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Abstract

Objective: Based on network pharmacology, we investigated the mechanism of gardeniae fructus
to improve ferroptosis in alcoholic liver disease. Methods: We screened potential targets for gar-
deniae fructus using TCMSP and UniProt, and then we obtained targets for alcoholic liver disease
using OMIM, Drugbank, GeneCards and DisGeNET. On a database called FerrDb, we predicted the
target genes for ferroptosis. We built a network diagram of protein interactions and enrichment
analysis; finally, we explored the molecular mechanisms through molecular docking analysis of
them. Results: We screened out 17 genes involved in the effect of gardeniae fructus on the ferrop-
tosis pathway in the treatment of alcoholic liver disease, and we believed that HMOX1, TP53,
MAPK1 and RB1 were the main targets through comprehensive PPI, GO, KEGG and molecular dock-
ing. Conclusion: Theoretically, this study demonstrates that gardeniae fructus improves alcoholic
liver disease by influencing ferroptosis.

Keywords

Gardeniae Fructus, Ferroptosis, Alcoholic Liver Disease

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

Ha ¥ (Gardeniae Fructus) & v S RHEYIAE T TR 52 [1], 48 (MRAREZ) [2[id8UE A/ I6)T
FOREF PRI S5 25 B [3] [4] [5] [6], BESEHDHI AR, FEBRIT P E B EE[7]. BN 222 438
B BEER/AN. TERMATZ, Brobe 725 Bt 7ok e 20 S0, Rk, WF 700 75 R AR
PER R — KR8] [9]. WK 5 900 HIEAH 75 ZEAE AT AR [10] [11] [12], FHorh oA Bk &= mvE 1
A PR N N, IERARA[13], 51 AE PP (alcoholic liver disease, ALD). i FUHiiE, ALD
FERE R HEAL T AL T 58 —[13] [14], 52 1t Ve il A R A T 2 de s LRI [14], 453K 7.6% 1) 55 1k
A1 4.0%H L MEFETIRE[15], BRItk ALD ©28 /™ S50 7 ANATTH 5 44 fg BE Al IE 5 AR 05 [14] . BRAE TR —Fh
BRES TR A AT S [16], B R pr AR BB S R HI[17], I B3R T IR AE 7 5
[17]. BRIET-MIBETIEE N ALD HIBHVAIRME 1 1F A #E A

JFF93 — B PR A R A e R HME A, I PR TG v o b R U R S5 SR VG YT ALD, (EU BT FERCIE (1)
JARE[18]; A HFTEANE L) GSH MUK K& 2, ABEARUAR DT HER A 0 @R [19]; AFR MR R R F A
F——EBERBBIBEADS T AN, FRIETERA i RGLAE, R EEErE, AR
Z, JFHIRIT A B 5t[18]. MR T HEAE TSN G R ALD JFRE T — 2B IE R, ALD BRI AR H AL
K, W RETEIX AN BV T-Re 48 T RGBT B RE TG £ 2 BH 1k ALD &% [18].

2. M5 RHE
2.1. TEiER iR RS AR

o 2 22 45 25 380 FE 5 40 M7 F & (TCMSP, http://lsp.nwu.edu.cn/tcmsp.php) [201WCEENE T HIAL &4, 43
HrelFE MW, Hdon. Hacc. OB. DL fl ALogP 57N IR, 256 SRk 7i, LA DL > 0.18 [21]/E
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SR TSI RRAE . 83T UniProt [22] (https://www.uniprot.org/) #8754 ¥ Human £ Reviewed, L
Be 5 H bR ER RN R R 4, 19BN T R e 24 2545 2. . HH Cytoscape 3.7.2 B AE H. W 2%
HEAT T ALk, H R A

2.2 WEBEEEFmRNEXER

# “ Alcoholic Liver Disease ” £ A 4% % OMIM [23] (http://www.omim.org/) . Drugbank [24]
(https://go.drugbank.com/) . GeneCards [25] [26] (https://www.genecards.org) #! DisGeNET [27]
(http://www.disgenet.org/) I S8R, DA E 500G 1 0 A R B HFR[28]: 1) OMIM: AR F /K A& 7
LR FE[29]U5E ) Gene Map R Gene/Locus —#%, RINATFEf Gene Symbol; 2) Drugbank: FA'17E
Drugbank [30]3% £ i & 11— AN 4% #RJ5F Drugs and targets {5 BVEHE, iz Jmol & (1 44 B B4 464 UniProt
(R R 2 F5; 3) GeneCards: iX /& — MK TR AL A AR AN TN (1) N R JE IR 1) 4 1T At )i 22 [25] [26]
[31], Hidh 45 RARHEAH IS VP 70 M AL B =y RSN iiade, A7 B HH 45 2R AT 1000~1500 M4E#R: 4) Dis-
GeNET: ‘B &5 NI ATFR) SR AL R 4L 6[32] [33]. FI %A 22 A4k 5 s 14 i A
KHEEFER, Summary of Gene Disease Associations — 42 ) P 2544 2 i i 75 B L 1]

2.3. REURESETER

M FerrDb [34] (http://www.zhounan.org/ferrdb/)Y5%& Drivers. Suppressors F1 Markers [ K4 20 i
Human A1 Validated, BEJ A H A5 B (1 2L A

2.4. SrHTHRF RS R RIS T B M AT R A 2 SR EE

¥ LIRSS I = A BRI T R o Hr, i Venn B
(http://bicinformatics.psb.ugent.be/webtools/Venn/) 3R EUAE 42 3L A

25 XEEENEARMEEIER S

£:T STRING [35] (https://string-db.ora/) £ 37 £ [ )5 [A) ¥ HLAE (PP 2% 8], B A5 0.4 [36]. FEFIH
Cytoscape 3.7.2 Hfx Wi 2 # #h i HLAL 73 A1, FHEH] Network Analyzer JfifFx) PPI M 2% i) ¥ #h S 8——7>
BT RE T e A S O PS5 S T [37 ]

26. XEEFAS 5 KEGG B GO EEE&E ST

N T AR R R AR ) S R AE S Bk [38], b — B A MLE], FIAH R A clusterProfiler 3.4 T
G040 B )k B T 4 VR A 5 1 58 B R 1) KEGG Sl % I GO Thg & 4 /0 #7 » p AR 1E 77357 H BH,
i), FIF R T.H ggplot2 ZetiF A ditk, i<, HREZEM%E, 454 Cytoscape 3.7.2
Y5 Mg SHE A oL R TTAAL

27. XEEESHNRFEERDBITOFRHE

BEHEF o 5 A SRR R IR (L 45 M o ik o T B o 1B A SRS TR 1) 2 1 2 A A 5 3 A DR S P A
TR RIBCAR SO, B FERIFE UniProt A2 N8t H 44 8L Entry, FJH] PDB & H i 45 14 # ks 4 [39]
(https://www.rcsh.orgl) 345 (1) = 4E 4514 5\ PyMOL il 2 &5 84 s 7K 40 1 Fi /N5y F-Be R [28] . F3 A\ PubChem
[40] (https://pubchem.ncbi.nlm.nih.gov/)$kHUHE T~ 7 AL 22 4544 [37], ilid Chem 3D itk pis /M ae & FLik,
s e I8, T AutoDock Tools 1.5.6 X U444 PDBQT %X, JFxf2ikmal, wEEEHIRSH,
13 B A A H RO B S R B ROk, AutoDock Vina > T EE: BeJE, S5 A 4R PyMOL
A1 PLIP [41] (https://plip-tool.biotec.tu-dresden.de/) i 4T FI#EAL 4341, 7E Photoshop At Hh &zl 431 % 452 &
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3. &R
3.1 FREHRFEERSREERES

TCMSP 3153 98 MU &4, FF Hnl LA & - AME &A% MW, AlogP #1 Hdon %5 [31](5 B 7E K
EEARHE, BB REH DL >0.18 LG 43 Ph——GIEIE 71 LR LRmSE. £ 1 WEEIT
SR AT -H LT B S A S BEHEE . 43 P& 25T UniProt AbBE 5 4445 51| 233 METE A 1K
BEFR. NI B 4> AL, Cytoscape 3.7.2 BAFXSAC B 48 i AL A “HEF - flor - B 27 28 (K 1)

Table 1. Part of the active components of gardeniae fructus

= 1 TR AT

MOL ID Molecule Name DL
MOL001955 Heriguard 0.33
MOL001406 crocetin 0.26
MOL001663 (4aS,6aR,6aS,6bR,8aR,10R,12aR,14bS)-10-hydroxy-2,2,6a,6b,9,9,12a-heptamethyl-1,3,4,5,6,6 0.76

a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a-carboxylic acid '
MOL001941 Ammidin 0.22
MOL000437 Hirsutrin 0.77
MOL004552 Isoimperatorin 0.22
MOL004554 GARDENOSIDE 0.49
MOL004557 geniposide 0.44
MOL000415 rutin 0.68
MOL004559 (1S,4aS,5R,7S,7aS)-5,7-dihydroxy-7-methyl-1-((2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxy 0.44

methyl)oxan-2-yl)oxy-4a,5,6,7a-tetrahydro-1H-cyclopenta(d)pyran-4-carboxylic acid '

- Qﬁs??sélphaﬁa\nna Toalpha))- e
Garder © RXF YOP(‘{Ri’ o MGfM ) QA SABRATY \\-\Bmydmxyﬁavone

655,835, 1235.14aR,

heptadecan-d-olide

(15.428,5R 75,7255, 3R 48,55,6R)3.4,

(15,428,5R 75,7a8)5. 3R 4S,55,6R)-34,

Figure 1. “Gardeniae Fructus-component-target” network diagram
1 “f=F - R - 8BR” MEE

DOI: 10.12677/hjbm.2022.123019 153 AW


https://doi.org/10.12677/hjbm.2022.123019

[N

3.2. REEEYREXER

OMIM %4 e 3 %5 5E 1081 5 1A 1 I AH S RT3 bR s Drugbank 12645 “ severe alcoholic liver disease”
A%, ULACF| Pentoxifylline. Prednisolone 11 Propylthiouracil i) 3 AN2454), XM T 15 AR SRR, W
FERE RS RSB Z 18] (1) 6 2 A\ GeneCards #1432, OGP bl ® 118.99, (K% 0.32, & s
BORWT i % A 24 B4 1068 N45 R FI ] DisGeNET %idf & Summary of Gene Disease Associations #4E Hi
195 N5, LR G DL BRI AL, MIBRE SR, RAMERE A 2033 A HEHE R P .

33. REPESETHNEEEHR

FerrDb f7ii% 75 31 Drivers84 /M3&[K . Suppressors A 89 ™LA K& Markers3 4™, ZIBRE & 355 121 MK
B, TR VR B R A B R A0SR 2 R

Table 2. Part of the genes that regulates ferroptosis
= 2. PESRRTHE S EE

Gene name Gene symbol
Heme oxygenase 1 HMOX1
Tumor protein p53 TP53
Epidermal growth factor receptor EGFR
Drivers Mitogen-activated protein kinase 1 MAPK1
Dipeptidyl peptidase 4 DPP4
Cyclin-dependent kinase inhibitor 2A CDKN2A
Interferon gamma IFNG
Heme oxygenase 1 HMOX1
Tumor protein p53 TP53
Heat shock protein beta-1 HSPB1
Nuclear factor erythroid 2-related factor 2 NFE2L2
NAD(P)H dehydrogenase 1 NQO1
Suppressor Retinoblastoma-associated protein RB1
Endoplasmic reticulum chaperone BiP HSPA5
Signal transducer and activator of transcription 3 STAT3
Cyclin-dependent kinase inhibitor 1A CDKN1A
Hypoxia-inducible factor 1-alpha HIF1A
Caveolin-1 CAV1
Marker Prostaglandin G/H synthase 2 PTGS2

3.4. R FiEMER S R REATE T B AR A E X EE

PENE T HIRERR . PRSP AT 0 S SR T AR SR R AT LR, RIUE B 17 NS (1A 2), Mg
B FREE R EAEEE, B HMOX1. TP53. HSPB1. CDKN1A. STAT3. MAPK1. PTGS2. EGFR. DPP4.
NQO1. IFNG. HSPA5. CDKN2A. CAV1. HIF1A. RB1. NFE2L2. X645t 2 AE T 1) S8 o 76

LR HE T I RS T 5 IR PR 0 B0 B B K]
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Figure 2. The intersection genes of Gardeniae Fructus, ALD and Ferroptosis

B2 “oF. EHEMFRSH%RIECHRERERE

35 XEERMWERAREIFMSE

W25 h T SRR TR H AR, 130K AR Z M BARHI[37] (K 3), iM% 17 A5 ni Al 82 5%
LA BT R 9.65 FER R 2 HERUAIT R A, ER I RE R BTN 0.815. N T ABULAX A Y k1,
Network Analyzer T HATHAT fU5 . [RIEERSR S B4 S 0 [37], L e PR v D) (54 Pl e A0 € e »
A2 H. R ZARE B 1 25 T T RIS

CDKN1A
CDKN2A
HIF1A

RB1

EGFR NFE2L2

CAV1
PTGS2

DRP4
NQO1

STAT3
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HSPAS IENG

Figure 3. Protein-protein interaction network

3. EREIEM%KE

3.6. AZEEFAR GO M KEGG EEL&R

17 & HARSE GO TIRE TG, 1 4 LRE R ml s SR hr——7iT 10 > 7 Zhie. AEMidREm
MRAE, £ TR, HARRAEESZREERDERIES & ZREDIERIS G, PHREIE .
RNA G 1| o H a5 6% SR RIERYITHERAIER . SRR B IR RN X4
JERISE PRI AR AT 1O 1 IR S EL B D fE s QAR AR 1 B AR AN AL T 45 . 4
FLPURE R R BRI BERIXCRREAE . [FRER KEGG S5 5REH], fRe#s HAREEN S £ 2kl s &
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PIARRAEDUERERT 20 2645 SaHEE, JFMRIEE AL A 515 Sl 1ok R EEEE M2 E (K 5), SOTTTRE
AR, HOEEROR AR BUERIENEESTE. A RiE. BiE. BEUEA HIF-1 (5
A R(E 6), T HRLEAE 5B EZEINE T 2 M R 252 MR, Hrh TR
SN DA R B, 4R SCRE A T A B AL S S s ORI AL FER IR ALD
FEEARRE, PR TR RT RER W SRR TP OB 1, X TR BRI R A
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Figure 4. Histogram of GO enrichment analysis
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Figure 5. “Target-KEGG pathway” network diagram
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Pathway enrichment

hsa05418:Fluid shear stress and atherosclerosis .
hsa05235:PD-L1 expression and PD-1 checkpoint pathway in cancer - [ J
hsa05225:Hepatocellular carcinoma .
hsa05224:Breast cancer - o
hsa05223:Non-small cell lung cancer .
hsa05220:Chronic myeloid leukemia{ @
hsa05219:Bladder cancer

hsa05218:Melanoma -
hsa05215:Prostate cancerq [ J

hsa05214:Glioma
hsa05213:Endometrial cancer e

hsa05212:Pancreatic cancer

Pathway name

hsa05206:MicroRNAs in cancer -

hsa05205:Proteoglycans in cancer q

hsa05203:Viral carcinogenesis -

hsa05167:Kaposi sarcoma-associated herpesvirus infection -
hsa05163:Human cytomegalovirus infection -
hsa05160:Hepatitis C 1

hsa04066:HIF-1 signaling pathway -

hsa01522:Endocrine resistance -

0.06+00 2.56-06 5.06-06 7.56-06 1.0e-05
pvalue

Figure 6. Bubble chart of KEGG
[# 6. KEGG S8

3.7. HFXHHEER

-log10(pvalue)

0

O N 0 © =

XN A B AR R SO 2R 3), AR E HAeiR L, A B EHBERE28]. Bk, Wi
xR B A e A A (K 7. E18), 45K, HMOXL jiid 5 Bl PHE-95. PRO-99. LEU-141,
GLN-145 1 ALA-175 5% & 7= £ i /KA EAE 36 5 ALA-175 T A BE 5 oleanolic acid 45 &5 L1, quercetin
7E LYS-54. ASP-106 fl MET-108 4Bk 3 448, 7F ILE-31. LYS-54. LEU-156 JEAK 3 MEi/KAEH,
8 7 5 MAPKL A ELAE A 1M L quercetin A1 RB1 WA A% 3 ik M AR IR 3 ANEdE, Bi/K A I
ERAL T ARG-467. LYS-530 fll LEU-649, & 5#7E ARG-467. SER-534 il PHE-650; TP53 1] LA ursolic
acid J@id 5 LEU-194. PHE-277. GLU-336 JEibi /KA EAEH S ILIB 456, &R 1 1> ARG-337 #hth

WESRES R

Table 3. Molecular docking
® 3 DFE

LA T (kiT/un?(JJI)
chrysin -5.0
CDKN1A quercetin -5.7
ursolic acid —6.2
CDKN2A quercetin —6.8
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Continued
(1S,4aS,5R,78,7aS)-5,7-dihydroxy-?-methyl-1-((28,3R,4S,58,6R)-3,4,5-trihydroxy-_G-(hyd 6.8
roxymethyl)oxan-2-yl)oxy-4a,5,6,7a-tetrahydro-1H-cyclopenta(d)pyran-4-carboxylic acid
3-Methylkempferol -7.2
5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone =7.7
Ammidin -7.1
DPP4 chrysin -8.4
kaempferol —-7.8
me-
thyl(1S,4aS,5R,7S,7aS)-5,7-dihydroxy-7-methyl-1-((2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-( —6.9
hydroxymethyl)oxan-2-yl)oxy-4a,5,6,7a-tetrahydro-1H-cyclopenta(d)pyran-4-carboxylate
quercetin -8.0
Sudan 111 -9.4
EGFR quercetin -5.4
HIF1A quercetin -8.9
geniposide -7.3
kaempferol -1.7
HMOX1
oleanolic acid -9.1
quercetin -8.2
HSPAS5 quercetin =1.7
HSPB1 quercetin -9.2
IFNG quercetin =75
MAPK1 quercetin -8.9
NFE2L2 quercetin —6.2
oleanolic acid -10.6
NQO1
quercetin -8.8
3-Methylkempferol -9.3
5-hydroxy-7-methoxy-2-(3,4,5-trimethoxyphenyl)chromone -85
Ammidin -89
beta-sitosterol -9.2
chrysin -95
PTGS2
crocetin -8.3
isoimperatorin -9.0
kaempferolol -9.3
Mandenol -5.7
quercetin -9.7
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Continued
Stigmasterol -9.8
Sudan I11 -10.3

PTGS2
syringaresinol —8.6
ursolic acid -9.8
RB1 quercetin -85
STAT3 ursolic acid -8.0
quercetin -8.3

TP53
ursolic acid -10.1

HIS-83
NesfLEU-117

7£: a. CDKN1A-ursolic acid %§#%; b. CDKN2A-quercetin %f#%; c. DPP4-Sudan |11 %#%; d. EGFR-quercetin i4%; e.
HIF1A-quercetin X1$%; f. HMOX1-oleanolic acid X}4%; g. HSPAS5-quercetin %f3%; h. HSPB1-quercetin ¥}4%.

Figure 7. Part of the molecular docking
7. BT FRIE
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¥: a IFNG-quercetin %14%; b. MAPK1-quercetin Xf#%; c. NFE2L2-quercetin X§$%; d. NQO1-oleanolic acid X} f%; e.
PTGS2-Sudan I11 %}4%; f. RB1-quercetin X$4%; g. STAT3-ursolic acid ¥}4%; h. TP53-ursolic acid %}4%.

Figure 8. Part of the molecular docking

E 8. WHNFxHE
4. Wi
ALD & — PP I s I PR AR 5077, 4P N 23 Bk H IR AR s . 23 Ik HE O AL P 4 TS PERR AR [42],
R LL Fenton Jo b A8 AL AR K B ROS [43] [44], SEEALIE R N 5 o« M8 176 HF B IR R 254
T 2000 “Ef i S2[45] [46], #) iZ FFII7RPR[47]. HE-T 7T LAI0HI /N BT IR Py 40 B €. % P450-E1 3
P, BEARE R R R, BN B H IR GRS BR RS RE 2 [48] o ACHE AT 45 2L [49] K IAAE T 3@
LS B A5 5 I SR JRE DAL AR T, A WF 70 35 0 B £ T B 07 A 2 th 75 3[R BE 45 8 2]
SRR DAHEWT, 4G 38 kD A R s Rk ek D BB A% [50] . BRIk, HETIRYT ALD & — Rl 47 50 .
IR 265 22 FHL 2 1 o 24 T R ATUIER 1) I FH 2 T DA R BT AE 9 14D 1), DRI SR T X ALD PR ZG BRI B2
B SIS RE[51]e AHF T, FRATTR A X2 25 B 22 7 VAR THIE T3 ALD FIERBE TGS ML . 15 5% TCMSP
RESS AR R T REZ IOAG T /ERE S, BT DL 2ZWikil, wIiTMhaiietib&amm “25” ma, itk
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SRR, Mo 233 MR AU 17 AR AR BRI R TR TS T AT . TR PR AR . Ak
RIS TR KT BN o 4 0 SO 3 P A R TR A B R B A WA ThRE, E KEGG
W s ERT K I, CDKN1A. CDKN2A. NQO1. EGFR. HMOX1. NFE2L2. MAPK1. RB1. TP53
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TI6YT ALD MIBRAET- 7 R ER AL b, HMOXL & —FhNiE S/, EREFE T HIF-la (BEIE
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F MAPKL SRARHEAFE[59]. I e s T4 - 14 let-7a. 30 TP53 & 1R IAF_Lif] RBL 5 5 FF4i i
BET[60] .15 TP53 Fl RBL 45 19 5 A% 52 1) FFT-4H i a2 1) A= 420 308 14— 20 P 30 0 4 S A NI e i DA &% MAPK
TPK[61]. H 24 2521 22 4 43 R 22 B0 05 R A TG BT ARG T R 22 0 A S T 4 e i, kb
TR T ALD HIEIET .
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WEF R BINE 7T A4 & HMOX1. TP53. MAPK1 Al RB1 7E k48 T30 B2 21 15 F i 4 23 ALD.
{HAE#M ALD MHRIRZ[18]. AT R B I A B AR e B3 1 [64] -+ IR Z BRI AR 7 IR, ok
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