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Abstract  
A preliminary clinical study by our group demonstrated Bushen Yisui Capsule (formerly called 

Erhuang Formula) in combination with conventional therapy is an effective prescription for the 

treatment of multiple sclerosis. However, its effect on axonal injury during early multiple sclerosis 

remains unclear. In this study, a MOG35–55-immunized C57BL/6 mouse model of experimental au-

toimmune encephalomyelitis was intragastrically administered Bushen Yisui Capsule. The results 

showed that Bushen Yisui Capsule effectively improved clinical symptoms and neurological function 

of experimental autoimmune encephalomyelitis. In addition, amyloid precursor protein expression 

was down-regulated and microtubule-associated protein 2 was up-regulated. Experimental findings 

indicate that the disease-preventive mechanism of Bushen Yisui Capsule in experimental autoim-

mune encephalomyelitis was mediated by amelioration of axonal damage and promotion of regen-

eration. But the effects of the high-dose Bushen Yisui Capsule group was not better than that of the 

medium-dose and low-dose Bushen Yisui Capsule group in preventing neurological dysfunction. 
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INTRODUCTION 

    

Multiple sclerosis is an inflammatory neuro-

degenerative disease mediated by an au-

toimmune response in the central nervous 

system
[1]

. Unlike other neurodegenerative 

diseases, relapsing-remitting multiple sclero-

sis is characterized by multiple temporal on-

set periods, the amount of lesion, the varia-

bility of lesion sites in the central nervous 

system and duration of disease course often 

lead to abnormalities in movement, sensation, 

and vision, with one or several symptoms 

such as limb weakness, vision loss, sensory 

disturbances or ataxia. Disease reoccurrence 

may exacerbate the disability, ultimately 

causing paralysis and blindness
[2]

. The high 

recurrence rate and high morbidity of multiple 

sclerosis has become one treatment target in 

the field of neuroscience research. Patho-

logical features include immune inflamma-

tion-induced demyelination and axonal 

damage, which is the leading cause of the 

progressive aggravation of neurological 

dysfunction in multiple sclerosis patients
[3]

. 

The majority of patients are young, aged 

20–40 years old and the gender ratio of 

males to females is 1:2. Thus, the disease 

seriously endangers the productivity and 

quality of life of young adults
[4-5]

. 

 

Because of the complexity of multiple sclero-

sis etiology and pathogenesis, there is no 

effective and safe treatment to date
[6]

. Im-

munotherapy (including hormones and im-

munosuppressants) controls inflammatory 

responses in multiple sclerosis patients dur-

ing the acute exacerbation period
[7]

. When in 

combination with neuroprotective drugs, 

immunotherapy could minimize the disability 

rate thus, this is a potential treatment strate-

gy of multiple sclerosis
[8]

. Meta-analysis of 16 

clinical trials indicated that traditional Chi-

nese medicine treatment might be advanta-

geous in improving neurological damage and 

promoting neural function recovery in mul-

tiple sclerosis patients
[9]

. However, its me-

chanism of action remains unknown. 

 

Growing evidence has shown that in multiple 

sclerosis, neurological damage is highly in-

volved in axonal loss and injury, which can 

be detected during the early stages of the 

disease
[10]

. Amyloid precursor protein (APP) 

is a transmembrane glycoprotein in normal 

neurons, produced by the Golgi apparatus 

and transferred via axoplasmic transport 

channels
[11-12]

. APP is abundant in neurons 

and astrocytes; immune electron microsco-

py revealed that APP is mainly distributed in 

polycystic structures, nuclear membrane, 

Golgi apparatus and rough endoplasmic 

reticulum in normal brain tissue. After le-

sions occur, increasing APP activity is con-

fined to swelling neurites, malnutritional 

axons and perinuclear bodies
[13]

. Microtu-

bule-associated protein 2 (MAP-2) is a 

neuronal cytoskeletal protein, which is re-

lated to nerve growth and repair
[14-15]

. MAP-2 

is mainly visible in neuronal cell bodies and 

dendrites and reflects neuronal survival and 

structural integrity. Its degradation may 

cause intracellular transport disorders of 

microtubules in neurons, thus affecting 

neuronal development, structural stability, 

protrusion formation and synaptic plastici-

ty
[16-17]

. Therefore, APP and MAP-2 are rec-

ognized as molecular markers of axonal 

injury and regeneration. Myelin and axon 

damage in experimental autoimmune en-

cephalomyelitis (EAE) are mediated by im-

mune responses against antigens in myelin 

and oligodendrocytes. The EAE model de-

velops similar pathological changes ob-

served in human multiple sclerosis, so it is 

the preferred animal model of multiple scle-

rosis
[18-19]

. 

 

Bushen Yisui Capsule (formerly called Er-
huang Formula) is an effective drug for mul-

tiple sclerosis, invented by Professor Fan 

from Beijing Tiantan Hospital affiliated to 

Capital Medical University in China, and has 

obtained approval in hospital use from Bei-

jing Municipal Food and Drug Administration 

(Lin 10003). Preliminary studies
[20-22]

 by our 

research group suggested that Bushen Yisui 
Capsule in combination with conventional 

therapy could effectively improve neurolog-

ical symptoms and reduce hormone- in-

duced side effects in multiple sclerosis pa-

tients during the acute exacerbation period. 

For patients in remission, the administ-
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ration of Bushen Yisui Capsule for more than 6 months 

reduced the recurrence rate, protected neurites and de-

layed disease progression
[20-22]

. Furthermore, Bushen 
Yisui Capsule exerted regulatory effects on glial fibrillary 

acidic protein, oligodendrocyte transcription factor 2
 
and 

serum myelin basic protein
[22-23]

 in the brain and spinal 

cord of EAE animals. Therefore, this drug reduced the 

severity of EAE, inhibited inflammation and demyelination, 

and was conducive to promoting nerve regeneration. This 

study aims to observe the influence of Bushen Yisui 
Capsule on APP and MAP-2 protein in the brain and 

spinal cord of EAE mice, in a broader attempt to explore 

the potential mechanism of reducing axonal injury and 

promoting repair. 

 

 

RESULTS 

 

Quantitative analysis of experimental animals 

One hundred and twenty C57BL/6 mice were randomly 

divided into six groups: normal group, model group, 

hormone group, Bushen Yisui Capsule high-, medium- 

and low-dose groups. Except for the normal group, active 

immunity, chronic, non-remitting EAE models were es-

tablished in the other five groups by immunizing mice 

with MOG35–55. In the Bushen Yisui Capsule high-, me-

dium- and low-dose groups, mice were given Bushen 
Yisui Capsule suspension by lavage after immunization. 

In the hormone group, mice received prednisone acetate 

orally at day 9 after immunization. Four mice died after 

immunization (model group, one mouse died of multiple 

sclerosis or injection at day 15 and one mouse died of 

gavage mistake at day 33; Bushen Yisui Capsule low- 

dose group, one mouse died of illness at day 13 and one 

mouse died of gavage mistake at day 38). Finally, there 

were 20 mice in each of the normal group, hormone 

group, Bushen Yisui Capsule high-, and medium-dose 

group, and 18 mice in each of the model group and Bu-
shen Yisui Capsule low-dose group. Ten mice in each 

group were analyzed at day 20 after immunization, while 

the remaining mice were analyzed at day 40. 

 

Effect of Bushen Yisui Capsule on the disease 

incidence, mortality, latency and duration of EAE 

mice 

The EAE manifestations were visible at day 8 after im-

munization, including depression, decreased body 

weight, tail weakness, dragging, hind limb weakness, 

even severe hind limb paralysis and death. The inci-

dence was 100% in the model, hormone, and Bushen 
Yisui Capsule high-dose groups, 78% in the Bushen 
Yisui Capsule low-dose group, and 50% in the me-

dium-dose group. The mortality rate was 5% in the model 

and low-dose groups, while no death was observed in 

the hormone, Bushen Yisui Capsule high- and me-

dium-dose groups. The treated mice showed longer la-

tency and shorter disease duration compared with the 

model mice, but the difference was not statistically sig-

nificant (P > 0.05; Table 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bushen Yisui Capsule increased body weight of EAE 

mice 

Before immunization, the body weight of mice in each 

group was similar (P > 0.05; Table 2). At day 9 after 

immunization, body weight in the model and hormone 

groups began to decline. At day 12, body weight in the 

model group was significantly lower than that in the 

normal group (P < 0.05). The body weight in the model 

group was significantly decreased compared with the 

Bushen Yisui Capsule groups (P < 0.05). At day 16, the 

body weight in the hormone group was significantly de-

creased compared with the Bushen Yisui Capsule me-

dium- and low-dose groups (P < 0.05). At day 34, the 

Bushen Yisui Capsule low-dose group had a higher body 

weight than the hormone group (P < 0.05). At day 40, 

mice in the other five groups gradually recovered body 

weight to baseline levels in the normal group (Table 2). 

 

Bushen Yisui Capsule improved neurological 

functions of EAE mice 

At day 9 after immunization, neurological dysfunction 

was visible in mice in the model, hormone and Bushen 
Yisui Capsule high-dose groups. Weaver’s neurological 

function score was increased in the above three groups, 

while the score was 0 in the Bushen Yisui Capsule me-

dium- and low-dose groups (Table 3).  

Table 1  Effect of Bushen Yisui Capsule on the disease 
incidence, mortality, latency and duration of experimental 

autoimmune encephalomyelitis mice 

Group 
Incidence 

[n(%)] 

Mortality 

[n(%)] 

Latency 

(mean±SD, 

day) 

Duration 

(mean±SD, 

day) 

Model  19(100) 1(5) 9.3±0.5 30.7±0.5 

Hormone  20(100) 0 11.0±2.2 29.0±2.2 

Bushen Yisui 
Capsule 

High-dose  

 

 

20(100) 

 

 

0 

 

 

12.3±3.2 

 

 

27.8±3.2 

Medium-dose 10(50) 0 12.5±2.1 27.5±2.1 

Low-dose 15(78) 1(5) 12.0±1.9 28.0±1.9 

 Latency: Period from the first day of modeling to the appearance of 

neurological dysfunction (neurological function score is recorded). 

Duration: Period from 15 points to 0 point using Weaver’s 

neurological function scale. If the score did not decrease to 0, the 

recordings were completed at day 40. The incidence and mortality 

rates were compared using chi-square test, while the latency and 

duration were compared using one-way analysis of variance. 
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Bushen Yisui Capsule groups showed significantly lower 

scores than the hormone group (P < 0.01). At day 12, 

neurological function scores in each group were increased, 

and Bushen Yisui Capsule groups showed significantly 

lower scores than the model group (P < 0.05 in Bushen 
Yisui Capsule high-dose group or P < 0.01 in Bushen 
Yisui Capsule medium- and low-dose groups). At day 16, 

neurological function scores in each group reached a peak, 

but the scores were similar in the hormone, Bushen Yisui 
Capsule and model groups. At day 34, neurological func-

tion scores in each group began to decrease, and the 

hormone, Bushen Yisui Capsule medium- and low-dose 

groups showed significantly lower scores than the model 

group (P < 0.01). Until day 40, there was no apparent 

change to the scores in each group. 

 

Bushen Yisui Capsule improved pathological 

morphology of spinal cord in EAE mice 

Hematoxylin-eosin staining showed that spinal cord of 

normal mice had intact structures, with clearly visible 

cytoplasm and nuclei of nerve cells, and scattered glial 

cells. At day 20 after immunization (acute phase), a large 

number of lymphocytes infiltrated the spinal cord of the 

model group mice, and were present around blood ves-

sels and formed typical sleeve-like changes. In the hor-

mone and Bushen Yisui Capsule medium-dose groups, 

pathological changes were ameliorated to varying de-

grees; mild or moderate inflammatory cell infiltration was 

evident, and sleeve-like changes were significantly re-

duced. At day 40 after immunization (remission phase), a 

large number of spinal cord neurons exhibited pyknosis 

in the model group. In the hormone and Bushen Yisui 
Capsule medium-dose groups, pathological changes 

were significantly reduced, showing a small amount of 

neuronal pyknosis (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2  Effect of Bushen Yisui Capsule on body weight (g) of experimental autoimmune encephalomyelitis mice  
 

Group  
After immunization (day) 

0 9 12 16 34 40 

Normal  20.76±2.32 21.37±2.31 21.15±2.47 20.88±2.41 22.24±2.51 22.23±0.55 

Model  20.67±1.34 19.54±0.28 16.73±0.51a 17.63±0.84a 21.03±1.18 21.55±1.20 

Hormone  21.05±2.03 20.43±2.55 18.43±2.51 17.58±1.43a 20.00±2.60 20.97±1.94 

Bushen Yisui Capsule high-dose  20.25±1.21 21.41±1.42 20.55±1.97b 18.35±1.63 22.33±1.85 23.93±1.40 

Bushen Yisui Capsule medium-dose 20.36±0.60 21.74±0.77 21.56±1.78b 20.68±2.19c 22.73±1.27 22.67±2.03 

Bushen Yisui Capsule low-dose 20.12±0.64 21.14±1.21 20.95±2.63b 20.33±2.30c 22.65±1.74c 22.27±2.20 

 
Data are expressed as mean ± SD. There were 20 mice in the normal, hormone and Bushen Yisui Capsule high-, and medium-dose groups, and 

18 mice in the model and low-dose groups. aP < 0.05, vs. normal group; bP < 0.05, vs. model group; cP < 0.05, vs. hormone group. Difference 

between groups was compared using one-way analysis of variance. 

Table 3  Effect of Bushen Yisui Capsule on neurological function scores of experimental autoimmune encephalomyelitis mice  

 

Group  
After immunization (day) 

9 12 16 34 40 

Model  0.50±0.71 7.76±2.52 8.00±3.46 6.67±0.58 6.50±0.71 

Hormone  1.25±0.96 4.00±3.56 6.50±0.58 2.00±1.41b 1.33±0.58a 

Bushen Yisui Capsule high-dose  0.25±0.50c 2.25±3.86a 5.00±2.58 5.00±2.00 4.00±2.00 

Bushen Yisui Capsule medium-dose 0c 1.25±2.50b 3.25±3.77 2.00±2.31b 3.50±2.52 

Bushen Yisui Capsule low-dose 0c 1.33±2.24b 4.11±3.69 2.22±2.39b 2.50±3.08 

 
The higher neurological function scores indicate poorer behavioral capacity. Data are expressed as mean ± SD. There were 20 mice in the nor-

mal, hormone group and Bushen Yisui Capsule high-, and medium-dose groups, and 18 mice in the model and Bushen Yisui Capsule low-dose 

groups. aP < 0.05, bP < 0.01, vs. model group; cP < 0.01, vs. hormone group. Differences between groups were compared using one-way analysis 

of variance. 

Figure 1  Effect of Bushen Yisui Capsule on the 
pathological morphology of spinal cords in experimental 
autoimmune encephalomyelitis mice (hematoxylin-eosin 
staining). 

In the normal group (A), the spinal cord had intact structure 
and no infiltrating inflammatory cells. In the model group (B), 
a large number of lymphocytes had infiltrated and formed 
typical sleeve-like changes at day 20 after immunization. In 

the hormone (C) and Bushen Yisui Capsule medium-dose 
(D) groups, pathological changes were ameliorated to 
varying degrees. At day 40 after immunization, a large 

number of neurons exhibited pyknosis and pathological 
changes were reduced. Scale bars: 50 μm. 
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Bushen Yisui Capsule reduced APP expression in 

the brain and spinal cord of EAE mice 

At day 20 after immunization (acute phase), APP ex-

pression in the brain and spinal cord of EAE mice was 

significantly increased compared with the normal group 

(P < 0.05, P < 0.01, respectively), while the expression 

level in the Bushen Yisui Capsule medium-dose group 

was significantly reduced compared with the model 

group (P < 0.01). At day 40 after immunization (remission 

phase), APP expression in the brain and spinal cord of 

EAE mice was higher than the normal group (P < 0.01,  

P < 0.05, respectively), while the expression level in the 

Bushen Yisui Capsule medium-dose group was signifi-

cantly reduced compared with model group (P < 0.05). 

The APP expression level in the Bushen Yisui Capsule 

medium-dose group was similar to that in the hormone 

group (P > 0.05; Figures 2–3, Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bushen Yisui Capsule reduced MAP-2 expression in 

the brain and spinal cord of EAE mice 

At day 20 after immunization (acute phase), MAP-2 protein 

expression in the brain and spinal cord of EAE mice was 

significantly decreased compared with the normal group (P 

< 0.01), while the expression level in the Bushen Yisui 
Capsule medium-dose and hormone groups was signifi-

cantly increased compared with the model group (P < 0.01, 

P < 0.05). At day 40 after immunization (remission phase), 

MAP-2 protein expression in the model group was lower 

than the normal group (P < 0.01), while the expression 

level in the Bushen Yisui Capsule medium-dose group 

was significantly increased compared with the model 

group (P < 0.05). The MAP-2 expression level in the Bu-
shen Yisui Capsule medium-dose and hormone groups 

was unchanged (P > 0.05; Figures 4–5, Table 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

Neuroprotective effect of Bushen Yisui Capsule in 

EAE mice 

In this study, EAE mice exhibited disease onset symp-

toms at day 8 after immunization, and the onset peaked 

at day 16, consistent with the body weight loss and 

neurological function scores. The mortality rate was 

highest in the model group. Bushen Yisui Capsule and 

prednisone administration improved clinical symptoms 

and neurological dysfunction in EAE mice. In Bushen 
Yisui Capsule treatment groups, body weight loss was 

less and neurological function scores were lower com-

pared to the model and hormone groups prior to or at the 

peak of disease. The medium-dose Bushen Yisui Cap-

sule given the mice was equivalent to human dose of 

medication. The high-dose Bushen Yisui Capsule was 

equivalent to twice of human dose, speculating that poor 

absorption of animals towards high dose, thus affecting 

the therapeutic effects. This was the cause that the low 

and medium doses were more effective than the high 

dose. EAE incidence was lowest in the Bushen Yisui 
Capsule medium-dose group and no deaths were ob-

served. Therefore, we suggest the medium-dose treat-

ment for further study. 

 

Hematoxylin-eosin staining revealed that a large number 

of lymphocytes infiltrated into the mouse spinal cord, and 

were present in the blood vessels and produced typical 

sleeve-like changes in the model group.  

Figure 2  Bushen Yisui Capsule reduced amyloid 
precursor protein (APP) expression in the brain of 

experimental autoimmune encephalomyelitis mice 
(immunofluorescence staining, fluorescence microscopy). 

At day 20 after immunization, APP expression in the 
brains of model group (B) mice was significantly 

increased compared with the normal group (A), while 
expression levels in the Bushen Yisui Capsule 
medium-dose (D) and hormone (C) groups was 

significantly reduced compared with the model group. 
Change in expression level at day 40 was similar to that at 
day 20. Fluorescent staining is fluorescein isothiocyanate 

(FITC) (green) and cell nuclei were stained blue by 
4′,6-diamidino-2-phenylindole (DAPI). Scale bars: 25 μm. 

Figure 3  Bushen Yisui Capsule reduced amyloid 
precursor protein (APP) expression in spinal cord of 
experimental autoimmune encephalomyelitis mice 
(immunofluorescence staining, fluorescence microscopy). 

At day 20 after immunization, APP expression in the 
model group (B) of mice was significantly increased 
compared with the normal group (A), while expression 
levels in the Bushen Yisui Capsule medium-dose (D) and 

hormone (C) groups was significantly reduced compared 
with the model group. Change in expression level at day 
40 was similar to that at day 20. Fluorescent staining was 

fluorescein isothiocyanate (FITC) (green) and cell nuclei 
were stained blue by 4′,6-diamidino-2-phenylindole 
(DAPI). Scale bars: 25 μm. 

A B C D 

A B C D 

D
a
y
 4

0
 
 
 
 
 
 
D

a
y
 2

0
 
 

A B C D 

A B C D 

D
a
y
 4

0
 
 
 
 
 
 
D

a
y
 2

0
 
 



Fang L, et al. / Neural Regeneration Research. 2013;8(35):3306-3315. 

 3311 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This indicated that nerve tissue was attacked by pro- 

inflammatory molecules causing inflammatory responses 

in the model mice. Bushen Yisui Capsule treatment sig-

nificantly inhibited pathological changes as only mild or 

moderate inflammatory cell infiltration was observed and 

sleeve-like changes were significantly reduced. These 

findings indicated the effect of intervention inflammation 

in Bushen Yisui Capsule. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of Bushen Yisui Capsule on APP expression in 

the brain and spinal cord of EAE mice 

It was recently reported that APP is deposited in the 

brain, spinal cord
[25] 

and cerebrospinal fluid
[26] 

of mul-

Table 4  Effect of Bushen Yisui Capsule on the number of amyloid precursor protein positive cells (n/20 × magnification) in 
the brain and spinal cord of experimental autoimmune encephalomyelitis mice  

Group  
Brain  Spinal cord 

20 days after immunization 40 days after immunization 20 days after immunization 40 days after immunization 

Normal  31.45±19.24 33.57±18.55 3.12±1.96 3.50±1.51 

Model  44.63±26.60b 62.53±34.16b 6.19±3.23b 5.90±3.93a 

Hormone  45.18±27.50b 59.75±31.50b 3.63±2.34d 4.95±2.75 

Bushen Yisui Capsule 

medium-dose  

38.13±20.81 52.76±30.19bc 2.80±2.31d 4.16±2.15c 

 
Data for immunofluorescence detection are expressed as mean ± SD. There were 10 mice in the normal, hormone, and Bushen Yisui Capsule 

medium-dose groups, and nine mice in the model group. Differences between the groups were compared using one-way analysis of variance.  
aP < 0.05, bP < 0.01, vs. normal group; cP < 0.05, dP < 0.01, vs. model group.  

Table 5  Effect of Bushen Yisui Capsule on the number of microtubule-associated protein 2 positive cells (× 102 μm2/40 × 
magnification) in the brain and spinal cord of experimental autoimmune encephalomyelitis mice  

Group  
Brain  Spinal cord 

20 days after immunization 40 days after immunization 20 days after immunization 40 days after immunization 

Normal  35.27±14.64 39.21±17.81 49.27±23.61 50.52±19.01 

Model  27.97±14.19b 31.79±11.69b 34.27±14.37b 41.09±10.71a 

Hormone  29.47±12.54b 35.85±17.89 45.04±21.96c 46.87±19.27 

Bushen Yisui Capsule 

medium-dose 

31.51±14.80 37.54±18.73c 47.38±21.96d 47.85±20.74 

 
Data are expressed as mean ± SD. There were 10 mice in the normal, hormone, and Bushen Yisui Capsule medium-dose groups, and nine mice 

in the model group. Differences between groups were compared using one-way analysis of variance. aP < 0.05, bP < 0.01, vs. normal group; cP < 

0.05, dP < 0.01, vs. model group. 

Figure 4  Bushen Yisui Capsule reduced microtubule- 
associated protein 2 (MAP-2) expression in the brain of 
experimental autoimmune encephalomyelitis mice 

(immunofluorescence staining, fluorescence microscope). 

At day 20 after immunization, MAP-2 expression in the 
model group (B) of mice was significantly decreased 

compared with the normal group (A), while the expression 
level in the Bushen Yisui Capsule medium-dose (D) and 
hormone (C) groups was significantly increased 

compared with the model group. Change in expression 
level at day 40 was similar to that at day 20. Fluorescent 
staining was fluorescein isothiocyanate (FITC) (green) 

and cell nuclei were stained blue by 4′,6-diamidino-2- 
phenylindole (DAPI). Scale bars: 100 μm. 

 

Figure 5  Bushen Yisui Capsule reduced microtubule- 
associated protein 2 (MAP-2) expression in spinal cord of 
experimental autoimmune encephalomyelitis mice 
(immunofluorescence staining, fluorescence microscopy). 

At day 20 after immunization, MAP-2 expression in the 
model group (B) of mice was significantly increased 
compared with the normal group (A), while expression 
levels in the Bushen Yisui Capsule medium-dose (D) and 

hormone (C) groups was significantly decreased 
compared with the model group. Change in expression 
level at day 40 was similar to that at day 20. Fluorescent 

staining was fluorescein isothiocyanate (FITC) (green) 
and cell nuclei were stained blue by 4′,6-diamidino-2- 
phenylindole (DAPI). Scale bars: 25 μm. 
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tiple sclerosis patients, as well as in the brain and 

spinal cord of EAE animals
[27-30]

. In this study, the 

number of APP positive cells in the brain and spinal 

cord of EAE mice was significantly higher than the 

normal group at day 20 after onset (acute phase), and 

the number continued increasing up to day 40 (remis-

sion phase). This can be explained by the attack of 

immuno-inflammatory factors on the brain and spinal 

cord, which produced axonal degeneration, shown as 

axonal swelling, rupture and disintegration
[31-33]

. APP is 

a fast reactive protein, and accumulates in the axonal 

transport damaged area. After Bushen Yisui Capsule 

administration, APP content in the mouse brain and 

spinal cord was significantly decreased. This evidence 

shows that Bushen Yisui Capsule ameliorated axonal 

injury, and that its effect was related to a reduction of 

inflammatory responses. A preliminary study found that 

Bushen Yisui Capsule had a regulatory role on lym-

phocyte subsets CD4
+
, CD8

+
, CD4

+
/CD8

+
 ratio

[34-36]
, 

Th1/Th2 ratio
[37]

 in peripheral blood, brain and spinal 

cord, as well as peripheral blood natural killer cells
[34, 36, 

38] 
in EAE animals. 

 

Effect of Bushen Yisui Capsule on MAP-2 expression 

in the brain and spinal cord of EAE mice 

Because MAP-2 is extremely sensitive to cerebral 

ischemia, MAP-2 expression is rarely observed at the 

ischemic center, and is selectively increased in intact 

neurons and at the ischemic penumbra, which corres-

ponds to neuronal recovery
[39]

. At present, existing stu-

dies focused on the role of MAP-2 in cerebral ischemic 

diseases, while little evidence is available in multiple 

sclerosis and EAE. A previous study found that MAP-2 

expression in rat brain and spinal cord was decreased 

during the EAE remission phase
[40]

. In this study, MAP-2 

expression levels in the brain and spinal cord were sig-

nificantly downregulated in the model group at day 20 

after onset (acute phase), compared with the normal 

group. This suggests that the cell cytoskeleton was de-

graded causing neuronal death. At day 40 (remission 

phase), MAP-2 expression levels were increased slightly, 

possibly due to self-repair functions, however, this re-

covery mechanism was insufficient to repair damaged 

nerve tissue. After Bushen Yisui Capsule administration, 

MAP-2 content in the mouse brain and spinal cord was 

significantly increased, indicating that this drug promotes 

MAP-2 synthesis and neuronal restoration. 

 

In summary, Bushen Yisui Capsule has neuroprotective 

effects on EAE mice, can improve clinical symptoms of 

EAE animals, lower neurological function scores, reduce 

the morbidity and mortality rate, prolong the latency, 

reduce disease severity, shorten the duration and pro-

mote their recovery, as well as reduce myelin and axon 

injury. 

 

 

MATERIALS AND METHODS 

 

Design 

A randomized controlled animal experiment. 

 

Time and setting 

Experiments were performed at Encephalopathy Labor-

atory, School of Traditional Chinese Medicine, Capital 

Medical University, China from April to November 2012. 

 

Materials 

Animals 

Female C57BL/6 mice, aged 6–8 weeks, weighing 18– 

22 g, of specific pathogen free grade, were provided by 

Beijing Vital River Laboratory Animal Technology Co., Ltd. 

(Beijing, China) with license No. SCXK (Jing) 2006-0009. 

Animals were housed in the Experimental Animal Center 

of Capital Medical University, China (license No. SYXK 

(Jing) 2010-0020), at 20–25°C, 20–25% humidity, under 

8-hour light per day. The disposal of experimental ani-

mals was in accordance with the Guidance Suggestions 
for the Care and Use of Laboratory Animals, issued by 

the Ministry of Science and Technology of China
[41]

. 

 

Drugs 

Bushen Yisui Capsule was provided by Beijing ASIA- 

EAST Biopharmaceutical Co., Ltd. (Drug Approval No. Lin 

10003), and consisted of rehmannia dried rhizome, pre-
pared rhizome of rehmannia, Bulbus Fritillariae Thunbergii, 
Herba Leonuri, Hirudo and Scorpio. Prior to its use, the 

capsule shells were removed and the powder was dis-

solved in saline to prepare a suspension. 

 

Prednisone tablets (5 mg) were provided by Tianjin Pa-

cific Pharmaceutical Co., Ltd., Tianjin, China (Drug Ap-

proval No. H33021207). Prior to their use, prednisone 

tablets were dissolved in physiological saline to prepare 

a suspension. 

 

Methods 

Preparation of active, chronic, non-remitting EAE 

models 

Active, chronic non-remitting EAE models were estab-

lished in C57BL/6 mice using MOG35–55 immuniza-

tion
[42]

. The mice were subcutaneously injected with the 

following reagents into four points in the back: 0.2 mL 

antigen (Beijing Scilight Biotechnology Co., Ltd., Bei-
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jing, China) containing 50 μg MOG35–55 peptide (amino 

acid sequence: MEVGWYRSPFSRVVHLYR NGK) and 

100 μL complete Freund’s adjuvant (Sigma, St. Louis, 

MO, USA) containing 2 mg/mL inactivated mycobacte-

rium tuberculosis H37Ra (Difco Laboratories, Franklin 

Lakes, NJ, USA). Each mouse was intraperitoneally 

injected with pertussis toxin (Sigma) 25 mg/kg on the 

day of immunization and the day after immunization, to 

induce EAE. Mice in the normal group were injected 

with an equal volume (0.2 mL) of saline. The success 

of the model is determined upon observation of clinical 

symptoms and signs, such as tail dystonia, gait insta-

bility, hind limb paralysis, complete paralysis and death. 

Neurological function scores were then evaluated
[43-44]

, 

and mice in the acute phase were recorded as a mean 

of eight points. The brain and spinal cord were ana-

lyzed for inflammatory cell infiltration and sleeve-like 

changes by hematoxylin-eosin staining under a light 

microscope. 

 

Drug treatment 

On day 1 after immunization, mice in high-, medium- and 

low-dose groups were given Bushen Yisui Capsule sus-

pension at 6.47, 3.34 and 1.62 g/kg orally, once per day, 

for 40 days. The normal group and model group were 

administered with normal saline (0.2 mL). In the hormone 

group, mice were given normal saline (0.2 mL) for 8 days, 

and then changed to prednisone 5 mg/kg orally, once per 

day, for 40 days, after the detection of neurological func-

tion was complete. Mice were observed and weighed 

daily and neurological function scores were recorded. On 

day 40 after immunization, body weight, neurological 

score, incidence, mortality, latency and duration were 

analyzed. 

 

Neurological function score 

Weaver’s 15-point neurological function scale was used to 

assess neurological function: tail activity is divided into 

three levels and limb activity is divided into four levels; the 

final scores are obtained by accumulating points. Tail: 0 

point, asymptomatic; 1 point, tail tension reduces or tail 

distant paralysis; 2 points, tail complete paralysis; limbs: 0 

point, asymptomatic; 1 point, gait instability; 2 points, limb 

hemiparesis, limbs drag when walking; 3 points, complete 

paralysis of limbs, limb valgus when walking. The tail and 

limb paralysis was evaluated and the total scores were 

obtained by accumulating scores. Death was recorded as 

15 points
[46-47]

 (supplementary Figure 1 online). 

 

Specimen harvesting and pathological detection of 

spinal cord  

On days 20 and 40 after immunization, specimens were 

harvested. In brief, mice were immediately anesthetized 

with 10% chloral hydrate and the brain and spinal cord 

were removed. Then specimens were fixed in paraformal-

dehyde, dehydrated, embedded in paraffin, and cut into 

serial slices using a microtome. Slices were stained with 

hematoxylin-eosin and pathological changes were ob-

served under an optical microscope (Nikon, Tokyo, Japan). 

 

Immunofluorescence detection of APP and MAP-2 

expression in mouse brain and spinal cord 

The brain and spinal cord were formalin-fixed, conven-

tionally dehydrated, embedded in paraffin, and cut into 

serial sections. The sections were dewaxed, rinsed with 

PBS three times for 3 minutes, and boiled with citric acid 

at 95°C for 20 minutes. Then sections were cooled to 

30°C, rinsed with PBS three times for 3 minutes, and 

blocked with 10% goat serum at 37°C for 60 minutes. 

Subsequently, sections were incubated with rabbit anti- 

mouse APP antibody (1:50; Abcam, Cambridge, UK) and 

rabbit anti-mouse MAP-2 antibody (1:50; Boaosen, Bei-

jing, China) at 4°C for 48 hours. After 37°C rewarming for 

60 minutes and three PBS washes for 10 minutes, sec-

tions were incubated with fluorescein isothiocyanate 

(FITC)-labeled goat anti-rabbit IgG (1:70) and Alexa 

Fluor488 FITC-labeled goat anti-rabbit IgG (1:200; Jack-

son Company, Jackson, MS, USA) at 37°C for 60 minutes. 

After incubation, sections were rinsed with PBS three 

times for 10 minutes and with distilled water twice for     

5 minutes, then mounted with 

4′,6-diamidino-2-phenylindole (DAPI)-Fluoromount-G, and 

stored at 4°C.    

 

Finally, sections were observed under a Leica DM4000B 

fluorescence microscope (Leica, Solms, Germany). The 

image analysis was performed using Leica Qwin analysis 

software (Leica). Eighteen fields of view were randomly 

selected from each brain and spinal cord section and the 

number of APP-positive cells (20 × magnification) and the 

area of MAP-2 positive cells (40 × magnification) were 

measured. 

 

Statistical analysis 

Data were expressed as mean ± SD. For statistical 

analysis, quantitative data were subjected to normality 

test. One-way analysis of variance was applied for the 

normal distribution. Difference between groups was 

compared using chi-square test. All statistical analysis 

was performed using SPSS 11.5 software (SPSS, Chi-

cago, IL, USA). 

 

Research background: Multiple sclerosis is pathologically 

characterized by immune inflammation-induced demyelination 
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and axonal injury. In particular, axonal injury is the contributing 

factor for progressive aggravation of neurological dysfunction in 

patients with multiple sclerosis. 

Research frontiers: Preliminary study results of our research 

group suggested that based on conventional therapy, Bushen 
Yisui Capsule given to multiple sclerosis patients during the 

acute exacerbation period could effectively improve neurologi-

cal symptoms and reduce side effects caused by hormone 

treatment. During remission period, Bushen Yisui Capsule ad-

ministration for more than 6 months reduced disease recur-

rence and delayed disease progression. 

Clinical significance: Bushen Yisui Capsule is a potential 

treatment for multiple sclerosis and related neurodegenerative 

diseases, and is expected to be used in the clinic. 

Academic terminology: Experimental autoimmune encepha-

lomyelitis is mediated by specifically sensitized CD4+ T cells, 

and is an autoimmune disease characterized by mononuclear 

cell infiltration and myelin loss around small blood vessels in the 

central nervous system, and is widely recognized as an animal 

model for human multiple sclerosis. 

Peer review: This study aims to evaluate the effect of Bushen 
Yisui Capsule on improving the clinical symptoms of experi-

mental autoimmune encephalomyelitis disease and the poten-

tial mechanisms from the perspective of axonal injury and re-

generation. Experimental findings indicate that Bushen Yisui 
Capsule reduce myelin and axonal damage, and promoted 

neuronal regeneration.  
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