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Suppression of MIF-induced neuronal apoptosis 
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Abstract
Fufang Danshen (FFDS or Compound Danshen) consists of three Chinese herbs Danshen (Salviae miltiorrhizae radix et rhizome), 
Sanqi (Notoginseng radix et rhizome) and Tianranbingpian (Borneolum, or D

1-42, which was associated with the MIF-induced increased 

D-galactose- and AlCl3-induced AD mouse model, administration of the FFDS composite 
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Introduction
Alzheimer's disease (AD) is a chronic neurodegenerative dis-
ease with the pathological hallmarks of neuritic plaques and 

million people worldwide[1]

[2] -

[3]

-

in hippocampal neurons in vivo following acute excitotoxic 
-

mation and neuronal death

[5]
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 c 
-

 c following death signaling

[7]

-

proximal death and survival signals and results in the activa-

 c and caspase-9 to mediate 

the ultimate apoptotic death of neurons in AD
-

etc

donepezil, rivastigmine, galantamine, and memantine, have 

limitations and even adverse effects, such as stroke, vomiting, 
diarrhea, and insomnia, exist[9] -

-
-

-

-
-

Salvia miltiorrhiza (Danshen, Salviae miltiorrhizae radix 
et rhizome) (Latin

Polygala tenuifolia 
Acorus tatarinowii 
Alpinia oxyphylla 
Uncaria rhynchophylla 

Salviae miltiorrhizae radix et rhizome), 
Notoginseng radix et rhizome -

neolum, or D

[10]

from Panax notoginseng

potential, and suppressing stress-activated mitogen-activated 
[11]

Salvia miltior-
rhiza

[12]

transcription and translation[13]

apoptosis
[15]

[17] -

-

-

-

Figure 1.  The structures of the components of Fufang Danshen illustrated 
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[19] -

signaling[20]

[21]

-

-
[22]

[23] 
-
-

Materials and methods
Computational prediction methods
Databases and software

-

Construction of the AD-associated protein-protein interaction 
network

protein interaction network were constructed using the soft-
-

-

protein–protein interaction network was constructed and dis-

-

-
-

descriptions and relationship annotations were represented 

Relationship between the components of FFDS and the relevant 
proteins

-

-

-

Establishment of the AD-associated FFDS composition-related 
PPIN

-

Prediction of the possible AD-related targets of the FFDS 
components

-

Experimental validation methods
Reagents

-
-
-

3 was 
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-

Experimental equipment

2

-
etc

1-42 oligomer

MIF solution preparation
-

Preparation of the solutions containing the effective components 
of FFDS and their combination

-

Cell culture and treatments

-
-

2

-

MTT assay
-

detected at 570 nm using the microplate spectrophotometer 

-

Flow cytometry to assess apoptosis

-
g
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Western blotting

-
-

-
-

Construction of the AlCl3- and D-gal-induced mouse model and 
treatment

(n 3

3 and D-gal were dissolved in sterile saline, whereas 

-1 -1
3 (10 

-1 -1) for 90 d, whereas the mice in the control group 

-1 -1) was 

-1 -1 -1 -1) and 
-1 -1

and the model group were treated with the same volume of 

Animals were treated according to the guidelines of the 

conducted in accordance with the standard guidelines for the 
-

Morris water maze test

-
[22]

each training trial, a mouse was placed into the water maze at 
one of four determined locations and released, allowing the 

-

ELISA assay

from mice and centrifuged (12 000 rounds per minute, 10 min) 
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Nissl staining

-

-
ing neuronal cells was counted in a 1-mm length of the middle 

Statistical analysis

t-test for 
P

Results
Alzheimer’s disease-associated FFDS composition-protein-
protein interaction network

-

-

etc

etc
etc

-
ie

-

-

-

etc[25]

could control the progression of AD through the involvement 
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Table 1.  Compound Danshen components and their related proteins and the degrees of their proteins in the Compound Danshen component related 
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Effects of phosphorylation of Bad on MIF-stimulated SH-SY5Y 
cells

Figure 2.  
Here, the FFDS components, their related primary proteins and the secondary interacting proteins are displayed by a yellow triangle, a purple dot and a 

Table 2.

Name Degree Name Degree Name Degree Name Degree

ATF2 4 TUBB 3 CUL1 1
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t -
ment for 20 min led to a significant decrease in the growth 

-

-

Effects of the FFDS components on MIF-induced apoptosis in SH-
SY5Y cells

-

-

-

-

-

Effect of the FFDS composition in mice with AD induced by both 
AlCl3 and D-gal

Figure 3.  
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Figure 4.  

*P **P ***P
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3 and D-gal was 

groups showed evidence of cognitive repair compared to the 

-

less time in the target quadrant than the normal group, while 

-

3 -

-

Discussion
Analysis of the AD-related FFDS composition PPIN

-

Figure 5.  
(***P

***P **P
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Figure 6.  

easily cross into the cytoplasm, indicating that the cells were in the early phase of apoptosis and showing similar apoptotic effects as treatment with 

1-42 1-42
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-

AD pathogenesis

[27]

, whereas 
-

[29] -

[30]

associated with AD[31]

[32]

transduction cascades are disrupted in AD as a consequence 

-
[33]

Figure 7.  
and memory impairment of double AlCl3- and D-gal-induced AD 

of time spent in the target quadrant to the total time in the probe 

the mean±SD, #P ##P
*P **P nsP
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 c 
-

 

[35]

-

-

-

[37]

-
-

-

-
scription) signaling cascade

-
-

-

[39]

-

-
[39]

-

-
chondria, making the mitochondria more prone to detrimental 
autophagic clearance

-
-
-

Figure 8.  Effect of the FFDS composition on neuronal protection of the 

3- and D-gal-

length of the middle portion of the hippocampal CA1 region and the 
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pathogenesis of septic shock, arthritis, and other inflamma-
-

[20]

[19]

-

-
 c release, and apoptosis of the 

cell

-
-

further showed a comprehensive protective effect against 

-

-

Phosphorylation of Bad in MIF-induced SH-SY5Y cells

-

-

-

-

-

-

Role of the combination of the effective components of FFDS in 
MIF-induced apoptosis in SH-SY5Y cells and in AlCl3 and D-gal- 
induced mice

generation in AD pathogenesis

 

 
homeostasis deregulation and apoptotic neuronal death

 c 

-

these latter proteins to promote cell survival

[50]

[51], 

-
 promoted apoptosis 

-

 
-
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[52]

-

3

the mechanisms of AD and for drug screening[53], which are 
-

ing apoptosis and oxidative stress
3

-

-

was removed increased, and the proportion of the time spent 

3 -

3 -

3- and D-gal-induced model mice, showing 

-
-
-

3- and D-gal-induced 

Conclusion

of chemicals, in which a group of effective constituents might 
est-

-

estern 
medicine compounds, whereas the latter is often comprised 

-
nents, multiple targets and multiple functions, which is dif-

-

-

-

-

3 and D-gal, not 

-
position on hippocampal neurons in mice with AD induced 

3

3
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