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ABSTRACT

Objectives : To explore the associated potential pathways and molecular targets of Hwangryunhaedok-tang(HHT) by the
approaches of network pharmacology and bioinformatics in traditional chinese medicine(TCM).

Methods : Hwangryunhaedok-tang constituent drugs(Coptidis Rhizoma, CR; Scutellariae Radix, SR; Phellodendri Cortex, PC;
Gardeniae Fructus, GF) and their processing types were searched from TCM systems pharmacology(TCMSP). The
databases of TCMSP, Kyoto Encyclopedia of Genes and Genomes(KEGG), MCODE and STRING were used to gather
information. The network of bioactive ingredients and target gene was constructed by Cytoscape software(version 3.8).
Results : A total of 94 HHT active compounds(CR, 12; SR, 35; PC, 33; GF, 14, respectively) were found, and HHT were
identified by TCMSP. Applications of KEGG and MCODE analysis indicates that total of 6 bioactive ingredients in the top
10% ranking were obtained and 32 diseases of HHT were screened. The molecular pathway analysis revealed that HHT
exerts cancer, inflammation and cerebrovascular diseases effects by acting on several signaling pathway. In addition, HHT
found that three genes(e.g. SPIN1, TRIM25, and APP) correlate with the aforementioned diseases.

Conclusions : This study showed that network pharmacology analysis is useful to elucidate the complex mechanisms of
action of HHT.

(c) 2020 The Korean Medicine Society For The Herbal Formula Study
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the original work is properly cited.

313



vigkete]s} WAl A] A28 44T (2020 117)
Herb. Formula Sci. 2020;28(4):313~325

Key words : Hwangryunhaedok-tang, traditional medicine, systems pharmacology, drug discovery.

1. A& 2 Aahed Bee we 5 Ano,
= =]

Az AzE e steld

groldtal o] }(traditional Chinese medicine, = AT Wylo] s o] g¥a Qow TV Ay
TCM)& =3tk 549 AEogE2 du 9go] 1 o &8 W AE AHH FT& o]fdt dY AP Ee=
HelE o] Sl @Al E A EEH 02 ALEE] gl e Ee avel FEshHel 2 7]
oj A a m= =y B (National Institutes AE FRlEhe & thde SHA FEo] A= &
of Health, NIH)NE &S He-dlA9]E} BE Fed = s EAS K Qo g
o 7o) M PsAE Asta Joem? A7l o =7} o|go| Aol AS xEdret e oF Ads &8
oA A8 A% FA Fagh 98-S g g ATe] o] Hx 5 sl Aokl Ate #E)

g AMGEE F8 A8 BT F s A, g3y AT et A AE A, AAAR] THA
ko Awh(herbal medicines formula) %2 315 o] SHolA: Fag s AY7] wZo] A2E
55 drshe vhdet oF A5 EFEH, o oFE|etyt dAE AT HokEe doRo] wef x4
g3t ZFE Fel= oy FFEEC] EFEH A= AT Hopll A mg- o] HE RoE AAEHEY
H?, 2 2SS Yehls BRES A S EYPER o]Fo ghoF 2o Jlde] &Este] A
7FedE A7l witel 4ol ZlgiEE okEY of T Ak g HAHgt weks AAE ¢ Qduhe
g4 EQ(F=Y &, X, a4 2 A )& AollA freldk SHE 7ML & AeR A7dn
aH3 e 7|HE BAE dart ot o3 2 oAToA A gido R AREEE S EE(FE
Ao AFEE = o] BARE T TCM A]2=El ok SEfREY, Hwangryunhaedok—tang, HHT)S @
SH(TCM systems pharmacology, TCMSP)o]&} &% (Coptidis Rhizoma, CR), #Z(Scutellariae Radix,
= A e "AE nlo]Y(text mining), EF SR), #AA(Phellodendri Cortex, PC) ¥ #&F(Gardeniae
2 g HELAE xFe o] PHS Tl & Fructus, GF)2 TA® HWo=z, REHEIAN=
A Age] digiA AmHAd AAqs= 28 VHS Ae(pE) Y HECkB T HE(ER = Jske
el A7 HHoR Ao R = GE-uA YE AA] BEslal Ze U FHol &8 v Wo] Al A
AAE T3 PHol F= ALEHT A S dAe] dE(#BZ)S vadyWEa

A e AFAEe] AFE s 4 T o st EOE gt BHFT H o8] $HFE X =3}
ek Bl B oolek #AAE oy BETH 2HES =l AFRENSE & stk
TAsHE AN 324 A4 oHRFE =7A F HT AT ARES AR, HHT= A83 2
=), VMEYA kst Aol &&3ta v &4 3 HEA, g 43, 9w, HRE 5 e &
WE &8st HH A SFE 2 324 As e Asshed AREEAEE, oleldt A% ES HHT
485 5T F 7] v AF dATE W] o] A °FAl59 CR, SR, PC ¥ GF %o % #
Aol Alxwl ksl o A RS oS53l #;o] g0l ' HER, U Y, &9, I+t
1241 A7 A5 2 &gFdoan A7 A5 W3 Zge] mart dojA Al e E& AASHEY

tThese authors contributed equally to this study.

«Corresponding author: Cho Suin. Division of Pharmacology, School of Korean Medicine, Pusan National University, 49,
Busandaehak—ro, Mulgeum—eup, Yangsan—si, Gyeongsangnam—do, 50612, Republic of Korea.
Tel : +82—-51-510—8457, E—mail : sicho@pusan.ac.kr

«#Corresponding author: Lim Jung Hwa. Department of Neuropsychiatry, School of Korean Medicine, Pusan National University,
49, Busandaehak—ro, Mulgeum—eup, Yangsan—si, Gyeongsangnam—do, 50612, Republic of Korea.
Tel : +82—-55-360—5979, E-mail : suede22@hanmail.net

*Received : September 23, 2020 / Revised : November 23, 2020 / Accepted : November 25, 2020

314



oAl ] 59l :
LEE et al,Network pharmacological analysis for exploration of the potential application of Hwangryunhaedok tang for brain dlseases

FERBBO M AT S 15 BAL AR MET IS 4

Ao AL Yo,
Ao M= UEHNT 4 UHs &4 6}04 HHT
d shok AF9E(CR, SR, PC, GF)¢ &4 &2

—‘:5_ ==,
A8 compound— target disease, CTD)%

I A= 2 3

1. HHT 74 A9 &4 &4 A2
Al2=®) AESE A-g dlolEfH|o] =2l Traditional
Chinese Medicine Systems Pharmacology(TCMSP)
& &8st HHTO 4 <Al CR, SR, PC
GFel B4 BAL §5 B o4 2 uae a9
slo] MWaRen], TCMSPIA ATaL ATAE
o Aol EAew aste] &8 5 = oY
= FolA] oral bioavailablhty(OB) Caco—2 Al

L 39 drug hkeness(DL)a 3

ol
=

H R
_1

2. HHT +4 33E°] ZA&3t= g8l I £4

TCMSPE o] &3t 7} &4 EHdeo] #gat= B
Ags HAste B3I eH, 7+ 4 FAE
S5l B T 9 10%0) XgE= A 7‘31%}%
AdEReih. ek g Ed3 AgE Alolo] WES A
= Cytoscape(version 3.7.1)& AFg3sle] 413} 3§
Atk

HHT®] 4 fA¢] e
e Fo uduEs
Genes and Genomes(KEGG, https://www.genome.jp/
kegg/), Minimal Common Oncology Data Elements
(MCODE, https://mcodeinitiative.org/)2} STRING
(https://string—db.org/)  ©lo]E{H]o] <483t
o A2 B4 ZA3E YEA

o

O
-

=

=

ol

391 10%
Kyoto

ol

Encyclopedia

1
of

=
S

o, Z3 %

1. TCMSP dlo|EHo]x

og 23 A

CR, SR, PC ¥ GF¢ &
Fe JEld 4 98 Ao dEE=
3}o] Table 19 YeER ™, Fig. 114 compound—
target molecule—disease(CTD) Alole] UEHAE
=2k epgivh e 24 =458 CR, SR, PC
9 GFe =M= 7217 12%F, 35%, 33% 2 14%0)
golE o™ (Table 1), Fig. 19142 CTD UEH=A
T8E T3l 7o AlEe] e AHE&E F
z+Z} 851, 2307,
gl=] AATH(Table 2).

|3 Ao oSH=

=
=

1:

o z) =

B F A9 10%0 sldst= EllEe] 2835k A
=2 sl A3} CR, SR, PC ¥ GFY =AW=
7}7} 283, 254, 313 2 30570F el (Table 2).

Table 1. List of compounds of constituent drugs selected through the TCMSP database.

Number Molecular ID Molecule name of compounds from CR MW OB (%) Caco—2 DL
1 MOL001454 Berberine 336.39 36.86 1.24 0.78
2 MOL013352 Obacunone 454.56 43.29 0.01 0.77
3 MOL002894 Berberrubine 322.36 35.74 1.07 0.73
4 MOL002897 Epiberberine 336.39 43.09 1.17 0.78
5 MOL002903 (R)—Canadine 339.42 55.37 1.04 0.77
6 MOL002904 Berlambine 351.38 36.68 0.97 0.82
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MOL000622 Magnograndiolide 266.37 63.71 0.02 0.19
MOL000785 Palmatine 352.44 64.6 1.33 0.65
MOL000098 Quercetin 302.25 46.43 0.05 0.28

10 MOL001458 Coptisine 320.34 30.67 1.21 0.86
11 MOL002668 Worenine 334.37 45.83 1.22 0.87
12 MOL008647 Moupinamide 313.38 86.71 0.55 0.26
Number Molecular ID Molecule name of compounds from SR MW OB (%) Caco—2 DL
1 MOL001689 Acacetin 284.28 34.97 0.67 0.24
2 MOL000173 Wogonin 284.28 30.68 0.79 0.23
3 MOL000228 (2R>_7_hydrgfoyn;a%__rgitgggy_Z_Dhenylc 270.3 55.23 0.87 0.2
4 MOL002714 Baicalein 270.25 33.52 0.63 0.21
5 MOL002908 5,8,2"'—trihydroxy—7—methoxyflavone 300.28 37.01 0.76 0.27
6 MOL002909 5,7,2,5—tetrahydroxy —8,6—dimethoxyflavone 376.34 33.82 0.35 0.45
7 MOL002910 Carthamidin 288.27 41.15 0.16 0.24
8 MOL002913 Dihydrobaicalin_qt 272.27 40.04 0.56 0.21
9 MOL002914 Eriodyctiol(flavanone) 288.27 41.35 0.05 0.24
10 MOL002915 Salvigenin 328.34 49.07 0.86 0.33
11 MOL002917 5,2',6'—trihydroxy—"7,8—dimethoxyflavone 330.31 45.05 0.48 0.33
12 MOL002925 5,7,2' 6'—tetrahydroxyflavone 286.25 37.01 0.18 0.24
13 MOL002926 Dihydrooroxylin A 286.3 38.72 0.71 0.23
14 MOL002927 Skullcapflavone 11 374.37 69.51 0.68 0.44
15 MOL002928 Oroxylin a 284.28 41.37 0.76 0.23
16 MOL002932 Panicolin 314.31 76.26 0.84 0.29
17 MOL002933 5,7,4'—trihydroxy—8—methoxyflavone 300.28 36.56 0.46 0.27
18 MOL002934 Neobaicalein 374.37 104.34 0.74 0.44
19 MOL002937 Dihydrooroxylin 286.3 66.06 0.67 0.23
20 MOL000358 Beta—sitosterol 414.79 36.91 1.32 0.75
21 MOL000359 Sitosterol 414.79 36.91 1.32 0.75
22 MOLO000525 Norwogonin 270.25 39.4 0.6 0.21
23 MOL000552 5,2'=dihydroxy—6,7,8 —trimethoxyflavone 344.34 31.71 0.93 0.35
24 MOL000073 Ent—epicatechin 290.29 48.96 0.02 0.24
25 MOL000449 Stigmasterol 412.77 43.83 1.44 0.76
26 MOL001458 Coptisine 320.34 30.67 1.21 0.86
27 MOL001490 bgiggis_)l722_522%)};‘;@%2% 390.62  43.59 0.98 0.35
28 MOL001506 Supraene 410.8 33.55 2.08 0.42
29 MOL002879 Diop 390.62 43.59 0.79 0.39
30 MOL002897 Epiberberine 336.39 43.09 1.17 0.78
31 MOL008206 Moslosooflavone 298.31 44.09 1.01 0.25
32 MOL010415 11,13—eicosadienoic acid, methyl ester 322.59 39.28 1.46 0.23
33 MOL012245 5,7,4'—trihydroxy —6—methoxyflavanone 302.3 36.63 0.43 0.27
34 MOL012246 5,7,4'—trihydroxy —8 —methoxyflavanone 302.3 74.24 0.37 0.26
35 MOL012266 Rivularin 344.34 37.94 0.65 0.37
Number Molecular ID Molecule name of compounds from PC MW OB (%) Caco—2 DL
1 MOL001454 Berberine 336.39 36.86 1.24 0.78
2 MOL001458 Coptisine 320.34 30.67 1.21 0.86
3 MOL002636 Kihadalactone A 512.7 34.21 0.19 0.82
4 MOL013352 Obacunone 454.56 43.29 0.01 0.77
5 MOL002643 Delta 7—stigmastenol 414.79 37.42 1.3 0.75
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6 MOL002644 Phellopterin 300.33 40.19 0.98 0.28
7 MOL002651 Dehydrotanshinone II A 292.35 43.76 1.02 0.4
8 MOL002652 Delta7—dehydrosophoramine 242.35 54.45 0.99 0.25
9 MOL002656 Dihydroniloticin 458.8 36.43 0.65 0.81
10 MOL002660 Niloticin 456.78 41.41 0.54 0.82
11 MOL002662 Rutaecarpine 287.34 40.3 1.13 0.6
12 MOL002663 Skimmianin 259.28 40.14 1.26 0.2
13 MOL002666 Chelerythrine 332.37 34.18 1.24 0.78
14 MOL000449 Stigmasterol 412.77 43.83 1.44 0.76
15 MOL002668 Worenine 334.37 45.83 1.22 0.87
16 MOL002670 Cavidine 353.45 35.64 1.08 0.81
17 MOL002672 Hericenone H 580.88 39 0.8 0.63
18 MOL002673 Hispidone 472.78 36.18 0.12 0.83
19 MOL000358 Beta—sitosterol 414.79 36.91 1.32 0.75
20 MOL000622 Magnograndiolide 266.37 63.71 0.02 0.19
21 MOL000785 Palmatine 352.44 64.6 1.33 0.65
22 MOL000787 Fumarine 353.4 59.26 0.56 0.83
23 MOL000790 Isocorypalmine 341.44 35.77 0.85 0.59
24 MOL000098 Quercetin 302.25 46.43 0.05 0.28
25 MOL001131 Phellamurin_gt 356.4 56.6 0.14 0.39
26 MOL001455 (S)—canadine 339.42 53.83 1.01 0.77
27 MOL001771 Poriferast—5—en—3beta—ol 414.79 36.91 1.45 0.75
28 MOL002894 Berberrubine 322.36 35.74 1.07 0.73
29 MOL005438 Campesterol 400.76 37.58 1.34 0.71
30 MOL006392 Dihydroniloticin 458.8 36.43 0.64 0.82
31 MOL006401 Melianone 470.76 40.53 0.4 0.78
32 MOL006413 Phellochin 488.83 35.41 0.47 0.82
33 MOL006422 Thalifendine 322.36 44.41 1.12 0.73
Number Molecular 1D Molecule name of compounds from GF MW OB (%) Caco—2 DL
1 MOL001406 Crocetin 328.44 35.3 0.54 0.26
(4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS) -1
2 MOLO001663 Yoy 2 2,00.00.0.9, 12a hepiameth - 456,78 32.03 0.61 0.76
tradecahydropicene—4a—carboxylic
3 MOL001941 Ammidin 270.3 34.55 1.13 0.22
4 MOL004561 Sudan IIT 352.42 84.07 0.42 0.59
5 MOL000098 Quercetin 302.25 46.43 0.05 0.28
6 MOL000358 Beta—sitosterol 414.79 36.91 1.32 0.75
7 MOL000422 Kaempferol 286.25 41.88 0.26 0.24
8 MOL000449 Stigmasterol 412.77 43.83 1.44 0.76
9 MOL001494 Mandenol 308.56 42 1.46 0.19
10 MOL001506 Supraene 410.8 33.55 2.08 0.42
11 MOL001942 Isoimperatorin 270.3 45.46 0.97 0.23
12 MOL002883 Ethyl oleate (NF) 310.58 32.4 1.4 0.19
13 MOL003095 5_hydroxyhgz(;;ﬁg;@?})(cyh_rgnzéff’5_mmet 358.37 51.96 0.88 0.41
14 MOL007245 3—methylkempferol 300.28 60.16 0.37 0.26

317



thalake| s} HiA|els] x| A28 A|4% (202014 118)
Herb. Formula Sci. 2020;28(4):313~325

Fig. 1. Compound—target—disease network of constituent drugs included in HHT. The innermost black

squares represent the major compounds of the HHT,

the middle red squares represent the

major diseases, and the outermost blue squares represent the diseases.

Table 2. The constituent drugs in HHT and the number of consequent diseases.

Scientific name

Herbal name

Number of diseases
interact with top 10%
ranked target

Total number of
related diseases

molecules
Coptis japonica Makino Coptidis Rhizoma (CR) 283 851
Scutellaria ba{calenys Scutellariae Radix (SR) 254 2307
Georgi
Fhellodendron chinense Phellodendri Cortex (PC) 313 1632
Schneider
Gardenia jasminoides Ellis Gardeniae Fructus (GF) 305 1099

2. A¥dE &4 £do| aAHe=E ALY
2%

Fig. 1olA &l epa} dghe] 43 28 dE
A T B3 28 Sl A9 10%0l sidshs A
Fe5e AEE3laL, ol dE sk 24 =2
& A7 A3} Table 33 Zo] Yebth & HHT
7 28 4 S AR UdiEe BAE F 6871
7b el Bojshs o EAEler, Ve F
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Table 3. The number of bioactive compounds which interact with the top 10% ranked diseases.

. . Number of . . Number of
Top 10% ranked diseases predicted bioactive Top 10% ranked diseases predicted bioactive
to be curable by HHT to be curable by HHT
compounds compounds
Breast cancer 68 Genitourinary tumors 64
Analgesics 66 Gestational hypertension 64
Myocardial Infarction 65 Inflammatory diseases 64
Prostate cancer 65 Lung Cancer 64
Cancer, unspecific 65 Malignant mesothelioma 64
Inflammation 65 Meningioma 64
. . Oropharyngeal squamous cell
Abdominal aortic aneurysm 64 pharyng . d 64
carcinoma
Adenomatous polyposis 64 Osteoarthritis 64
Alzheimer's Disease 64 Pain, unspecified 64
Arthritis 64 Pathological angiogenesis 64
Bladder cancer 64 Vascular lesion regression 64
Carcinoma in situ, unspecified 64 Peutz—Jeghers syndrome 63
Carpal tunnel syndrome 64 Pyresis 63
Colorectal cancer 64 Renal Cell Carcinoma 63
Dysmenorrhea, unspecified 64 Rheumatoid arthritis, unspecified 63
Endometriosis 64 Stroke 63
, .___Inflammation
Alzheimer's Disease
Renal Cell'Carcinoma Bladdef'cancer
Colorectal cancer Carpal tunnel syndrome
Malignant mesothelioma
Cancer, unspecific
Pain, unspecified
» Abdominal aortic aneurysm
Arthritis Ammidin
Dysmenorrhea, unspecified
Anal@gsies Worenine
Lung Cancer
Peutz-Jeghers syndrome crocetin
Osteoarthritis
. o = coptisine
Carcinoma in situ, unspecified
berberrubine Prostate cancer

. ent-Epicatechin
Adenomatous polyposis

Rheumatoid arthritis, unspecified

epiberberine

Inflammatory diseases Pyresis
5,7,2',6'-Tetrahydroxyflavone
Pathologicaliangiogenesis Stroke
Vascular lesion regression Genitourinary tumors

Gestational‘hypertension

Breasticancer Myocardial Infarction

Oropharyngeal squamous cell
carcinoma

Meningioma
Endometriosis

Fig. 2. Screening for the effective active compounds against diseases ranked at top 10%. Outer small
brown circles indicate disease, and the inner relatively large circles indicate the main
compounds.
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mRNA of PKA catalytic subunit C—alpha(PKA)
59 o2 Yelyo dd J5gg U EL AL
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S Fo= JYEHs gdE

=
=
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=) o~
=48 &
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=
o
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protein)

Table 4. The number of active proteins interact with the top 10% ranked target proteins expected to

be regulated by HHT.

Top 10% ranked target proteins expected to be regulated by HHT . Nurpber of .
interacting proteins
Prostaglandin G/H synthase 2 66
Prostaglandin G/H synthase 1 55
Heat shock protein HSP 90 47
mRNA of PKA Catalytic Subunit C—alpha 45
Sodium channel protein type 5 subunit alpha 43
Nuclear receptor coactivator 2 42
Androgen receptor 39
Calmodulin 33
Nitric oxide synthase, inducible 33
Trypsin—1 33
Potassium voltage—gated channel subfamily H member 2 31
Retinoic acid receptor RXR—alpha 30
Beta—2 adrenergic receptor 29
Dipeptidyl peptidase IV 27
Nitric—oxide synthase, endothelial 24
Coagulation factor Xa 22
Estrogen receptor 22
Phosphatidylinositol—4,5—bisphosphate 3—kinase catalytic subunit, gamma 99
isoform
Alpha—1B adrenergic receptor 19
Gamma—aminobutyric acid receptor subunit alpha—1 19
Coagulation factor VII 18
Thrombin 18
Muscarinic acetylcholine receptor M1 16
Nuclear receptor coactivator 1 16
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KRTAP9-8

RNF170

MORc

Dex’ wipH

C17orf89

Fig. 3. The network nodes represent proteins, and an edges represent protein—protein interactions.
Proteins that interact more than others are predicted to play central roles.
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