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Abstract: Buyang Huanwu Decoction (BYHWD), a classic formula, is widely used for treating a variety of disorders, 
including stroke-induced disability and paralysis in traditional Chinese Medicine. Clinical studies have shown that 
BYHWD had a therapeutic effect in ameliorating the severity of multiple sclerosis (MS), and reducing the number of 
relapses. However, its mechanism of action in treating MS remains undefined. In this study, we investigate the thera-
peutic effects and possible mechanism of action of BYHWD in experimental autoimmune encephalomyelitis (EAE), 
an animal model that closely imitates many characteristics of MS. Our results showed that BYHWD effectively ame-
liorated the clinical severity of EAE and CNS inflammatory infiltration. BYHWD also modulated peripheral immune 
responses. Further, we showed that BYHWD inhibited the expression of TLR-4/Myd88/NF-κB signaling pathway. 
Taken together, our results demonstrate the therapeutic potential of BYHWD in EAE, companied by the inhibition of 
CNS inflammation and the regulation of immune responses. The therapeutic efficacy of BYHWD will contribute to 
the development of clinical applications in MS. 
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Introduction

Multiple sclerosis (MS) is an immune-mediated 
chronic inflammatory demyelinating disease of 
the central nervous system (CNS), destroying 
the myelin and the axon in variable degrees [1]. 
The pathological hallmarks of MS are multifo-
cal inflammation, oligodendrocyte loss, demye-
lination and axonal degeneration [2]. During the 
development of MS, auto-reactive T cells and 
macrophages which are stimulated in periph-
eral immune system, infiltrate into the CNS and 
produce inflammatory molecules, leading to oli-
godendrocyte death and axonal damage in the 
CNS [3, 4].

The etiology and pathogenesis of MS are com-
plex, and the current treatment is still the lack 
of specificity and effectiveness. In China, Tra- 
ditional Chinese Medicine (TCM) has some cha- 
racteristics and advantages in the treatment of 

MS, including multiple targets, the overall regu-
lation, synergistic effect and fewer side effects. 
Buyang Huanwu Decoction (BYHWD), a well-
known traditional formula, invigorates the body, 
enhances blood circulation and meridian circu-
lation, and has been traditionally used in the 
treatment of stroke and paralysis for centuries 
[5]. BYHWD has long been used to improve the 
recovery of the neurological function in patients 
with stroke by inducing neuroprotective effects 
against cerebral ischemia/reperfusion (CIR) in- 
jury [6-8], and to promote the growth potential 
during peripheral neural regeneration [9, 10]. 
Previous genomics study reported that BYHWD 
protected mice against ischemic stroke by 
downregulating inflammation, apoptosis, angio-
genesis, and blood coagulation-related genes, 
as well as upregulating neurogenesis and the 
nervous system’s development-related genes 
[11]. Modern pharmacological studies reveal 
that some active ingredients of BYHWD exert 
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neuroprotective effects by inhibiting inflamma-
tory response and oxidative stress. 

Experimental autoimmune encephalomyelitis 
(EAE) is an established model of MS that has 
been used in drug development [12]. In the 
present study, we observed the therapeutic 
potential of BYHWD by oral administration, and 
explored possible mechanisms of action.

Materials and methods

Animals

Female C57BL/6 mice (8-10 weeks and 18-20 
g) were purchased from Vital River Laboratory 
Animal Technology Co. Ltd. (Beijing, China). All 
mice were housed under pathogen-free condi-
tions and kept in a reversed 12:12-h light/dark 
cycle in a temperature controlled room (25± 
2°C) for one week prior to experimental manip-
ulation. All animal protocol was performed 
according to the International Council for La- 
boratory Animal Science guidelines. The study 
was conducted by the Council for Laboratory 
and Ethics Committee of Shanxi Datong Uni- 
versity, Datong, China.

Herbal materials

BYHWD consists of the following ingredients: 
Radix Astragali (120 g), also known as huáng  
qí, is the root of Astragalus membranaceus 
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao; Ra- 
dix Angelicae Sinensis (6 g), also known as 
dang gui is the root of Angelica sinensis (Oliv.) 
Diels; Radix Paeoniae Rubra (4.5 g), also known 
as chi shao, is the root of Paeonia lactiflora Pall; 
Rhizoma Chuanxiong (3 g), also known as 
chuan xiong, is the root of Ligusticum chuanx-
iong Hort.; Semen Persicae (3 g), also known as 
tao ren, is the dry ripe seed of Prunus persica 
(L.) Batsch; Flos Carthami (3 g), also known as 
hong hua, is the flower of Carthamus tinctorius 
L.; and Lumbricus (3 g), also known as di long 
and Pheretima aspergillum (perrier) [13]. All the 
herbs had been extracted according to stan-
dard methods outlined in the Chinese Phar- 
macopoeia [14]. The mixture was decocted to 
yield a final concentration of 2 g crude drug/ml, 
which was stored at 4°C for further use [15].

Induction and clinical evaluation of EAE

Mouse myelin oligodendrocyte glycoprotein pe- 
ptide35-55 (MOG35-55, MEVGW YRSPFSRVVHLY- 

RNGK) was synthesized in an automatic syn-
thesizer (CL. Bio-Scientific. Company, Xi’an, Chi- 
na). Purity of the peptide was >95% as deter-
mined by HPLC. Chronic EAE was induced by 
subcutaneous immunization on the upper dor-
sal flanks with 250 μg/mice of MOG35-55 in 
Freund’s complete adjuvant (Sigma, USA) sup-
plemented with 350 μg/mice of inactivated 
Mycobacterium tuberculosis (strain H37 RA; 
Difco). Mice were then injected with 300 ng/
mice of pertussis toxin (Enzo Life Sciences, 
USA) via abdominal cavity at the same time of 
immunization and again 48 h later. Animals 
were evaluated for clinical score and weight 
daily (from day 1 to day 28p.i.) in a blinded fash-
ion by at least two investigators. Clinical score 
of EAE was graded according to the following 
criteria: 0. healthy; 1. limp tail; 2. ataxia and/or 
paresis of hind limbs; 3. paralysis of hind limbs 
and/or paresis of forelimbs; 4. tetraparalysis; 
and 5. moribund or death. Once the clinical 
score of EAE reached 3, we provided special 
care, i.e., softening the food with water in a 
dish, adding nutrients such as egg, and putting 
the dish at the bottom of the cage, making it 
easy for mice to obtain food, water and nu- 
trition.

Administration of BYHWD

Mice were divided into 2 groups, i.e., BYHWD-
treated (BYHWD group) and saline control 
group (control group) (n = 12 each group). 
BYHWD was removed from the 4°C refrigerator 
to 37°C thermal cycling chamber for 20 min, so 
that BYHWD was suitable to be taken orally and 
would not hurt the stomach. Mice were taken 
orally at 1000 μl (100 g/kg) every day on day 3 
post-immunization (p.i.) till day 27 p.i. Saline 
was given to the control group in a similar 
manner.

Histology and immunohistochemistry

On day 28 p.i., mice were perfused with saline 
and 4% buffered paraformaldehyde. Spinal 
cords (lower thoracic-lumbar) were sliced (10 
μm), and pathological changes were detected 
by hematoxylin and eosin (H&E) staining and 
Luxol Fast Blue (LFB) staining. For immunohis-
tochemistry, non-specific binding was blocked 
with 1% bovine serum (Sigma, USA) at room-
temperature (RT) for 30 min. The sections we- 
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re incubated at 4°C overnight with anti-CD4 
(Sigma, USA), anti-CD68 (BD Bioscience, USA), 
and then incubated with corresponding sec-
ondary antibodies at RT for 2 h. As a negative 
control, additional sections were treated simi-
larly, but the primary antibodies were omitted. 
Results were visualized under fluorescent 
microscopy by Image-Pro Plus software in a 
blinded fashion. Quantification was performed 
on three sections per mouse, and five mice per 
group were analyzed.

Western blot analysis

On day 28 p.i., mice were only perfused with 
saline, and spinal cords were homogenized 
with a glass homogenizer using RIPA Lysis 
Buffer (Beyotime Institute of Biotechnology,  
PR China) supplemented with protease inhibi- 
tors. The homogenates were centrifuged at 
12,000×g for 20 min at 4°C, and the superna-
tants were collected. Protein concentration 
was measured by BCA kit (Beyotime Institute of 
Biotechnology, PR China). Equal amounts of 
protein (30 μg) were loaded onto SDS-polyacry- 
lamide gels and transferred onto a nitrocellu-

In the following day, the membranes were  
incubated with horseradish peroxidase-conju-
gated secondary antibody (1:10,000, Earthox 
LLC, USA) at RT for 1 h. Immunoblots were 
developed with an enhanced chemilumines-
cence system (GE Healthcare Life Sciences) 
and measured using Quantity Software (Bio-
Rad, Hercules, CA, USA). β-actin was used as 
the optical density of internal reference.

Flow cytometry analysis

Splenocytes were prepared on day 28 p.i. by 
pushing spleen trough a sterile 70-μm nylon 
cell strainer (BD, Franklin Lakes, NJ) to gener-
ate the suspension of mononuclear cells 
(MNCs). For intracellular staining, MNCs were 
stained for 20 min at RT in 0.3% saponin/1% 
BSA-PBS buffer with the following panel of anti-
bodies: FITC-CD4 and PE-IL-10, PE-CD25, PE- 
TGF-β, PE-IFN-γ, PE-IL-17 (eBioscience), as well 
as Alexa Fluor 488-CD11b (BD, USA) and 
PE-CD206 (eBioscience), PE-IL-12 (Pharmula). 
At least 10,000 events were collected using 
flow cytometer (BD Biosciences, USA) and data 
were analyzed using CellQuest software.

Figure 1. The administration of BYHWD ameliorates the severity of EAE. Chronic EAE was induced in C57BL/6 mice 
with MOG35-55 and treated with oral administration of BYHWD and saline (n = 12/each group). A. Mean clinical score; 
B. Mean body weight. The comparison in each time point was separately analyzed by Mann Whitney U test after 
nonparametric Kruskal-Wallis test. Differences between two groups were analyzed using Student’s t test *P<0.05, 
**P<0.01, ***P<0.001.

Table 1. The clinical evaluation of EAE mice

Group n Mean onset 
date

Mean maxi-
mum score

Cumulative 
clinical score

Control 12 11.92±1.80 4.12±0.58 58.69±4.34
BYHWD 12 20.70±2.49*** 1.05±1.19*** 17.90±9.65***

Control vs. BYHWD ***P<0.001.

lose membrane (Millipore) after electro-
phoresis. After blocking with 5% milk at  
RT for 1 h, the membranes were incubated 
at 4°C overnight with primary antibodies 
against TLR4, p-NF-κB (p65), (1:1000,  
Cell Signaling Technology, USA), Myd88 
(1:1000, Abcam, USA), and β-actin (1: 
10000, Cell Signaling Technology, USA).  
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Cytokine ELISA assay

On day 28 p.i., mice were sacrificed and spleens 
were removed under aseptic conditions. Sple-
nic MNCs (5×106/ml) were incubated for 48 h 
at 37°C in the presence of MOG35-55 (10 μg/ml). 
Supernatants were harvested and measured 
for cytokine concentrations of IL-1β (Invitrogen 
Inc, USA), IL-6, TNF-α, (Pepro tech Inc, USA), by 

a sandwich ELISA kits following the manufac-
turer’s instructions. Determinations were per-
formed in duplicate in 3 independent experi-
ments. The results were expressed as pg/ml.

Statistical analysis

GraphPad Prism 5 software (Cabit Informat- 
ion Technology Co., Ltd., Shanghai, China) was 

Figure 2. Spinal cords from lumbar regions were harvested for histologic and immunohistochemistry staining. A. 
Luxol Fast Blue; B. MBP; C. NG2. Data represent mean standard error (SEM) from seven or eight mice in each group. 
Differences between two groups were analyzed using Student’s t test. Scale bars, 400 μm and 100 μm, respectively. 
*P<0.05.
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used for statistical analysis. For clinical mean 
score, nonparametric Kruskal-Wallis test was 
performed to determine whether an overall sta-
tistically significant change existed before 
using the Mann Whitney U test to analyze the 
difference between any two groups. Student’s 
t-test was used to compare demyelination, 
inflammation and others. Significance level is 

set at P<0.05. All graphed results were ex- 
pressed as mean ± standard error of the mean.

Results

BYHWD attenuates the severity of EAE

In the present study, mice were immunized with 
MOG35-55 peptide to develop an EAE model whi- 

Figure 3. Spinal cords from lumbar regions were harvested for histologic and immunohistochemistry staining. A. He-
matoxylin and Eosin (HE) staining; B. CD4 T cells; C. CD68 macrophages in the white matter. Data represent mean 
standard error (SEM) from seven or eight mice in each group. Differences between two groups were analyzed using 
Student’s t test. Scale bars, 400 μm and 100 μm, respectively. *P<0.05.
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Figure 4. Spleens were harvested for measuring immune and inflammatory responses. A: percentages of CD4+CD25+ and CD4+IFN-γ+, CD4+IL-10+ and CD4+TGF-β+ 
T cells; B: CD11b+CD16/32+ and CD11b+IL-12+ macrophages; C: production of IL-1β, IL-6 and TNF-α in the supernatants of cultured supernatants. Data represent 
mean standard error (SEM) from seven or eight mice in each group. Differences between two groups were analyzed using Students t test. *P<0.05. 
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ch closely imitates many characteristics of MS. 
Starting on day 3 p.i., mice received, daily, 
1000 μl solution with or without 2 g BYHWD by 
taking orally for 25 consecutive days. Clinical 
score and body weight were then monitored 
from day 0 to 28 p.i. As shown in Figure 1 and 
Table 1, mice receiving oral saline developed 
typical EAE, whereas BYHWD-treated mice had 
significantly lower clinical score and less body 
weight loss (P<0.05-0.001). In the EAE control 
group, the mean onset date was at day 11. 
92±1.80 p.i., and the mean maximum score 
was 4.12±0.58. The cumulative clinical score 
was 58.69±4.34. However, BYHWD delayed 
onset (mean onset date = 20.70±2.49, P<0.001 
vs. EAE control), reduced maximum clinical 
score (mean maximum score = 1.05±1.19, P< 
0.001 vs. EAE control) and cumulative clinical 
score (17.90±9.65, P<0.001 vs. EAE control). 
The results showed that BYHWD significantly 
alleviated development of EAE.

BYHWD reduces demyelination

Longitudinal sections of the spinal cord from 
lower thoracic-lumbar were examined for demy-
elination by LFB staining. The results showed 

the numbers of these cells was significantly 
reduced in mice treated with BYHWD (all P< 
0.05).

BYHWD modulates peripheral immune re-
sponses 

In our study, we explored whether administra-
tion of BYHWD could modulate systemic im- 
mune responses in EAE mice. The subsets  
of CD4+CD25+, CD4+IL-10+, CD4+IFN-γ+ and 
CD4+TGF-β+ T cells as well as M1 markers  
IL-12+ and CD16/32+ in spleen were assessed 
by flow cytometry. As expected, the percentag-
es of CD4+ cells expressing IL-10, CD25 and 
TGF-β were significantly enhanced in mice 
treated with BYHWD compared with EAE con-
trol mice (Figure 4A, P<0.05). The percentages 
of CD4+ cells expressing IFN-γ was also 
increased in BYHWD-treated mice compared 
with EAE control mice (Figure 4A, P<0.05). As 
shown in Figure 4B, BYHWD treatment signifi-
cantly reduced expression of CD16/32 and 
IL-12 on F4/80+ macrophages (P<0.05). We 
next measured the levels of inflammatory cyto-
kines such as IL-6, IL-1β, and TNF-α by ELISA 
kits. As expected, the treatment of BYHWD sig-

Figure 5. Spinal cords from lumbar regions were harvested and protein 
was prepared for measuring the expression of TLR4, MyD88 and p-NF-
κB/p65 by western blot. Data represent mean standard error (SEM) from 
seven or eight mice in each group. Differences between two groups were 
analyzed using Student’s t test. *P<0.05.

that the administration of BYH- 
WD significantly prevented the 
demyelination in EAE mice, as 
compared with control EAE (Fig- 
ure 2, P<0.05).

BYHWD inhibits inflammatory 
cell infiltration and inflammatory 
response

We then evaluated the effect of 
BYHWD administration on infil-
tration of inflammatory cells into 
the spinal cord of EAE mice. As 
shown in Figure 3, extensive in- 
flammatory infiltration was fou- 
nd in spinal cord of control EAE 
mice by H&E staining, while the 
administration of BYHWD obvi-
ously reduced inflammatory infil-
tration foci (Figure 3A, P<0.05). 
When cell types of CNS infiltra-
tion were determined by immu-
nostaining, we found that spinal 
cord of EAE control mice con-
tained high numbers of CD4+  

T cells (Figure 3B) and CD68+ 
macrophages (Figure 3C), and 
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nificantly inhibited the production of IL-6, IL-1β, 
and TNF-α in spleen (Figure 4, all P<0.05).

BYHWD inhibits TLR4/Myd88/NF-κB signaling 
pathway in spinal cord

TLR4 has been linked to CNS inflammation, and 
is possibly the major determinant of the sus-
ceptibility to inflammation and infection through 
Myd88-dependent and independent signaling 
pathways. The modulation of TLRs/Myd88 sig-
naling could be an important adjuvant to cur-
rent EAE treatments. Thus, we measured the 
expression of TLR-4 and Myd88 in spinal cord 
of mice. It is interesting to note that BYHWD 
treatment resulted in a significant decrease in 
the expression of TLR4 and Myd88 in spinal 
cord compared with EAE control mice (Figure 5, 
P<0.05). Given that Myd88 signaling mediates 
NF-κB pathway, we next determined the activa-
tion of NF-κB pathway by western blot. As 
shown in Figure 5, BYHWD treatment effective-
ly inhibited the expression of p-NF-κB (P65) 
(P<0.05). These results indicate that BYHWD 
treatment inhibited the activation of TLRs/
Myd88/NF-κB signaling pathway.

Discussion

BYHWD, as TCM effective prescription, has 
been used in the treatment of various disorders 
for more than 300 years. However, little is 
known about the therapeutic effect and mech-
anism of BYHWD on autoimmune diseases 
such as MS. In the present study, we demon-
strate that oral administration of BYHWD has a 
beneficial effect in EAE mice. Treatment of 
BYHWD delayed the onset of EAE, attenuated 
clinical severity, suppressed inflammation and 
demyelination within the CNS, and inhibited the 
activation of TLRs/Myd88/NF-κB signaling 
pathway. So we think that BYHWD is an effec-
tive, safe and easily delivered approach (oral) 
as a long-term therapy, given the lifelong dis-
ease course of MS. 

In our current study, the results of immunohis-
tochemical staining showed that numbers of 
CD4+ T cells and CD68+ macrophages were in- 
creased in spinal cords of EAE mice, and the 
infiltration of these cells were significantly re- 
duced in mice treated with BYHWD. Based on 
different phenotypes and functions, macro-
phages are divided into inflammatory M1 type 
and anti-inflammatory M2 type. M1 macro-

phages secrete proinflammatory cytokines and 
chemokines, while M2 macrophages produce 
inhibitory cytokines IL-10 and/or TGF-β. The 
treatment of BYHWD effectively increased the 
percentages of CD4+CD25+, CD4+IL-10+ and 
TGF-β+ regulatory T cells in splenic MNCs. In 
contrast, the percentages of CD16/32+ and 
IL-12+ on F4/80+ macrophages were significant-
ly decreased in EAE mice treated with BYHWD. 
These results support the hypothesis that BY- 
HWD regulates peripheral immune responses 
by upregulating regulatory T cells and downreg-
ulating inflammatory M1 macrophages, which 
is consistent with the decreased inflammatory 
cytokine IL-6, IL-1β, and TNF-α in spleen of mice 
treated with BYHWD. To our knowledge, this is 
the first report on the anti-inflammatory effects 
of BYHWD in EAE mice. 

Although IFN-γ serves as a hallmark of T helper 
type 1 (Th1) cells, the functions of Th1 cells in 
EAE is questionable. IFN-γ-deficient mice were 
susceptible to EAE, showed massive inflamma-
tory infiltrates, and had poorer clinical out-
comes than control mice [16]. Further study 
confirmed that monoclonal anti-IFN-γ antibod-
ies also exacerbated the clinical symptoms of 
EAE [17], while exogenous administration of 
IFN-γ decreased Th17 cells in EAE, orchestrat-
ing the number and function of Th17 cells [18]. 
These results suggest that IFN-γ may provide a 
certain degree of immunomodulation against 
disease progression. Our present study also 
showed that BYHWD increased the production 
of IFN-γ, which may be related to the improve-
ment of EAE. 

The immune system responds to many environ-
mental stimuli by the maturation of antigen pre-
senting cells (APCs) and activation of lympho-
cytes via cellular receptors such as Toll like 
receptors (TLRs) [19, 20]. In MS, both infiltrat-
ing T cells and resident cells of the CNS express 
TLRs that are induced to elevate in MS [21, 22], 
therefore contributing to CNS autoimmunity 
within the CNS. The resultant transduction of 
intracellular signals occurs primarily via the 
activation of the TLR-4 associated adapter mol-
ecule myeloid differentiation factor 88 (MyD88). 
This adaptor initiates a cascade resulting in the 
activation of nuclear factor κB (NF-κB) and the 
production of proinflammatory cytokines [23, 
24]. Based on the available literatures on TLRs, 
the present results support the hypothesis that 
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BYHWD appears to exert its effect in ameliorat-
ing EAE through blockade of the TLR-linked 
inflammatory signaling pathway. In the current 
study, we observed that the oral administration 
of BYHWD significantly reduced the expression 
of TLR4, MyD88 and p-NF-κB/p65, indicating 
an inhibition of TLR4/MyD88/NF-κB signaling 
pathway by BYHWD. 

In this study, the reduction of neuroinflamma-
tion and the protection of demyelination should 
be closely related to the inhibition of inflamma-
tory invasion. Of course, we don’t know the pre-
cise cellular and molecular mechanisms that 
controls the invasion of inflammatory cells with-
in the CNS. Based on a lot of experimental 
results, we hypothesize that there are two rea-
sons: 1) BYHWD may protect the integrity of the 
BBB, thereby preventing the invasion of inflam-
matory cells within the CNS; 2) BYHWD may 
inhibit the expression of adhesion molecules or 
chemotactic factors on the immune or inflam-
matory cells, reducing the migration of these 
cells into the CNS. Because BYHWD is a com-
plex, more studies should be taken to uncover 
the other mechanisms by which BYHWD could 
improve the EAE.

In conclusion, BYHWD delays the onset and 
ameliorates the severity of EAE, accompanied 
by the improvement in myelination and the inhi-
bition of inflammatory responses in the CNS. 
BYHWD suppresses CNS inflammatory respons-
es possibly through inhibiting TLR-4 and/or 
NF-κB activation, which may be related to the 
shift of macrophage/microglia phenotype from 
M1 to M2. The precise cellular and molecular 
mechanisms of BYHWD in the treatment of EAE 
still remains to be determined.

Acknowledgements

We would like to thank Associate Professor Xiu-
jun Duan for providing BYHWD. This work was 
supported by project grants from the National 
Natural Science Foundation of China (Code No: 
81473577), the 2011 Cultivation Project of 
Shanxi University of Traditional Chinese Me- 
dicine (No. 2011PY-1), and Research Project 
Supported by Shanxi Scholarship Council of 
China (2014-7).

Disclosure of conflict of interest

None.

Address correspondence to: Bao-Guo Xiao, Institute 
of Brain Science, Shanxi Datong University, Datong, 
China. E-mail: bgxiao@shmu.edu.cn; Cun-Gen Ma, 
“2011” Collaborative Innovation Center/Research 
Center of Neurobiology, Shanxi University of Tra- 
ditional Chinese Medicine, Taiyuan, China. E-mail: 
macungen2001@163.com

References

[1] Liu CY, Li YH, Yu JZ, Feng L, Hou SW, Guo MF 
Xie Y, Meng J, Liu YT, Zhang HF, Xiao BG, Ma 
CG. Targeting the shift from M1 to M2 macro-
phages in experimental autoimmune encepha-
lomyelitis mice treated with Fasudil. PLoS One 
2013; 8: e54841.

[2] Li YH, Yu JZ, Liu CY, Zhang H, Zhang HF, Yang 
WF, Li JL, Feng QJ, Feng L, Zhang GX, Xiao BG, 
Ma CG. Intranasal delivery of FSD-C10, a novel 
Rho kinase inhibitor, exhibits therapeutic po-
tential in experimental autoimmune encepha-
lomyelitis. Immunology 2014; 143: 219-229.

[3] Haegert DG. Multiple sclerosis: a disorder of 
altered T-cell homeostasis. Mult Scler Int 
2011; 2011: 461304.

[4] Sosa RA, Forsthuber TG. The critical role of 
antigen-presentation induced cytokine cross-
talk in the central nervous system in multiple 
sclerosis and experimental autoimmune en-
cephalomyelitis. J Interferon Cytokine Res 
2011; 31: 753-768.

[5] Zhao LD, Wang JH, Jin GR, Zhao Y and Zhang 
HJ. Neuroprotective effect of Buyang Huanwu 
decoction against focal cerebral ischemia/re-
perfusion injury in rats-time window and mech-
anism. J Ethnopharmacol 2012; 140: 339-
344.

[6] Cai G, Liu B, Liu W, Tan X, Rong J, Chen X. Buy-
ang Huanwu Decoction can improve recovery 
of neurological function, reduce infarction vol-
ume, stimulate neural proliferation and modu-
late VEGF and Flk1 expressions in transient 
focal cerebral ischaemic rat brains. J Ethno-
pharmacol 2007; 113: 292-299. 

[7] Fan L, Wang K, Cheng B. Effects of buyang 
huanwu decoction on apoptosis of nervous 
cells and expressions of Bcl-2 and bax in the 
spinal cord of ischemia-reperfusion injury in 
rabbits. J Tradit Chin Med 2006; 26: 153-156. 

[8] Li XM, Bai XC, Qin LN, Huang H, Xiao ZJ, Gao 
TM. Neuroprotective effects of Buyang Huan-
wu Decoction on neuronal injury in hippocam-
pus after transient forebrain ischemia in rats. 
Neurosci Lett 2003; 346: 29-32. 

[9] Cheng YS, Cheng WC, Yao CH, Hsieh CL, Lin JG, 
Lai TY, Lin CC, Tsai CC. Effects of buyang huan-
wu decoction on peripheral nerve regeneration 
using silicone rubber chambers. Am J Chin 
Med 2001; 29: 423-432. 



Effect of Buyang Huanwu decoction on experimental autoimmune encephalomyelitis

4574 Int J Clin Exp Med 2018;11(5):4565-4574

[10] Zheng GQ, Wang XM, Wang Y, Wang XT. Tau as 
a potential novel therapeutic target in isch-
emic stroke. J Cell Biochem 2010; 109: 26-29.

[11] Wang HW, Liou KT, Wang YH, Lu CK, Lin YL, Lee 
IJ, Huang ST, Tsai YH, Cheng YC, Lin HJ, Shen 
YC. Deciphering the neuroprotective mecha-
nisms of Buyang Huan-wu decoction by an in-
tegrative neurofunctional and genomic ap-
proach in ischemic stroke mice. J Ethnophar- 
macol 2011; 138: 22-33. 

[12] Wolfensohn S, Hawkins P, Lilley E, Anthony D, 
Chambers C, Lane S, Lawton M, Voipio HM, 
Woodhall G. Reducing suffering in experimen-
tal autoimmune encephalomyelitis (EAE). J 
Pharmacol Toxicol 2013; 67: 169-176. 

[13] Zhang M, Chai Y, Liu TS, Xu N and Yang C. Syn-
ergistic effects of Buyang Huanwu decoction 
and embryonic neural stem cell transplanta-
tion on the recovery of neurological function in 
a rat model of spinal cord injury. Exp Ther Med 
2015; 9: 1141-1148.

[14] China Pharmacopoeia Commission: Pharma-
copoeia of the People’s Republic of China (Part 
I). Beijing: Chinese Medical Science and Tech-
nology Press; 2015.

[15] Zhang J, Li C, Guo X and Wang G. Effect of buy-
ang huanwu decoction on platelet activating 
factor content in arterial blood pre- and post-
arterial thrombosis in rats. J Tradit Chin Med 
2001; 21: 299-302.

[16] Ferber IA, Brocke S, Taylor-Edwards C, Ridgway 
W, Dinisco C, Steinman L, Dalton D, Fathman 
CG. Mice with a disrupted IFN-c gene are sus-
ceptible to the induction of experimental auto-
immune encephalomyelitis (EAE). J Immunol 
1996; 156: 5-7.

[17] Lublin FD, Knobler RL, Kalman B, Goldhaber 
M, Marini J, Perrault M, D’Imperio C, Joseph J, 
Alkan SS, Korngold R. Monoclonal anti-c inter-
feron antibodies enhance experimental aller-
gic encephalomyelitis. Autoimmunity 1993; 
16: 267-274.

[18] Berghmans N, Nuyts A, Uyttenhove C, Van 
Snick J, Opdenakker G, Heremans H. Interfer-
on-c orchestrates the number and function of 
Th17 cells in experimental autoimmune en-
cephalomyelitis. J Interferon Cytokine Res 
2011; 31: 575-587.

[19] Weber MS, Starck M, Wagenpfeil S, Meinl E, 
Hohlfeld R, Farina C. Multiple sclerosis: glat-
iramer acetate inhibits monocyte reactivity in 
vitro and in vivo. Brain 2004; 127: 1370-1378.

[20] Visser L, Jan de Heer H, Boven LA, van Riel D, 
van Meurs M, Melief MJ, Zahringer U, van Stri-
jp J, Lambrecht BN, Nieuwenhuis EE, Laman 
JD. Proinflammatory bacterial peptidoglycan 
as a cofactor for the development of central 
nervous system autoimmune disease. J Immu-
nol 2005; 174: 808-816.

[21] Zekki H, Feinstein DL, Rivest S. The clinical 
course of experimental autoimmune encepha-
lomyelitis is associated with a profound and 
sustained transcriptional activation of the 
genes encoding toll-like receptor 2 and CD14 
in the mouse CNS. Brain Pathol 2002; 12: 
308-319.

[22] Zhou Y, Ye L, Wan Q, Zhou L, Wang X, Li J, Hu S, 
Zhou D, Ho W. Activation of Toll-like receptors 
inhibits herpes simplex virus-1 infection of hu-
man neuronal cells. J Neurosci Res 2009; 87: 
2916-2925.

[23] Chow JC, Young DW, Golenbock DT, Christ WJ, 
Gusovsky F. Toll-like receptor-4 mediates lipo-
polysaccharide-induced signal transduction. J 
Biol Chem 1999; 274: 10689-10692. 

[24] Jiang Q, Akashi S, Miyake K, Petty H R. Lipo-
polysaccharide induces physical proximity be-
tween CD14 and toll-like receptor 4 (TLR4) 
prior to nuclear translocation of NF-kappa B. J 
Immunol 2000; 165: 3541-3544.


