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Network pharmacological approach to investigate mechanism of active
ingredients in Gouteng Powder for Alzheimer’s disease
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of Hunan Province, Hunan University of Chinese Medicine, Changsha 410208, China

Abstract: Objective To confirm evidence regarding the potential therapeutic effect of Gouteng Powder (GTP) on Alzheimer’s
disease (AD) using a network pharmacological approach. Methods The active ingredients of GTP on AD were screened from
Traditional Chinese Medicine Systems Pharmacology database and analysis platform (TCMSP) and Traditional Chinese Medicine
Integrative Database (TCMID) by network pharmacology method, and the drugs-targets-diseases network and PPI network were built.
These findings were confirmed by compound-target network, PPI network, gene ontology (GO) analysis, and KEGG pathway
enrichment analysis. Results A total of 65 active ingredients from GTP were selected from TCMSP, which were interacted with 473
target proteins, and 215 potential targets related to AD were selected. Results showed that the compounds in GTP were highly
connected to AD related signaling pathways and biological processes. PPI network results showed that JUN, TNF, VEGFA, ESR1, and
APP might be important therapeutic targets of GTP in the treatment of AD. Conclusion Our results indicated that active compounds
in GTP interacted with multiple targets in a synergetic way. The anti-inflammatory, anti-apoptosis, metabolic enhancement, and
immune system enhancing effects of active ingredients in GTP might contribute its major therapeutic effects on AD.
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REVE B A/ B-EM BE R EVLAR 2 DI THEEAT R
77, ERCREMP. hEGRAEZ@E. ZHAR
YERRR R, 1EVRYT AD S5 R AP AR AT MR 7
T EA I

PRRHUR LGP EEATT, HE (R%T5), il
M AE B 24 REL KRB AS, PR
A2 HEL A6 11 BRI %07 RN R YT Ik
KEZAERIZ I TT 7, TR FAR R T2 4
PR EIBTIG, 20775 H AR B AR 7RI 1
T7, % AD BB AT AR DRI T THIA H 70 2
SIS, WHCIE B AL RE A BRI 2N BTk
HESE. (CHERMIZR. BRI IR
W I A BRE Al 5 M RO A 2GS AD
B NFT RS, AR EAE R MoK 50 A e B

T2y a2 R A T 2 A A, AR
PRI R R R SR B AR R ki S AR A
T AE BRI PR A e, W28 2 B2 T EK
N—HmERL RGHE R T 25550 7 T AL R T
BRUO-TI 2 24 AR ST 2590 SEAR A 2 8] (14
KA, Il R B RIRY-5EhR M %%, KA
HAEFH R R AT A I Z A58, S AR #1 FE A
FEYI PN Bt R, AHIE 5 R
LRGP TTE, RV AD FIS2NR R AR H
B,y AD KGRI T SR EEA MBS S .
1 MR5RE%
1.1 HYRIRENEN

PHTRERLI AL S A5 ERUE T 2 R G 24 B 2 B
P& (TCMSP, http://Isp.nwu.edu.cn/tcmsp.php) Fl
W 2i(E BEAEE (TCMID,  http://www.megabionet.
org/temid/) ¥diFE, & TCMSP ik 1 #2411k
B2 ) A 1 A 0% 2 BUEL 3R IR A2 R Y
(OB). K#Zjt (DL). IfifisifFf&Ei@EENE (BBB) &5
XM ST ) OB kA 7 A I IR VE
NEERZTER, FHKE 0OB=30%"; @HFHX
PRZE ZR G B [v) 249 0 B0 X I o o A e 7 A 24
XAEH, KUk E BBB=0.3 AL SIS, @t
THARZAR, BRE AR A B AN
AR, BRI R AR S A REbk
LIRS RN AR AR RN, R
BE DL=0.18 i st Ao, ik th Ak 508
i Pubchem (https://pubchem.ncbi.nlm.nih.gov/) X}
G AHEAT FR AL A R IR I S W0 SMILES &
LV

1.2 JEMLEYRIEE ST

PR B AL B TN 2 e e A
SCHR AT AR MR T D A 45 R R AE B SR T, A
TCMSP HERBURTEAL SIS RS 5 2, Eid
FETA A G AL TN (] 5 (SEA,  http://sea.
bkslab.org) #1 the Binding Database Chttp://www.
bindingdb.org) i A 1] GE AL 5, {81 H] UniProtChttp:/
www.uniprot.org/) Xf FT A #8 U5 B AT AR o
1.3 AD HXERE#IHIE

BRI S HEE (TTD, https://db.idrblab.
org/ttd/) . Drugbank Chttps://www.drugbank.ca/) «
DisGeNET Chttp://www.disgenet.org/web/DisGeNET/
menu/home) X AD HHICHIEEFIBEAT 01, 4 H Bk
FSCTTIN FAH S A ) 22 IS 5] AD AHSGHE i i 2%,
2 AN g B S R DR BB A R B RO 24 iR
J7 AD FIVEFHAE .
1.4 FIARALLRHaE

9T AT RRAL S I B ek OIS 1A S P B A
HAEH R REBOETE G YD PN s5SOF1 AD AHOG
H AR F, i Cytoscape-v3.6. 10 TG 1AL
-5 M4 (compounds-targets network, C-T)
TG AL A W - 48 5 -AD #E 55 P 2% ( compounds-
targets-AD network, C-T-AD).
1.5 Gene Ontology (GO) A0

GO A Thfie B brbnifE 7028, X ik e i 5E A
% GO 72K, I BB R R BT, RFIE
ST E M, X EE A D REREAT B R R
o A GO 7E£ 3 #T 1E DAVID (https:/david.
nciferf.gov/), LA P<0.5. Benjamini<<0.5 NZH3K
I REELA YT AD MHREF GO BHEE R

I % 73 B A2 0 TR a2 T R ke R 47 TR 2 SR A
£ KEGG Chttps://www.genome.jp/kegg/ ) #4777,
SUIBONY/ @it URE 3 i o T & EC ST M ol E N R ST
AR B R 732K, AR FA SR L - &
Omicshare Chttp://www.omicshare. com) L P<<0.5.
FDR <C0.05 N ZHER1F IR TT AD AR FE R 1
WM E MG R, I H Cytoscape-v3.6.1 4 ¥ 5 -
B (T-P) M.
1.6 AD EXELMNEBSERNBEEIER (PPD
WILE 54
1.6.1 PPI WM&ty 17 7/EW2edh, MEAEH
FH/E AR LH STRING Chttps:/string-db.
org/) AR AV HHE R AT Web T 0F JE K]/ 2 A
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HAE BT R R AT, PPI W42 RS HL 4
M AR BB T H . X R 2% m] T I SE AN PEAL 1)
REFLRIHAE, HONEREARMEK . Dhaeiett
—ANATRALIE 610, SRERHRERUA YT AD M OGHE
ALY PPL SR LI R BEHUA YT AD B I
B DL AR R S B B AR B AR I T ) o AN SR
FATELRE0 0 5 STRING FRIFEIBERIATT AD FHICHE
M) PPI M &% #HE (score =09), J1{H H
Cytoscape-v3.6.1 # @ AT ¥4k PPT /2% ]
1.6.2  FHFM(Cluster) tdyid 7[R — ML,
FANEA T RERI T RUBREEFR A Cluster k. 7
PPI &t , Cluster R AT e T H MR
FIER . FUEXT PPT M4 HEAT Cluster BLHLA) 2 fE
% S AFF 7095 9 1 R 93 AL 1) N 245 9 V0 4 FH g 12 4 At
fa B2 KR AEH Cytoscape-v3.6.1 HIHE 14
MCODE XHABEBUATT AD A< /S5 i PPI /&% it
179081, 1337 Cluster B W 48 SE7E .
2 R
2.1 SEMHEMIFE

M TCMSP £4f e i 45 180 B 07 770 R 10 Bk
GRS LG, HRERE 65 Ry BRI 63 B,
P 116 Fiy K% 34 Fi. NS 190 F. BiX 173
R, 3% 265 Fhy HE 280 R 3§71 359 Fh. EX
8 i, TCMID EifJRIF Ao 40 M. HER 1
P, ARG EE MIRIE & OB=30%. BBB=0.3.
DL=0.18, ikt Liktb sy, HhaEE
B R RS DR A R TR B Bk, 40 B4
A M5 AMDE 3, Mk B SCikdoE B
ZHNEVERIAL G 8 Fhl22-24,  f 240 3k HH 0 AR ST
65 MG EDIAT I BT, W EDE BN 1.
2.2 SEMUEIRER ST

65 METEL A F I M6 %A TN &, 5
T 64 MNMEMAA YL S 473 4, 5 TTD.
Drugbank. DisGeNET %} &t BT 3k 4311 2 245 4
AD M BE R X 48 EAT B ST, 473 AN TRIAE s A
215 NS EREHETG AD Z VIR .
23 MEXFELE
2.3.1 AL E-HEA NS (H-C-T)  MRIEHIHE
B 10 B2, 64 MEHENAEY S 473 NS
[ IA EAE R RME T H-C-T MK (B 1. %
W& 1 535 D555 (nodes) F 2 874 2534 (edges)
WAL, STAMEmE RS2 2 MUEWIER:, KN
P 1) 5 55 0 5 58 2 AL A AR, PR T SS

5 7.87 MHARHT RAFFERC R . 64 MIETEAL S,
33 MEEHEA 20 AL ERIMEREE S, $RiX
BE R 7y W] RETE BRI A 24 R A 2 E A
232 C-T-AD W% CK3RELE) 64 NS AL &Y.
215 N5 AD FHRFTEERE mif @) C-T-AD %4
K, WS AD AHOCEE s 5T S A HOK
AL (B 2). C-T-AD ML EH T a I E
S 2 2 AN RAHIE, WZEHREE (degree)
R 5 SRR SR8, mR iz &R
BE B2 Bk 2 07, oAt 7-methoxy-2-methyl
isoflavone (M22, FE{H=56). butyl octyl phthalate
(M50, JFE{H=54). B-sitosterol (M5, JE{H=45).
eicosadienoic acid (M4, £ {f =43). gondoic acid (M3,
JE{H=42). icos-5-enoic acid (M33, [{H=41).
9-eicosenoic acid (M35, EE{i=41). dihydrocapsaicin
(M57, JE{H=40). arachidonate (M54, JE{i=37)
MRS, FEMZ R ab T AL B, T RE R B R HL
1897 AD HIEENS . AR, 215 NEERSHE
137 ML S EAD 2 AMESPIARE, H PTGS2 (%
{E=41).PTGS1 (FE{=32). AR {H=29). CHRMI
(BE{E=27). ADRB2 ({5 =26). RXRA (JZ{H=25).
ESR1 (J¥{f=24). ESR2 (J¥{f=21). NOS2 (¥
fE=20). PRKACA (E=20) FAAKEKIEL,
FERUEE, WIS 5D ReZ,
PN IX AL pi 5 PG AD S IR
24 GO &t

Xf 21545 AD M HIHE BT GO ‘B 0T,
PRk HEA4 T 20 NMEY PR, S5 R R IR BOR T
AD HEMgfe FE 5551 MW R
RIS N BRAE . TR 3258, 125
K (E3). HApEER “RIE/RMN” KZEEAH 33
A, BES W BERA 20 A, R
JE{EHE S5 CASP4. NLRP1. NLRP3. NFKBI.
TLR2 Z 51X 2 MW Re, U E0GIT AD
FIBLEI AT B S 2ORE SR TR AR UIAROE, IR IR
ARE R A E A . “3EE” M “idie” 2 AD K
R EAEY LR, B 19 MEREER =R,
9 MEEAIEAES] “I0127, Horb B R T EE s
CREBI #1 HTR2A 5iX 2 M2l BEAH R .
2.5 BRESSH

¥ 215 M5 AD MHREE R 5 A FSHE DA 55
[Al 3 A\ 2| OmicShare 7TEZ AT fFrf, 34T H 3
A T S 2R R S S giit, [ XX Sk K
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1 AR 65 MEMLEMIER
Table 1 Sixty-five potential active compounds of Gouteng Powder
'S iR RUR A OB/% BBB DL
M1 E K47 (cavidine) 35.64 0.63 081
M2 RE UARFBEE IR (cycloartenol) 38.69 1.33 0.78
M3 FE —H8-11-4%1 (gondoic acid) 30.70 0.80 0.20
M4 Eey=S TR )% Ceicosadienoic acid) 39.99 0.82 0.20
M5 REL B BEE. S, B-A B (beta-sitosterol) 36.91 099  0.75
N NG
M6  FE. FiE 4+ &4 (sitostenone) 36.08 122 0.76
M7 FEX,FEE. AS. EE G (stigmasterol) 43.83 1.00  0.76
M8  HE. HE. R, iR A EEE (sitosterol) 36.91 087 075
M9 B T\ B%-9,12- —#%F2 £ % (mandenol) 42.00 1.14  0.19
MI10 B KKATHAZE  (imperatorin) 34.55 0.92 0.22
M1l B SRRATHIZE (isoimperatorin) 45.46 0.66 0.23
M12 B W32 2 (phellopterin) 40.19 0.48 0.28
MI3 B MERATEHZ (alloimperatorin) 36.31 0.50  0.22
M14 B methyl-(11E,14E)-icosa-11,14-dienoate 39.67 1.10 0.23
M15 B WM EE (phelloptorin) 43.39 0.43 0.28
Ml16  IR% EEE (stellasterol) 43.51 0.91 0.72
M17  IR%E FHA K EET E Y (ergosterol peroxide ) 40.36 0.34 0.81
M18  IRE HHEBERTIC (hederagenin) 36.91 096  0.75
M19  HE HEMA R (vestitol) 74.66 030 021
M20 A=, HE inermine 65.83 0.36 0.54
M2l HEE FIMEM R (medicarpin) 49.22 0.53  0.34
M22  HE 7-methoxy-2-methyl isoflavone 42.56 0.56 0.20
M23  HE euchrenone 30.29 0.39 0.57
M24  HE SEEF3KT (phaseolinisoflavan) 32.01 0.46 0.45
M25 HE glabrocoumarone A 58.44 0.34 0.38
M26  HE shinpterocarpin 80.30 0.68 0.73
M27  HEE FHHE (glabridin) 53.25 036 047
M28  HEE FHF T (glabranin) 52.90 031 031
M29  HEE I-HAFEH TR (1-methoxyphaseollidin) 69.98 048  0.64
M30  HE 3'-hydroxy-4'-O-methylglabridin 43.71 0.73 0.57
M3l H¥ 3LHEIE Y H B E (3'-methoxyglabridin) 46.16 047  0.57
M32 A-FEIEH R (4'-methoxyglabridin) 36.21 0.61 0.52
M33 HE icos-5-enoic acid 30.70 1.09 0.20
M34 HI kanzonol F 32.47 0.56 0.89
M35 HE 9-eicosenoic acid 30.70 0.94 0.20
M36  HE licoagrocarpin 58.81 0.61 0.58
M37  HE xambioona 54.85 0.52 0.87
M38  #fiE VUEHEHIAH, (tetrahydroalstonine ) 32.42 0.33 0.81
M39 BHIEDL Chirsutine) 32.75 0.82  0.64
M40 R SEFFEEH I (geissoschizine methyl ether) 56.83 0.37 0.64
M4l BHJEEDY. (rhynchophylline) 41.82 038  0.57
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'S 2R RUR &Y OB/% BBB DL
M42 Ll SEEREIE (isorhyncophylline) 4731 0.33 0.57
M43 BT FT# £ 0 (corynoxine) 57.85 033 0.57
M44 L) FE BT (corynoxeine) 57.13 0.50 0.57
M45 e FTAEEH® (corynantheine) 31.94 0.61 0.64
M46 L) (25,12bR)-methyl-2-[(E)-1-oxobut-2-en-2-y1]-1,2,6,7,12, 42.07 0.63 0.60
12b-hexahydroindolo [2,3-a] quinolizine-3-carboxylate

M47 gl LA BN, (hirsutine) 34.44 078 043
M48 BT delta (sup 18)-hirsutine 41.64 0.76  0.64
M49 Eapia &% (squalene) 33.55 173 042
M50 ELpia AR2E T HRIE T FE#E (butyl octyl phthalate) 43.74 0.60  0.24
M51 Eayia chrysanthediacetate B 37.02 0.31 0.19
M52 e, 2 v-A B (gamma-sitosterol) 36.91 1.14 0.75
M53 NS aponorhyoscine 66.65 0.40 0.22
M54 ANz 162 VUH5 R Carachidonate) 45.57 0.58  0.20
M55 A& FEARIZEER A (frutinone A) 65.90 046  0.34
M56 L TSR (dihydrocapsaicin) 47.07 047  0.19
M57 A& FH IV AR (girinimbine) 61.22 122 031
M58 S 1,1-diphenyl-2-picrylhydrazine - — —
M59 ey mEILFAEE (DT-13) — — —
M60 Fx FRIEE LTS A (methylophiopogonanone A ) — — -
M61 E s nolinospiroside F — — —
M62 X FX& AW+ G (ophiopogonanone G) — — —
M63 F& #4211 B (ophiopogonin B) — — —
Mo64 Fx F4 B D (ophiopogonin D) — — —
M65 B E W] Bt (ruscogenin) - — —

G 15 5 3 i M A S T A0 T - T B Y 5 [
(T-P, B 4), ZURERIZ MG EH£E] cAMP
signaling pathway (27 M3E[K). PI3K-Akt signaling
pathway (20 /NHE[K) F calcium signaling pathway
(19 MERD, FEBIRE @ K28 S RAEM
AT A2, W PI3BK-Akt signaling pathway. NF-«B
signaling pathway. TNF signaling pathway. mTOR
signaling pathway. Wnt signaling pathway %5, i HH
U TR BAOTT i o LI I TR SORE R TS 5l B SR By
il AD.

2.6 AD X SR PPI G54

2.6.1 PPI W% ¥ 215 5 AD MHGMEER A4 A
FAZE] STRING £ 2 3R UL LLHE 1 1) PPT F 4%,
Horr 206 AN 2 [AI4A7E 1 876 FlAH HAEH K &R (&
500 HHTAL T PPT &6 L i 2R ) JUNCEEE =74)
TNF (JE{=72). VEGFA (JEH=69). ESRI1 (J¥

fE=64). APP (JE{H=060) EIMHH&RZIIEEMEL
TEH, $REBEEGATT AD BIZ5RLHI ] fE 51X L
HEBETIMEL.

2.6.2 PPI f%% Cluster ity 73t —1 T fi# PPI
W25 T AR, 485 Cytoscape I3 MCODE
XTI 2% 34T Cluster BEH 4T, FL3R1F 5 4> Cluster
Bige (R 2. Bl 6). Xf 5 A Cluster BHLs i 4T
GO 73t 1AW= ThEe, Cluster] FEE 5T,
T A S8 JORE R LA I AR S5 A= 2 i
FEFI, 5 TNF signaling pathway Al apoptosis
pathway /£ FHIBR % UK Cluster2 25 G HH
B IR 52 A4 A 5 e B R S0 R TR A A Il v 12 R Y A
% Cluster3 5 H R NHEGE G & OHECZA(E
SIEFEAHOC; Clusterd 528 B FEE R A F1E TS
YRR E S . 2 ORI I FEAH G
Cluster5 5 S [H A A 5%
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BTHEE, WOSARARLEYRETHR, SO =ARARAEYRETELE, RECZARRERLEMRET NS, LE=MAFN
RUWEMHIET 4, BOEZARAENEVRIETBIR, A TROKECEARAREKRET 2/, K2F

purple, dark green, black, brown-yellow, yellow, grass green, dark blue, red, orange triangles indicate that compounds were from Uncariae Ramulus Cum
Uncis, Chrysanthemi Flos, Poria, Zingiberis Rhizoma Recens, Glycyrrhizae Radix et Rhizoma, Pinelliae Rhizoma, Ginseng Radix et Rhizoma,
Ophiopogonis Radix, Saposhnikoviae Radix, respectively, and light blue triangles indicate thatcommon compounds were from a variety of herbs, same as
fig. 2

E1 H-C-T W%
Fig.1 H-C-T network

¢

L5 AD HHICEE 5
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w

2 C-T-AD M4
Fig.2 C-T-AD network
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Fig. 3 GO enrichment analysis
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Fig. 4 Targets-pathways network
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Circle nodes represent protein targets, circle size and color depth represent closeness interaction between targets and proteins .

5 AD HHXMEBIS PPI ML
Fig. 5 PPI network of AD related protein targets

<2 AD HHXISA PPI 4% Cluster 17
Table 2 Cluster data of AD related protein targets

Cluster 754 14 FWEID

1 32 416 TLR4. IL2. NOS2. BAX. PPARG. NOS3. MMP9. ESR1. TNF. NR3Cl. PCNA. TGFBI1.
STAT1. MAPK14. NFKB1. RELA. HDAC9. F2. STAT3. PIK3CG. CREBI1. JUN. PTGS2.
KDR. VEGFA. AR. CASP8. CASP9. CASP3. BCL2. GSK3B. TLR2

2 27 153 HTRIA. F2RL3. GABBRI. CHRM2. CNR2. PTGFR. EDNRA. SELP. TBXA2R. OXERI.
PTGER3. GNAIl. HTR2C. LTB4R. VCAM1. MTNR1A. HTR2A. EDNRB. CHRMI1. APP.
CNR1. HCAR3. ADRA2A. ADRAIA. DRD2. F3. HCRTR2

3 17 71 PLA2G2A. ADRBI1. CYP2C19. GPBARI. PTGDR. DRDS5. PTGS1. PLA2G4A. DRD1. ALOXS.
ALOX12. PTGIR. PTGER2. PTGER4. ALOX15. ADRB2. HTR4
4 19 42 HSD17B7. RXRG. GSTMI1. NR1H3. MAOA. CYP1Al. CYP3A4. PPARD. RXRA. MAOB.

NR4A2. RARB. SLC6A2. RXRB. SLC6A3. GSTK1. ALDH2. SLC6A4. RARA
5 6 11 CYP2D6. ABCC2. NRI1I2. CYP2C9. ABCBI. F7
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