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Abstract

Objective: To predict the active constituents and targets of Radix Puerariae by using network
pharmacology, and to reveal the molecular mechanism of Gegen hangover. Methods: All the chem-
ical components contained in Radix Puerariae were searched by the Chinese Medicine System
Pharmacology Database (TCMSP). The active chemical constituents were screened by ADME pa-
rameters (OB = 30% and DL = 0.15), and the target proteins corresponding to the active chemical
components were searched to establish the target data set. Cytoscape3.6.1 software was used to
construct the complex network diagram of “active ingredient - target - disease”. The GO biological
function enrichment analysis and KEGG pathway enrichment analysis were carried out through
the annotation database of biological information (DAVID) to explore the mechanism of Gegen an-
tidotes. Results: A total of 18 compounds were retrieved, 4 of which were active compounds; a to-
tal of 92 targets were retrieved. Through the evaluation of network topological characteristics, the
screening of 8 potential targets was the most closely related to Gegen hangover. Using the DAVID
database to analyze the potential target targets for gene GO function enrichment and KEGG path-
way enrichment, 35 were screened. Biological processes and 28 signaling pathways are involved
in the role of Pueraria hangover. The signaling pathways that are more closely related to Pueraria
hangover include neuroactive ligand-receptor interaction, calcium signaling pathway, cholinergic
synapse, adrenergic signal in cardiomyocytes, PI3K-AKT signaling pathway, VEGF signaling path-
way, p53 signal pathways, signaling pathways such as NAFLD, and its main biological processes in-
clude estradiol response, synaptic transmission, cholinergic, adenylate cyclase inhibition of G
protein- coupled acetylcholine receptor signaling pathway, and phospholipase C activation G pro-
tein- coupled acetylcholine receptor signaling pathway, y-aminobutyric acid signaling pathway,
positive regulation of RNA polymerase II promoter transcription, cytochrome c activation, and
cysteine-type endopeptidase activity involved in apoptosis, thereby exerting the biological effects
of multi-component, multi-target, multi-channel hangover. Conclusion: Network pharmacology
provides research direction and scientific basis for the mechanism of Gegen hangover.
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H . 12 MG, TS AR A0S MR FvE AR ., RR BARME i TR LS k.

B2 RGHEERIRE (TCMSP) R B AR & A2 5, CLADMEZ 4 (OB = 30%#! DL =
0.15), FRIEEAFEHENILERSY, HERFELFZFRIXNMWESED, B AHNEE; F£H
Cytoscape3.6. VEAHIAEE “IE MR A - RN - B ” ERMB R R E; Wity #E BEBEEIEE (DAVID)
HITGOEY IR EENMAKEGGER BEMT, KRB RMAENERIE. &5: ZERH18/ME
Y, HPaMUERS IEEAEY); R H92MERE S . B MEIRIMFETES, ik H8NBE
Ve PR p5 5 8 MR Ve FE DL B 35 Y1) s R F DAVID SR Be o ¥ 70 1 Fl 88 f 1T 2 R GOTH RS B & 40T
MKEGGHES EE0Hr, MEklH3sMEWIEMN28&ESARS EERBENER. X 5BRBEER
REVINE S ERAENAE TR - ZEHEER. BESRE. IR, WU Rb S B
155, PBK-AKTE 58K . VEGFE5HEK. p5355iEK. NAFLDZE 5@, RNHEITER LK
YIS EAEE_RRN. R, EREE. IRERIFLEENG]GE QB ZBLERZ A4S 5@k .

BERRBBCEUEGE A BB ZBERZAE 5 ER. v-EETRESER. RNARSEIUSEZ FHEFHIME ST
WEER. AREARBIES SATEENERERE A REEHTS, NTTRESRS. ZES. 2RE
FRERAEYHEMDL. G MBHEZ A ERAERERVUBI R T IR | R R .
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1. 51§

TEAERTEEE A, B SRR EF T R ERER R —[1]. 76 2016 4, Wk H 20T
DALYs (5% A # B fr ) 28 LR RS R &, (HAE T BLb ] 2.2% [2] [3]. P2 S BRGH B0 A S
ZHIE K, WIS AERYE A S AR MR, [RS8 B H 25 R AL 2 ) 4], SRR
HEE 2 Fi BT — UM RN I 2 PG B AR SOk 51 S 1) HR X o 22 22 G0 ER Y A B M KRS, R
BRI [S] [6] [7]. WRFCRWT,  ERARIE R AT PR AT T XU 8], (E AR b 5 51 7 g 1) 0 5 4 2 o f
H o™, HARIE S 2 Fhiem i R AL B A ORI, Bl o i 3 RGu0 . BEIRIW . TR M FF % (ALD)
ZE[9] [10] [11]. B4R CHIE B IR A 20 3 B2 R, H ai7E [ T S B-& A [ 12] BRI,
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HE— DI OB AR T AR I 2 AL R A 2 oG MR

R (Pueraria lobata) NG RHAE & TR, BAMILUER. &5, EHEILE. FHIESE, @348
TELE PRI D) IR B TR Y7 RAUE R DU 58« BRIZANE  # Hi BH R I I SEE13].
BRNZEWHEYIN4], TIREZGEESHFRBENAGRRRREAZE. # RAEZ) « (Bl
AEL) . (RESRE) o (TE&H) SFAREEMEICE: SRR HBlmAE” H “MlstR” « 3R
MARY, BREESE R RAFREMERE. KEH. REH0H). 27K REHHRML
BV AR, B & TR DL =iERER R SAL. SBl. Al. Cl )54y, it “mime”
() FE R N B, A4 N B S IR 7t B B AR AR A P R [15]-[21]. BT, BARMRINAE A
AL I 7R E R R L BRSPS A AR RHEORS IR e, AT AV RS Wi [22] [23] [24] [25], L AT@
o RS bR A B R P AR, A R IESUE AR R, R BRI R T [26]. H AT,
FARPE S BT R R R E, AR EOR, Bk EARMEEEE[27], Kk, RO BRI A1
LA eF A28 P ERAR AR 2 PR AT 20 BB 4B S . ERAR H R %55 MR A 1 FH 1) 24 25T o b e
o, (EAGI B 43T KT S0 B AR T OV FI LA LR = o IR, IR 2 B2 AR E . RGHE
MR S “ZRsr. 2@, 27 EERRR SR ET G, APEAGERRSR M TRM T
B AR AR [28]-[33]0 [RIUth, ARSCR A N2 24 B2 (1 0735, 0 B MR 1 1 o A T P P B 5 A 50
FEAEAT AT, CASATR B B AR M (BB iR, O E R IR T I R R SRS dE . U
ST B AR AR VR AL O, AL SE R MRS R B S TR R, I TN L 4% 25 3 VR R i, AT
R FRRCR RS T E  FAL

2. &
2.1. LERTHIENL

i3 b 25 KRG FL M 6 (TCMSP) (http:/Isp.nwu.edu.cn/temsp.php), £ % T ) 43142 R
7y« TCMSP A& — MR A, 2 H P 2w 7 b 25(TCM) I 11 & o B BN TCMSP i,
JARR] 16 50T, HAPAFEEER S E, AR TRE AL G4 - JEAR - B NS =k, LR
VELRI 254050 1125445 B J 25%0FE(DL) Drug-likeness, -1 ARAE#)F & (OB) Oral bioavailability, IfiL i 57
F%(BBB) Blood-brain barrier, fif_I ) ii% 1 (Caco-2) Caco-2 permeability %% o

2.2. FEMER S HTHIE
JEiE TCMSP #di %, L ADME Z$1(0B > 30%A1 DL > 0.15) brifE, ik & AR fiE AL 22 % o .
2.3. BORESENL

Wi TCMSP H¥E e, A2 B ML S R B 0 LA FBE A, S B 8 R A . PR AR AR A L
B, b B 25 0% Mk R 4> $U4E % (HIT, http://lifecenter.sgst.en/hit/) Al 36 J7 #8550 ¥ ¥8 & (TTD,
http://bidd.nus.edu.sg/group/cittd/) AT VG VE AL /> HELE S0 S O G dde , 7 ST B MRV PR R VB AR T S R 4R, JF
T N A R R RN 3[R 6 AR 2 5 K08 PE(OMIIM, - hittp://www.omim. org/) 377 178 A7 6 i DX RN 2 8 s, 38 ST
L R AR o NSRS BE % 32 2R Ol 52 BB 11 28090 E (http:/dip.doe-mbi.ucla.edu) 3R 15 o 5 5 44 i 16 15
FIfR BTG $ 5 12 UniProt $0HE JE A 4546 % UniProt ID A% 3%, FTE S sifics 1 shn o NS85, T LTS
B4 H UniProt 25 4540 N R0 AL, BB HE s 4k 9 5 N FEAE SGHE 5.

2.4. MBHES I
JEit PPI (http://www.genome.jp/kegg/) /AT, K5 & MR HIVEPE AL« 43 5o N FRTHRES i« AR 6 I PR 38
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I 6 2 [0 LR AR R Y — B0 - 00 %%, FILF Cytoscape 3.6.1 B0 LA b 463347 1]
WAL Hr, 1335415 551 Degree. Betweenness centrality. Closeness centrality —/MhfhS%, @id
CentiScaPe 1.2 BT AR, 1525 MR AR HIVEIE 48 .

2.5. £ ESHT

K AERE S8 H] DAVID (https:/david.nciferf.gov/) 4l 2 34T KEGG i #% 73 #7 71 GO (Gene Ontology)
AW RR T

3. &R
3.1. FEMR S EITEE

it TCMSP #ils e, R R3] 18 MEMMILF S, LA ADME Z4{(0B > 30%#1 DL > 0.15) 4%
#E, LIRS 4 MR G, SR NAE L.

Table 1. Kudzu root active compounds and targets

F 1. BREMU SRR

Mol ID i A HH OB (%) DL
MOL000392 formononetin 39 69.67 0.21
MOL000358 beta-sitosterol 38 36.91 0.75
MOL002959 3'-Methoxydaidzein 19 48.57 0.24
MOL003629 Daidzein-4,7-diglucoside 1 47.27 0.67

3.2. R AR R R HR R TR

i3 TCMSP #dfe e, 3L 21 92 AN B MRS PEAL 2 B 6 I AV FHAE A, 45 R L 1. i8id OMIM
B, BHRAGE] 49 AMRITAH G HE slo 8 I o0 2% 24 31 27 it B AR AR A I B S LR 2%, SRS RIS
ORI AL TS, AT B RS AL 22 R SR e i 2 (B P 2 5 22, G R ILIAT 1. 3
L ORGSR IE LR, 2 SR AR B AL R B s R R R AR A B AR
FIHE R Lt = ACGR B AR T T 1 A PR A 2 Ry s O Bl AR B ARG P A 22 il o (K B A
PR R OR AR EE S RIS 2 S S A TR .

& T
S e o
Figure 1. “Composition-target-disease” interactive
network of Pueraria hangover
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3.3. BERBENER(ERESBINSEIH

HIT Cytoscape 3.6.1 AT A ELINZE /34T, 1930 B AR TEPE B AHOCIR B0 AR B0 . JE I T A5 3
W 2% =AM b S 4 (Degree. Betweenness centrality Fl1 Closeness centrality) 7> 7 4: 1.00. 0 F10.167. %
IR H RS A N R AR AR IS AR SR, RS E) 8 MR DL AR, SER IR 2. KIBTE
AT EAMEERRSNT, SRNE 2. AL R SR AR RIS £ R R B ER
IDCRHARE S 7

Table 2. Topological parameters related to the direct action target of Pueraria Radix

2. BRBMMARENERIERESEXRIN

. . Closeness Betweeness
Uniprot ID Protein names Gene names Centrality Degree Centrality
P08172 Muscarinic acetylcholine receptor M2 CHRM2 0.28 1 0.00
P13569 Cystic fibrosis transmembrane conductance regulator CFTR 0.22 2 0.01
P14416 D(2) dopamine receptor DRD2 0.22 1 0.00
P21917 D(4) dopamine receptor DRD4 0.22 2 0.01
P47869 Gamma-aminobutyric acid receptor subunit alpha-2 GABRA2 0.28 1 0.00
Q01959 Sodium-dependent dopamine transporter SLC6A3 0.00 0 0.00
P31645 Sodium-dependent serotonin transporter SLC6A4 0.36 2 0.01
VOHWC9 Superoxide dismutase [Cu-Zn] HEL-S-44 0.00 0 0.00
SLC6A3
DRD4
CHRM2
/_\SODl
s
% ~
\ =

Figure 2. Map of potential target proteins for Pueraria
hangover effect

E 2. BRBEERANEEESEBHEEXRE

3.4. GO =YZEIThEER#T

¥ 8 ANBERE WU B DAVID #iE b, BT DIReE 5. GO BT, 133222 MW
BERE. 39 AN AT 67 A>T IhEE, HoR P A < 0.001 M4 R 35 4%, iR 3. RE
B, IXECHR U5 ZRAEYERRAE G, B ME RO . RffL . A MRERRMMLERIS) G A
B ZBEAIRZ A5 5% . BEAREE C WUE G MBI QRS2 AR5 Sl . AR c BusS5H
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T R e B A P9 kA R4, X S ARt R vl e SR B0/ E & D0 . RN 3R 1 R 25K
LA I B AR A 2 A AR 4%

Table 3. Results of GO biological enrichment analysis of Pueraria hangover effect

3. BIRMBIERN GO EMFEREEE AR

Category Term Count Count% P-Value
GOTERM_BP_DIRECT response to drug 12 18.5 1.8E-08
GOTERM_BP_DIRECT response to estradiol 8 12.3 5.2E-08
GOTERM_BP_DIRECT synaptic transmission, cholinergic 6 9.2 0.00000027
GOTERM_BP_DIRECT adefcff;i ﬁﬁf};‘giéﬁggi‘gﬁg gﬁ;‘;;ﬁ;\i‘;‘;ed 4 62 0.0000018
GOTERM BP DIRECT phospholipasp C—activating G—protein coupled 4 6.2 0.0000029

- = acetylcholine receptor signaling pathway
GOTERM BP DIRECT extrinsic apoptotic s(i)%rllflgl;rrli pathway in absence 5 77 0.0000082
GOTERM_BP_DIRECT response to nicotine 5 7.7 0.000012
GOTERM_BP_DIRECT angiogenesis 8 12.3 0.000022
GOTERM_BP DIRECT G-protein coupled ac;’;}glc\l;zgne receptor signaling 4 6.2 0.000023
GOTERM_BP_DIRECT response to lipopolysaccharide 7 10.8 0.000037
GOTERM_BP_DIRECT response to hydrogen peroxide 5 7.7 0.000042
GOTERM_BP_DIRECT positive regulation of cell proliferation 10 15.4 0.000064
GOTERM_BP_DIRECT positive regulation of smooth muscle contraction 4 6.2 0.000067
GOTERM_BP_DIRECT positive reg;‘gf;i;‘;gﬁ“;gﬁgfe‘; from RNA 14 215 0.000069
GOTERM_BP_DIRECT gamma-aminobutyric acid signaling pathway 4 6.2 0.000077
GOTERM_BP_DIRECT memory 5 7.7 0.000091
GOTERM_BP_DIRECT peptidyl-serine phosphorylation 6 9.2 0.00011
GOTERM_BP_DIRECT ph"Sph‘)lifr’zzzp(f:r‘cstii;;il?fgiﬁﬁj; coupled 5 7.7 0.00012
GOTERM_BP_DIRECT positive regulation of transcription, DNA-templated 10 15.4 0.00014
GOTERM_BP_DIRECT behavioral fear response 4 6.2 0.00018
GOTERM_BP_DIRECT response to cobalt ion 3 4.6 0.00021
GOTERM_BP_DIRECT positive regulation of vasoconstriction 4 6.2 0.00024
GOTERM_BP DIRECT transcription 1n1t1at1r())r13) rt;rlc())ltl;rRNA polymerase 11 6 92 0.00028
GOTERM_BP DIRECT response to toxic substance 5 7.7 0.00031
GOTERM_BP_DIRECT signal transduction 14 21.5 0.00037
GOTERM_BP_DIRECT peptidyl-threonine phosphorylation 4 6.2 0.0004
GOTERM_BP_DIRECT cell proliferation 8 12.3 0.00047
GOTERM_BP_DIRECT response to hypoxia 9.2 0.0005
Gorema B piRECT  Shelosensone mdopidseseiiy 5 ge oomsi
GOTERM_BP_DIRECT positive regulation of ERK1 and ERK?2 cascade 6 92 0.00054
GOTERM_BP_DIRECT positive regulation of neuron apoptotic process 4 6.2 0.00058
GOTERM_BP_ DIRECT positive regulation gtr“ ;2:::: oxide biosynthetic 4 6.2 0.00058
GOTERM_BP_DIRECT regulation of cell proliferation 6 92 0.00069
GOTERM_BP_DIRECT T cell activation 4 6.2 0.00076
GOTERM_BP_ DIRECT intrinsic apoptoti;:osli)g;iigi n;-)l:;heway in response 4 6.2 0.00076
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3.5. KEGG B9

¥ 8 ANEAERE T WL B DAVID 3w rf, 1T KEGG @8 £ 00, JLEE] 76 415 5ilk, H
P < 0.001 {5 S IEIEILHE 28 %, ZRNF% 4. HPEiSRA - ZAMEEH. 855 58%. H
B AE S i COLAT IR R 'S EIRER (S 5 . PI3K-AKT 15 5@ % . VEGF {5 5. p53 {5 5@ % . NAFLD
LE S IHEK T R B A S SRR I E R . g RS M HLE AT §E R M OC . FINFIH KEGG 15
5 B E (Y KEGG Mapper ThREH 8 &R 5 AFRIAE S AIUHE S, 7E5 GABA R Rl N
VIME 5 i@ ARk, R ERA 4 MESEAS S GABA RSG5 I8 B A SR, 2R MIE
3.

Table 4. KEGG pathway enrichment analysis of Pueraria hangover effect
* 4. BIRBBIERAK KEGC B EESER

Category Term Count Count % P-Value
KEGG_PATHWAY Neuroactive ligand-receptor interaction 18 27.7 7.1E-11
KEGG_PATHWAY Pathways in cancer 18 27.7 1.6E-08
KEGG_PATHWAY Calcium signaling pathway 13 20 2.6E-08
KEGG_PATHWAY Hepatitis B 11 16.9 3.3E-07
KEGG_PATHWAY Cholinergic synapse 10 154 3.4E-07
KEGG_PATHWAY Colorectal cancer 8 12.3 8.1E-07
KEGG_PATHWAY Morphine addiction 9 13.8 8.8E—07
KEGG_PATHWAY Thyroid hormone signaling pathway 9 13.8 0.0000052
KEGG_PATHWAY Estrogen signaling pathway 8 12.3 0.000019
KEGG_PATHWAY Retrograde endocannabinoid signaling 8 12.3 0.000022
KEGG_PATHWAY Serotonergic synapse 8 12.3 0.00004
KEGG_PATHWAY Small cell lung cancer 7 10.8 0.000079
KEGG_PATHWAY Progesterone-mediated oocyte maturation 7 10.8 0.000091
KEGG_PATHWAY Prostate cancer 7 10.8 0.000097
KEGG_PATHWAY PI3K-Akt signaling pathway 12 18.5 0.00014
KEGG_PATHWAY Adrenergic signaling in cardiomyocytes 8 12.3 0.00016
KEGG_PATHWAY VEGEF signaling pathway 6 9.2 0.00016
KEGG_PATHWAY Apoptosis 6 9.2 0.00017
KEGG_PATHWAY Amphetamine addiction 6 9.2 0.00023
KEGG_PATHWAY p53 signaling pathway 6 9.2 0.00025
KEGG_PATHWAY Non-alcoholic fatty liver disease (NAFLD) 8 12.3 0.00028
KEGG_PATHWAY Viral carcinogenesis 9 13.8 0.00033
KEGG_PATHWAY Toxoplasmosis 7 10.8 0.00033
KEGG_PATHWAY Nicotine addiction 5 7.7 0.00035
KEGG_PATHWAY Tuberculosis 8 12.3 0.00073
KEGG_PATHWAY GABAergic synapse 6 9.2 0.00076
KEGG_PATHWAY Salivary secretion 6 9.2 0.0008
KEGG_PATHWAY Amyotrophic lateral sclerosis (ALS) 5 7.7 0.00084
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Figure 3. Labeling of potential targets of Pueraria lobata on key signal pathways

E 3. BERFBUERSBEELERAEXRESER ENIREE
4. Wfig
R fif
TCM database @l
2P PRI HE A

7]

E
S

(I

fz’.

[ e I RE Ry

B

Figure 4. Pueraria hangover mechanism

E 4. ERBEERNSTIE

BHGE R AR E M 'RPIHHZ, 2005 SR TR A GHER VR N RSB EYI[34]. B
AR e S SR I SR Pl 0 B B I, R O BT T 453 0 S50 F [35]-[42], (BB R AL v R 56 4
W], BEEIEE. EANRMHER R, V25 Sl BV B R b 250 IR Hl TR
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P& S o LU B 2%, ME DL R G0 4 T 138 7~ L 25 80V Rl AR FEBILAR, 2R B AR IR A T ok T
MR UTHEAE, WIS RN, SR 22 R R E AL O SRR A T R R B S, R
B HESh TP E R PR R R . R, S8 4% 2 S 4R R S AR AR B AL AR A R S WA 4.

HET, A B AR AR F LB TR ANE AT, ARIE RS [43]50 45 /N B B 5 AR 2 VA VORI I R T
Jei > WSS L /N BRI T AR PR S A, BRI [R) B 4k s [ %40/ Rk 9 SOD. MDA GSH-PX.
GSH RARHAA, FRGEZIHAEEEAL T IR /K. Zhang S5 [44 16 70K I HE 3R AE W) o o508 4 4k
RRER, B3 FEIC ALT AT AST BRI, T PERERR IS (ALP) S B 2 F ME(GGT) L A8k, JHAEAR
R4 it (hepatic stellate cells, HSC) ) &M AE 711458, bel-2 mRNA KI5 R [ 45 50 B & AR 2 np i vk &2 /T
WETRE, Wom HSC HIEERE /1, M 214G 2005 va IR LT 44k, RAERRI AR

ASCRFH W28 2) 322 70 715, T 35 AMEYIFEM 28 (5 5@ S5 BRMAHMIEN .. 3
5 AR AR DG I R BE Sl B AR M AT VRO - 2R EARE . BE SRR IEBAE S Ak, O LA AR
HHE FIRER(E S PIBK-AKT {55 #%. VEGF {5518, p53 {5518, NAFLD &5 5@, R
B R e R M R N . SRR . JERRAE . BREFRRIMLEENH G 8 A RIE LBEAE R AZ
WAS5EE . BEIREE C BUE G AL SBEARGRZ (4[5 5 imes . y - 2 TS 58 . RNA K& 11
JE BN FREF PR . AREER o BIES 5 TR R MR 8 ) BREE RS, TR IE 2 R
Iy ZHEIS. ZIRIRARII AN o O 28 2 HE A o T B AR AT A FE S R A S Wk, DU
BAR MR AE F SR SRS K
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