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ABSTRACT

Objectives : Sagunja-Tang is a famous prescription used in Korean medicine for the purpose of promoting vital energy,
and there are few studies using Sagunja-Tang on cerebrovascular diseases yet. As previous studies confirmed that
Sagunja-tang is highly likely to be used effectively for stroke, this study was intended to predict the mechanism
through which Sagunja-tang would act effectively on stroke.

Methods : In this study, a network pharmacology analysis method was used, and oral bioavailability (OB), drug
likeness (DL), Caco-2 and BBB permeability were utilized to select compounds with potential activity. For the values
of each variable used in this study, OB > 30%, DL > 0.18, Caco-2 > 0, and BBB > 0.3 were applied. Using the
above variables, the relations between target genes and diseases that are presumed to be involved in the selected
bioavailable compounds were constructed in a network format, and proteins thought to play a major role were
identified.

Results : Among the compounds included in Sagunja-Tang, 26 bioavailable compounds were selected and it was
confirmed that these compounds can be effectively used in cerebrovascular diseases such as Alzheimer's disease and
stroke. These compounds are considered to act on proteins related in cell death and growth. The most important
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mechanism of action was predicted to be apoptosis, and the protein that is thought to play the most key action in

this mechanism was caspase-3.
Conclusions :

In our future study, Sagunja-Tang will be used in an ischemic stroke mouse model, and the mechanism

of action will be explored focusing on apoptosis and cell proliferation.

Key words : Donguibogam, ischemic stroke, neuroprotection, apoptosis.
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Table 1. Bioavailable compounds of each medicinal herb which consists Sagunja-Tang.

Ginseng Radix

Mol ID Molecule Name MW OB (%) Caco-2 BBB DL
MOL000449 Stigmasterol 412.77 43.83 1.44 1 0.76
MOL000358 Beta—sitosterol 414.779 36.91 1.32 0.99 0.75
MOL003648 Inermin 284.28 65.83 0.91 0.36 0.54
MOL005308 Aposiopolamine 271.34 66.65 0.66 0.4 0.22
MOL005320 Arachidonate 304.52 45.57 1.27 0.58 0.2
MOL005321 Frutinone A 264.24 65.9 0.89 0.46 0.34
MOL005356 Girinimbin 263.36 61.22 1.72 1.22 0.31
MOL005399 Alexandrin_qt 414.79 36.91 1.3 0.88 0.75
Atractylodis Rhizoma Alba

MOL000028 a —Amyrin 426.8 39.51 1.42 1.28 0.76
MOL000033 (35,85,9S,10R,13R,14S,17R)~10,13~dimethyl-  428.82 36.23 1.45 1.09 0.78

17-[(2R,5S)-5-pro an—Z—yloctan—Z—yl]—ZY,3,

4,7,8,9,11,12,14,15,16,17-dodecahydro- 1H-cy
clopentala]phenanthren—3-ol

MOL000049 3 B —Acetoxyatractylone 274.39 54.07 1.13 1.08 0.22
MOL000072 8 B —Ethoxy atractylenolide 1T 276.41 35.95 1.08 1.12 0.21
Poria Sclerotium

MOL000282 Ergosta—7,22E—dien—3beta—ol 398.74 4351 1.32 0.91 0.72
MOL000283 Ergosterol peroxide 430.74 40.36 0.84 0.34 0.81
MOL000296 Hederagenin 414.779 36.91 1.32 0.96 0.75
Glycyrrhizae  Radix et Rhizoma

MOL001484 Inermin 284.28 75.18 0.89 0.4 0.54
MOL002565 Medicarpin 270.3 49.22 1 0.53 0.34
MOL000359 Beta-sitosterol 414.79 36.91 1.32 0.87 0.75
MOL003896 7-Methoxy—2-methyl isoflavone 266.31 42.56 1.16 0.56 0.2
MOL004806 Euchrenone 406.56 30.29 1.09 0.39 0.57
MOL004833 Phaseolinisoflavan 324.4 32.01 1.01 0.46 0.45
MOL004838 8-(6-Hydroxy-2-benzofuranyl)-2,2-dimethyl ~ 308.35 58.44 1 0.34 0.38

—S—Chromeno%,
MOL004891 Shinpterocarpin 322.38 80.3 1.1 0.68 0.73
MOL004908 Glabridin 324.4 53.25 0.97 0.36 0.47
MOL004910 Glabranin 324.4 52.9 0.97 0.31 0.31
MOL004959 1-Methoxyphaseollidin 354.43 69.98 1.01 0.48 0.64
MOL004966 3'-Hydroxy—4'-O—-Methylglabridin 354.43 4371 1 0.73 0.57
MOL004974 3'-Methoxyglabridin 354.43 46.16 0.94 0.47 0.57
MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyra  338.43 36.21 1.12 0.61 0.52
nol6,5-flchromen—3-yl]-5-methoxypheno

MOL004985 Icos—5—enoic acid 310.58 30.7 1.22 1.09 0.2
MOL004988 Kanzonol F 420.54 32.47 1.18 0.56 0.89
MOL004996 Gadelaidic acid 310.58 30.7 1.2 0.94 0.2
MOLO005003 Licoagrocarpin 338.43 58.81 1.23 0.61 0.58
MOL005018 Xambioona 388.49 54.85 1.09 0.52 0.87
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Table 2. Biological processes and signaling pathways associated with the targets of Sagunja-Tang

Biological ~ Process

GO-term Description FDR

GO:1904017 Cellular  response to thyroglobulin triiodothyronine 0.0024

GO:0007197 Adenylate  cyclase—inhibiting g protein—coupled acetylcholine receptor signaling 1.12E-09
pathway

GO:0060748 Tertiary  branching involved in mammary gland duct morphogenesis 0.0037

G0O:0032227 Negative  regulation of synaptic transmission, dopaminergic 0.0037

GO:0007207 Phohspholipase c—activating g protein—coupled acetylcholine receptor signaling 0.0037
pathway

Molecular  Function

GO:0004666 Prostaglandin—endoperoxide  synthase activity 0.0047
GO:0051380 Norepinephrine  binding 0.00019
GO:0016907 G protein—coupled acetylcholine receptor activity 9.69E-08
GO:0005334 Norepinephrine:sodium  symporter activity 0.0068
GO:0004939 Beta—adrenergic  receptor activity 0.0068

Cellular ~ Component

GO:0097124 Cyclin = a2-cdk2 complex 0.004
GO:0097444 Spine  apparatus 0.0058
GO:0044294 Dendritic  growth cone 0.018
GO:0031264 Death—inducing  signaling complex 0.018
GO:0098981 Cholinergic  synapse 0.0199

KEGG Pathways

Pathway Description FDR
hsa04215 Apoptosis  — multiple species 8.23E-08
hsa05216 Thyroid  cancer 3.41E-06
hsa00360 Phenylalanine  metabolism 0.0063
hsa05222 Small  cell lung cancer 2.02E-10
hsa05030 Cocaine  addiction 1.08E-05
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Fig. 1. A schematic diagram of pharmacological network analysis of the potential pharmacological mechanisms

of Sagunja—Tang.
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Fig. 2. The herbal medicine-bioavailable compound network of Sagunja—Tang. Green nodes are

medicines; blue nodes are bioavailable compounds.
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Fig. 3. The bioavailable compound-target gene network of Sagunja-Tang. Blue nodes are bioavailable

compounds; green nodes are target genes. Target genes with many edges to the compounds were

placed inside.
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Fig. 4. The bioavailable compound-related disease network of Sagunja—Tang. Blue nodes are bioavailable
compounds; red nodes are related diseases. Related diseases with many edges to the compounds were

placed inside.
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Fig. 5. The protein—protein interaction network for the potential targets of Sagunja—Tang. Nodes are target

proteins. The thickness of the edge indicates the strength of interaction.
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Fig. 6. The targets of Sagunja—Tang mapped on the apoptosis pathway (hsa04215). Through KEGG analysis, it
was confirmed that Sagunja—tang could be involved in apoptosis in several species. The enlarged

rectangle box presented below shows the main mechanisms action of Sagunja—Tang in mammals.
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