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Basic network pharmacological analysis of Salvia miltiorrhiza root for
further application to an animal stroke model

Choi Myeongjin'’, Yang Wonjin!’, Lee Byoungho?, Cho Suin'*

'School of Korean Medicine, Pusan National University

’Tnju Hospital of Korean Medicine

ABSTRACT

Objectives : The root of Salvia miltiorrhiza, known as ‘Dansam (DS, f12), is used for and treating cardiovascular diseases
based on its efficacy of promoting blood circulation and breaking through a blood stasis. In this study, we would like to
see if DS could be effectively used for stroke from the perspective of network pharmacology.

Methods : The analysis was conducted using Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP) database to derive the main active compounds of DS and identify the mechanism of each compound
acting on the human body. The networks between compounds, target protein and disease were expressed through
Cytoscape. Protein-protein interaction (PPI) analysis was performed using STRING database.

Results : Fifty two active compounds of DS were identified by screening the ingredients of DS through TCMSP. Based on
the networks of these compounds with target protein and disease, it can be said that DS might be effective for
preventing and treating stroke. PPl result showed that adrenergic receptor has many interactions among proteins,
indicating its significance in stroke pathway.

Conclusion : In this study, we derived target proteins and target diseases of DS that could be used in study of stroke.
However, since it is uncertain if these targets can be controlled by DS extracts or not, we would like to confirm the
results with further animal experiments.

(c) 2021 The Korean Medicine Society For The Herbal Formula Study
This paper is available at http://www.formulastudy.com which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
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Table 1. List of potentially bioactive compound of Dansam (DS) from TCMSP database.

Mol ID Compound MW OB Caco—2 BBB DL
MOL001601 1,2,5,6 —tetrahydrotanshinone 280.34  38.75 0.96 0.39 0.36
MOL001659 Poriferasterol 412.77  43.83 1.44 1.03 0.76
MOLO001771 poriferast—5—en—3beta—ol 414.79 36.91 1.45 1.14 0.75
MOL001942 isoimperatorin 270.3 45.46 0.97 0.66 0.23
MOL002222 sugiol 300.48 36.11 1.14 0.7 0.28
MOL000263 oleanolic acid 456.78  29.02 0.59 0.07 0.76
MOL002651 Dehydrotanshinone II A 292.35  43.76 1.02 0.52 0.4
MOL006824 a—amyrin 426.8 39.51 1.37 1.2 0.76
MOL007036 5’6_d‘hy3df %?gyg(;ﬁgﬁ;gfgfle_nl_’i__?gethy1_2’ 298.41  33.77  1.19 0.8  0.29
MOL007038 Dehydromiltirone 280.39  24.57 1.14 0.74  0.26
MOLO007041 2—isopropyl—8—methylphenanthrene—3,4—dione 264.34  40.86 1.23 0.81 0.23
MOL007045 3a—hydroxytanshinone Il a 310.37 44.93 0.53 0.22 0.44
MOL007046 3beta—Hydroxytanshinone ITA 310.37  20.53 0.48 —0.13  0.45
MOL007049 4—methylenemiltirone 266.36  34.35 1.25 0.87 0.23

(4bS,8aS,10S) —10—hydroxy —2—isopropyl—4b,8
MOL007054  ,8—trimethyl—>5,6,7,8a,9,10—hexahydrophena  316.48  26.25 0.41 —0.06 0.31
nthrene—3,4—dione
MOL007058 formyltanshinone 290.28 73.44 0.54 —-0.28 042
MOLO007061 Methylenetanshinquinone 278.32 37.07 1.03 0.46 0.36
MOL007064 przewalskin b 330.46 110.32 0.34 0.22 0.44
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MOLO007065
MOL007069
MOL007077
MOL007079
MOL007081
MOL007082
MOL007084
MOL007085
MOL007088
MOL007091
MOL007092
MOL007093
MOL007094
MOL007098
MOL007099
MOL007100
MOL007101
MOL007105
MOL007107
MOL007108
MOL007111
MOL007112
MOL007115
MOL007118
MOL007119
MOL007120
MOL007121
MOL007122
MOL007123
MOL007124
MOL007125
MOL007126

MOL007127

MOL007128
MOL007143
MOL007144
MOL007145
MOL007146
MOL007149
MOL007153
MOL007154
MOL007156
MOL007157

przewalskin ¢
przewaquinone ¢
sclareol
tanshinaldehyde
Danshenol B
Danshenol A
Aethiopinone
Salvilenone
cryptotanshinone
dan—shexinkum b
dan—shexinkum c

dan—shexinkum d

danshenspiroketallactone
deoxyneocryptotanshinone
dihydroisotanshinone I

dihydrotanshinlactone

dihydrotanshinone 1

epidanshenspiroketallactone

C09092

isocryptotanshi—none

Isotanshinone II
[sotanshinone 1
manool
microstegiol
miltionone I
miltionone II
miltipolone
Miltirone
miltirone II

neocryptotanshinone 1ii

neocryptotanshinone

przewalskin

paramiltioic acid
salvilenone I
salviol
salviolone
salvipisone
NSC 122421
Tanshilactone
tanshinone iia
tanshinone VI

tanshinone 1

1—methyl—8,9—dihydro—7H—naphtho[5,6 —g]be
nzofuran—=6,10,11—trione

330.51
296.34
308.56
308.35
354.48
336.41
296.44
292.4
296.39
280.34
252.28
336.41
282.36
298.41
278.32
266.31
278.32
284.38
286.5
296.39
294.37
276.3
304.57
298.46
312.39
312.39
300.43
282.41
272.32
270.35
314.41
272.42

280.29

332.43
270.4
302.5

268.38

312.44

300.48

264.29

294.37

296.34
276.3

20.34
55.74
43.67
52.47
57.95
56.97
21.02
30.38
52.34
21.67
22.71
38.88
50.43
49.4
20.91
38.68
45.04
68.27
36.07
54.98
49.92
29.72
45.04
39.61
49.68
71.03
36.56
38.76
44.95
39.46
52.49
25.18

34.72

25.92
32.43
24.31
31.72
25.03
34.49
25.11
49.89
45.64
29.27

1.07
0.42
0.84
0.57
0.53
0.33
1.26
1.46
0.95
0.83
0.75
0.67
0.88
0.85
0.92
1.26
0.95
0.9
1.63
0.93
1.03
1.01
1.28
1.05
0.35
0.62
0.5
1.23
0.04
0.76
0.35
1.24

0.5

0.05
1.13
0.95
1.04
0.92
1.08
1.26
1.05
0.48
1.05

0.69
-0.3
0.51
—0.07
0.11
—0.01
0.9
1.07
0.51
0.18
0.03
—0.15
0.51
0.24
0.2
0.81
0.43
0.61
1.54
0.34
0.45
0.19
1.16
0.99
—0.11
0.03
0.17
0.87
—0.25
0.16
—0.13
0.98

—0.27

—0.29
0.77
0.42
0.72
0.31
0.63
0.75

0.7

—0.28

0.53

0.35
0.4
0.21
0.45
0.56
0.52
0.21
0.38
0.4
0.26
0.21
0.55
0.31
0.29
0.36
0.32
0.36
0.31
0.25
0.39
0.4
0.36
0.2
0.28
0.32
0.44
0.37
0.25
0.24
0.23
0.32
0.28

0.37

0.37
0.23
0.28
0.24
0.24
0.28
0.32
0.4
0.3
0.36
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GiH

synihase
2

Fig. 1. Compound—target network of DS based on Table 1. Green circles (inner circles) represent the
compounds, while purple circles (outer circles) delineate the target proteins. The left circle
refers to the entire interactions of DS compound—target network. Important targets are
enlarged in the right rectangle.
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Fig. 2. Compound—disease network of DS. Green circle s (inner circles) stand for the compounds, while
red circles (outer circles) refer to the diseases. The left circle refers to the entire interactions
of DS compound—disease network. Important diseases are enlarged in the right rectangle.
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o] AE-AS VEST #4 243 F HASS @ lesion regression) o] A9E AA L Y-S I
Hol Q= AFS A A3, F 52F9] d3to] A etgleon, o5 3l FHaAd wHAZe] whike] &
MEQEE (Table 2), o1% Fal d=sfolmy, ¥4 Aoz Agd 5 Aee & 5 9
4+ (meningioma), %% 2 g3 "W (vascular
Table 2. Selected 52 diseases related to brain disease.
Target gene Nodes Target gene Nodes
Prostaglandin G/H synthase 2 45 Alpha—1B adrenergic receptor 24
) Beta—2 adrenergic receptor ‘ 35 Delta—type opioid receptor 24
Sodium channel parlg%ealn type 5 subunit 34 Dopamine D1 receptor o4
Mu—type opioid receptor 32 Carbonic anhydrase 1II 22
Muscarinic acetylcholine receptor M1 31 Muscarinic acetylcholine receptor M2 22
Neurglfl(?tleianc,egﬁfll)ig(ihélecéaeicneptor 31 Nuclear receptor coactivator 2 22
Alpha—1A adrenergic receptor 29 Androgen receptor 20
Nuclear receptor coactivator 1 29 Estrogen receptor 20
Muscarinic acetylcholine receptor M3 28 Thrombin 20
. - _ Gamma—aminobutyric acid receptor
Retinoic acid receptor RXR—alpha 28 subunit alpha—1 19
Prostaglandin G/H synthase 1 27 Alpha—1D adrenergic receptor 18
Muscarinic acetylcholine receptor M5 25 Muscarinic acetylcholine receptor M4 18
Acetylcholinesterase 24
2. STRING database& ©]€3 PPI network ¥ GO dxete BEds FH Ks), 2494 sdsie
B4 As gamma—aminobutyric acid receptor subunit alpha—1
—E}7l UEYIA & A3FL] WS 2} 2599 sl alpha—1D adrenergic receptor
HolE BlFle] AF9] ok 2090 et Blle A & FUrt #ASs Aldeitk 2 A3, muscarinic

3lod(Table 3), STRING databaseS 3l PPI network

(protein—protein interaction network)® F4&

=
Al tH(Fig. 3). L % 69l 333+ neuronal
acetylcholine receptor protein, alpha—7 chain¥}

2390l 3|33} thrombine® STRING databaseol A

alpha—1B adrenergic
receptor, alpha—1D adrenergic receptor, beta—2
adrenergic receptor® & wwlAEo] FA #gS

= Ao Uepdt,

acetylcholine receptor M1,

Table 3. List of targets with top 20% frequency of interaction at compound—target network.

Disease Interaction Disease Interaction Disease Interaction
. - Attention—deficit
Alzheimer's Disease 48 Migraine 24 hyperactivity disorder 5
. Motor neurone . .
Inflammation 47 disease 24 Delusional disorder 5
. Parkinson Disabling peak—dose
Meningioma 45 Disease 24 dyskinesias 5
Stroke 45 Shy—Drager 94 Gilles de la Tourette's 5
syndrome disorder
Vascular lesion S Neuroleptic malignant
regression 45 Brain injury 23 syndrome 5
.. .. Tremor, . .
Cognitive deficits 36 unspecified 22 Neurological diseases 5
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: : Cocaine .
Multiple Sclerosis 36 dependence 20 Psychiatric illness 5
Anxiety disorder, . .
unspecified 35 Gliomas 20 Dementia 2
Depression 35 Neuero(%esiirslgrs ativ 20 Brain ischemia 1
Parkinson's disease 35 Insomnia 19 Central éﬁ?;osléss system 1
Schizophrenia 35 Manic disorder 18 Delirium 1
Neurologic and Disorders of initiating
Epileptic seizures 34 psychiatric 18 and maintaining sleep 1
diseases [insomnias]
Adrenocorticotrop
- hic . .
Refractory partial . Hypothalamic—pituitary
p 34 hormone —secretin 10 - 1
epilepsy g pituitary ACTH function
tumors
Neuropsychiatric 31 Bipolar Affective 9 Mood [affective] 1
disorders Disorder disorders
Ischemia
Ischemia 27 reperfusion 6 Motor disorder 1
injuries
. Major Depressive Obsessive—compulsive
Thrombosis 25 Disorder 6 disorder 1
Hypoxic—ischemic . - S
encephalopathy 24 Vascular disease 6 Tardive dyskinesia 1

Fig. 3. PPI network constructed using STRING database. The edge between proteins means that the

two sides are known or predicted to have interaction.
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PPI network #4] A& ulgod GO #
BP, MF, CCdl & #&3}= A=2F A 2
Table. 4, 5, 63} Lt} BPel F= #ofd 7
protein—coupled T2 Ho3 A2
integral component of plasma membrane, plasma
membrane ¢l Ao ® YEtHHh o5& Fste] 1
Pz2 Uebd A3 Figure 49 2t}

phospholipase

modulating G protein—coupled receptor signaling

pathway, cellular response to endogenous stimulus &

C—activating G

signaling pathway, adenylate cyclase—

Table 4. GO analysis about biological process.

plasma

28 =3 ollom, MFo| 2 o3t A& G protein—coupled
= amine receptor activity, signaling receptor activity,
2= neurotransmitter receptor activity %°]%laL, CCel

membrane region,

GO term Description False Discovery Rate
G0:0008227 G protein—coupled amine receptor activity 2.42E—-11
GO:0038023 signaling receptor activity 1.08E—09
G0O:0030594 neurotransmitter receptor activity 1.18E-09
G0:0016907 G protein—coupled acetylcholine receptor activity 5.69E—-09
G0:0099528 G protein—coupled neurotransmitter receptor activity 2.40E-08
G0O:0004930 G protein—coupled receptor activity 1.42E—07
G0:0004888 transmembrane signaling receptor activity 3.08E—07
G0:0004935 adrenergic receptor activity 7.00E—06

Table 5. GO analysis about molecular function.

GO term Description False Discovery Rate
G0O:0098590 plasma membrane region 7.84E—10
G0O:0005887 integral component of plasma membrane 8.06E—07
G0O:0005886 plasma membrane 9.21E—-07
GO:0045211 postsynaptic membrane 4.08E—06
GO:0098794 postsynapse 5.53E—06
G0O:0045202 synapse 2.72E-05
G0O:0043679 axon terminus 5.74E-05
GO:0030054 cell junction 7.81E—-05

Table 6. GO analysis about cellular component.

False Discovery

GO term Description Rate
GO:0007200 phospholipase C—actllvatllng G protein—coupled receptor 9 99F—14
signaling pathway
GO:0007188 adenylate cyclase—m(.)dula.tlng G protein—coupled receptor 161E—12
signaling pathway
GO:0071495 cellular response to endogenous stimulus 3.36E—12
GO:0007267 cell—cell signaling 4.80E—11
GO:0070887 cellular response to chemical stimulus 5.31E—11
G0O:0006940 regulation of smooth muscle contraction 8.18E—11
GO:0071242 cellular response to ammonium ion 8.18E—11
G0O:0008015 blood circulation 3.12E-10
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phospholipase C-activating G protein-coupled receptor signaling pathway
adenylate cyclase-modulating G protein-coupled receptor signaling pathway
cellular response to endogenous stimulus

cell-cell signaling

cellular response to chemical stimulus

cellular response to ammonium ion

regulation of smooth muscle contraction

blood circulation

G protein-coupled amine receptor activity

signaling receptor activity

neurotransmitter receptor activity

G protein-coupled acetylcholine receptor activity

G protein-coupled neurotransmitter receptor activity
G protein-coupled receptor activity

transmembrane signaling receptor activity
adrenergic receptor activity

plasma membrane region

integral component of plasma membrane

plasma membrane

postsynaptic membrane

postsynapse

synapse

axon terminus

cell junction

GO Analysis

0 2 4 6 8 10 12 14 16

-Log(false discovery rate)

I Biological Process
[ Molecular Function
I Cellular Component

Fig. 4. GO term enrichment analysis about BP, MF, CC. GO categories for each function were

classified by descending order of value, based on the false discovery rate.
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