCCACTAAAGG 116
F: GCTGTTGAGTCACAGGAGCAA

Cannabinoid receptor 1 (CB1) R: TATCGCAATAGTAATCGCTGTGTTG 182
F: GTACATTCTCTGGAAGGCTCACA

Dopamine 1 receptor (D1) R: GGGACTCCAACTCACTCTGC 187
F: CTACATGGAGCCCGAGAAGC

Dopamine 2 receptor (D2) R: GCCAACCTGAAGACACCACTC 159
F: GGAAATGGAGATGCTGTCAAGC

extensively in TBST and incubated with goat anti-rabbit IgG
that was conjugated to horseradish peroxidase (1 : 10,000,
Immunology Consultants Laboratory, Inc., Portland, OR,
USA) in TBST/1.25% bovine serum albumin for 1 h at
room temperature. Immunocomplexes were visualized with
enhanced chemiluminescence detection reagents (Beyotime
Institute of Biotechnology) on X-ray films according to the
manufacturer’s protocol. The GAPDH band was used as an
internal control. The relative intensities of each band on
the western blots were measured with a computer-assisted
imaging analysis system (Quantity One Software, Bio-Rad
Laboratories, LTD., Hemel Hempstead, UK) and normalized
to the intensity of the housekeeping gene GAPDH. The
background in the films was subtracted from the optical
density measurements. The experiments were repeated three
times, and the values that were obtained for the relative
intensities were subjected to statistical analysis [29–33].

2.11. Statistical Analysis. All data were analyzed with a com-
mercial statistical program (SPSS 16.0 for Windows, IBM
Corporation, Armonk, NY, USA). Descriptive statistics were
expressed as mean± (standard deviation (SD)). The normal
distribution of the data was assessed with a Shapiro-Wilk test.
One-way analysis of variance (ANOVA) tests and Wilcoxon
W tests were used to evaluate the differences in PT and
the levels of expression of CB1 and dopamine receptors
among the groups. Post-hoc comparisons, if applicable, were
performed with Least Significant Difference tests. Statistical
significance was accepted with𝑃 values less than 0.05 [31, 34].
Our analyses showed that the blinding procedure was applied
successfully. Thus, both the evaluations of the results and the
statistical analyses were conducted in a blind fashion.

3. Results

3.1. Cumulative Effects of Repeated EA on AA Rat’s Behavioral
Hypersensitivity. Thermal hyperalgesia of the hind paw stably
occurred one day after the CFA injection [21]. EA that was
delivered to the ipsilateral hind limb at the “ST36” and “BL60”
acupoints was given 4 times during the experiment. The
baseline measures of PWL to radiant heat stimulation on
the left ankle articular cavity of the hind paw did not differ
between the model and sham-model groups prior to the
intra-articular injection.
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Figure 3: Paw withdrawing latency (PWL) values in the indicated
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Following the unilateral intra-articular injections of CFA,
strong thermal hyperalgesia developed within 1 day, and it
persisted for over 10 days [17] in the ipsilateral hind paw
(𝑃 = 0.00).The PWL was prolonged after repeated EA (𝑃 =
0.000), while the analgesic effects of EA were attenuated after
an injection of AM251 (𝑃 = 0.001). There was no significant
difference in the analgesic effects between the WIN55212-2
group and the repeated EA groups (𝑃 = 0.346) (Figure 3).

3.2. Upregulation of the Cannabinoid CB1 Receptor Protein
Levels of Expression in the Striatum. The results of the
western blot analyses of the cannabinoidCB1 receptor protein
levels demonstrated that there was no significant difference
between the sham-model group and the model group (𝑃 =
0.190). The cannabinoid CB1 receptor protein levels were
higher in the EA group than in the control group (𝑃 = 0.001).
In addition, the CB1 receptor protein levels of the EA +
AM251 group were notably lower than those in the repeated
EA group (𝑃 = 0.000). There were no significant differences
in the levels of protein expression of theCB1 receptor between
the EA + AM251 group and the sham-model or the model
groups (𝑃 = 0.391) (Figures 4 and 5).
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Figure 5: Comparison of the levels of expression of the CB1 receptor
in the corpus striatum that were determined by western blot.

3.3. Enhanced Effects of Repeated EA on the Upregulation of
CB1mRNAExpression in the Striatum of AARats. The results
of the FQ-PCR analyses further demonstrated that the intra-
articular injection of CFA produced a marked increase in the
levels of CB1 receptor mRNA in the corpus striatum (𝑃 =
0.000; 𝑃 = 0.000; 𝑃 = 0.005; 𝑃 = 0.000). Most interestingly,
repeated EA resulted in a profound enhancement of the
upregulation in the levels of CB1 receptor mRNA in AA
rats (𝑃 = 0.001). AM251 markedly reduced the EA-induced
upregulation in the CB1 receptor mRNA levels (𝑃 = 0.000).
No significant difference was detected between the EA +
AM251 and the model group (𝑃 = 0.319). The CB1-selective
antagonist AM251 inhibited the analgesic effects of repeated
EA by reversing the increase in the levels of expression of the
CB1 receptor, suggesting that CB1 receptor probably acts as
an important mediator of the anti-inflammatory role of EA
(Figure 6).

3.4. Increased Effects of Repeated EA on the Upregulation of D1
mRNA Levels in the Striatum of AA Rats. In order to observe
whether the cross-modulation of the dopamine system and
cannabinoid CB1 receptor influenced the analgesic effects
of repeated EA, dopamine D1 and D2-mRNA levels were
determined with FQ-PCR analyses. The results revealed that
an intra-articular injection of CFA resulted in a significant
enhancement of dopamine D1 mRNA expression in the
corpus striatum (𝑃 = 0.02; 𝑃 = 0.000; 𝑃 = 0.000; 𝑃 = 0.000).
Following EA treatment, the levels of expression of the D1
receptor mRNA were markedly increased (𝑃 = 0.000). An
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injection of AM251 resulted in a downregulation of the EA-
induced effects (𝑃 = 0.005). Interestingly, there was no signif-
icant difference in the levels of D1 receptor mRNA expression
between the repeated-EA group and the WIN55212-2 group
(𝑃 = 0.135). Likewise, no significant difference was detected
between the EA + AM251 and the WIN55212-2 groups (𝑃 =
0.113), indicating that AM251 had little impact on dopamine
D1. In our experiment, different aspects of the changes in the
expression of the dopamine D1 receptor and the cannabinoid
CB1 receptor were observed. However, after an injection of
WIN55212-2, D1 gene expression was significantly increased
(𝑃 = 0.000), thus suggesting that, in the AA rat model, a
strong activation of the CB1 receptor resulted in a significant
change in the dopamine D1 receptor mRNA levels (Figure 7).

3.5. Increased Effects of Repeated EA on the Upregulation of
D2 mRNA Levels in the Striatum of AA Rats. The changes in
the dopamine D2 mRNA levels, which were similar to those
of dopamine D1, were detected during FQ-PCR analyses.
They showed that inflammatory pain resulted in a significant
enhancement of the levels of dopamineD2mRNA expression
in the corpus striatum (𝑃 = 0.000; 𝑃 = 0.000; 𝑃 = 0.000;



Evidence-Based Complementary and Alternative Medicine 7

0
0.2
0.4
0.6
0.8

1
1.2
1.4

Gene expression of D2Rm
RN

A
 le

ve
ls 

of
  D

2R
 (%

)

Δ∗

Δ
Δ

Δ

Sham model
Model
EA

EA + AM251
WIN55212-2

Figure 8: D2 receptor gene expression levels in the corpus striatum
in the indicated groups. The data are presented as mean ± SD (𝑛 =
5). Δ𝑃 < 0.001 versus sham-model group at the same time-point.
∗
𝑃 < 0.01 versus model group at the same time-point.

𝑃 = 0.000). Likewise, the levels of expression of D2 receptor
mRNA were markedly increased (𝑃 = 0.000) following EA
treatment. Interestingly, there was no significant difference
in the levels of D2 receptor mRNA expression between the
WIN55212-2 and the model groups (𝑃 = 0.624). AM251
resulted in a downregulation of the EA-induced effects (𝑃 =
0.000). According to the changes in dopamine D2 mRNA
levels, the effects of repeated EA analgesia were different
from the analgesic effects of WIN55212-2 (𝑃 = 0.000).
Furthermore, regarding theirmRNA levels, the dopamineD2
receptor displayed much more activation than the dopamine
D1 receptor did (𝑃 = 0.000 versus𝑃 = 0.135, resp.) (Figure 8).

4. Discussion

To the best of our knowledge, this is the first time that
a scientific investigation has demonstrated a relationship
between repeated EA and cannabinoid CB1 receptor levels
in the corpus striatum. In the present study, we established
an AA rat model and evaluated the effects of repeated EA
stimulation on the experimental arthritis. Our data showed
that intra-articular injections of CFA resulted in a robust
enhancement of the levels of gene expression of cannabinoid
receptors and dopamine D1 and D2 receptors, suggesting
that these three receptors are involved in the process of
arthritis-induced hyperalgesia and allodynia. After repeated
EA treatment, these target genes displayedmuch higher levels
of expression. Furthermore, the combination of repeated
EA with the CB1-selective antagonist AM251 resulted in a
marked decrease in mRNA levels, indicating that the effects
of repeated EA might be associated with an upregulation of
cannabinoid CB1 receptors and that EA acts on the cross-
talk of the cannabinoid CB1 receptors and the dopamine
systems in the striatum. In addition, the analgesia resulting
from repeated EA was different from the analgesic effects of
WIN55212-2, which is a potent cannabinoid receptor agonist.
Most interestingly, the EA-induced up-regulation of the levels
of D2 gene expressionwasmuch greater than that of the levels
of D1 gene expression. However, it was observed that the
strong activation of the CB1 receptor after repeated EAmight

lead to the concomitant phenomenon of an up-regulation of
the levels of D1 and D2 gene expression in the AA rat model.

As a traditional Chinese medical technique, acupuncture
has become very popular worldwide in the treatment of
various illnesses. Our present data consistently indicated
that repeated EA at acupoints, such as ST36 and BL60,
could control inflammatory pain. Previous studies have also
supported our results by showing that analgesic effects are
exerted by EA stimulation at the ST36 and BL60 acupoints
[9, 10, 35, 36].

Cannabinoid receptors are present not just in vertebrates
but also in molluscs, leeches, and other invertebrate groups
that have been evolutionarily separated for 500 million years
[6]. The fact that natural selection has for so long conserved
these receptors is an indication of their physiological impor-
tance. Cannabinoid actions in the central nervous system
are confined to specific areas, most of which are involved in
processing pain signals. One unproved but intriguing idea
is that endocannabinoids may set the analgesic tone of the
body, with the level of their production acting as a kind
of pain thermostat. The use of acupuncture is controversial
[37]. Numerous studies have indicated that EA stimulation
is effective in relieving the pain of both somatic and visceral
origin in humans and animals [38–40], and the ventrolateral
column of the periaqueductal gray (PAG) may play a key
role in the integration of the physiological responses to
somatic and visceral pain [41]. Similar to previous studies, the
posterior ventrolateral PAG is considered an important brain
area for the antinociceptive effects of cannabinoids [6, 42, 43].

The functional interactions between endocannabinoid
and dopaminergic systems may contribute to striatal sig-
naling [44, 45]. CB1 receptors are colocalized with D1 or
D2 receptors on the same population of striatal membranes,
and they can interact at the level of G-protein/adenylyl
cyclase signal transduction [46]. The endogenous cannabi-
noid system is involved in regulating striatal dopamine
release [47]. The activation of postsynaptic dopamine recep-
tors controls endocannabinoid mobilization by acting on
presynaptic CB1 receptors and thus modulating glutamate
release differently in glutamate terminals that project to D1
and D2 cells [48]. However, the endocannabinoid system is
unlikely to directly affect dopamine release. Instead, it can
modify dopamine transmission through transsynapticmech-
anisms. These mechanisms involve gamma-aminobutyric
acid (GABA) ergic and glutamatergic synapses, as well as
converging signal transduction cascades of the cannabinoid
and dopamine receptors. The dopamine and endocannabi-
noid systems exert mutual control on each other [49].

In the striatum, CB1 receptor activation has been shown
to promote long-lasting changes in synaptic activity at both
corticostriatal and striatonigral/pallidal synapses [50–52].
This activation also increases both the levels of extracel-
lular dopamine and the activity of dopamine neurons [53,
54]. Cannabinergic signalling may lead to the release of
dopamine, which can act through dopamine D1-like recep-
tors as a negative feedback mechanism to counteract the
effects of the activation of the cannabinoid CB1 receptor
[49]. The elimination of dopamine D1 receptors has opposite
effects on cannabinoid-mediated ERK1/2 signaling [55]. In
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Figure 9: A hypothetical diagram illustrating the EA action that
is mediated by CB1 in the adjuvant arthritis (AA) rat. The intra-
articular injection of Complete Freund’s adjuvant (CFA) promotes
the expression of CB1, D1, and D2. EA stimulation at specific
acupoints results in a much higher expression of these three
receptors, but the CB1 receptor antagonist AM251 can reverse these
antinociceptive effects. Compared to the action of WIN55212-2, EA
mainly produces its effects by upregulating the cross-modulation
of dopamine receptors and CB1 in the corpus striatum, while
WIN55212-2, which is a potent CB1 receptor agonist, exerts its
function on the relationship between CB1 and D1 for pain relief.

addition, dopaminergic signaling through dopamine D2-like
receptors may lead to the up-regulation of cannabinergic
signaling, which is likely to represent a negative feedback on
dopaminergic signaling [49].

CB1 receptors that are located in the corpus striatum
are involved in a number of biological processes, including
analgesia [50], addiction [56], and motor deficits [46]. The
corpus striatum has always been regarded as an active area
that is related to EA analgesia [14]. Our results demonstrated
that the CB1-selective antagonist AM251 could attenuate the
analgesic effects of repeated EA by reversing the increased
expression of the CB1 receptor, suggesting that the CB1
receptor plays an important role in EA analgesia. The two
kinds of dopamine receptors have different influences on the
EA-induced CB1 up-regulation in the AA rat model. The
change in the EA-induced up-regulation of the levels of D2
gene expression was much greater than that of the D1 gene
expression. It was also observed that the strong activation
of the CB1 receptor after repeated EA might lead to the
concomitant phenomenon of the up-regulation of the D1
and D2 levels of gene expression in the AA rat model. A
hypothetical diagram of the anti-inflammatory actions of EA
that are mediated by the cross-modulation of CB1 and the
dopamine receptors in theAA ratmodel is shown in Figure 9.

In conclusion, our results indicated, for the first time,
that EA treatment at Zusanli (ST36) and Kunlun (BL60)
produced strong antinociceptive effects in rats with CFA-
induced arthritis, at least partially, through an up-regulation
in the levels of the cannabinoid CB1 receptor expression. The
relationship between CB1 receptors and dopamine receptors
may play a role in the analgesia that is associated with
repeated EA. In addition, the analgesic effects of repeated EA
were different from the analgesic effects of the CB1-selective
agonistWIN55212-2. WhileWIN55212-2 exerted its function
on the relationship between CB1 and D1 for pain relief, EA

wields its effect by upregulating the cross-modulation of
dopamine receptors and CB1 in the striatum. Thus, repeated
EA analgesia had a more complex mechanism.
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ResinaDraconis (RD) is a type of dragon’s blood resin obtained fromDracaena cochinchinensis (Lour.) S.C. Chen (Yunnan, China). It
has been used as amedicine since ancient times bymany cultures.The ethanolic extract ofResinaDraconis (RDEE)was evaluated for
its wound-healing activity using excision and incision woundmodels in rats. Group I, the control group, was treated with ointment
base. Group II, which served as a reference standard, was treated withmoist exposed burn ointment (MEBO). Group III was treated
with RDEE.The parameters observed were percentage of wound contraction, epithelialization period, tensile strength, histopatho-
logical studies, microvessel density (MVD), and the expression of vascular endothelial growth factor (VEGF) and transforming
growth factor-𝛽1 (TGF-𝛽1). The group treated with RDEE showed significantly better wound contraction and better skin-breaking
strength as compared with the control group. The results of histopathological examination, MVD, and the expression levels of
growth factors supported the outcome of the wound models as well. The present study provided a scientific rationale for the tradi-
tional use of RD in the management of wounds.

1. Introduction

Skin healing is a complex process that involves inflammation,
reepithelization, angiogenesis, granulation tissue formation,
and deposition of interstitial matrix, beside other events car-
ried out by different types of cells, such as keratinocytes, fibro-
blasts, inflammatory cells, and endothelial cells. There are
three stages of the process of wound healing: inflammation,
proliferation, and remodeling.The proliferative phase is char-
acterized by angiogenesis, collagen deposition, granulation
tissue formation, epithelization, and wound contraction.
Angiogenesis involves new blood vessel growth from endo-
thelial cells. In fibroplasia and granulation tissue formation,
fibroblasts excrete collagen and fibronectin to form a new
extracellularmatrix. Subsequently epithelial cells crawl across
the wound bed to cover it and the wound is contracted by
myofibroblasts, which grip the wound edges and undergo
contraction using a mechanism similar to that in smooth
muscle cells. The final stage of wound healing is remodeling
or maturation of the granulation tissue into mature connec-
tive tissue and/or scar. Alterations in any of these steps can

lead to healing delay or even the inability to heal completely
[1]. Current methods used to treat wounds include debride-
ment, irrigation, antibiotics, tissue grafts, and proteolytic
enzymes, which possess major drawbacks and unwanted side
effects. The use of traditional medicinal remedies and plants
in the treatment of burns and wounds is an important aspect
of healthmanagement and at the same time is an effective way
to provide cheaper healthcare options [2].

Since ancient times, people have used plants and prepa-
rations thereof to accelerate the wound-healing process [3].
Recently, the interest of using alternative therapies and nat-
ural remedies in wound management has rapidly increased.
There are hundreds of medicinal plants that have long
histories of curative properties against various diseases and
ailments. However, their use is merely based on tradition,
without any scientific evidence of their efficacy or knowledge
about putative active compounds or their mode of actions.
Resina Draconis is a red resin from tree stem of Dracaena
cochinchinensis (Lour.) S.C. Chen, growing in Yunnan and
Guangxi provinces in China, belonging to theLiliaceae fam-
ily, genus Dracaena. It was discovered by Cai and Xu [4] in
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1979 that it could serve as a substitute for Sanguis Draconis,
a precious crude medicine recorded in the official Chinese
pharmacopoeia named as “dragon’s blood” [5]. In Chinese
medicine, Resina Draconis is a major component of the well-
known hemostatic preparation “Yun Nan Bai Yao,” so, it is
considered important for its potential application in Chinese
medical practice. As a “panacea of blood activating” resin, RD
has great medicinal value, and the main biological activity
comes from phenolic compounds [6]. Pharmacological stud-
ies have showed that RD has positive effects on treatment
of blood stasis syndrome, trauma, tumors, inflammation,
gynecopathy, allergic dermatitis, and so on. It can promote
blood circulation and serve as an antithrombotic, antioxi-
dant, antiseptic, and anti-inflammation compound [7]. The
ethanolic extracts of Resina Draconis possessed potential
antithrombotic properties, affecting platelet aggregation and
thus having anticoagulation activities [8]. All these studies
indicate that Resina Draconis has enormous potential for
further study.

It is well known that one kind of traditional Chinese
medicine (TCM) usually contains a great number of compo-
nents, which, all together, contribute to therapeutic effects.
Despite that Chen et al. [9] have studied the wound-healing
activity of dragon’s blood (Croton lechleri sap), no scientific
investigation is conducted on Resina Draconis’s wound-heal-
ing potential. Hence, in this study, we aimed to further inves-
tigate the wound-healing effects of RD using the excision and
incision wound models, and to explore the possible mecha-
nisms.

2. Materials and Methods

2.1. Preparation of Plant Extracts. Crude Resina Draconiswas
provided by the pharmacy department of No. 9 People’s
Hospital Affiliated to Shanghai Jiao TongUniversity School of
Medicine. RD (30 g)was dissolved in absolute alcohol at room
temperature for 48 h under shade and then was filtered. The
solvent was concentrated under reduced pressure to ensure
that no residual methanol was left behind furnishing a
methanol extract. Normally, 4.57 g of dried powder can be
obtained from 30 g of RD. The sample was stored at −80∘C
until used.The extract cream was formulated using ointment
as the vehicle. The ointment consisted of propylene gly-
col : liquid paraffin (6 : 1) and applied topically onto the test
animals. Extracts were prepared as 5% in the ointment.

2.2. Phytochemical Analysis. Preliminary phytochemical
analysis was carried out using standard procedures to identify
the constituents as described by Evans and Trease [10] and
Harborne [11].

2.3. Experimental Animals. All study protocols were ap-
proved by the Shanghai Jiao Tong University Medical Center,
Institutional Animal Care and Use Committee. Healthy
Sprague-Dawley male rats weighing between 180 and 200 g
were used. The rats were housed in polypropylene cage and
maintained in standard laboratory conditions of temperature

(22 ± 2
∘C) and light-dark cycle of 12 h : 12 h.They were main-

tained on standard pellet diet and provided with water
ad-libitum throughout the experiment. At the end of the
experiment the animals were sacrificed under anesthesia.

2.3.1. Excision Wound Model. The anesthetized rats were
inflicted with excision wounds as described by Morton and
Malone [12]. The dorsal fur of the animals was shaved with
an electric clipper, and the area of the wound to be created
was outlined on the back of the animals with methylene blue
using a circular stainless steel stencil. A full thickness of the
excision wound of circular area of 254mm2 and 2mm depth
was created along the markings with a surgical blade. The
animals were randomly divided into 3 groups of 24 for each:
Group I (control group) where animals were applied with
simple ointment base [13]. Animals of Group II (standard
group) were applied with a thin layer of moist exposed burn
ointment (MEBO). Group III’s (experimental group) animals
were applied with a thin layer of the extract mixed with oint-
ment. All vehicles were applied once daily, till the day of
epithelization. The wound tissue was removed from control,
MEBO, and RRDEE treated rats by sacrificing the animals
on the 3rd, 7th, 11th, and 15th day after wound creation.
Additionally, the rats of the three groupsweremaintained and
treated as above for calculating of the rate of contraction and
period of epithelialization.

2.3.2. Incision Wound Model. The animals were randomly
divided into three groups of six. Two 6 cm long paravertebral
incisions were made using surgical blade (No. 15) through
the entire thickness of skin at a distance of about 2 cm from
the midline on each side of the depilated back of the rat.
After the incision, surgical sutures were applied to the parted
skin at intervals of one centimeter. The wounds were left
undressed then ointment base, MEBO, and RDEE ointment
were applied daily up to 10 days. When wounds were cured
thoroughly, the sutures were removed on day 10 and the
tensile strength of cured wound skin was measured.

2.4.Measurement ofWoundContraction. Woundmarginwas
traced after wound creation by using transparent paper and
the area was measured by graph paper. Wound contraction
was measured every two days interval throughout the moni-
toring period

Wound contraction (100%) :

=

Initial wound size − Specific day wound size
Initial wound size

× 100%.
(1)

2.5. Epithelialization Period. The epithelialization time was
measured from the initial day to the day when the scab fell
off from the wound surface exclusive of leaving a raw wound
behind [14].

2.6. Measurement of Tensile Strength. The force required to
open the healing action is known as the tensile strength.
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It indicates how much the repaired tissue resists breaking
under tension and may indicate in part the quality of the
repaired tissue. The maximum load (tensile strength) tol-
erated by wounds was measured blindly on coded samples
using a biomechanical analyzing instrument (Instron, Can-
ton, MA, USA). Skin strips were stretched at a constant
rate (1mm/min) until disruption occurred. Wound breaking
strength was expressed as the meanmaximum level of tensile
strength in newton (N) before separation of wounds.

2.7. Histopathological Studies. Granulation tissues from con-
trol and treatment groupswere taken on the 3rd, 7th, 11th, and
15th day after wound creation. The specimens were formalin
fixed and paraffin embedded according to the routine labora-
torial techniques. Subsequently, serial 5𝜇mthick sectionswas
obtained and stained with Masson-trichrome (for detection
of collagen fibers) and hematoxylin and eosin (H&E) (for
general morphological observations). Slides were examined
qualitatively under a light microscope, for collagen forma-
tion, fibroblast proliferation, angiogenesis, and granulation
tissue formation [1, 15].

2.8. CD31 Immunohistochemistry Analysis and Microvessel
Density (MVD). Angiogenesis was assessed by CD31 (Epit-
omics, CA, USA) immunohistochemical in all the cases.
Immunohistochemical staining was performed on paraffin
sections using the SP method. After the sections were rinsed
in distilled water, the endogenous peroxidase was inactivated
with 3.0% hydrogen peroxide in distilled water for 10minutes
at room temperature. After rinsing the sections in phosphate-
buffered saline (PBS, pH 7.4), the nonspecific binding site was
blocked with 10% normal goat serum for 20 minutes at room
temperature.The blocking serumwas discarded, and then the
primary antibodies were added directly. Rabbit anti-rat CD31
monoclonal antibody (Epitomics, CA, USA) was diluted to
1 : 500 in BSA.The sectionswere incubatedwith primary anti-
bodies in a humid chamber at 4∘C overnight. Sections were
washed three times in phosphate buffer solution (PBS), and
goat anti-rabbit polymer-peroxidase complex was added, and
the sections were incubated for 30 minutes at room temper-
ature. After rinsing with PBS, Streptavidin-horseradish per-
oxidase conjugate was added and the peroxidase activity was
made visible with diaminobenzidine and counterstainedwith
hematoxylin for 30 sec, then dehydrated, and mounted.
Quantifications were performed by Image-Pro Plus 6.0 anal-
ysis system to calculate the integral optical density (IOD) of
each field.

Themicrovessel density (MVD) was measured according
to the method described by Zhen et al. [16]. Briefly, in areas
of the most intense CD31 positive neovascularization, indi-
vidual MVDs were made on a ×200 magnification field. Any
endothelial cell or endothelial cell cluster was considered
a single countable microvessel. MVD was expressed as the
absolute number of microvessels per ×200 field for each case.

2.9. RNA Extraction and Quantitative Real-Time PCR. The
expression patterns of TGF-𝛽1 and VEGF of rat wound tissue
on the 3rd, 7th, 11th, and 15th day after wound creation

were analyzed by quantitative real-time PCR. Total RNA was
extracted from the Granulation tissue sample with TRIzol
(Invitrogen, Carlsbad, CA, USA) and then was further puri-
fied step using the RNeasy Mini Kit (Qiagen), in each case
following the manufacturer’s instructions.The concentration
of the total RNA was detected. Total RNA (1mg) in a 20mL
reaction volumewas reverse transcribed into cDNAusing the
PrimeScript RT reagent kit (Takara, Dalian, China). Real-
time PCR in 96-well optical plates was performed and anal-
yzed with a Stratagene Mx3000P (Stratagene, La Jolla, CA,
USA).The reactionswere performed in a 20mL volume using
a SYBR Green reaction mix (Takara, Dalian, China) with
2mL cDNA. The primers were: TGF-𝛽1 forward: 5-CGC
AAC AAC GCA ATC TAT G-3 and reverse: 5-ACC AAG
GTAACGCCAGGA-3; VEGF forward: 5-TCA CCAAAG
CCAGCACATAGGAGA-3 and reverse: 5-TTACACGTC
TGC GGA TCT TGG ACA-3; GAPDH forward: 5-GAA
CGG GAA GCT CAC TGG C-3 and reverse: 5-GCA TGT
CAGATCCACAACGG-3.The thermal cycling consisted of
denaturation for 30 sec at 95∘C followed by 40 cycles of 30 sec
at 95∘C and 30 sec at 60∘C. The threshold cycle (CT) values
of target genes were normalized with GAPDH of the same
sample and expressed as they were relative to controls.

2.10.Western Blot Analysis. Granulation tissues were homog-
enized in RIPA lysis buffer (150mM NaCl, 1% Nonidet P-40,
0.1% SDS, 50mMTris-HCl pH 7.4, 1mMEDTA, 1mMPMSF,
and 1 × Roche complete Mini Protease Inhibitor Cock-
tail). Protein concentration was determined using a BCA
Protein Assay Kit. Equal amounts of protein were separated
by 10% SDS gel electrophoresis (SDS-PAGE) under denatur-
ing and nonreducing conditions and then transferred to a
nitrocellulose membrane. The membrane was blocked with
5% nonfat milk in TBST at room temperature for 1 h and then
incubated with anti-VEGF antibody (Abcam, UK, 1 : 200) at
4∘C overnight. After washing in TBST, the blots were incu-
bated with a horseradish-coupled secondary antibody. The
signals were visualized using the enhancement system (ECL).
GAPDH was used as the internal control and treated with
the same protocol. The amount of proteins in gel slabs was
quantified using a densitometer (Image Pro Plus 6.0 Media
Cybernetics).

2.11. Statistical Analysis. The data were expressed as mean ±
S.D. and performed using SPSS (Version19.0, Chicago, IL,
USA). Significance was assessed by using the one-way
ANOVA followed by 𝑡-test. Values were considered statisti-
cally significant when 𝑃 value is less than 0.05.

3. Results

3.1. Phytochemical Analysis. The phytochemical analysis of
the extract by qualitative method showed the presence of
flavonoids, triterpenoids, steroids, cardiac glycosides, anthra-
quinones, carbohydrates, saponins, and phenols (Table 1).

3.2. Wound Contraction. Wound contraction is an essential
process in healing that leads to wound closure. The rate
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Table 1: Results of the phytochemical analysis of RD extract.

Constituents Result
Cardiac glycosides +
Flavonoids +
Catechin tannins −

Triterpenes +
Carotenoids −

Anthraquinones +
Carbohydrates +
Saponins +
Phenols +
Steroids +
+: presence; −: absence.
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Figure 1: The rate of contraction in control, MEBO, and RDEE
treated wound is shown here. Values are expressed as mean ± S.D.
(𝑛 = 6 animals). ∗∗𝑃 < 0.01, versus control.

of contraction of the control group, MEBO group, and the
RDEE treated group wounds is shown in (Figure 1). The
results revealed that treatment with RDEE and MEBO
resulted in much faster contraction of wound (𝑃 < 0.05).

3.3. Epithelialization Time. The epithelialization time was
measured from the first day. The epithelialization time was
found to be significantly (𝑃 < 0.05) reduced in MEBO group
and RDEE group as depicted in (Figure 2). Mean time to
reepithelialization was 18.67 days (range, 18–20 days), control
group; 14.16 days (range, 13–15 days), MEBO group; and 15.12
days (range, 14–16 days), RDEE group. There was no signifi-
cant difference in the duration of wound healing between the
groups treated with MEBO and RDEE; both healed by about
15 days. The control group, however, needed around 19 days
to heal, about four days longer than the wound-healing time
needed under MEBO and RDEE treatments.

3.4. Tensile Strength of Incision Wound Model. The results of
the measurement of skin breaking strength on the 10th day
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Figure 2: Period of epithelialization in control, MEBO, and RDEE
treated wounds is shown. Values are expressed asmean ± S.D. (𝑛 = 6
animals). ∗∗𝑃 < 0.01, versus control.
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Figure 3: Tensile strength measurements of 10th day wound tissue
of control, MEBO, and RDEE treated rats. Values are expressed as
mean ± S.D. (𝑛 = 6 animals). ∗∗𝑃 < 0.01, versus control.

after operation in incision wound-healing model were
depicted in (Figure 3). A significant increase in the wound
breaking strength (11.53 ± 0.79N) was observed when com-
pared with the controls (8.85 ± 0.48N).

3.5. Histopathological Study. Histopathological examinations
of the healed wounds are shown in Figures 4 and 5. Two types
of stains were used, Hematoxylin and Eosin (H&E) stains
and Masson-Trichrome stains for general morphology. H&E
stains collagen fibers pale pink, cytoplasmpurple, nuclei blue,
and red blood cells cherry red. Masson-Trichrome stains col-
lagen blue, while cytoplasm, red blood cells, and muscle are
stained red and is typically used to assess the advancement
of collagen deposition during the formation of granulation
tissue and matrix remodeling [17]. The blue colour staining
intensity corresponds to the relative quantity of collagen fiber
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(a) (b) (c)

Figure 4: Photomicrograph of cutaneous wounds in rats at 7 days after wounding H&E stains. (a) Control group, (b) MEBO group, and (c)
RDEE group. GT: granulation tissue; BV: blood vessel; F: fibroblasts cells; CF: collagen fibers.

deposit, which reflects the process of synthesis and degrada-
tion and remodeling [18]. Histological sections of granulation
tissue from RDEE treated rats showed more proliferat-
ing blood capillaries, collagen fibres, and fibroblasts cells
(Figure 4), which was similar to the effect of MEBO treated
group 7 days after wound creation, when compared with
the control group. On the 21st day after wound creation, all
groups of experimental rats showed complete epithelializa-
tion of the wound area. Masson staining revealed that the
collagen bundles were thicker, denser disorganized, andmore
abundant in the control groups. By contrast, collage fibers
were decreased and more regularly ranged in the groups
treated with MEBO and RDEE. Otherwise, we observed
sebaceous gland in the center (Figure 5).

3.6. Immunohistochemistry Analysis and MVD. Vascular
endothelial cells were detected using a mouse anti-rat CD31
monoclonal antibody. CD31 expressionwasmainly present in
the cytoplasm and membrane of endothelial cell or cluster.
Being different from the control group, condensed, short,
and twisted blood vessels were observed in the RDEE treated
group (Figure 6(a)). In quantitative analysis, the intensity
of CD31 was increased as compared with the control group
on the 3rd, 7th, and 11th day (Figure 6(b)). The microvessel

density (MVD) of the RDEE treated wounds was significantly
higher than that of the control group (Table 2).

3.7. Gene Expression Analysis. To investigate the molecular
mechanism of RDEE-induced wound-healing activity, the
expression levels of related genes were examined. TGF-𝛽1
and VEGF are the major genes that are generally involved
in wound healing. Following several days of treatment, a
significant increase in expression of TGF-𝛽1 and VEGF in the
wound tissue of extract treated rats was noted, as compared
with the control animals (𝑃 < 0.05).The results showed a day-
dependent effect on TGF-𝛽1 and VEGF mRNA expression.
The mRNA expression levels of TGF-𝛽1 of the three groups
increased from day 3 after injury reaching pick levels at day
11 and then it declined constantly; the mRNA expression of
VEGF was also increased from day 3 and correspondingly
peaked at day 7 (Figures 7(a) and 7(b)). TGF-𝛽1 and VEGF
mRNA expression significantly correlated with the wound
contraction.

3.8. Protein Levels by Western Blotting. We further examined
the protein levels of VEGF in the granulation tissues of rats
from the three groups by Western blotting. Western blot
analysis showed an upregulated expression of VEGF in RDEE
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(a) (b) (c)

Figure 5: Photomicrograph showing histopathological changes of healed skin wounds on day 21 of postwounding (stained with hematoxylin-
eosin and masson-trichrome). Collagen fibers were arranged more regularly and sparse than those of the scar tissue in the control group. (a)
Control group, (b) MEBO group, and (c) RDEE group. SG: sebaceous gland.

Table 2: The comparison of MVD (mean ± S.D.) between each group.

Group MVD (mean ± S.D.)
3 d 7 d 11 d 15 d

Control 20.00 ± 2.28 24.67 ± 4.50 46.00 ± 5.87 55.00 ± 4.05
MEBO 32.00 ± 3.35∗∗ 60.83 ± 3.54∗∗ 69.00 ± 3.58∗∗ 44.33 ± 4.13∗∗

RDEE 35.33 ± 3.88∗∗ 62.50 ± 3.56∗∗ 72.33 ± 4.32∗∗ 51.50 ± 8.36
All values are expressed as the mean ± S.D. Means labeled with superscripts were significantly different. ∗∗𝑃 < 0.01, versus control.

treated group as compared with the control group. On the
3rd, 7th, and 11th day after wound creation, the protein levels
of VEGF were significantly increased in RDEE treated group
(𝑃 < 0.05) (Figure 8(a)). Quantified protein level and the fold
changes were shown in Figure 8(b).

4. Discussion

Wound healing is a complicated process. The aim of wound
healing is to promote rapid wound closure and recover
functional properties. Hence in this study, excision and inci-
sion woundmodels were used to evaluate the effects of RDEE

on wound healing. The significant reduction in wound size
and mean epithelization time as well as the higher expression
of growth factors in the RDEE treated group as compared
with those from vehicle group corroborate with the histo-
pathological findings of increased epithelization activity,
angiogenesis, and higher collagen fibers formation. These
findings imply that RDEE promoted wound-healing activity
via angiogenesis, collagen deposition, epithelization, and
wound contraction.

Excisional and incisionalwounds are the twomainwound
models in wound research which allowed the determination
of the wound-healing phases. The excisional wound is found
to be more suitable for histological evaluation due to the
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Figure 6: The histologic anti-rat CD31 staining of wound tissue samples. (a) Endothelial cells stained with the antibody were represented by
brown colour. (A) Control group, (B) MEBO group, and (C) RDEE group. BV: blood vessel. (b) Quantitative analysis of the CD31 stain was
calculated. All data were expressed as mean ± S.D. ∗∗𝑃 < 0.01, versus control.

broadermorphological changes occurring during the process
of wound healing. Wound contraction is an essential process
in healingwhich leads towound closure.Thus, visible appear-
ances and measurements of wound contraction become reli-
able parameters inmacroscopic evaluation for wound healing
[19]. This study showed that RDEE significantly stimulated
the contraction of wounds as seen from the percentage of
wound contraction (Figure 1). Reepithelialization is impor-
tant, as it restores the integrity of the skin, making it less
vulnerable to infection. The extract-treated animals showed
a decreased time to epithelialization (Figure 2) compared
with the control group. In incision wound, the increase in
tensile strength of RDEE treated wounds may be due to the
increase in collagen concentration and stabilization of the
fibres [20]. Since incision wound treated with RDEE showed
greater tensile strength, it might be speculated that it not only
increased collagen synthesis per cell, but also aided in cross-
linking of the protein. Histological analysis further revealed
that topical application of RDEE significantly increased the
fibroblast growth, collagen synthesis, and the healing process.

Histological evaluation showed that healing process of the
wounded tissue in RDEE treated group was comparably close

to the reference MEBO treated group, whereas significant
difference was observed in negative control group. Granula-
tion tissue primarily contains fibroblasts, collagen fibres, very
less edema, and newly generated blood vessels, which were
observed in RDEE treated group of animals (Figure 4). This
histopathological observation provided additional evidence
for the experimental wound-healing studies based on the
contraction value of wound areas and the measurement
of tensile strength. Enhanced healing activity has been
attributed to increased collagen deposition and angiogenesis
[21]. Collagen plays a central role in the healing of wounds,
and it is a principal component of connective tissue and
provides a structural framework for the regenerating tissue.
Histopathological study showed better proliferation of col-
lagen fibers in the RDEE group compared with the control
group (Figure 4). In addition, the slim, defined, and well-
organized collagen fibers in the RDEE treated group reinforce
the improved quality of the final remodeling of the wound
(Figure 5). Angiogenesis during wound repair serves the dual
function of providing the nutrients required by supplying
essential nutrients and oxygen to the wound site and promot-
ing granulation tissue formation [22]. Histological evaluation
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Figure 7: TGF-𝛽1 and VEGF mRNA expression in cutaneous
wounds. (a) TGF-𝛽1; (b) VEGF. Normalization relative to GAPDH
was performed. Results presented in bar graph are the mean ± S.D.
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01, versus control.

showed an increase in the number of blood vessels in the
granulation tissue of the rats treated with RDEE. Enhanced
expression of CD31 as revealed through immunohistochem-
istry in RDEE treated group might be responsible for this
activity. In the present study, the treatment group was found
to increase angiogenesis as evidenced by MVD (Table 2).

Many types of cytokines and growth factors are respon-
sible for inflammation, reepithelialization, the formation of
granulation tissue, and neovascularization during the wound
healing process [23]. Transforming growth factor beta is
an important growth factor that regulates different cellular
functions in all phases of wound healing. TGF-𝛽1 produced
by fibroblasts as a multifunctional cytokine acts on these
cells [24] and enhances granulation tissue formation and
collagen formation in wound-healing process [25]. TGF-𝛽1
has also been reported to encourage wound contraction
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Figure 8: (a) Western blot results for vascular endothelial growth
factor (VEGF) protein in the three groups. (b) Quantification of
densitometry analysis of protein levels. All data were expressed as
mean ± S.D. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, versus control.

through its direct induction of alpha smooth muscle actin
expression in fibroblasts [26]. Otherwise, VEGF appears to
be a key factor in pathological situations such as tissue
repair, which involves neovascularization and increased vas-
cular permeability. VEGF improves angiogenesis during the
process of wound healing by stimulating the migration of
endothelial cells through the extracellular matrix [27]. VEGF
also has been demonstrated to mediate angiogenic activity
during the proliferative phase of wound healing [28]. In
addition, VEGF mediates vascular hyperpermeability and
promotes the secretion of active growth factors and cytokines
necessary for wound repair [29]. The animals treated with
RDEE significantly enhanced the expression of VEGF, which
is the most potent angiogenic factor during wound healing,
thereby, stimulating the formation of new blood vessels [30].
In the present study, our results showed that the expression
of VEGF was significantly higher in the RDEE treated group
and peaked on the 7th day (Figures 7(b) and 8).

The wound-healing property of RD may be attributed to
the phytoconstituents present in the resina, and the quicker
process of wound healing could be a function of either the
individual or the additive effects of the phytoconstituents. In
ethnopharmacological studies, the effects of dragon’s blood
on various biological activities, such as attenuate visceral
nociception, antiviral, antibacterial, and antifungal have been
reported [31, 32]. Our preliminary phytochemical screening
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of ethanolic extract of RD showed the presence of flavonoids,
triterpenoids, steroids, cardiac glycosides, anthraquinones,
carbohydrates, saponins, and saponins (Table 1). Recent stud-
ies with other plant extracts have shown that phytochemical
constituents such as flavonoids [33] and triterpenoids [34] are
known to promote the wound-healing process mainly due to
their astringent and antimicrobial properties, which appear
to be responsible for wound contraction and increased rate of
epithelization. Previous studies have revealed that the resin is
rich in flavonoids, sterols, and terpenoids [35, 36]. Possibly,
the wound-healing action of RD may probably be due to
the presence of phytoconstituents in the plant or could be a
function of either the individual or the additive effects of the
phytoconstituents; however, further phytochemical studies
are needed to isolate the active compound(s) responsible for
these pharmacological activities.

5. Conclusion

We have shown that the RDEE facilitates wound healing in
the experimental animal model. There is a need for further
studies in order to isolate the active ingredients in the plant
that are responsible for its biological activities and to elucidate
the mechanisms of actions of these active ingredients.
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Lingguizhugan decoction (LGZG), a classic traditional Chinese medicine (TCM) formula, has been used to treat obesity and
hyperlipidemia in recent years, but the related mechanisms underlying the regulation of lipid metabolism by LGZG are not clear
yet. Here, we reported the effectiveness and possible mechanisms of LGZG on rats with fatty liver disease induced by high-fat
diet (HFD). Our results demonstrated that LGZG significantly attenuated HFD-induced fatty liver disease, as measured by body
weight, liver index, epididymal fat pad-body weight ratio (EFP/BW), liver injury, and hepatic triglycerides (TG) probably through
increasing serum thyroid hormone levels, improving beta-oxidation (via modulation of TR𝛽1 and CPT1A expression), metabolism
and transport (through modulation of SREBP-1c, ACSL and ApoB100 expression) of fatty acid. In addition, we discovered the
herbal combination with the properties of warming yang to relieve water retention in the formula and proposed the biological basis
of LGZG conventional effect via further study on disassembled formula. This study, for the first time, revealed the mechanisms
through which LGZG regulates lipid metabolism. Furthermore, our study suggested that it might be feasible to understand the
scientific implications of TCM from the perspective of classic formulas’ conventional efficacy.

1. Introduction

Lingguizhugan (LGZG) decoction is an ancient Chinese
herbal formula from a classic clinical book of traditional chi-
nese Medicine (TCM) titled Jingui Yaolue for the treatment
of diseases caused by phlegm-fluid retention. It is recorded
that conditions with phlegm and fluid retention should be
modulated by drugs with warm nature, and the specific for-
mula is Lingguizhugan decoction. LGZG is a typical formula
established under the therapeutic principle of warming yang
to relieve water retention, indicated for phlegm and fluid
retention. In the past decade, LGZG has also been applied to

diseases with the feature of phlegm and fluid retention, such
as chronic congestive heart failure (CHF). A metaanalysis
including 280 patients concluded that LGZG increased clini-
cal benefits of inotropes, diuretics and vasodilators therapy in
CHF [1]. Furthermore, in animal studies, LGZGwas found to
improve cardiac function and cardiac endocrine function in
rabbit models of CHF [2], reduce serumAng II, ET-1, TNF-𝛼,
and IL-1𝛽 levels, retard adverse ventricular remodeling, and
reduce overexpression of cytokines in rat models of CHF [3].
Moreover, LGZGwas found to restrain theweight gain caused
by antipsychotic medications without any obvious side effect
[4], suggesting that LGZG may bring benefits for metabolic
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syndrome (MS), which is regarded as having the properties
of phlegm and fluid retention in TCM. LGZG also demon-
strated clinical benefits for hemorheology in hyperlipidemic
rats, indicating that it might also be an alternative choice for
hyperlipidemia treatment [5, 6]. Taken together, it is of great
significance to explore the effect and possible mechanisms
of LGZG on nonalcoholic fatty liver disease (NAFLD), the
hepatic component of MS with a high prevalence.

Our research team has been working in the field of
NAFL treatment with TCM for more than two decades. Our
epidemiological evidence [7] indicated that the crucial TCM
pathogenesis of NAFL was phlegm and fluid retention, which
was primarily caused by spleen-yang deficiency. Further-
more, we found that Warming Yang to Relieve Water Reten-
tion eliminated hepatic fat accumulation in NAFL patients
[8]. Our previous study has compared the effectiveness of
three different classic formulae on hepatic steatosis (as mea-
sured by hepatic triglycerides) in HFD-induced rat models of
NAFL. These formulae were rooted in three different thera-
peutic principles, that was, tonifying Qi for spleen invigora-
tion, warming yang for qi activation, and warming yang to
relieve water retention. Finally the results demonstrated that
LGZG effectively reduced hepatic triglycerides (TG) [9].
Therefore, investigating themechanisms underlying the effect
of LGZG on NAFL will provide another treatment option for
NAFL and help us understand the scientific connotation of
TCM therapeutic principle Warming Yang to Relieve Water
Retention in NAFL treatment.

2. Materials and Methods

2.1. Drug Preparation and Diet. LGZG comprises four Chi-
nese herbs: Poria (20 g),Ramulus Cinnamomi (15 g),Rhizoma
Atractylodis Macrocephalae (15 g), and Radix Glycyrrhizae
(10 g).The dosage is determined according to the text book of
The Hndouts of Jingui Yaolue [10]. All herbs were purchased
from Longhua Hospital affiliated to Shanghai University of
TCM. Herbal decoction was prepared in accordance with
conventional TCM decocting methods, briefly, (1) place all
herbs in a cooking pot (porcelain) with 500mL water; (2)
boil the herbs with highest heat after 30 minutes of soak;
(3) reduce heat and simmer for 20 minutes; (4) transfer the
liquid by filtration; (5) add water and boil the remaining, and
then repeat (3) and (4) one more time to make a second dose
of medicine; (6) mix the two doses in a glass pot. The final
concentrated decoction is 100mL (pure solution). Quality
was control under high-performance liquid chromatogra-
phy (HPLC) as previously described [11], and details were
shown in Supplement 1 (see SupplementaryMaterial available
online at http://dx.doi.org/10.1155/2013/429738). LGZG was
administered at a dose of 10mL/kg/d (pure solution), which
was approximately 7 times of the standard dose in practice,
according to the dose-equivalence equation between rats and
humans [12]. Meanwhile, the following formulas were pre-
pared based on the herbal combination rule: Lingguizhugan
Decoction without Ramulus Cinnamomi (LZG, Poria, Rhi-
zoma Atractylodis Macrocephalae, Radix Glycyrrhizae), Ling-
guizhugan Decoction without Poria (GZG, Ramulus Cin-
namomi, Atractylodis Macrocephalae, Radix Glycyrrhizae),

Lingguizhugan Decoction without Rhizoma Atractylodis
Macrocephalae and Radix Glycyrrhizae (LG, Poria, Ramulus
Cinnamomi). Methods used in decoction and quality control
were the same as that used in LGZG, and equal doses were
administered. Ordinary diet and HFD (consists of 10% lard
oil, 2% cholesterol, and 88% STD)were obtained from Shang-
hai Si-Lai-Ke Experimental Animal Ltd. (Shanghai, China).

2.2. Animals and Interventions. SPF animals (male Wistar
rats, 130 g ± 10 g) were obtained from Shanghai Si-Lai-Ke
Experimental Animal Ltd. (Shanghai, China). Rats were
housed in an SPF, temperature- (24∘C ± 2∘C) and humidity-
controlled (55%± 10%) room with a 12-hour light-dark cycle
(commencing with light at 08:00) in the experiment center,
Longhua Hospital affiliated to Shanghai University of TCM.
Animals were randomized into 6 groups: normal group,
model group, LGZG group, LZG group, GZG group, and LG
group (𝑛 = 8).

Studies began after an acclimation period of 1 week.
Rats in the normal group were fed with ordinary diet, while
the rats in the other groups were fed with HFD. Food and
drinking water/herbal decoction were supplied ad libitum.
Treatment lasted 5 weeks, and drug concentration was titrat-
ed every other day according to the daily liquid intake of
animals.

Five weeks later, the animals were sacrificed under pen-
tobarbital sodium (2%, 5.5mL/kg) anesthesia following a
12-hour fast. Blood samples were collected in serum tubes
from the abdominal aorta. Two samples (1.0 cm × 1.0 cm ×
0.2 cm) from the identical lobe and position in the liver were
obtained and then fixed in 10% neutral-buffered formalin.
The remaining liver was stored at −80∘C until use.

All animal procedures were approved by the Animal Ex-
periment Ethics Committee of Shanghai University of TCM.

2.3. Pathology. Liver samples were fixed in 10% formalin for
48 hours and then routinely processed to paraffin. Sections
which cut on amicrotome at a thickness of 4 𝜇mwere stained
with hematoxylin and eosin (H & E), and then microscopic
images were obtained.

2.4. Biochemical Analysis. Almandine aminotransferase
(ALT), aspartate aminotransferase (AST), triglyceride (TG),
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and low-density lipoprotein Cholesterol (LDL-C)
were measured with auto analyzer (HITACHI 7170, Japan).

TG concentration was assayed using kits obtained from
Nanjing Jiancheng Bioengineering Institute following the
manufacturers’ instructions. 200mg liver tissues were ob-
tained and snipped into small pieces. These tissues were
placed in 3mL of ethanol-acetone mixture (v : v = 1 : 1), ho-
mogenized on ice at 10000–20000 rpm/min for 20 seconds
(repeat 2-3 times), and then stored at 4∘C overnight. In the
next day, samples were centrifuged at 3000 rpm/min for 20
minutes at 4∘C to obtain the supernatant.

3,5,3-Triiodothyronine (T3), free triiodothyronine (FT3),
total thyroxine (T4), and free thyroxine (FT4) weremeasured
with Roche Diagnostics GmbH (E170, Roche Diagnostics
GmbH, Mannheim, Germany).
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2.5. Real-Time PCR for mRNA Analysis. TR𝛽1, CPT1A,
SREBP-1c, ApoB100, and ACSL mRNA levels were deter-
mined by real-time PCR. Primers were designed using the
Primer premier 5.0 software (Table 1).

Quantitative measurement was performed using the Pre-
mix Ex Taq kit (TakaRa) according to the manufacturer’s
instructions on Applied Biosystems StepOne Plus Sequence
Detection System. The real-time cycler conditions were as
follows: first denaturated at 95∘C for 30 sec and then amplified
with 40 cycles (each cycle was denaturation at 95∘C for 5 s and
annealing/extension at 60∘C for 30 min). Product purity was
confirmed by dissociation curve analysis. Gene expression
was quantified relative to the values of the control group
after adjusting for 𝛽-actin by the 2−ΔΔCT method as described
previously [13].

2.6. Protein Isolation and Western Blotting. Three liver sam-
ples of each group were homogenized in liquid nitrogen,
and whole-cell protein was extracted by using lysate buffer
containing proteinase inhibitor (complete ULTRA Tablets,
minipore). Protein concentration was quantified spectropho-
tometrically (Bioiek H4) by using BSA protein assay kit
(thermo). Protein samples were separated by PAGE using
10% SDS-polyacrylamide gels. Samples were transferred to
polyvinylidene fluoride membrane (Immobilon-P transfer
membrane, Millipore) and blocked with 5% milk. The mem-
brane was incubated with a mouse anti-TR𝛽1 primary anti-
body (1 : 100, Santa Cruz) for 1.5 h at room temperature
followed by the secondary antibody (against mouse, Cell
Signaling) for 1 h at room temperature. The primary anti-
bodies including rabbit anti-CPT1A (1 : 500, proteintech),
and mouse anti-SREBP-1 (1 : 250, abcam), rabbit anti-ACSL
(1 : 500, proteintech), mouse anti-beta-actin (1 : 1000, abcam)
were similar. Lastly, each protein band was detected using
enhanced chemiluminescence (ECL, Millipore). The densit-
ometric values were measured with Gel-Pro Analyzer.

2.7. Statistical Analysis. Data were expressed as mean ± SD
andwere analyzed by one-way analysis of variance (ANOVA),
LSD-𝑡, or Games-Howell as appropriate.The statistical signif-
icance was defined as two-sided 𝑃 value of <0.05. Statistical
analyses were performed using SPSS 16.0 software (SPSS,
Chicago, USA).

3. Results

3.1. Rats’ Body Weight, Liver Index, and Epididymal Fat Pad-
Body Weight Ratio (EFP/BW) Were Reduced by LGZG. Body
weight, liver index, and EFP/BW inmodel group were signif-
icantly higher than that in normal group (𝑃 < 0.05). All four
formulas decreased liver index and EFP/BW compared to
model group, though statistical significancewas only detected
in LGZG and LG groups (𝑃 < 0.05). This effect was not
significantly different between LZG and GZG groups (𝑃 >
0.05, Table 2).

3.2. Hepatic Injury and TG Were Improved by LGZG. Histo-
logical analysis showed that, in normal group (Figure 1(a)),

the central vein (CV) was surrounded by hepatocytes
arranged radially in plates, and the blue-stained nucleus was
located in the centre of the cell. In model group (Figure 1(b)),
hepatocytes were not only disordered with loosed cytoplasm
and ballooning degeneration but also abundant marked lipid
droplets and vacuolation presented; the blue-stained nucleus
was located in the border of the cell. In LZG (Figure 1(d))
and ZGZ groups (Figure 1(e)), they were similar to that in
the model group. On the contrary, in LGZG (Figure 1(c))
and LG (Figure 1(f)) groups, the lipid droplets were obviously
reduced comparing with the model group, and the hepato-
cytes arrangement improved. LGZG effect was superior than
LG.

The level of hepatic TG (Figure 1(g)) in model group
was significantly higher than that in normal group (𝑃 <
0.05). A trend of decrease was seen in LZG and GZG groups
comparing with model group (𝑃 > 0.05), while significant
reduction was found in LGZG and LG groups (𝑃 < 0.05);
moreover, LGZG effect was superior to LG group.

3.3. Serum Transaminases and Lipid Levels Were Reduced by
LGZG. Serum AST in model group was significantly higher
than that in normal group (𝑃 < 0.05), and significant reduc-
tion was detected in LGZG, GZG, and LG groups comparing
with model group (𝑃 < 0.05), while no improvement was
seen in LZG group (𝑃 > 0.05). However, serum ALT levels
were similar between normal, model, and treating groups.

Serum HDL in model group was significantly lower than
that in normal group (𝑃 < 0.05), while no significant dif-
ference was detected for TG. TG levels were significantly
reduced in LGZG and LG groups comparing to model group
(𝑃 < 0.05). Serum TC levels in model group were signifi-
cantly higher than that in normal group (𝑃 < 0.05), and TC
level was significantly reduced in LGZG and LG groups (𝑃 <
0.05), while no striking decrease was found in LZG and GZG
groups (𝑃 > 0.05, Table 3).

3.4. Serum THs Were Increased by LGZG. Serum FT3, T4,
and FT4 levels in model group were significantly lower
than that in normal group (𝑃 < 0.05), while only a trend
of reduction was found for T3 level (𝑃 > 0.05). T3, FT3, T4,
and FT4 levels were significantly increased in LGZG and LG
groups, compared with model group (𝑃 < 0.05). T4 level
was significantly increased in GZG group (𝑃 < 0.05), but
GZG treatment showed no effect on T3, FT3, and FT4 levels
(𝑃 > 0.05). LZG treatment had no effect on all THs (𝑃 > 0.05,
Table 4).

3.5. LGZG Improved Fatty Acid Beta-Oxidation via Regulation
of TR𝛽1 and CPT1A Expression. Thegene and protein expres-
sion of thyroid hormone receptor 𝛽1 (TR𝛽1) and carnitine
palmitoyltransferase-1A (CPT1A) from the liver tissue in
Model group were significantly lower than that in normal
group (𝑃 < 0.05) (Figures 2(a) and 2(b)). LGZG, GZG, and
LG treatments significantly improved the mRNA and protein
expression of TR𝛽1 and CPT1A (𝑃 < 0.05), while no such
effect was found in LZG group (𝑃 > 0.05). LGZG effect on
mRNA expression of TR𝛽1 was superior to other groups.



4 Evidence-Based Complementary and Alternative Medicine

Table 1: List of primers.

Gene Forward primer Reverse primer Probe NCBI RS∗

TR𝛽1 AATGGGGAAATGGCAGGAC AAGACATCAGCAGGACGGC CAGGGCAACCTCCGTGTCATCC NM 012672.2
CPT1A ATCACTGGTGTGTTCCCCG GATCTTTGCGATCATGCCC ATGGATGAAATCACACCCACCACCA NM 031559.2
SREBP-1c GCCATCGACTACATCCGCTT CAGGTCTTTCAGTGATTTGCTTTT CAGCACAGCAACCAGAAACTCAAGCA XM 213329
ApoB100 GCATTCTAACTGCCGAGGG CAAATGGTTGTGCCGAAAAG CCATTTAAGTTGGCATTGTGCTCACCA NM 019287.2
ACSL ATCTTCCCTGTGGTTCCGAG TCTGACGATGCCACTGCG CAAAATCCAACAGCCATCGCTTCAC NM 012820.1
𝛽-actin AGGGAAATCGTGCGTGAC CGCTCATTGCCGATAGTG CTGTGCTATGTTGCCCTAGACTTC NM 031144.2
∗RS: reference sequence.

Table 2: The influence of LGZG decoction and its decomposed
recipes on rats’ body weight, liver index, and EFP/BW (mean ± SD).

Group n Body weight (gm) Liver index (%) EFP/BW (%)
Normal 8 323.25 ± 15.50 3.39 ± 0.11 0.101 ± 0.007
Model 8 341.13 ± 11.99∗ 4.44 ± 0.09∗ 0.139 ± 0.008∗

LGZG 8 332.13 ± 17.47 4.21 ± 0.20# 0.119 ± 0.010#

LZG 8 344.75 ± 6.90 4.33 ± 0.11 0.129 ± 0.009
GZG 8 345.75 ± 13.14 4.33 ± 0.11 0.124 ± 0.016
LG 8 348.88 ± 17.23 4.27 ± 0.07# 0.121 ± 0.007#
∗P < 0.05 versus normal group, #P < 0.05 versus model group.

3.6. LGZG Enhanced Metabolism and Transport of Fatty Acid
throughModulation of SREBP-1c, ACSL, and ApoB100 Expres-
sion. The gene and protein expression of sterol regulatory
element-binding protein 1c (SREBP-1c) from the liver tissue
in model group were significantly higher than that in normal
group (Figures 3(a) and 3(b)),while the treating groups
reduced its expression significantly (𝑃 < 0.05).

Conversely, the gene and protein expression of long-
chain acyl-CoA synthetase (ACSL) and apolipoprotein B100
(ApoB100) in model group were significantly lower than
that in normal group (P <0.05) (Figures 3(a), 3(c), and
3(d)); LGZG, LZG, and LG treatments significantly improved
expression of ACSL and ApoB100 (𝑃 < 0.05), and LGZG was
superior to LZG and LG groups; however, GZG treatment
showed no such effect (𝑃 > 0.05).

4. Discussion

Lingguizhugan decoction (LGZG) is a classic TCM formula,
which has been used to treat obesity and hyperlipidemia in
recent years, but the related mechanisms by which LGZG
regulates lipid metabolism is yet not clear. In this study,
we demonstrated that LGZG significantly attenuated HFD-
induced fatty liver disease, as measured by body weight,
liver index, EFP/BW, liver injury, and hepatic TG. The pos-
sible mechanisms might include increasing serum THs and
improving beta-oxidation (via modulation of TR𝛽1 and
CPT1A expression), metabolism, and transport (through
modulation of SREBP-1c, ACSL, and ApoB100 expression) of
fatty acid. Our study, for the first time, revealed the mech-
anisms through which LGZG regulates lipid metabolism;
furthermore, we discovered the herbal combination with the
properties of warming yang to relieve water retention in the
formula and proposed the biological basis of LGZG conven-
tional effect via further study on disassembled formula. It is

of great significance in understanding the classic formulas’
conventional efficacy.

NAFL is characterized by the accumulation of TGs, which
are formed from free fatty acids (FFA) and glycerol within
the hepatocyte. There is a positive TG cycle between liver
and adipose tissue in physiological conditions. It can only
be exported from the liver in very low-density lipoprotein
(VLDL) particles after incorporation into the apolipoprotein
(ApoB100) because TG is liposoluble and insoluble in body
(an aqueous environment). The ability of synthesizing TG in
the liver is greater than that of synthesizing ApoB100 and
package VLDL then as a result, NAFL commonly occurs in
association with imbalance between production of TG and
apolipoprotein synthesis.

FFA and glycerine are hydrolyzed by lipase from TG
within the hepatocyte and then released into blood, and FFA
generates energy via 𝛽-oxidation. FFA is firstly translated to
activated acyl-CoA before the catabolic oxidation, and the
latter one is freely soluble inwater.Thus themetabolic activity
of FFA is enhanced by catalyzing acyl-CoA synthetase (ACS).

Our results demonstrated that LGZG, LZG, and LG
significantly increased hepatic ACSL (amajor isoformof ACS
in liver) and ApoB100 in rat models of NAFL. As these three
formulas have a common herb Poria and the formula without
Poria (GZG) showed no such effect, we suggested that Poria
(which is sweet and tasteless in flavor, with a function of drain
dampness with bland) is the key factor why a formula relieves
water retention. Poria might function through promoting
package of VLDL fromTG, enhancing aqueous solubility and
metabolic activity of fatty acid. The major biological basis of
relieving water retention is the high expression of ACSL and
ApoB100.

LGZG has the function of warming yang to relieve
water retention, and there are similarities between TCM
yang-warming and THs function. THs show great impor-
tance in metabolic regulation as they significantly promote
energy metabolism and fat metabolism, and particularly they
improve lipid mobilization, reduce fat storage, and accelerate
fatty acid oxidation. Liver is an important target organ where
THs execute its function by binding to thyroid hormone
receptors (TRs) physiologically, and it also plays an important
role in the synthesis, transformation, and inactivation of THs.
TR𝛽1, a major isoform of TRs in liver, is the major modulator
in T3 regulation of cholesterol metabolism which plays a key
role in hepatic lipid metabolism [14, 15]. Preclinical studies
have been conducted for TR𝛽1 receptor agonists and showed
that they reduced plasma cholesterol and TG. In an animal
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Figure 1: The influence of LGZG and its decomposed recipes on rats’ histopathology (H&E stain ×200) and TG levels. (a) Normal group fed
with chow diet; (b) model group fed with High-Fat Diet (HFD); (c) LGZG group fed with HFD and LGZG; (d) LZG group fed with HFD and
LZG; (e) GZG group fed with HFD and GZG; (f) LG group fed with HFD and LG. (g)The influence of LGZG and its decomposed recipes on
rats’ hepatic TG. ∗𝑃 < 0.05 versus normal group, #

𝑃 < 0.05 versus model group.

study, a TR𝛽1 receptor agonist (M07811) was found to accel-
erate mitochondria fatty acid oxidation and alleviate hepatic
steatosis [16].

Studies have demonstrated that TR regulated CPT1
expression by binding to TH-response elements (TRE) in the
promoter regions of carnitine palmitoyltransferase-1 (CPT1),
a rate-limiting enzyme in hepatic mitochondria fatty acid
oxidation [17–20]. CPT1 expression is closely related to
body fat percentage, and the gene expression is regulated
at transcriptional level [21]. High-CPT1 expression is corre-
lated with high decomposition of fatty acid, low body fat
percentage, alleviated hepatic steatosis, and delayed occur of
fatty liver [22]. Three isoforms of CPT1 are currently known:
CPT1A, CPT1B, and CPT1C. CPT1A (liver isoform) is mainly
expressed in liver, kidney, and pancreas, with the function of

fatty acid 𝛽-oxidation regulation [23].The CPT1A expression
in NAFLD patients is reduced, and hepatic TG is reduced
by increasing CPT1A expression [24]. Hepatic TG level is
significantly increased while CPT1A activity is restrained
[25]. Enhanced CPT1A activity is correlated with improved
fatty acid 𝛽-oxidation, reduced injury caused by high FFA
and TG, and increased TG secretion [26]. Another study has
shown strong interaction between CPT1A and ACSL [27].

Hashimoto et al. [28] demonstrated that T3 significantly
reduced mice SREBP-1c expression via TR𝛽1, and this sup-
pression might be caused by TRs and LXR (from SREBP-
1c) competition for a DNA binding site [29]. The expression
of genes involved in lipid metabolism and glycometabolism
is regulated by SREBP-1c, an isoform of sterol regulatory
element binding proteins (SREBPs) in liver [30, 31]. Previous
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Figure 2: LGZG improved fatty acid beta-oxidation via regulation of TR𝛽1 andCPT1A expression.The relativemRNA and protein expression
of TR𝛽1 and CPT1A were detected by real-time PCR and western blot. (a) The influence of LGZG and its decomposed recipes on the protein
expression of hepatic TR𝛽1 and CPT1A; (b) the influence of LGZG and its decomposed recipes on the relative mRNA of hepatic TR𝛽1 and
CPT1A (normalized by 𝛽-actin). ∗𝑃 < 0.05 versus normal group, #

𝑃 < 0.05 versus model group.

Table 3: The influence of LGZG decoction and its decomposed recipes on serum transaminases and lipid levels (mean ± SD).

Group n ALT (U/L) AST (U/L) TG (mmol/L) TC (mmol/L) HDL (mmol/L) LDL (mmol/L)
Normal 8 41.83 ± 4.38 113.28 ± 21.51 1.31 ± 0.43 1.48 ± 0.10 1.39 ± 0.11 0.12 ± 0.02
Model 8 44.18 ± 3.83 128.64 ± 9.91∗ 1.24 ± 0.30 2.40 ± 0.22∗ 1.12 ± 0.10∗ 1.00 ± 0.19
LGZG 8 41.48 ± 3.10 105.41 ± 12.18# 0.60 ± 0.16# 2.00 ± 0.10# 1.03 ± 0.05# 0.94 ± 0.12
LZG 8 44.21 ± 3.56 118.10 ± 9.31 0.87 ± 0.13 2.18 ± 0.36 1.08 ± 0.08 1.00 ± 0.27
GZG 8 43.26 ± 4.60 103.90 ± 14.84# 0.94 ± 0.23 2.46 ± 0.24 1.09 ± 0.08 1.16 ± 0.22
LG 8 40.90 ± 4.48 105.44 ± 10.25# 0.55 ± 0.16# 2.04 ± 0.13# 1.03 ± 0.04# 0.96 ± 0.11
∗P < 0.05 versus normal group, #P < 0.05 versus model group.

study reported that SREBP-1c regulated synthesis and storage
of TG in liver [32]. SREBP-1c overexpression can cause
dyslipidaemia and lead to lipid accumulation and fatty liver.
It was confirmed that hepatic fat content in ob/ob mice
with a superimposed knockout of SREBP-1 was significantly
lower than that inwide-type controls [33]. SREBP-1c regulates
lipid synthesis via transcription regulation of hepatic lipase
by changing its mRNA level. Our results demonstrated that
LGZG, GZG, and LG significantly increased hepatic TR𝛽1 in
rat models of NAFLD. As these three formulas have a com-
mon herb Ramulus Cinnamomi (with a function of warm-
ing yang for qi activation), while formula without Ramu-
lus Cinnamomi (LZG) showed no such effect and all four
formulas showed beneficial effect on CPT1A, we suggested
that Ramulus Cinnamomi is the key factor why a formula
warms yang for qi activation. Ramulus Cinnamomi might
function through increasing THs, hepatic TR𝛽1, and CPT1A
expression and enhancing fatty acid 𝛽-oxidation. Meanwhile,
herbal combination (Rhizoma Atractylodis Macrocephalae
and Radix Glycyrrhizae) with the property of fortifying the
spleen and replenishing qi might strengthen this effect. The

major biological basis to warm yang for qi activation is the
high expression of TR𝛽1 and CPT1A.

In addition, our results demonstrated that LGZG and
LG significantly reduced hepatic TG level in rat models of
NAFLD, and formulas without Poria (diuresis) or Ramulus
Cinnamomi (yang-warming for qi activation) showed no
such effect. Based on the theory of syndrome differentiation
through formula and correspondence of prescription and
syndrome, we proposed that water and dampness retention
caused by spleen yang deficiency is the basic TCM pathogen-
esis of NAFLD, and warming yang to relieve water retention
is an effective therapeutic principle in NAFLD preventionand
treatment. This reflects the therapeutic idea rooted in Jingui
Yaolue: conditions with phlegm and fluid retention should
be modulated by drugs with warming nature. The combi-
nation of Poria and Ramulus Cinnamomi might be crucial
in LGZG, which is established under the therapeutic prin-
ciple of Warming Yang to Relieve Water Retention. This
formula directly supports the idea that there is a harmonious
combination of warming tonification and pathological accu-
mulation elimination. The herbal combination of Rhizoma
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Figure 3: LGZG enhanced metabolism and transport of fatty acid through modulation of SREBP-1c, ACSL and ApoB100 expression. The
relative mRNA and protein expression of SREBP-1c, ACSL, and ApoB100 were detected by real-time PCR and western blot. (a)The influence
of LGZG and its decomposed recipes on the protein expression of hepatic SREBP-1c and ACSL; (b)–(d) the influence of LGZG and its
decomposed recipes on the relative mRNA of hepatic SREBP-1c, ACSL, and ApoB100 (normalized by 𝛽-actin). ∗𝑃 < 0.05 versus normal
group, #

𝑃 < 0.05 versus model group.

Table 4: The influence of LGZG decoction and its decomposed recipes on serum T3, FT3, T4, and FT4 (mean ± SD).

Group n T3 (nmol/L) FT3 (nmol/L) T4 (nmol/L) FT4 (nmol/L)
Normal 8 1.02 ± 0.08 4.65 ± 0.61 73.59 ± 5.66 38.44 ± 2.12
Model 8 0.96 ± 0.08 4.06 ± 0.49∗ 54.97 ± 3.60∗ 28.38 ± 2.39∗

LGZG 8 1.05 ± 0.06# 4.56 ± 0.39# 66.73 ± 2.58# 33.76 ± 1.88#

LZG 8 0.97 ± 0.07 4.04 ± 0.43 58.73 ± 4.67 30.31 ± 2.82
GZG 8 1.00 ± 0.10 4.48 ± 0.56 59.35 ± 3.05# 29.31 ± 1.66
LG 8 1.10 ± 0.05# 5.13 ± 0.30# 70.23 ± 4.10# 35.33 ± 1.93#
∗P < 0.05 versus normal group, #P < 0.05 versus model group.

Atractylodis Macrocephalae and Radix Glycyrrhizae enhances
the effect of warming yang to relieve water retention.

In summary, our study confirmed that LGZG provided
significant beneficial effect on HFD-induced rat models of
NAFLD, and the mechanisms underlying the effect of LGZG
may include increasing THs and improving fatty acid 𝛽-
oxidation and metabolism. LGZG might be an alternative
therapy for MS, such as NAFLD, based on the data from the
present study. However, further clinical trials about LGZG
efficacy and studies about other possible mechanisms are
warranted.
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Objective. To assess the evidence of efficacy and safety of acupuncture for amblyopia and analyze the current situation of its clinical
setting.Methods. We systemically searched Wanfang, Chongqing Weipu Database for Chinese Technical Periodicals (VIP), China
National Knowledge Infrastructure (CNKI), and PubMed. Published randomized controlled trials (RCT) and controlled clinical
trials (CCT) that evaluated the effect of acupuncture for amblyopia compared with conventional treatment were identified. The
methodological quality of the included trials was assessed based on the Jadad scale. Data synthesis was facilitated using RevMan 5.1.
Results. Fourteen trials involving 2662 participants satisfied the minimum criteria for meta-analysis. The evidence showed that the
total effective rate of treatmentwithin the group receiving acupuncturewas higher than that in conventional group; therewere statis-
tically significant differences between groups (polled random effectsmodel (RR) = 1.17, 95% confidence interval (1.11, 1.24),𝑍 = 5.56,
𝑃 < 0.00001).Conclusion.The total effective rate of acupuncture for amblyopia was significantly superior to conventional treatment,
indicating that acupuncturewas a promising treatment for amblyopia. However, due to the limited number of CCTs andRCTs, espe-
cially those of large sample size and multicenter randomized controlled studies that were quantitatively insufficient, we could not
reach a completely affirmative conclusion until further studies of high quality are available.

1. Introduction

Amblyopia is a visual impairment (monocular or binocular)
resulting from insufficient light stimulus entering eyes during
congenital or critical period of visual development, depriving
macula lutea of the opportunity of forming clear images, that
is, so-called visual deprivation, and/or anisometropia leading
to competition of clear image with fuzzy objects (binocu-
lar interaction abnormalities). Organic pathological changes
cannot be found in general ophthalmologic examination,
optical corrections ≤0.8 by cycloplegic retinoscopy correct
[1]. Nowadays, available methods for amblyopia in clinical
practice mainly include: patching, afterimage, synoptophore,
visual physiological stimulation therapy, light therapy, He-Ne
laser therapy, and L-dopa injection, all of which could achieve
some therapeutic effect, but with a requirement for age. To
older patients, the effect was not significant, and for children,
the compliance was poor, therefore the effect was not satis-
factory. In recent years, acupuncture as a popular treatment
for amblyopia in clinical practice has various modalities. Its

efficacy and safety have been evaluated in quite a few RCTs or
CCTs. However, the quality of these reported RCTs or CCTs
which investigated the efficacy of acupuncture on amblyopia
have not been assessed systematically. Therefore, we con-
ducted this meta-analysis (2001–2012) to provide the basic
scientific evidence for clinical acupuncture practice.

2. Methods

Definitions of Randomized Controlled Trial (RCT) and Con-
trolled Clinical Trial (CCT). We retrieved relevant RCTs and
CCTs that are eligible for the inclusion according to the
guidelines of International Cochrane Collaboration [2]. The
clinical trial is defined as trial carried out on one or more
patients, with concurrent comparison of two or more inter-
vention measures. RCTs are those clinical studies in which
subjects were assigned to different treatment groups using
randomization allocation such as random number, com-
puter-generated random sequences, tossing a coin, and draw
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lots. CCTs (quasi-randomized studies) are those that do not
strictly adhere to randomized methods of allocation, for
example, allocation by order of admission, hospital registra-
tion number, date of birth, day of the week, or some other
method that is not truly random, or clinical trials which ran-
domization methods could not be identified.

2.1. Data Sources and Search Strategy. The literature search
was performed by using the following databases: Chongqing
Weipu Database for Chinese Technical Periodicals (VIP),
Wanfang, China National Knowledge Infrastructure (CNKI),
and PubMed (January 2001 to March 2012). There were no
restrictions regarding the language of publication. All data-
bases were across-retrieved to avoid missing. The key words
used for the search were amblyopia AND (acupuncture OR
moxibustionOR electroacupunctureOR auriculotherapyOR
auricular application pressure). In addition, those articles that
could not be obtained were screened manually and inde-
pendently in Jilin Provincial Library until 12 March 2012 by
two authors.

2.2. Study Selection. Studies were eligible only if they met
the following criteria: (1) the clinical trials on acupuncture
treatment for amblyopia are published in biomedical journals
(January 2001 to March 2012); (2) the sample size of patients
>10; (3) randomized or quasi-randomized study designs
which contained the control group; (4) treatment and control
groups were allocated according to the number of affected
eyes; (5) with clear diagnosis and effect criteria; and (6) com-
paring acupuncture treatment with other modalities.

Trials were excluded if any of the following were identi-
fied. (1) If the type of articles were animal experiments, review
articles, case reports or expert experience reports, conference
papers, or dissertations. (2) If studies are comparing two dif-
ferent forms of acupuncture or point selection and formulat-
ing prescription. Articles that investigated acupuncture as
adjunctive therapy were excluded as well.

2.3. Data Extraction and Management. Data on study char-
acteristics were abstracted independently by the two authors
using a standardized collection form, which includes first
author, year of the study, sample size, randomization, blind-
ing, baseline characteristics, diagnosis and effect criteria,
study selection (inclusion and exclusion criteria), interven-
tions, main outcome assessments, follow-up time, with-
drawal, adverse effects, and literature provenance.

2.4. Methodological Quality Assessment. Themethodological
quality of retrieved articles was rated using the Jadad scale [3].
Any disagreements on study quality were resolved through
reviewing the study and discussing the discrepancy.This scale
consists of 4 criteria being: (1) random allocation of subjects
and allocation concealment (two points for randomization
scores. Studies that were described as randomized were given
one point. A further point was given if the method of ran-
domization was described and was appropriate, such as the
use of a random numbers table); (2) except for intervention,
the rest of measures being carried out in two groups were

similar (between-group statistical comparisons); (3) blinding
score (range 0∼2). Studies that were described as double-
blinded were given one point; a further point was given if
blinding was appropriate, such as matched placebos; one
point was deducted if blinding was inappropriate); and (4)
if exclusion bias exists, in other words, whether there exist
systematic differences in two groups onwithdrawals (number
and reasons of withdrawals for 0∼1 point. If the number and
reasons for withdrawals were described in the study, one
point was given). The minimal and maximal scores for an
included studywere 1 and 5, respectively.We arbitrarily classi-
fied quality as high (score: 3–5) versus low (score: 0–2).

2.5. Data Synthesis and Analysis. Meta-analysis was con-
ducted using RevMan 5.1 analyses software of the Cochrane
Collaboration [4]. The method of analysis selected for this
study was to calculate the risk ratio (RR) for each trial: and
then conduct test for heterogeneity, the fixed effects models
were used to combine effect size when better results of homo-
geneity presented (𝑃 > 0.05), on the contrary, using the ran-
dom effectsmodel.We selected RR as the effect size index and
calculated the 95% confidence interval, where 𝑃 < 0.05 was
regarded as statistically significant.

3. Results

3.1. Study Characteristics. A total of 115 possible trials were
identified, but only 14 satisfied the inclusion criteria, of
which 101 were excluded in the screening process as they
clearly did not meet the inclusion criteria. The English
language literature search identified 10 articles, all of which
were unavailable for this meta-analysis, while the Chinese
literature search identified 105 articles, the title, abstract, and
full text of which were reviewed and 14 full articles [5–18]
were eligible for inclusion criteria. Because all articles were
domestic periodicals, lingual bias existed in this study, and
the published time was from 2001 to 2012. The methodologi-
cal quality of each study is described in Table 1.

3.2. Quantitative Data Synthesis. Through comparisons of
the overall effectiveness of acupuncture treatment for ambly-
opia in 14 papers [5–18], the extent of heterogeneity in trials
was𝑋2 = 37.91,𝑃 = 0.0003.The random-effectsmodels were
used to combine effect. RR = 1.17 showed that the ben-
eficial influence of the experimental factors on disease was
significant.The 95% confidence interval was 1.11, 1.24, indicat-
ing that acupuncture treatment for amblyopia was effective.
The test results of combined effect were 𝑍 = 5.56, 𝑃 <
0.00001, showing that it was statistically significant in two
groups (Figure 1). Just as Figure 1 depicted, diamond falling
on the right side of the vertical line showed that comparison
of treatment group with the control group was of statistically
significant differences.

3.3. Publication Bias Analysis. We assessed publication bias
using the funnel plot on studies comparing acupuncture for
amblyopia with conventional treatment. When there is no
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Qin Zhang 2001 327 341 305 340 13.0% 2001

Lihua Xu 2005 45 48 32 41 5.8% 2005

Aiyin Liu 2007 135 140 106 121 11.2% 2007

Linping Sun 2007 82 84 52 66 8.0% 2007

Jinglan Lin 2007 56 61 46 58 6.9% 2007

Wei Zheng 2009 75 76 67 75 10.7% 2009

Qingrun Song 2009 47 48 36 43 7.5% 2009

Fenglian Li 2009 48 52 44 52 7.4% 2009

Huilin Ge 2009 49 58 29 50 3.4% 2009

Lie Wu 2010 24 54 13 53 0.9% 2010

Huilin Ge 2010 80 86 55 80 6.6% 2010

Chaolan Miao 2011 57 67 31 55 3.6% 2011

Lie Wu 2011 43 54 31 53 3.4% 2011

Runlian Gong 2011 196 212 167 194 11.6% 2011

Study or subgroup
Treatment

Events
Control Risk ratioRisk ratio

Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CIYear

Total (95% CI) 1381 1281 100.0% 1.17 [1.11, 1.24]
Total events 1264 1014

Favours control
0.5 1 2 5

Heterogeneity: 𝜏2 = 0.01; 𝜒2 = 37.91, df = 13 (𝑃 = 0.0003); 𝐼2 = 66%

Favours experimental
Test for overall effect: 𝑍 = 5.56 (𝑃 < 0.00001)

0.2

1.07 [1.02, 1.12]

1.20 [1.01, 1.44]

1.10 [1.02, 1.19]

1.24 [1.09, 1.41]

1.16 [0.99 ,1.35]

1.10 [1.02, 1.20]

1.17 [1.02, 1.34]

1.09 [0.95, 1.25]

1.46 [1.12, 1.89]

1.81 [1.04, 3.17]

1.35 [1.15, 1.59]

1.51 [1.17, 1.94]

1.36 [1.05, 1.77]

1.07 [1.00, 1.15]

Figure 1: Meta-analysis of 14 trials (CI: confidence interval; 𝑃: 𝑃-value).
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Figure 2: Funnel plot of publication bias analysis.

publication bias, points in funnel plot are almost matched.
In this study points about the overall effect’s comparison
between groups presented asymmetry, suggesting the pos-
sibility of publication bias, which is shown in Figure 2.
Although great efforts were made to retrieve all trials on
the subject, we still could not exclude the possibility that
studies with negative findings remain unpublished and parts
of included studies were less relevant. In addition, language
bias may exist because all included trials were published in
Chinese. All in all, the total analysis displayed that publication
bias, lingual bias, selection bias, and implementation bias in
literatures included in the study may exist.

4. Discussion

4.1. Summary of Main Results. This study performed a meta-
analysis to look at the overall effect of included RCTs or

CCTs contribute to acupuncture treatment for amblyopia.
The evidence suggested effect of acupuncture treatment for
amblyopia was superior to conventional treatment. However,
through analysis of included 14 trials, we found several
problems of study design, including: (1) inadequate method
of the randomization; only 6 out of 14 papers [5, 8, 13,
15, 16, 18] described the specific randomization and others
were without specific descriptions. This may have resulted
in poor comparability of the treatment and control groups;
(2) no reports of blinding: blinding was mainly employed to
avoid additional variables triggered by the subjective expec-
tation of assessor and subjects and to ensure that the result
was reliable. Blinding was not used in 14 trials. Therefore
implementation bias may exist; (3) unclear expression of
baseline characteristics. Five out of 14 papers [5, 8, 9, 11, 16]
only referred to the comparability, even without reports of
baseline characteristics, resulting in poor comparability and
selection bias.The above results caused the low quality scores
of literatures and only 6 papers [4, 7, 14–17] scored ≥3 points,
indicating that the quality of literatures was disappointing.

4.2. Strengths and Weaknesses. The main findings of this
meta-analysis were that effect of acupuncture treatment for
amblyopia was superior to conventional treatment. However,
there are several limitations to this meta-analysis. One lim-
itation is the limited number of CCTs and RCTs, especially
those of high quality, large samples size, and multicenter
randomized controlled trails. Other issues are that inclusion
and exclusion criteria were not uniform, no detailed reports
of blinding, follow-up andwithdrawal, few high-quality stud-
ies, only published articles, lingual limitation, and selection
and implementation bias. So the efficacy of acupuncture for
amblyopia has not been proven beyond reasonable doubt,
and further randomized controlled trials with better study
methodology are needed.
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Ultrahigh-performance liquid chromatography-quadrupole/time-of-flight mass spectrometry (UPLC-QTOF/MS) was developed
for rapid and sensitive analysis of the effect of rice wine on the metabolites of the main components of herbal medicine in rat
urine. Using Cornus officinalis as a model of herbal medicine, the metabolite profiles of crude and processed (steaming the crude
drug presteeped in rice wine) Cornus officinalis extracts in rat urine were investigated. The metabolites of Cornus officinalis were
identified by using dynamic adjustment of the fragmentor voltage to produce structure-relevant fragment ions. In this work, we
identified the parent compounds andmetabolites of crude and processedCornus officinalis in rats. In total, three parent compounds
and seventeen new metabolites of Cornus officinalis were found in rats. The contents of the parent compounds and metabolites in
vivo varied significantly after intragastric (i.g.) administration of aqueous extracts of crude and processed Cornus officinalis. Data
from this study suggests that UPLC-QTOF/MS could be used as a potential tool for uncovering the effects of excipients found in
the metabolites of the main components of herbal medicine, in vivo, to predict and discover the processing mechanisms of herbal
medicine.

1. Introduction

The processing of Chinese materia medica is based on tradi-
tional Chinese medicine (TCM) and has undergone con-
tinual development and refinement for thousands of years.
Traditional processing and treatment of TCM utilize a range
of decoction pieces, with the aim of altering the nature of
the medicine to accommodate different clinical dispensings
and preparation requirements [1, 2]. During processing, fire
and wine are utilized in heat and excipient treatments in

many herbs, respectively [3]. The processing of Chinese
materia medica with excipients has a long history and the
efficacy of treatment can be enhanced by using a combi-
nation of excipient treatments. There is a close relationship
between the nature of Chinese materia medica and excipient
treatments, through the collaboration and regulatory roles of
excipients. As a result, the inherent property of suchmedicine
can be improved through these processes to improve its
treatment efficacy, which is often achieved by heating the
medicine and excipient together. Solid excipients are mainly
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used to suppress the toxicity, while liquid excipients are used
to enhance the treatment efficacy [4].

In processing TCM, wine is typically used as a gas com-
ponent. It is believed that wine has the function of promoting
blood circulation for removing obstruction in collaterals,
strengthening the spleen and stomach, and removing foul
odors [5, 6]. Through modern medicine, these therapeutic
efficacies have been demonstrated as alcohol can dilate blood
vessels to enhance cerebral blood flow, stimulate the central
nervous system, and improve circulatory of the digestive
system [7]. For processing TCM, rice wine is one of the
most commonly used liquid excipients. Typically, rice wine
is used for steeping, boiling, and steaming herbs, or mak-
ing various pills and medicated wine [8]. Rice wine contains
large amounts of proteins, carbohydrates, vitamins, organic
acids, esters, and minerals [9]. During the saccharification
and fermentation process of rice wine production, starch and
protein are degraded into oligosaccharides, peptides, amino
acids, and other ingredients that are readily absorbed by
the human body, thus making rice wine a highly nutritious
supplement. In addition, rice wine serves as a good organic
solvent and has good solubility for a variety of chemical
compounds and good tissue penetration capability.When the
drugs are heatedwithwine, rice wine can change the property
of medicine, lead the medicine uplink, and change the ups
and downs of the Chinese medicine. It can also enhance drug
efficacy and reduce foul taste and corrosion. Therefore, the
processing of Chinese materia medica using rice wine offers
many clinical benefits.

Dried sarcocarp of Cornus officinalis Sieb. et Zucc (Cor-
naceae) is a herbalmedicine widely used in TCM formedical,
food sanitation, and cosmetic purposes [10]. Clinically, it is
used both in its crude herbal form and as a processed product
[11]. While potent unprocessed, pharmaceutical processing
may reduce toxicity or side efficacies, potentiate the ben-
eficial effects, change the pharmacological properties, pre-
serve active constituents, facilitate administration, improve
flavor or eliminate unpleasant taste, and increase purity
of herbal medicine [12, 13]. Extensive phytochemical and
pharmacological studies of Cornus officinalis have isolated
and characterized a total of 10 iridoids, most of which have
been proven to have bioactive properties for the prevention
and treatment of diabetic nephropathy and kidney deficiency,
anti-inflammation, antivirus and antioxidation [14–16]. Cor-
nus officinalis, after being stewed with yellow rice wine, has
a stronger efficacy on nourishing kidneys, astringing semen,
and reducing urination. It has been used diffusely for curing
dizziness, coldness, pain in the waist, frequent micturition,
enuresis, impotence, and prospermia [17]. Furthermore, Cor-
nus officinalswarmly dredges up the dint of wine and reduces
its acidity.

Within the literature, the majority of studies examining
drug metabolism have been based on studies in which the
liver was used as the experimental organ [18]. It is now clear
that kidney also plays a major role in drug metabolism, as
drug compounds andmetabolites are excreted into the urine.
Althoughmost pharmacokinetic parameters of iridoids, such
as morroniside, loganin, and sweroside, in Cornus officinals
have been investigated [19–21], there is no report of renal

excretion of active constituents and metabolites of main
components in crude Cornus officinalis and its processed
form. The aim of our study was to examine whether the
absorption and metabolism of active components in Cornus
officinalis through renal excretion were altered after pro-
cessing using rice wine. In the present study, we employed
a new and rapid ultrahigh-performance liquid chromatog-
raphy-quadrupole/time-of-flight mass spectrometry (UPLC-
QTOF/MS) method to investigate the effect of rice wine on
the metabolites of the main components of Cornus officinalis
in rat urine.

2. Experimental

2.1. Materials, Chemicals, and Reagents. Crude Cornus offic-
inalis was acquired from Henan suppliers and its processed
form was treated according to the Chinese Pharmacopoeia
(2010 eds.). HPLC grade acetonitrile and methanol were
obtained from Merck (Darmstadt, Germany) and Fisher
Scientific Corporation (Loughborough, UK), respectively.
Deionized water was purified using the Milli-Q system (Mil-
lipore, Bedford, MA, USA) and HPLC grade formic acid
was purchased from Honeywell Company (Morristown, NJ,
USA). Loganin was purchased from the National Institute for
the Control of Pharmaceutical and Biological Products (Bei-
jing, China). Morroniside and sweroside were obtained from
Shanghai Shangyi Biotechnology Co. Ltd. (Shanghai, China).
HPLC analysis indicated that the purities of all reference
compounds were greater than 98%. All remaining chemicals
were of analytical grade and commercially available.

2.2. Instrumentation and UPLC-QTOF/MS Conditions.
Chromatography was performed using an ACQUITY
C
18

BEH column (150mm × 2.1mm i.d., 1.7 𝜇m) and
CQUITYUPLC system (Waters Corp., Milford, MA, USA).
The column was maintained at 40∘C with a gradient elution
of 0.1% formic acid in acetonitrile (solvent A) and 0.1%
formic acid in water (solvent B) at 0–4.5min (1–8.4% A),
4.5–8min (8.4–9% A), 8–16min (9–75% A), and 16-17min
(75–99%A).The flow rate was 0.45mL/min, and 5𝜇L aliquot
of each sample was injected into the column. The eluent was
then introduced to the mass spectrometer directly, that is,
without a split.

The eluent was introduced into the synapt high-defini-
tionmass spectrometer (Waters Corp., Milford, MA, USA)
analysis. The optimal conditions were as follows: capillary
voltage of 2.5 kV, sampling cone voltage of 20V, cone gas flow
of 10 L/h, and desolvation gas flow of 700 L/h. The source
and desolvation gas temperature were kept at 110 and 350∘C,
respectively. The data were collected and analyzed using
Masslynx V 4.1 and MetaboLynx software. The mass spec-
trometric data were collected in full-scan mode; them/z was
from 100 to 1000 in positive and negative ions.

2.3. Preparation of Sample Solutions. 100 g of powdered
Cornus officinalis and its processed samples were soaked in
200mL of water for 2 h at room temperature and thereafter
refluxed for 2 h, respectively. The filtrate was collected and
the residues were then refluxed twice in 1000mL of water
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Figure 1: Continued.
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Figure 1: Total ion chromatograms of rat urine samples in positive and negative ion modes: (a) blank rat urine in positive mode; (b) blank
rat urine in negative mode; (c) rat urine collected after administration of crude Cornus officinalis in positive mode; (d) rat urine collected
after administration of crude Cornus officinalis in negative mode; (e) rat urine collected after administration of processed Cornus officinalis in
positive mode; and (f) rat urine collected after administration of processed Cornus officinalis in negative mode.

for 1.5 h. The three filtrates were combined and evaporated
to the final volume of 100mL under reduced pressure at a
temperature not exceeding 60∘C.

2.4. Animals, Drug Administration, Biological Sample Collec-
tion, and Preparation. Fifteen male adult Sprague-Dawley
rats weighing approximately 300 g were obtained from the
Laboratory Animal Center of Zhejiang Academy of Medical
Sciences (Zhejiang, China). Animals were acclimatized for at
least 5 dayswith alternating 12 h dark/light cycles in a climate-
controlled roomwith the temperaturemaintained at 22±1∘C,
and a relative humidity of 60 ± 10%. Water and standard
laboratory food were available ad libitum. All experiments
were performed according to the guidelines for the care and
use of animals as established by Zhe Jiang University.

The rats were equally divided into three groups (group
A: crude Cornus officinalis group, 𝑛 = 5; group B: processed
Cornus officinalis group, 𝑛 = 5; groupC: control group, 𝑛 = 5)
and housed individually in metabolic cages for the collection
of urine samples. The rats were fed with standard laboratory
food as well as water, ad libitum, and acclimatized to the
facilities for 1 week prior to the start of experiments. The
animals were fasted overnight with free access to water before
the test. Crude Cornus officinalis and its processed extracts
were administered to each rat in groups A and B, respectively,
by traditional oral gavage at a dose of 2mL. Crude Cornus
officinalis and its processed extracts were administered once
daily for 1 week, while the equivalent volume of distilled
water was orally administered to each rat in the control
group (group C). Urine samples were collected after 1 week
following administration. The volume of each sample was
accurately measured and stored at −80∘C for preservation.

For analysis preparation, urine samples (200𝜇L) were
transferred to a 1.0mL Eppendorf tube and acetonitrile
(600𝜇L)was added.Thismixturewas vortex-mixed for 2min
and centrifuged at 4,000 rpm for 5min. The supernatant was
separated out and blowed dry with nitrogen at 40∘C. The
residue was then reconstituted in 100 𝜇L acetonitrile and

mixed to make final testing samples. A 5 𝜇L aliquot of the
final testing samples was injected into the UPLC-QTOF/MS
system for analysis after centrifugation at 15,000×g for
15min.

2.5. Data Processing. The mass data analysis was carried
out using MetaboLynx and Masslynx V 4.1 (Waters Corp.,
Milford, MA, USA) for in vivo metabolite identification.
The data was processed and mass full-scan raw data were
collected through MSE acquisition. The UPLC-QTOF/MS
data was detected and noise reduced in both the UPLC and
MSdomains, such that only true analytical peakswere further
processed by the software (e.g., residual noise spikes were
rejected).

3. Results and Discussion

3.1. UPLC-QTOF/MS Identification of theMainActive Compo-
nents in Rat Urine. Iridoid glycosides and their metabolites
are main components and active compounds in Cornus
officinalis. In the current experiment, we expected that in
addition to the major iridoid glycosides in Cornus officinalis
extract, several metabolites would be detected in rat urine.
From our results, we identified three iridoid glycosides in
crude Cornus officinalis and its processed extracts, including
morroniside, loganin, and sweroside, by comparing their
retention times and MS data with established standards.
The ion chromatograms of three iridoid glycosides and their
metabolites are presented in Figure 1, and the monitored ions
of each compound are listed in Table 1. The identification of
each compound is outlined below.

3.2. Identification of Parent Compounds and
Related Metabolites

3.2.1. Analysis of Parent Compound 1 and its Metabolites.
Compound 1 showed an [M+COOH]− ion at m/z 451.1456.
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of morroniside; (b) proposed fragmentation pathway of morroniside; and (c) proposed metabolic pathway of morroniside.
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respectively.

Table 1: The mass data of metabolites and parent components acquired using UPLC-QTOF/MS.

No. Compound 𝑇
𝑅
(min) Molecular formula Molecular weight QTOF/MS Mass accuracy (ppm)

1 Morroniside 8.08 C
17
H
26
O
11

406.1473 [M+COOH]− 0

2 M1-1 10.73 C
17
H
26
O
10

390.1526 [M−O]− 0.6

3 M1-2 8.08 C
17
H
26
O
12

422.1195 [M+O]− 0.5

4 M1-3 8.72 C
10
H
14
O
5

214.1053 [M−C7H12O6]
−

0.4

5 M1-4 5.53 C
11
H
14
O
5

225.061 [M − C
6
H
12
O
6
]
−

0.3

6 M1-5 23.9 C
18
H
28
O
13

452.159 [M+COOH2]
−

0.4

7 Loganin 10.60 C
17
H
26
O
10

390.1520 [M+COOH]− 0

8 M2-1 7.5 C
16
H
24
O
9

360.1420 [M−OCH2]
−

0.6

9 M2-2 6.28 C
16
H
24
O
10

376.1363 [M−CH2]
−

0.2

10 M2-3 7.42 C
17
H
24
O
11

404.1313 [M+O–H2]
−

0.3

11 M2-4 8.05 C
17
H
26
O
12

422.1233 [M+O2]
−

0.5

12 M2-5 7.5 C
17
H
24
O
10

388.1369 [M−H2]
−

0.3

13 M2-6 10.47 C
16
H
22
O
9

358.1264 [M−CH4O]
−

0.1

14 M2-7 23.96 C
11
H
14
O
7

452.1590 [M−CH2–C6H10O5]
−

0.4

15 Sweroside 10.47 C
16
H
22
O
9

358.1256 [M+Na]+ 0

16 M3-1 10.48 C
10
H
12
O
4

196.0736 [M−C6H10O5]
+

0.6

17 M3-2 8.08 C
10
H
10
O
4

194.0579 [M−C6H10O5–H2]
+

0.2

18 M3-3 7.33 C
16
H
22
O
10

374.0818 [M+O]+ 0.5

19 M3-4 2.65 C
14
H
18
O
9

330.0951 [M−CH2–CH2]
+

0.3

20 M3-5 6.35 C
16
H
20
O
9

356.1107 [M−H2]
+

0.4

The corresponding fragment ions, including m/z 101.0273
[M−C

13
H
20
O
8
]−, m/z 123.0373 [M−C

10
H
18
O
9
]−, m/z

141.0547 [M−C
10
H
16
O
8
]−, m/z 155.0334 [M−C

10
H
18
O
7
]−,

m/z 179 [M−C
11
H
14
O
5
]−,m/z 243.0825 [M−C

6
H
10
O
5
]−, and

m/z 405.1390 [M−H]−, were also identified in MS spectra of
high-collision energy scan. Compound 1 was identified as
morroniside through comparison with standard.

Five metabolites of morroniside were detected from the
rat urine usingMSE approach andMetaboLynx, with most of
the constituents [M−H]− being observed in the (−) ESI-MS
spectra fromMS𝐸 data.Moreover, the characteristic fragment
peaks of the parent compound related to the metabolite were
observed. The high-collision energy scan fragment ions of

M1-1 atm/z 390.1526 [M−O]−,M1-2 atm/z 422.1195 [M+O]−,
M1-3 at m/z 214.1053 [M−C

7
H
12
O
6
]−, M1-4 at m/z 225.061

[M−C
6
H
12
O
6
]− (loss of a glucose group), and M1-5 at m/z

425.159 [M+COOH
2
]− were observed. After being processed

with the mass defect filter, their possible metabolites were
detected in combination the with related literature data or
METLINs metabolite mass spectral database, shown in
Table 1. The pathways of morroniside and metabolites are
shown in Figure 2.

3.2.2. Identification of Parent Compound 2 and Its Metabolites.
Compound 2 showed an [M+COOH]− ion at m/z 435.1512
at 30V. It also yielded product ions, including m/z 101.0143
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[M−C
13
H
20
O
7
]−,m/z 127 [M−C

11
H
18
O
7
]−, andm/z 227.0905

[M−C
6
H
10
O
5
]−. Compound 2 was identified as loganin by

comparison with standard.
Seven metabolites of morroniside were identified in the

rat urine according to their retention time qualities, and
MS/MS fragment ions. The high-collision energy scan frag-
ment ions ofM2-1 atm/z 360.1420 [M−OCH

2
]−, M2-2 atm/z

376.1363 [M−CH
2
]−, M2-3 atm/z 404.1313 [M+O−H

2
]−,M2-

4 atm/z 422.1233 [M+O
2
]−, M2-5 atm/z 388.1369 [M−H

2
]−,

M2-6 at m/z 358.1264 [M−CH
4
O]−, and M2-7 at m/z

452.1590 [M−CH
2
−C
6
H
10
O
5
]− were observed.The pathways

of loganin and metabolites are shown in Figure 3.

3.2.3. Analysis of Parent Compound 3 and Its Metabolites.
Compound 3 gave an [M+Na]+ ion at m/z 381.1119 with a
fragmentor voltage of 25V. It also yielded product ions atm/z
127.0376 [M−C

10
H
16
O
6
]+ and m/z 197.0802 [M−C

6
H
10
O
5
]+.

Compound 3 was identified as sweroside by comparison with
standard.

Five metabolites of sweroside were detected from the rat
urine using MetaboLynx software. The high-collision energy
scan fragment ions of M3-1 atm/z 196.0736 [M−C

6
H
10
O
5
]+,

M3-2 at m/z 194.0579 [M−C
6
H
10
O
5
−H
2
]+, M3-3 at m/z

374.0818 [M+O]+, M3-4 at m/z 330.0951 [M−CH
2
−CH
2
]+,

and M3-5 at m/z 356.1107 [M−H
2
]+ were observed. The

pathways of sweroside andmetabolites are shown in Figure 4.

3.3. The Influence of Rice Wine on the Contents of Main
Compounds andTheir Metabolites. Three parent compounds
and seventeen metabolites were identified in the rat urine
by UPLC-QTOF/MS after i.g. administration of aqueous
extracts of crude Cornus officinalis and its processed extracts.
In crudeCornus officinalis samples, thirteenmetabolites were
detected, but metabolites including M1-5, M2-5, M2-6, M2-
7, M3-1, M3-5, and one parent compound (sweroside) were
not found in the rat urine. It is possible that sweroside may
have been transformed into its metabolites. For processed
Cornus officinalis samples, six metabolites, including M1-3,
M1-4, M2-1, M2-2, M2-3, and M3-2, were not detected in
the rat urine. The peak intensities of parent compounds and
metabolites in both crude and processed Cornus officinalis
varied significantly. Moreover, the contents of compounds
were dramatically decreased in Cornus officinalis after pro-
cessing by rice wine. The results are shown in Figure 5.

4. Conclusion

In this work, UPLC-QTOF/MS was used to investigate the
excretion of extracts of crude and processedCornus officinalis
in rat urine.Three parent compounds and seventeenmetabo-
lites were identified, demonstrating the analytical potential
of this method for metabolism studies. Our study highlights
the importance of UPLC-QTOF/MS as a potential tool for
uncovering the effect of rice wine on metabolites of the
main components of herbal medicine, in vivo, to predict
and discover processing mechanisms of herbal medicine. It
can therefore be used for studies of excipient treatment in
processing of herbal medicine.
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The purpose of this study was to explore the positive effects of Bu Shen Huo Xue Decoction (BSHXF) on assisted reproduction.
The study aimed to evaluate whether BSHXD could improve endometrial morphology and increase the expression of LIF in
a gonadotrophin-releasing hormone agonists (GnRHa) long protocol-induced rat model during metestrus, diestrus, proestrus,
and oestrus. The BSHXD group presented significantly increased endometrium thickness and decreased MVD compared with
the GnRHa long protocol group. In addition, the expression of LIF was significantly higher in the BSHXD group. There were
no significant differences between the control group and the BSHXD group in terms of MVD and LIF expression. These results
suggested that BSHXD can improve the endometrium development, reduce the abnormal angiogenesis, and increase the expression
of receptivitymarkers in a GnRHa long protocol-induced ratmodel during the oestrous cycle, whichmight result in an endometrial
environment better suited for female reproduction.

1. Background

Infertility remains a prevalent disease worldwide, and its
incidence is still increasing. Assisted reproductive technology
(ART) is one current treatment.However, the fertility rate fol-
lowing ART is very low [1]. Impaired endometrial receptivity
is a major limitation and reason for this low fertility.

It has been well documented that endometrial receptivity
is a complex and multifactorial process [2] involving a good-
quality embryo, a receptive endometrium, and the synchro-
nisation between the developmental stages of the embryo
itself [3]. Previous observations have demonstrated that
when using a GnRHa long protocol, advanced endometrial
maturation is present on the oocyte retrieval day of in vitro
fertilisation (IVF), which may possibly result in a failure to
correctly synchronise the timing between the embryo and a
receptive endometrium [4]. Many studies have shown that
the periovulatory uterine characteristics in ovarian stimula-
tion treatment (OS) are considerably different comparedwith

the natural cycle [4, 5]. It has been hypothesised that this
change has already started by the follicular phase [5].

A large amount of evidence indicates that angiogenesis
may play an important role during the implantation window
[6–8], because the endometrial receptivity requires complex
remodelling and angiogenesis to support foetal development
[9–12]. Our previous small-sample study demonstrated that
the GnRHa long protocol results in abnormal angiogenesis
in the rat endometrium during the first oestrous cycle after
OS. These results indicate that the side effects of the GnRHa
long protocol treatment may trigger negative angiogenesis
in the endometrium and impact later receptivity. The strong
exposure of the endometrium to supraphysiological steroid
hormone levels during the follicular phase might be respon-
sible for this phenomenon [4].

In China, traditional Chinese medicine is widely used
in assisted reproductive technology to enhance the success
of IVF treatment. Bu Shen Huo Xue Decoction (BSHXD), a
Chinese herbal formula, consists of Placenta Hominis, Radix

http://dx.doi.org/10.1155/2013/496036
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Rehmanniae Preparata, Radix Salviae Miltiorrhizae, Radix
Angelicae Sinensis, Radix Dipsacus asperoides, Eucommia
ulmoides, Dioscorea opposita, Flos Rosae Rugosae, Rhizoma
Ligustici Chuanxiong, and Semen Coicis. This formula is
used to tonify the kidney, regulate the uterine function, and
promote blood circulation according to traditional Chinese
medicinal prescriptions. Numerous studies have reported
that many traditional Chinese medicinal herbs are rich
sources of compounds that regulate angiogenesis [13]. Our
recent clinical observations suggest that BSHXD has a posi-
tive effect on angiogenesis in the endometrium.Therefore, the
potential benefits of regulating angiogenesis and enhancing
the success of IVF need to be thoroughly studied.

Microvessel density (MVD) is one of the most common
methods of indirectly assessing angiogenesis factors [14].The
maximal expression of leukaemia inhibitory factor (LIF) is
observed in the midsecretory phase of the menstrual cycle,
coinciding with the time of implantation in both the human
and murine endometria [15, 16]. The strong expression of
LIF is more likely to initiate a pregnancy than weak LIF
during the luteal phase prior to IVF treatment in humans
[17, 18]. LIF is one of very few cytokines to be a critical
factor for implantation [19]. LIF null mutation female mice
are infertile because of the failure of implantation [20] and
LIF is significantly reduced in the endometria of infertile
women [21].

The primary aim of this study was to explore whether
BSHXD ameliorates the side effects of the GnRHa long pro-
tocol on endometrium histology, endometrium receptivity
cytokines, and endometrial angiogenesis in a GnRHa long
protocol-induced rat model. In addition, this study aimed
to provide evidence of the usefulness of BSHXD in assisted
reproduction.

2. Methods

2.1. Animals. SD (Sprague-Dawley) rats of 9-10 weeks of
age were used for the experiments. All the procedures were
performed according to the guidelines of the Beijing Univer-
sity of Chinese Medicine Animal Care and Use Committee.
The rats were kept under standard 12 h light and 12 h dark
conditions and under controlled temperature (23±3∘C) with
45%–65% humidity.

2.2. Treatment. Oestruswas identified by vaginal smear.Only
the rats with regular cycles were used in the study. Suitable
rats were randomly allocated into three groups: control,
GnRHa long protocol, and BSHXD.

The animals in the GnRHa long protocol group were
given 1mL/100 g of distilled water for 12 days and then treated
using the GnRHa long protocol. Briefly, a GnRH agonist
(1.5 𝜇g/100 g bw/day) (triptorelin, Diphereline, France) was
i.p. injected from the 3th to 9th days of oestrous. The preg-
nant mare’s serum gonadotropin (40 IU/100 g bw) (PMSG,
China) was i.p. injected on the 9th day of oestrous, followed
by the injection of hCG (40 IU/100 g) (Human Chorionic
Gonadotropin, China) 28 h later.

BSHXDgranuleswere provided by the PharmacyDepart-
ment of Dongfang Hospital of Beijing University of Chinese
Medicine. The BSHXD granules contain equal weights of
the ingredients of the BSHXD formula: Placenta Hominis 10
gram, Radix Rehmanniae Preparata 15 gram, Radix Salviae
Miltiorrhizae 10 gram, Radix Angelicae Sinensis 12 gram,
Radix Dipsacus Asperoides 15 gram, Eucommia ulmoides 12
gram,Dioscorea opposita 15 gram, Flos Rosae Rugosae 6 gram,
Rhizoma Ligustici Chuanxiong 6 gram, and Semen Coicis 12
gram. The granules were dissolved in 200mL of distilled
water and kept at 2–8∘C until use.The animals in the BSHXD
group were given the drugs 1mL/100 g daily for 12 days and
then were subjected to the GnRHa long protocol treatment as
the GnRHa long protocol group.

The rats in the control groupwere given distilled water for
12 days, followed by injections with saline at the same time
and volume as those used in the GnRHa long protocol group.

2.3. Tissue Collection and Preparation. The whole uteri were
collected from the GnRHa long protocol group and the
BSHXD group on days 2, 3, 4, and 5 after hCG injection, and
the uteri of the control group were collected on days 2, 3, 4,
and 5 after ovulation. Day 2 was the day of metestrus. Day
3 was the day of diestrus. Day 4 was the day of proestrus.
Day 5 was the day of oestrus. The tissue was divided into 2
parts after being rinsedwith cold saline. One part was fixed in
4% paraformaldehyde and then embedded in paraffin for HE
and immunohistochemical assays. The other part was stored
at −80∘C for later Western blot analysis.

2.4. Haematoxylin Eosin (HE) Staining. The paraffin-fixed
tissues were divided into the 4 𝜇m. After dewaxing, rehy-
dration, and staining in Harris haematoxylin, the slides
were counterstained in eosin-phloxine. The morphological
changes were captured with a digital camera (Olympus, Inc.,
Tokyo, Japan).

2.5. Immunohistochemistry for CD34 and LIF. The paraffin-
fixed tissues were divided into 4 𝜇msections. After dewaxing,
rehydration, and blocking, the slides were incubated with the
following primary antibodies: CD34 antibody (AF-4117, R&D
Systems, USA) at a dilution of 1 : 39 and LIF antibody (sc-
1336, Santa Cruz Biotechnology, USA) at a 1 : 200 dilution
overnight at 4∘C. After washing with PBS, the tissues were
incubatedwith secondary antibodies for 25minutes, followed
by incubation with a DBAKit (ZLI-9018, ZSGB-BIO, China).
The negative controls were treated with the same procedure
except with the PBS during the primary antibody incubation
step.

The staining intensity of each slide was graded (0,
absence; 1, weak; 2, moderate; 3, strong) by two examiners
in a blinded fashion and assessed with the HSCORE. The
HSCORE was calculated as follows:

HSCORE = 𝑃
𝑖
( 𝑖 + 1) , (1)

where 𝑖 is the staining intensity and 𝑃
𝑖
is the percentage of

stained glandular epithelium cells at each level of intensity.
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Table 1: Comparison of the endometrial thickness during the oestrous cycle.

Endometrial thickness (𝜇m) Control group GnRHa long protocol group BSHXD group P valve
D2 (Metestrus) 541.97 ± 19.43 602.92 ± 6.39 485.98 ± 26.53 0.00a 0.00b 0.24c

D3 (Diestrus) 543.61 ± 37.37 431.48 ± 10.82 549.07 ± 27.09 0.00a 0.00b 0.82c

D4 (Proestrus) 563.86 ± 16.68 434.05 ± 5.77 750.08 ± 29.23 0.00a 0.00b 0.00c

D5 (Oestrus) 669.76 ± 24.10 494.25 ± 6.52 829.40 ± 22.65 0.00a 0.00b 0.00c
aControl group versus the GnRHa long protocol group.
bBSHXD group versus the GnRHa long protocol group.
cControl group versus the BSHXD group.

2.6. Density of Microvessels. Microvessels densities were
viewed at 400x magnification (40x objective lens and 10x
ocular lens; 0.24mm2/field). The images were captured with
a digital camera (Olympus, Inc., Tokyo, Japan). For each
section, at least 5 random fields were selected to determine
the average vessel density within the uterus.

The number of CD34-positive vessels was quantified
using Diagnostic Instruments Spot-II digital software (Diag-
nostic instruments, Inc., USA). The microvessel density was
calculated as the number of CD34-positive vessels/(40 ×
0.24mm2).

2.7. Western Blot for LIF. Rat endometrium tissue was
homogenised and lysed in RIPA Lysis Buffer (C1053, Apply-
gen, China) and proteinase inhibitor (P1265, Applygen,
China).The protein concentration was quantified with bicin-
choninic acid (BCA) (P1511, Applygen, China). The protein
was used for Western blot with an LIF primary antibody
(sc-1336, Santa Cruz Biotechnology, Europe) at a 1 : 500
dilution and incubated overnight at 4∘C.After incubation, the
membranes were washed three times with TBS-T and then
incubatedwith the secondary antibody at a dilution of 1 : 2500
at room temperature for 1 h. The blots were visualised with
Super ECL Plus Detection Reagent (P1010, Applygen, China).
The ECL signals were detected with Quantity One software
(Bio-Rad). GAPDH (ab8245, Abcam, UK) was used as an
internal control to validate the amount of protein loaded onto
the gels.

2.8. Statistical Analysis. The data are shown as the mean ±
SEM.TheMann-Whitney𝑈 test was used to compare the two
groups. Significance was set at 𝑃 value < 0.05. Graphs of the
data were produced using Excel software.

3. Results

3.1. Endometrial Thickness. The outcome of endometrial
thickness was obtained by two independent observers
blinded to treatment. The morphological change parameters
and data are shown in Figure 1 and Table 1. The endometrial
thickness of the GnRHa long protocol group was thicker than
that of the control group and BSHXD group in metestrus
(𝑃 values of 0.004), but the GnRHa long protocol group
endometrial thickness was thinner than the control group
mean (𝑃 values of 0.009, 0.002, and 0.002, resp.) and the
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Figure 1: HE staining to evaluate the rat endometrial thickness.
Comparison of thickness of rat uteri during metestrus (ME),
diestrus (DI), proestrus (PR), and estrus (ES). (a) 𝑃 values < 0.01
compared with the control group; (b) 𝑃 values < 0.01 compared
with the GnRHa long protocol group; (c) 𝑃 values < 0.01 compared
with the control group. The bar graphs represent daily data from 6
different animals.

BSHXD group mean (𝑃 values of 0.002, 0.002, and 0.002,
resp.) in diestrus, proestrus, and oestrus periods. There was
no significant difference between the BSHXD group and
the control group in metestrus and diestrus (𝑃 values of
0.24 and 0.82, resp.). The thickness in the BSHXD group
was significantly thicker than that in the control group in
proestrus and oestrus (𝑃 values of 0.002 and 0.002, resp.).

3.2. Expression of Microvessel Density (MVD). Accompany-
ing the GnRHa long protocol treatment-induced downregu-
lation of LIF expression, there was a significant increase in
endometrial MVD in rats (MVD: 3.77 ± 0.24 in metestrus,
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Figure 2: Expression of microvessel density (MVD) duringmetestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). (A) Comparison
of the MVD of rat uteri during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). Magnification: 200x. (B) The number of
CD34-positive vessels was quantified. The bar graphs represent daily data from 6 different animals. (a) 𝑃 values < 0.01 compared with the
control group; (b) 𝑃 values < 0.01 compared with the GnRHa long protocol group.

4.03±0.17 in diestrus, 3.99±0.13 in proestrus, and 4.01±0.14
in oestrus) (Figure 2). Related to the GnRHa long protocol
group, no increase was observed in the control and the
BSHXD groups in metestrus, diestrus, proestrus, and oestrus
(𝑃 values of 0.002, 0.002, 0.002 and 0.002, resp.).

3.3. Expression of Endometrial LIF as Evaluated by Immuno-
histochemistry. LIF immunostaining was predominantly
detected in glandular and luminal epithelial cells in rat
endometrium. The LIF staining intensity in the GnRHa long
protocol group was weaker than that in the control group
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in metestrus, diestrus, proestrus, and oestrus (𝑃 values of
0.002, 0.002, 0.002, and 0.015, resp.) and weaker than that of
the BSHXD group (𝑃 values of 0.002, 0.002, 0.015, and 0.002,
resp.). During the oestrus cycle, there were no significant
differences between the control group and BSHXD group
in metestrus, diestrus, proestrus, and oestrus (𝑃 values of
0.093, 0.24, 0.065, and 0.31, resp.).The staining intensities are
depicted in Figure 3.

3.4. Western Blot Expression of Endometrial LIF. Consistent
with the results of the immunohistochemical staining, the
LIF protein expression trends were confirmed by Western
blot analysis (Figure 4). GAPDH was used as an internal
loading control in each lane. Normalised with the GAPDH
expression level, the expression of LIF protein in the GnRHa
long protocol group was lower than that in the control group
(𝑃 values of 0.026, 0.004, 0.015, and 0.009, resp.) and the
BSHXD group (𝑃 values of 0.041, 0.015, 0.041, and 0.015,
resp.) in metestrus, diestrus, proestrus, and oestrus. There
were no significant differences between the control group and
BSHXD group (𝑃 values of 0.485, 0.699, 0.065, and 0.065,
resp.).

4. Discussion

The present study is a pilot, prospective, randomized, and
controlled comparison study of the effects of BSHXD on the
endometrial morphology and expression of LIF and MVD
in a GnRHa long protocol-induced rat model during the
oestrus cycle. The process of implantation only takes place
during a limited “implantation window.” This window is a
restricted period of endometrial receptivity between days 4
and 6 of pregnancy in rats [22] and between days 20 and
24 of a regular menstrual cycle (day LH+7 to LH+11) in
humans [23]. Implantation involves a complex sequence of
signalling events that are crucial to the pregnancy. Most of
these identified molecular mediators are under the influ-
ence of ovarian hormones [24, 25]. However, the GnRHa
long protocol will result in the endometrium exposure to
supraphysiological steroid hormone levels. The dosage in
our experiment produced thin and impaired endometria
in our rat models and abnormal expression of LIF and
MVD, which may impact later endometrial implantation
capacity. Predictably, the GnRHa long protocol impaired the
endometrium and implantation at a very early stage even
at the follicular phase. Our observations are in agreement
with a previous study that confirmed the negative impact of
GnRHa ovarian stimulation treatment [26–28], which may
cause a relatively low rate of implantation despite advances
in ATR [29]. Indeed, the average implantation rate in IVF is
approximately 25% [30].

Endometrial thickness is an important bioassay. Accord-
ing to our present study results, the endometrial thick-
ness in the GnRHa long protocol group was significantly
lower than that of the control and BSHXD groups during
diestrus, proestrus, and oestrus. These results suggest that
the uterus is quite sensitive to hormonal change. Although
some researchers have argued that histological endometrial

data donot predict and influence the reproductive failure [31],
increased endometrial thickness is associated with improved
pregnancy rates [32]. Some studies have revealed that below a
certain thickness cut-off limit, pregnancywill not be achieved
[33–35]. We observed that BSHXD had positive effects on
endometrial morphology in rats after they were subjected to
a GnRHa long protocol treatment. There were no significant
differences between the control group and BSHXD group in
metestrus and diestrus. Comparedwith the control group, the
BSHXD group presented enhanced endometrial thickness
during the proestrus and oestrus stages.Thus, we suggest that
BSHXDmay have the capacity to stimulate the growth of the
endometrium.

Because adequate blood flow to the embryo is critical
for normal growth, it is not surprising that angiogene-
sis plays an important role during implantation. Dysregu-
lated endometrial angiogenesis underlies infertility [36–38].
Therefore, appropriate angiogenesis is central to implantation
and pregnancy.Therewas an approximately 2-fold increase in
MVD in the GnRHa long protocol group compared with the
control andBSHXDgroups.However, therewas no difference
between the control group and BSHXD group. These results
demonstrate that pretreatment with BSHXD can significantly
ameliorate the negative effects of the GnRHa long protocol
onMVD.We suggest that BSHXDmay regulate angiogenesis
during the oestrous cycle.

The present study demonstrated that BSHXD improved
the expression of LIF protein in rat uteri during the oestrous
cycle. LIF is a biomarker that is largely accepted as an
indicator of endometrial receptivity both in humans, mice,
and rats. LIF-deficient mice are mostly infertile [20], clearly
indicating the important role. Our research confirmed the
result of a previous study that indicated that LIF protein
is maximally expressed in the murine endometrial glandu-
lar epithelium [39, 40]. Our results demonstrated that the
GnRHa long protocol affected cytokine production at a very
early stage, even before the “implantation window,” because
the staining intensity of LIF in the GnRHa long protocol
groupwasweaker than the other two groups (𝑃 values< 0.05).
However, there were no significant differences between the
control and BSHXD groups (𝑃 values > 0.05). Our results
indicate that BSHXD improves the LIF expression and brings
its level closer to normal, which may help improve the later
endometrial implantation capacity.

Most TCM remedies are formulated using individual
herbs in combination because different herbs are thought
to increase therapeutic efficacy and reduce adverse effects
simultaneously through multiple targets and biological path-
way [41]. The biological mechanisms underlying the effect of
BSHXD on assisted reproduction remain unclear. However,
our study demonstrated that the positive effects of BSHXD
may be associated with the following: (a) increasing endome-
trial thickness, (b) regulation of angiogenesis to improve the
endometrial environment, and (c) modulating cytokines that
are associated with the pregnancy rates of IVF. According to
the principles of TCM, BSHXD can nourish the uterus and
adjust its function.

In conclusion, BSHXD improved the uterine environ-
ment by advancing endometrial development, reducing
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Figure 3: LIF immunohistochemical staining in the endometrium. (A) Immunohistochemical staining to evaluate the expression of
endometrial LIF during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). Magnification: 200x. (B) HSCORE for the
immunohistochemical staining intensity of the endometrial LIF during metestrus (ME), diestrus (DI), proestrus (PR), and oestrus (ES). The
bar graphs represent daily data from 6 different animals. (a) 𝑃 values < 0.05 compared with the control group; (b) 𝑃 values < 0.05 compared
with the GnRHa long protocol group.

abnormal angiogenesis, and increasing expression of the
protein receptivity marker LIF during the oestrous cycle.
BSHXDmay be useful aid for female reproduction. A further
clinical evaluation needs to be conducted to confirm these
results in human subjects.
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Ganoderma, also known as Lingzhi or Reishi, has been used for medicinal purposes in Asian countries for centuries. It is a
medicinal fungus with a variety of biological properties including immunomodulatory and antitumor activities. In this study, we
investigated themolecularmechanisms by whichGanoderma tsugae (GT), one of themost common species ofGanoderma, inhibits
the proliferation of HER2-overexpressing cancer cells. Here, we show that a quality assured extract of GT (GTE) inhibited the
growth of HER2-overexpressing cancer cells in vitro and in vivo and enhanced the growth-inhibitory effect of antitumor drugs (e.g.,
taxol and cisplatin) in these cells. We also demonstrate that GTE induced cell cycle arrest by interfering with the HER2/PI3K/Akt
signaling pathway. Furthermore, GTE curtailed the expression of the HER2 protein by modulating the transcriptional activity of
the HER2 gene and the stability/degradation of the HER2 protein. In conclusion, this study suggests that GTE may be a useful
adjuvant therapeutic agent in the treatment of cancer cells that highly express HER2.

1. Introduction

Human epidermal growth factor receptor 2 (HER2) is a 185-
kDa transmembrane receptor tyrosine kinase (RTK), belong-
ing to the epidermal growth factor receptor (EGFR) family,
which contains four homologous members: EGFR/HER1,
HER2, HER3, and HER4. Ligand stimulation induces dimer-
ization of the HER receptor (homo- or heterodimer), which

leads to self-phosphorylation (except for HER3) on tyrosine
residues localized to the C-terminal domain of HER recep-
tors. Then, the phosphorylated HER receptors (activated
form) activate a variety of downstream signaling pathways,
such as the phosphatidylinositol-3-kinase (PI3K)/Akt and
the Ras/mitogen-activated protein kinase (MAPK) pathways,
which in turn promote cell proliferation, survival, andmetas-
tasis [1].
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Aberrant upregulation ofHER2 is found in approximately
25–30% of breast cancers [2] and in 6–50% of ovarian cancers
[3]. Patients with HER2-positive cancer have a high risk
for diminished effectiveness of cancer treatments, increased
cancer metastasis, and poor clinical outcomes [4]. Therefore,
inhibition of HER2 expression or its kinase activitymay be an
effective approach for the treatment of HER2-overexpressing
cancers. In fact, a number of HER2-targeting agents, includ-
ing monoclonal antibodies (e.g., trastuzumab) and small-
molecule tyrosine kinase inhibitors (e.g., lapatinib), have
been developed for the treatment of cancers with HER2-
overexpression [1]. However, there is still a need for novel
therapies to treatHER2-overexpressing cancers. For example,
traditional Chinese medicine (TCM) and botanical products
are currently considered to be safer and may be used as
alternative therapeutic agents for treatment of cancers that
overexpress HER2 [5, 6].

Ganoderma (also known as Lingzhi) has a long history of
use in folkmedicines in Asian countries.Ganoderma lucidum
(GL) andGanoderma sinense (GS), listed in Chinese Pharma-
copoeia (2010 edition) [7, 8], are two of the most common
species of Ganoderma and have been used for medicinal
purposes in China for centuries. The biological activities
of GL and GS, particularly their immunomodulatory and
antitumor properties, have been well documented [9]. In
addition, Ganoderma tsugae (GT), another well-cultivated
species ofGanoderma, has been shown to havemany biologi-
cal and pharmacological properties, such as antiautoantibody
formation [10], antifibrosis [11], antiinflammation [12], and
antioxidation characteristics [13]. A number of reports show
that GT has growth-inhibitory effects in a variety of human
cancer cells, such as MDA-MB-231 and MCF-7 breast cancer
cells [14], COLO 205 colorectal cancer cells [15], A431 epider-
moid carcinoma cells [16], Hep3B hepatoma cells [17], and
H23 and H23/0.3 lung adenocarcinoma cells [18]. Although
GT has antitumor activity in many human cancer cells, the
mechanisms that underlie its growth-inhibitory effect on
HER2-overexpressing cancer cells remain unclear.

In this study, we produced a quality assured extract of GT
(GTE) and characterized its antitumor effects and relevant
molecular mechanisms in HER2-overexpressing cancer cells
in vitro and in vivo. Our results show that GTE inhibits cancer
cell growth and induces cell cycle arrest via modulation of
the HER2/PI3K/Akt signaling pathway. We also show that
combining GTE with taxol or cisplatin significantly slows
the growth of HER2-overexpressing cancer cells, indicating
a potential use of GTE in the treatment of cancers that
overexpress HER2.

2. Materials and Methods

2.1. Cell Culture. Humanovarian carcinoma cell lines, SKOV-
3 (HER2high) and OVCAR-3 (HER2low), and breast carci-
noma cell lines, SKBR-3 (HER2high) and BT-474 (HER2high),
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). The MCF-7/HER2 (HER2high)
human breast carcinoma cell line (MCF-7 of an HER2-
transfected stable line) was kindly provided by Dr. M. C.

Hung (Department of Molecular and Cellular Oncology,
University of Texas,M.D.AndersonCancerCenter,Houston,
TX, USA). The MDA-MB-435/HER2 (HER2high) human
melanoma cell line (MDA-MB-435 of an HER2-transfected
stable line) was kindly provided by Dr. T. D. Way (Depart-
ment of Biological Science and Technology, China Medical
University, Taichung, Taiwan). All cells were cultured in
DMEM/F12 medium (Gibco BRL, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS) in a
humidified atmosphere of 5% CO

2
at 37∘C.

2.2. Chemicals andAntibodies. The thiazolyl blue tetrazolium
bromide (MTT), cycloheximide (CHX), and N-acetyl-L-
leucinyl-L-leucinyl-norleucinal (LLnL) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Antibodies against
cyclins D1 and E, p21, p27, phospho-Akt (Ser308), Akt1, and
ubiquitin (Ub) were purchased from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Antibodies against
phospho-PI3K, PI3K, phospho-Erk 1/2, and Erk 1/2 were pur-
chased from Cell Signaling Technology, Inc. (Beverly, MA,
USA). Antibodies against phospho-HER2 (Ab-18), HER2
(Ab-3), 𝛽-actin, and Ki-67 (Clone MIB-1) were purchased
from Neomarkers Inc. (Fremont, CA, USA), Calbiochem
(San Diego, CA, USA), Chemicon International Inc. (Temec-
ula, CA, USA), and Dakocytomation Inc. (Carpinteria, CA,
USA), respectively. Taxol (paclitaxel) was purchased from
Bristol-Myers Squibb (Wallingford, CT, USA), and cisplatin
was purchased from Pharmacia & Upjohn S.p.A. (Via Robert
Koch 1.2, Milan, Italy).

2.3. Preparation of Ganoderma tsugae Extracts. Ganoderma
tsugae (GT) was kindly provided by the Luo-Gui-Ying Fungi
Agriculture Farm (with a registered name of Tien-Shen
Lingzhi), Taoyuan, Taiwan. The extract of GT (GTE) was
prepared as described previously [15]. Briefly, the powder of
the GT fruiting body (5 g) was soaked in 99.9% methanol
(200mL), mixed, and shaken for 24 h on a rotating shaker.
After centrifugation, the supernatant was poured through fil-
ter paper (Whatman, cat. no. 1001-110), and the residues were
extracted with methanol two additional times as mentioned
above. The filtrates were collected together and subjected
to concentration under reduced pressure (i.e., evaporated to
dryness under reduced pressure) to produce a brown gel-like
GT extract (GTE). The yield was approximately 30%. The
GTE was then prepared as a stock solution with methanol
solvent (100mg/mL) and stored at −80∘C until use. For
animal experiments, the dry GTE was redissolved in ethanol
and diluted with a suspension solution (74.5% corn oil,
16% PEG-400, 4% Tween-80, 4% Cremophor EL, and 1.5%
Ethanol, v/v) to a concentration of 10mg/mL.

2.4. Quality Control of GTEs via Bioresponse Fingerprinting.
The quality of the GTEs was assessed as described previously
[18, 19]. Briefly, the genomic bioresponse to the GTEs was
determined in SKOV-3 cells treated with 0.5mg/mL of GTE.
The total RNA was extracted from the GTE-treated cells,
cleaned with a commercial kit (Qiagene RNA extraction
kit, cat. no. 75144), and then used to obtain transcription
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profiles in GeneChip hybridization studies using Affymetrix
technology. The changes in the individual gene expression
levels obtained by the GeneChip experiments were measured
by Affymetrix MAS 5.0 software. A statistical pattern com-
parisonmethod from the PhytomicsQC platform, Phytomics
Similarity Index (PSI), was applied to determine the batch-
to-batch similarity of the botanical products. In general,
clinically similar batches have a PSI more than 0.95.

2.5. Cell Proliferation Assay. Cell viability was determined
using an MTT assay as previously described [6]. Briefly, cells
were seeded at a density of 6,000 cells/well into 96-well plates
and incubated overnight in a medium containing 10% FBS.
After the cells adhered to the plate, various doses of GTE
were added to the cells, and then the cultures were incu-
bated at 37∘C for 72 h. After incubation with MTT reagent
(0.5mg/mL) for 4 h, the relative viable cell numbers were
directly proportional to the production of formazan crystals
solubilized by DMSO.The final solution was measured using
a spectrophotometer at a wavelength of 545 nm against a
reference wavelength of 690 nm.

2.6. Soft Agar Colony Formation Assay. The effect of GTE
on the potential for anchorage-independent growth was
determined by soft agar colony formation assay as described
previously [20] with slight modifications. The cells (2 ×
10
4 cells/well) were seeded in 6-well plates containing 0.7%

base agar, 0.35% top agar and exposed to different concentra-
tions of GTE or an equal volume of DMEM/F12 twice/week,
and incubated at 37∘C for 3 weeks. Colonies were stained
with MTT reagent (5mg/mL) and then photographed using
a phase contrast microscope (100X) equipped with a CCD
camera.

2.7. Flow Cytometric Analysis. For the analysis of the cell
cycle, the phase distribution was detected by flow cytometry
as described previously [6]. In brief, cells were incubated
with GTE or the vehicle for 24 h and then fixed with ice-
cold 70% ethanol overnight at 4∘C. Prior to analysis, the cells
were washed twice with PBS buffer and then incubated with
propidium iodide (PI) solution (50𝜇g/mL PI in PBS with 1%
Tween-20 and 10 𝜇g RNase) for approximately 30min in the
dark at room temperature. The DNA content was measured
using flow cytometry (BD FACS Canto). The FCS Express
v2.0 software was used to analyze the results from the flow
cytometric experiment.

2.8. Reporter Gene Assay. Cells were cotransfected with
pHER2-luc (a HER2 promoter-driven luciferase gene plas-
mid construct) and pCMV-𝛽-gal plasmids for 6 h and then
incubated with GTE or the vehicle for 24 h. The HER2
promoter and 𝛽-galactosidase (𝛽-gal) gene activity assays
were performed as previously described [21]. The relative
light units of luciferase activity were normalized to 𝛽-gal
activity.

2.9. Semiquantitative Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR). Total RNA was isolated using TRIzol

solution (Invitrogen, San Diego, CA, USA). Twomicrograms
of total RNA were used for first-strand cDNA synthesis.
The appropriate primers (HER2 sense: 5-CAATGGAGA-
CCCGCTGAAC-3; HER2 antisense: 5-CAGTGCGCG-
TCAGGCTCT-3; glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) sense: 5-ACCACAGTCCATGCCATCAC-
3; GAPDH antisense: 5-TCCACCACCCTGTTGCTGTA-
3) were used to perform the polymerase chain reaction (for 1
cycle at 94∘C for 5min, 32 cycles of 94∘C for 15 s, 56∘C for 30 s,
and 72∘C for 1min with a final extension at 72∘C for 5min).
The PCR products were separated by electrophoresis on a
1.2% agarose gel and detected by ethidium bromide (EtBr)
staining.

2.10. Immunoprecipitation and Western Blotting. Proteins
were extracted from the cells by the addition of lysis buffer
(20mM Hepes buffer pH 7.0, 10mM KCl, 2mM MgCl

2
,

0.5%NP-40, and protease inhibitors). Following cell lysis, the
extracts were centrifuged at 16,000×g for 10min at 4∘C. The
protein content of the supernatant was measured using the
Bio-Rad protein assay kit. Immunoprecipitation was carried
out as previously described [22] with a slight modification.
Briefly, 300 𝜇g of total protein was incubated with anti-
HER2 antibody overnight at 4∘C, followed by protein A/G
PLUS-Agarose (Santa Cruz) for 3 h at 4∘C. The precipitates
were resolved using sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred onto
a polyvinylidene fluoride (PVDF) membrane. For Western
blotting as described previously [22], total protein (40𝜇g)
was loaded to the gel and blotted onto the PVDF membrane.
The membranes were blocked using 5% nonfat milk in
tris-buffered saline with Tween-20 (TBST) for 1 h at room
temperature. After blocking, the PVDF membranes were
incubated with primary antibodies for 1 h at room temper-
ature, followed by an HRP-conjugated secondary antibody.
The reactive signals were visualized using the Enhanced
Chemiluminescence Kit (Amersham Biosciences, Arlington
Heights, IL, USA). The bands were scanned and quantified
using the ImageJ software.

2.11. Animal Experiments. The animal experiments were
performed as described previously [15] with slight modifi-
cations. Briefly, 5 × 106 SKOV-3 cells were subcutaneously
implanted into the flank region of female BALB/c nude mice
(BALB/cAnN.Cg-Foxn1𝑛𝑢/CrlNarl). In total, 19 mice were
used for this experiment; the tumor-implanted mice were
treated with GTE (𝑛 = 12) or with the vehicle (𝑛 = 7),
respectively. The GTE-treated mice were fed with GTE daily
at a dose of 200mg/kg (𝑛 = 5) or 1,000mg/kg (𝑛 =
7) body weight; this dosing schedule was initiated when
the developing tumor was approximately 50–100mm3 in
volume (approximately 2-3 weeks after the cancer cells
were implanted). The tumor volume and body weight were
monitored daily. The mice were sacrificed for pathology
examinations when the tumor volume exceeded 1,000mm3.
The tumors were then completely excised from the subcu-
taneous tissue and weighed. Biochemical and hematological
parameters were used to evaluate potential drug toxicity.
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2.12. Immunohistochemical (IHC) Staining. SKOV-3 xenog-
rafted tumors and the surrounding tissues were excised,
fixed in formalin, embedded in paraffin, cut in 4-𝜇m serial
sections, and then placed onto glass slides. The tumor tissue-
coated slides were then dewaxed with xylene and gradually
hydrated with graded alcohols. After antigen retrieval was
achieved by pressure-cooking in 10mM citrate buffer (pH
6.0) for 6min, immunostaining for Ki-67, HER2, and cyclin
D1 (1 : 150 dilution) was then performed as described previ-
ously [23].

2.13. Statistical Analysis. All data are presented as themean ±
SD from three independent experiments. Statistical analysis
was performed by one-way ANOVA. Differences between
treatment groups were analyzed for significance by multi-
ple comparisons using analysis of variance. ∗𝑃 < 0.05 and
∗∗
𝑃 < 0.01 versus the vehicle-treated control group.

3. Results

3.1. Quality Control of GTE Using Bioresponse Fingerprint
Analysis. The quality of TCMs are potentially influenced
by many factors, such as the growth conditions and pro-
cessing procedures [24]. To assess the quality of the GTE,
the bioresponse fingerprints were analyzed by the pattern
comparison method from the PhytomicsQC platform [19],
which showed highly concordant biological profiles for GTEs
(GTE1, GTE2, and GTE3), and extracted from three batches
of GT, acting on SKOV-3 cells with a PSI value more than
0.95 (See Supplementary Figure S1A available online at
http://dx.doi.org/10.1155/2013/219472). Under this PSI value,
376 genes with specifically altered expression (149 upregula-
tions and 227 downregulations)were observed as bioresponse
fingerprints of GTEs (See Supplementary Figure S1B). These
results suggest that theGTpowder products used in this study
were stable, consistent, and of high quality.

3.2. GTE Inhibits Proliferation of HER2-Overexpressing Can-
cer Cells. To determine whether GTE inhibits the growth
of HER2-overexpressing cancer cells, we first evaluated
the impact of GTE on cell proliferation using the MTT
assay. As shown in Figure 1(a), the treatment of SKOV-3
cells (HER2high) with various concentrations of GTE (0.1–
1mg/mL) for 24–72 h resulted in significant dose- and time-
dependent suppressive effects on the proliferation of SKOV-
3 cells, accounting for a 0–56% reduction at 24 h, a 13–95%
reduction at 48 h, and a 24–98% reduction at 72 h. Moreover,
the trypan blue exclusion assay also clearly demonstrated
that the GTE exhibited growth suppression effect at doses
of 0.1–0.5mg/mL while a less cytotoxic effect at 1.0mg/mL
on SKOV-3 cells (Figure 1(b)). Similar antiproliferative effects
of GTE were also observed in other HER2-overexpressing
cancer cells, for example, BT-474 and SKBR-3 (Supplemen-
tary Figures S2A and S2B). In addition, we assessed the
influence of GTE on the potential for anchorage-independent
growth, a hallmark of malignant cancer cells, using the soft
agar colony formation assay.We found that GTE dramatically

reduced anchorage-independent growth of SKOV-3 cells in a
dose-dependent manner (Figure 1(c)). These results suggest
that GTE is capable of inhibiting the proliferation of HER2-
overexpressing cancer cells.

Resistance to chemotherapeutic agents (such as taxol and
cisplatin) is a major problem in the treatment of cancers
that overexpress HER2 [25, 26]. We therefore examined
whether GTE could enhance the growth-inhibitory effects of
anticancer drugs on SKOV-3 cells, by incubating the cells with
both anticancer agents and GTE. As shown in Figure 1(d),
GTE significantly enhanced the growth-inhibitory effects
of taxol and cisplatin on SKOV-3 cells. We found that the
proliferation of SKOV-3 cells was reduced by 30%, 45%, and
37% in cells exposed to GTE (0.25mg/mL), taxol (10 ng/mL),
and cisplatin (10 𝜇g/mL) alone, respectively. However, the
proliferation of SKOV-3 cells was reduced by 73% and 77%
in cells exposed to GTE combined with taxol and cisplatin,
respectively. Similarly, we also found that GTE could increase
the chemotherapeutic efficacy of anticancer drugs against
other HER2-overexpressing cancer cell lines, for example,
MDA-MB-453/HER2 (Supplementary Figures S3A and S3B).
These findings suggest that GTE can chemosensitize HER2-
overexpressing cancer cells to anticancer drugs (e.g., taxol
and cisplatin).

3.3. GTE InducesG1 PhaseArrest byModulating the Expression
of Cell Cycle Regulatory Proteins. As mentioned above, we
observed a growth-inhibitory influence of GTE on SKOV-3
cells (Figures 1(a)–1(c)). To determine if the antiproliferative
property of GTE was due to the disruption of cell cycle, flow
cytometry was used to analyze the cell cycle change in SKOV-
3 cells. As illustrated in Figure 2(a), treatment of SKOV-3
cells with GTE resulted in a distinct increase (approximately
24%) in the number of G1 phase cells at a concentration of
0.5mg/mL GTE. This increase in the number of cells in the
G1 phase was accompanied by a concordant decrease in the
number of cells in the S and G2/M phases. Similar GTE-
mediated cell cycle distribution patterns were observed in
BT-474 (HER2high) cells (Supplementary Figure S4A). These
findings suggest that GTE inhibits the growth of HER2-
overexpressing cancer cells by modulating the progression of
the cell cycle.

Different cell cycle regulators, such as cyclins, cyclin-
dependent kinases (CDKs), and CDK inhibitors (CKIs), are
involved inmultiple cellular pathways that tightly regulate the
progression of the cell cycle [27]. To elucidate the molecular
mechanisms of GTE-induced cell cycle arrest, we assessed the
impact of GTE on the expression of cell cycle regulators. We
demonstrated that, after GTE treatment, the protein levels of
cyclins D1 and Ewere downregulated, while the protein levels
of p21 and p27 were upregulated in SKOV-3 cells (Figures
2(b) and 2(c)). Similarly, GTE also dramatically affected the
expression of cell cycle regulators (e.g., cyclins D1 and E) in
two more HER2-overexpressing cancer cell lines, that is, BT-
474 (Supplementary Figure S4B) and SKBR-3 cells (data not
shown). These results suggest that GTE inhibits cell growth
by regulating the expression of cell cycle regulators in HER2-
overexpressing cancer cells.
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Figure 1: Effect of GTE on cell proliferation in HER2-overexpressing cancer cells. (a) SKOV-3 cells were treated with 0.5%methanol (vehicle
control) or various concentrations of GTE (0.1, 0.25, 0.5, 0.75, and 1mg/mL) for 72 h. Cell proliferation was measured using theMTT assay as
described in Section 2. (b) SKOV-3 cells were treated with either vehicle control or GTE (0.1, 0.5, or 1.0mg/mL) for 0.5, 1, 2, and 3 days. Cell
numbers were determined using trypan blue staining. The parental SKOV-3 cells were not treated with vehicle (0.5% methanol) or GTE. (c)
SKOV-3 cells were treated with different doses of GTE (0.25 and 0.5mg/mL) twice a week for 3 weeks in the soft agar colony formation assay
as described in Section 2. (d) SKOV-3 cells were treated with various concentrations of taxol (1, 10, 100, and 1000 ng/mL) or cisplatin (2.5, 5,
10, and 20 𝜇g/mL) with or without GTE (0.25mg/mL) for 72 h. Cell proliferation was determined by MTT assay. The results are expressed as
the mean ± SD of three independent experiments. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01.

3.4. GTE Inhibits HER2/PI3K/Akt Signaling Cascades. Based
on the results mentioned above, there was a significant
growth-inhibitory effect of GTE on HER2-overexpressing
cancer cells (Figure 1). We next explored whether the inhi-
bition of proliferation was caused by regulating the expres-
sion of HER2 protein. As shown in Figures 3(a) and 3(b),

treatment of SKOV-3 cells with GTE resulted in a marked
dose- and time-dependent decrease in HER2 protein levels.
Similarly, GTE also decreased the protein expression ofHER2
in other HER2high cell lines, such as SKBR-3, BT-474, and
MCF-7/HER2 (Figure 3(d), Supplementary Figure S5A) and
anHER2low cell line, OVCAR-3 (Supplementary Figure S5B).
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Figure 2: Effect of GTE on cell cycle distribution in HER2-overexpressing cancer cells. (a) SKOV-3 cells were treated with vehicle control
(0.5% methanol) or various concentrations of GTE (0, 0.25, and 0.5mg/mL) for 24 h. Cell cycle distribution was analyzed by flow cytometry
as described in Section 2. The parental SKOV-3 cells were not treated with vehicle (0.5% methanol) or GTE. (b) SKOV-3 cells were treated
with various concentrations of GTE (0, 0.25, and 0.5mg/mL) for 16 h and 24 h. The expression of G1 phase regulators was determined by
Western blotting as described in Section 2. (c) A histogram showing the relative protein levels from (b). Data are presented as the mean ± SD
of three independent experiments. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus the vehicle-treated control group.

The HER2 signaling pathway is known to be associated
with cell proliferation; therefore, we tested the impact of
GTE on two main downstream pathways of HER2: the
PI3K/Akt and Ras/MAPK signaling cascades [1]. As shown
in Figure 3(c), GTE exhibited inhibitory effects on phospho-
HER2, phospho-PI3K, and phospho-Aktwithout a noticeable
reduction in phospho-Erk 1/2 in SKOV-3 cells. Moreover,
GTE showed similar effects on phospho-HER2 and phospho-
Akt in other HER2-overexpressing cell lines, for example,

SKBR-3 and BT-474 (Figure 3d)). These data clearly indicate
that GTE exerts inhibitory effects on the HER2/PI3K/Akt
signaling cascades in cancer cells with HER2-overexpression.

3.5. GTE Downregulates HER2 Protein Expression by Modu-
lating the Gene Expression and Protein Stability of HER2. As
mentioned above, our results showed a dramatic inhibitory
influence of GTE on the expression of HER2 protein in
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Figure 3: Effect of GTE on HER2/PI3K/Akt and Ras/MAPK signaling cascades in HER2-overexpressing cancer cells. (a) SKOV-3 cells were
treated with various concentrations of GTE (0, 0.1, 0.25, 0.5, 0.75, and 1mg/mL) for 24 h. The expression of HER2 protein was measured by
Western blotting. (b) SKOV-3 cells were treated with 0.5mg/mL GTE for 6, 12, 24, 48, and 72 h. The protein level of HER2 was determined
by Western blotting. (c) Treatment of SKOV-3 cells with GTE (0, 0.25, or 0.5mg/mL) for 24 h inhibited HER2/PI3K/Akt but not HER2/Erk
signaling. (d) Treatment of SKBR-3 and BT-474 cells with GTE (0, 0.25, 0.5mg/mL) for 24 h led to inhibition of the HER2/Akt but not the
HER2/Erk signaling pathway. The results are expressed as the mean ± SD of three independent experiments. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01.

HER2-overexpressing cancer cells (Figure 3). To determine
the underlying molecular mechanisms of the GTE-mediated
downregulation of HER2, we tested the effect of GTE
on the transcriptional activity of HER2 gene. The expres-
sion of HER2 mRNA was distinctly decreased in SKOV-
3 (Figure 4(a)) and BT-474 (Supplementary Figure S6A)
cells exposed to 0.25 and 0.5mg/mL of GTE for 24 h, as
determined byRT-PCR. Furthermore, the reporter gene assay
indicated that GTE decreased the HER2 promoter activity
in a dose-dependent manner in SKOV-3 cells (Figure 4(b)).
Consistent with the decreased expression of HER2 protein,
both themRNA level and the promoter activity of HER2were
downregulated by GTE. Taken together, we conclude that
GTE depletes the protein levels of HER2 via modulation of
the HER2 gene activity.

Because an overall decrease in protein stability could
also be responsible for the reduced HER2 protein levels,
we examined the effect of GTE on HER2 protein stability
and found that the half-life of HER2 was clearly shortened
by GTE treatment in SKOV-3 (Figure 4(c)) and BT-474
(Supplementary Figure S6B) cells. In general, proteins such
as HER2 are tagged with polyubiquitin and then degraded by
the ubiquitin-proteasome system (UPS). We tested whether
the GTE-mediated HER2 protein stability was due to the

activation of the UPS. As shown in Figure 4(d), the amount
of polyubiquitinated HER2 (HER2-Ub

(n)) protein was signif-
icantly increased in SKOV-3 cells exposed to 0.5mg/mLGTE
for 24 or 48 h. In addition, the treatment of SKOV-3 cells
with LLnL, a proteasome inhibitor, effectively prevented the
GTE-mediated degradation of HER2 protein (Figure 4(e)).
These observations suggest that the curtailment of HER2 by
GTE may also occur through the induction of HER2 protein
instability/degradation.

3.6. GTE Inhibits the Growth of SKOV-3 Xenografted Tumors
by Modulating HER2 Protein. To determine the potential
for anticancer effects of GTE in vivo, we used xenografted
tumor-bearing nude mice. After the volume of the SKOV-
3 xenografted tumors reached approximately 50–100mm3,
the mice were orally (p.o.) administered either GTE (200
and 1,000mg/kg/day) or vehicle for 31 days. As illus-
trated in Figure 5(a), the nude mice treated with 200 or
1,000mg/kg/day of GTE exhibited a marked inhibition in
the growth of SKOV-3-implanted tumors relative to that
of the control group. There was no significant alteration
in the body weights of the nude mice with or with-
out GTE treatment, indicating GTE had no apparent toxicity
(Figure 5(b)). In addition, in comparison to the vehicle
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Figure 4: Effect of GTE on the gene expression and protein stability of HER2. (a) SKOV-3 cells were treated with GTE (0.25 or 0.5mg/mL)
or the vehicle for 24 h. The mRNA level of HER2 was measured by semiquantitative RT-PCR as described in Section 2. (b) SKOV-3 cells
were transfected with a luciferase gene plasmid construct driven by HER2 promoter (pHER2-luc) for 6 h and then treated with various
concentrations of GTE (0, 0.25, and 0.5mg/mL) for 24 h.The activity of HER2 promoter was measured by a reporter gene assay, as described
in Section 2. The relative light units (RLU) of luciferase activity were normalized against 𝛽-gal activity. (c) SKOV-3 cells were pretreated
with 20𝜇g/mL of cycloheximide (CHX) for 30min and then treated with GTE (0.5mg/mL) or the vehicle for 12, 24, and 48 h. Stability of
HER2 was determined by measuring the protein’s half-life. (d) SKOV-3 cells were treated with GTE (0.5mg/mL) for 12, 24, and 48 h. To
detect polyubiquitinated HER2 (HER2-Ub

(n)), HER2 was immunoprecipitated and subjected to Western blot analysis using an antibody to
ubiquitin. The total protein levels of HER2 and actin in the whole-cell extracts were also detected by Western blotting. (e) SKOV-3 cells
were pretreated with proteasome inhibitor (LLnL) or the vehicle for 30min and then treated with GTE (0.5mg/mL) for 24 h. The protein
level of HER2 was measured by Western blotting. P, parental SKOV-3 cells; C, vehicle control. Data are presented as the mean ± SD of three
independent experiments. ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus the vehicle-treated control group.

controls, the expression of Ki-67 protein, a proliferation
marker, was significantly decreased in GTE-treated tumors
(Figure 5(c)), indicating that GTE inhibited cell proliferation
of SKOV-3 xenografted tumors in vivo.

In our in vitro studies, we showed that GTE inhib-
ited cell proliferation and induced G1 cell cycle arrest in
HER2-overexpressing cancer cells through the modulation
of HER2 expression. To determine the underlying molecular
mechanisms of the GTE-mediated anticancer effect observed

in the SKOV-3 xenografted tumors, tumor sections were
immunostained for HER2 protein and cyclin D1, the first
cyclin that is activated during G1/S phase progression. In
comparison to the control group, the staining intensities
of HER2 and cyclin D1 were dramatically downregulated
in GTE-treated tumor cells (200mg/kg/day) (Figure 5(c)).
Together, these data suggest that GTE inhibited tumor cell
proliferation by inducing cell cycle arrest andmodulating the
HER2 pathway in vitro and in vivo.
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Figure 5: Effect of GTE on the growth of SKOV-3 xenografted tumors in vivo. (a) Tumor growth rate was significantly slower in the GTE-
treated group (200mg/kg/day, 𝑛 = 5; or 1,000mg/kg/day, 𝑛 = 7) versus the control group (𝑛 = 7).The tumor volumes were estimated from the
calipermeasurements of three dimensions of the tumor.The estimated tumor volumeswere calculated as 𝐿×𝑊2×0.5, where𝐿 is themajor axis
and𝑊 is tumor width.The results are represented as themean ± SD. (b)The body weight of nudemice was not significantly different between
the control and GTE-treated groups. (c) Downregulation of Ki-67, HER2, and cyclin D1 expression by GTE in SKOV-3 xenografted tumors on
nude mice.The IHC analysis was performed on SKOV-3-induced xenografted tumors.The two representative specimens appear to show that
GTE-treatedmice (200mg/kg/day) have lower protein expression than vehicle controls, for Ki-67, HER2, and cyclin D1 (400Xmagnification).

4. Discussion

HER2-overexpression is associatedwith a high risk for cancer
metastasis and a poor response to antitumor therapies [4].
Treatment with therapeutic agents that specifically target
cancer cells with HER2-overexpression, such as lapatinib and
trastuzumab, has improved clinical outcomes. In addition
to the anticancer agents, a number of TCMs and botanical
products have been shown to be effective and useful adjuvant
agents for the treatment of HER2-overexpressing cancer [5,
6, 26]. Ganoderma tsugae (GT), one of the most common
species of Ganoderma cultivated in Taiwan, has been shown
to have antiproliferative effects on human cancer cells [15, 16,
18]. In this study, we report for the first time that the extract of
GT (GTE) has a distinct growth-inhibitory effect on HER2-
overexpressing cancer cells in vitro (Figures 1(a)–1(c)) and in
vivo (Figure 5(a)).

Perturbation of cell cycle progression in cancer cells is
a useful strategy to arrest cancer growth [28]. Furthermore,

cell cycle arrest also provides an occasion for cells to undergo
either repair or programmed cell death. A number of TCMs
(e.g., GT) exhibit marked growth-inhibitory effects on cancer
cells via disruption of cell cycle progression. Previous reports
show that GT inhibits cell proliferation by inducing cell
cycle arrest in the G2/M phase in Hep3B hepatoma and
COLO205 colorectal cancer cells [15, 17] and in the S phase
in H23/0.3 lung adenocarcinoma cells [18]. In this study, our
in vitro results indicate that GTE treatment induces G1 phase
arrest via modulation of cell cycle regulators (e.g., cyclins
D1 and E, p21, and p27) in HER2-overexpressing SKOV-3
ovarian cancer and BT-474 breast cancer cells (Figure 2 and
Supplementary Figure S4). The varying effects of GTE on the
cell cycle may be due to cell-type specificity and/or result
from modulation of different signal transductions and cell
cycle regulatory molecules.

Two major therapeutic approaches to the treatment of
HER2-overexpressing cancers involve agents that curtail
the expression and activation/phosphorylation of the HER2
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receptor [29]. In this study, we demonstrate that GTE
downregulates both the level of HER2 and its phosphorylated
form in SKOV-3, BT-474, and SKBR-3 cells (Figure 3). We
surmised that the inhibitory effect of GTE on the levels of
phospho-HER2may be due to its inhibition of the expression
of HER2. In agreement with this hypothesis, we observed
a significant decrease in the expression of HER2 mRNA
(Figure 4(a)) and the activity of its promoter (Figure 4(b))
following treatmentwithGTE.Moreover, we have established
a number of HER2 promoter deletion constructs (F1: −1067∼
−103, F2:−871∼−103, F3:−495∼−103, and F4:−207∼−103) and
found that GTE interacts with the HER2 promoter in the
−871∼−495 region (unpublished data). Based on Genomatix
software predictions, there are several putative transcription
factor binding sites located in this area, such as T-cell
factor (TCF), forkhead-boxK2 (FOXK2), andGATA-binding
protein 2 (GATA2). Therefore, further studies are needed to
clarify the molecular basis by which the transcription of the
HER2 gene is regulated to ultimately aid in the development
of better strategies for the treatment of cancers with HER2-
overexpression.

We also investigated the regulation of HER2 protein
stability/degradation as another possible explanation as to
how GTE controls HER2 protein expression. We found that
the half-life of theHER2protein is noticeably reduced byGTE
in SKOV-3 (Figure 4(c)) and BT-474 cells (Supplementary
Figure S6B). This observation led us to hypothesize that
the decreased stability of the HER2 protein may be due
to the induction of polyubiquitination of HER2 by GTE
(Figure 4(d)), leading to its degradation by the proteasome
complex. We used LLnL, a proteasome inhibitor, to confirm
that the effect of GTE on the degradation of HER2 protein
involves the activation of the ubiquitin-proteasome system
(Figure 4(e)). Furthermore, several molecules, such as heat
shock protein 90 (Hsp90), casitas B-lineage lymphoma (c-
Cbl), and peptidyl-prolyl cis/trans isomerase 1 (Pin1), are
reported to be required for the maintenance of the stability
and activation of HER2 [30–32]. It would be worthwhile
to determine if these molecules are involved in the GTE-
induced degradation/instability of the HER2 protein.

Generally, cancer cells overexpressing HER2 respond
poorly to chemotherapeutic agents. Suppression of the HER2
pathway byHER2-targeting therapeutics potentiates the anti-
cancer activity of chemotherapeutic agents in the treatment of
HER2-overexpressing cancers [25, 33]. A number of reports
show that the combined usage of some extracts from TCMs
(e.g., coptis rhizome and glycyrrhizae radix) with antitumor
agents results in synergistic growth inhibition in cancer cells
[34, 35]. It has also been reported that combining anticancer
agents with GTE slows the growth rate of cancer cells [15, 18].
Herein, we demonstrate for the first time that the combined
usage of GTE with taxol (Figure 1(d)), cisplatin (Supplemen-
tary Figure S3), or doxorubicin (data not shown) results in
synergistic growth inhibition of HER2-overexpressing cancer
cells. These results indicate that GTE may be a promising
adjuvant therapeutic agent in the treatment of cancers with
HER2-overexpression.

In conclusion, we provide a schematic presentation of
possible molecular mechanisms in vitro and in vivo for the

Posttranslational
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HER2 gene
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HER2 protein
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HER2

GTE Transcription
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HER2/PI3K/Akt
pathway

Figure 6: A schematic model of the GTE-mediated antiproliferative
effect on HER2-overexpressing cancer cells. Ligand stimulation
induces the activation of the HER2 receptor, which in turn activates
the PI3K/Akt signaling pathway and then promotes cell growth and
survival. After GTE treatment, the proliferation is inhibited because
of an induction of cell cycle arrest. The GTE-mediated growth
repression coincides with a reduction in the transcriptional activity
ofHER2 gene and an induction in the degradation of HER2 protein,
leading to a downregulation of the HER2/PI3K/Akt pathway.

inhibitory effects of GTE on the proliferation of HER2-
overexpressing cancer cells (Figure 6). Our results indicate
that GTE induces G1 cell cycle arrest via regulation of
the HER2/PI3K/Akt signaling pathway, thereby leading to
a reduction in the growth of cancer cells overexpressing
HER2. Our data also demonstrate that the depletion of HER2
protein by GTE involves an inhibition in the transcriptional
activity of theHER2 gene and an increase in the proteasome-
dependent degradation of the HER2 protein. In addition,
we have also shown that a combination of GTE with anti-
cancer drugs (e.g., taxol, cisplatin, and doxorubicin) exerts
synergistic growth-inhibitory effect onHER2-overexpressing
cancer cells. Taken together, our findings suggest that GTE
may be a useful and effective adjuvant therapeutic agent for
the treatment of cancers that highly express HER2.
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