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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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