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Abstract

Objective: To explore the mechanism of action of the Rhubarb-Gardenia herb pair in the treatment
of non-alcoholic fatty liver disease based on bioinformatics. Methods: The main active ingredients
of rhubarb and gardenia were collected from the Traditional Chinese Medicine Systems Pharmacol-
ogy Database (TCMSP), selecting those with an oral bioavailability (OB) of at least 30% and drug-
likeness (DL) of atleast 0.18. The TCMSP online target prediction platform was used to predict and
screen the target genes related to these two herbs. For disease targets, selections were made from
the GeneCards and OMIM databases to identify potential targets for non-alcoholic fatty liver disease
(NAFLD). After constructing a compound-disease target network and removing duplicates, a Venn
diagram was used to identify key targets for treating NAFLD with rhubarb and gardenia. A protein-
protein interaction network was built using the String database and visualized with Cytoscape to
create a drug-active ingredient-target-disease network. Finally, gene ontology (GO) enrichment
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were
performed on the intersecting targets identified in the Venn diagram using the DAVID database.
Results: A total of 31 active ingredients were identified, and 69 intersecting targets between the
drugs and the disease were found. The GO function enrichment analysis yielded 627 pieces of infor-
mation, and the KEGG pathway analysis discovered 144 pathways. After filtering based on disease
relevance and P-values, the top ten pathways were selected. The results indicated that the main
pathways involved were the PI3K-Akt signaling pathway, chemical carcinogenesis, and hepatitis B.
It was concluded that the combination of “rhubarb-gardenia” may act through important targets
such as AKT1, TNF, IL6, and IL1B, primarily participating in biological processes such as cytokine-
mediated signaling pathways and positive regulation of RNA polymerase II transcription initiation,
thereby modulating pathways related to NAFLD to achieve therapeutic effects. Conclusions: Based
on bioinformatics, a preliminary exploration of the mechanism of action by which the combination
of “rhubarb-gardenia” treats non-alcoholic fatty liver disease (NAFLD) has been conducted, provid-
ing a foundation for subsequent experimental validation.
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ARG 7 P = 22155 1 B R AR U LA I F7 HEARRAE AT T SR A IR P R 40, — RSk U AT
A0 T 0 A PR A A A B AR I DR I PR RO L] H ISt oh [ G S HA B S R AR 1k
HiE W5 FEI7 (NAFLD) BN LB LA 21 25%, I HAE S ERAEMRAT M 5t R 4REE ETH2]. ERITHLFES
H, BATE K IEH A E A 7T AR, e WAEAWTERE, AT &R BRI &, X4
R LA, — S NIRRT B A A, SREZABRSESE, AT S BRI . RSN “HFN
WIRE”  REAIA BRI ST, £ EHIL T ek 3 iR mThag, (HInR 2 e A s
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B 2GR IR TR BRI . iR, X TREZZERMPNAERE R . ImR LW WA 67 IR0
IR PG 2500 — PR AR ORI, R I MGTISE4%, (HADY NAFLD BAAL H ATk i A W,
PLEZSMIARBER 2SS i MO . RS TR SR &% lm R LR, K iraam
WY KB B AE B PR DU B2 BRI, 4G 7 =5 b & A BORE 1 AN s e P B A R ORI
AP BT TR, KB - B T RARATIER, R L8 TR 2, ARORS 1 i s e 16
77, JFHAE (EBLENG) W56 T ARERS VR T TR 9 BUR LA — € AR, W Rz, a5k
F RS RS R IR ARIG ST IR 2GR T [4]. P Z My A, 237, ZHERILHE
NAFLD AT TR R, BUrh it 2 H AR U .

AEME BRI ER, SPEAGEFZIEA, RETRGEVZNMRERIIR, I
XEVIRGHAT A M, AR 28I ROR, IHESUEREZ ), REZTESRMANE
IR 2% R A — M ROT R[] [6] 0 A SCR A5 2 22 0708 H K SRMIAE 5367 I IR P 3 JHF O 0
o SR R, DAEORIR FUNE 7 AR B AE AR IR PR A T BT a7 rR PR I PLE, R b G 2 AT 1
Kowt PR LA

2. #IRE I
2.1. KT, - o FRk45T BITHIZE FR TN 28 = B FR EX

T 25 R SR 25 FAE E [ 7] (TCMSP)USCEE K 38 RIBE 11 2 BVE ML &4, P 24 R G 24 B 500 1 il
.7 500 AR HE F 2550 30069 2k &I 2t S 2 - SRR EE NS - BRI 25
BIFRIFHR TIOR8, MR DI R “RE”  “HET” AT AW, K OB >30%, DL >0.18 [1)%
XS 29I AR RS AT Tk, GBI — SeAH SC A SCHR A ) 7T DAt OB > 30%, DL > 0.18 (13 Loy il
BRSO VR TR I SRR A [9]. ARG AR TCMSP Hdl JE A A — N BUR S VAL E A,
AW 21 ) 1 4 i\ 21 Uniprot 20808 FE[10] 24 h AR A DG R 42, 7R JEAT B IR PR e 0 Fh s
¥ “human” , £ EE TR I SE R A RR, FREAT R EAIRRI AT,

2.2. ERAXERORE SRR

jExt GeneCards (http://www.genecards.org/) %4 ZE[11]1 OMIM (http://www.omim.org/) 54 22 [12] 3
AT AT WA S PI BB 5, FEF RIS LA &R “Non-alcoholic fatty liver disease” #E47 51, 4R 5 IEM N5
P& E R R S IRE — S, TR EZ G, HJa R EREC NAFLD H B OGIBCH I 7 7R A
B 25 55 AL RHATIE S, B A EY) - R T F B G, T B R PRI A R

2.3. tagzLERNEBRREIEMEPPI)

I 5 BB TR A5 (1 28 SR 3 s HL 3 NAE String $iHs PE[13]24 T dE AT #9 % PPI 4%, 1%#% “Multiple
protein” , fE “List Of Names” i NZCEE4E s, 7E “Organism” A% Ei%#F “Homo sapiens” #4744
R, EREPIEFEEENIECN “Medium confidence (FAEEAERE)” , ANLIRMLE P KRBT AL, H
RSEIGA T LR . i “Exports” #47 N4, W OEL THEMA TSV i 3 A Cytoscape [14]4:
Pl v 25l IR 2% 6], B S AR Cytoscape #1444 H ) Network Analysis i i] LLA H 245 sl BEAE R
/IN(Degree), FFARHE 44 24 5 U BEAR B AN [F) B ik B B RE 1, BT RS0
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24. BERRE GO ERSITARBEESEFARNEH(KEGC)BEER ST

B UL 1 3 150 5 25 2 A (28 SRR 5 5\ E] DAVID (https://david.ncifcrf.gov/) %4 B [15] BT ,
JeikfE OFFICIFAL-GENE-SYMBOL, #RJ5 [ 5 —+2/2)i% HomoSapiens #EAT 704, T H I #ridk#48
H “Functional Annotation Tool” , %44 T 345 FIEE % B &L SRR, 285 - N2 Excel #4624
HHHF TR IR, BTA 1SR BRI FDR BHTIERE, S REOCHEEE SRR H o LU HEA T 0 B AT
I GO Al KEGG &7 .

3. &R
3.1 KEMEFHUERS SHARIEER

MR P2 R GBI LD R, “HE 17 N BB R AT AW, IR 25 EEE R
gy, SREIEFE IR FIHE > 3000F128251E > 0.18 1E AT F A 3L AW 3 31 Miib &4, HohaTH
RUor 15 A, KEEARORI 16 4>, WAk 1. K3, e 7RGV p-4 8. 2599030 LI 464
i, 223 Uniprot #odfs e VE AR SCIE RN A4 AR 2 Jim,  REHERIREAT & JF 2 B L 3RAS 185 A2y 4L .

Table 1. Effective ingredients of gardenia and rheum

# 1 |_FERRNEERD

OB

Source Mol ID Molecule Name WARmREZY /Y (%) DL
M+ MOL001406 crocetin HER 353 0.26
(4aS,6aR,6aS,6bR,8aR,10R,12aR, 14bS)-10-
. hydroxy-2,2,6a,6b,9,9,12a-heptamethyI-
B MOLO0IGES ) 55 6.6a,7,8,84,10,11,12,13.14b- 3203 076
tetradecahydropicene-4a-carboxylic acid
M+ MOL001941 Ammidin A 3455 0.22
M+ MOL004561 Sudan piSaIl 84.07 0.59
Ba+ MOL000098 quercetin S N 46.43 0.28
HE T MOL000358 beta-sitosterol B ST 36.91 0.75
HE T MOL000422 kaempferol thZ= M 4188 0.24
HE T MOL000449 Stigmasterol 7 4383 0.76
Ma ¥ MOL001494 Mandenol H R 42 0.9
Ma ¥ MOL001506 Supraene 1 2 3355 0.42
M+ MOL001942 isoimperatorin SERRHTEA R 4546 0.23
M+ MOL002883 Ethyl oleate (NF) TR ZEE(NF) 324 019
— 5-hydroxy-7-methoxy-2-(3,4,5- 5-FRJk-7-F A JE-2-(3,4,5-
ey MOL003095 trimethoxyphenyl)chromone = HE FE ) (B 5196 041
Ma ¥ MOL007245 3-Methylkempferol 3-H R 2 60.16 0.26
MaF MOL009038 GBGB GBGB 4558 0.83
N MOL002235 EUPATIN RKELYT 50.8 0.41
Kig MOL002251 Mutatochrome AR 4864 0.61
N MOL002259 Physciondiglucoside AR R 4165 0.63
== _ Oy
K3 MOL002260 Procyanidin B-5,3'-O-gate FAERR BL.S'S O-B & 3199 0.32
TN
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R
PN MOL002268 rhein KR 47.07 0.28
K MOL002276 Sennoside E_qt 50.69 0.61
Torachrysone-8-0-beta-D-(6'-oxayl)-
K MOL002280 glucoside 4302 0.74
K MOL002281 Toralactone Zhi TG 46.46 0.24
_1-0-8-D-N 7
K MOL002288 Emodin-1-O-beta-D-glucopyranoside R iffﬁ? MR 4481 0.8
N MOL002293 Sennoside D_qt FV5H D_qt 61.06 0.61
K MOL002297 Daucosterol_qt R gt 3589 0.7
PN MOL002303 Palmidin A FRiEZE A 3245 0.65
K MOL000358 Beta-sitosterol B4 S 3691 0.75
K MOL000471 Aloe-emodin FERER 83.38 0.24
L . HB T HR-3-0-(6-0-1 &

f MOL 4 I -3-0-(6'-O-galloyl)-gl b 0.25 0.67
K OL00055 Gallic acid-3-0-(6-O-galloyl)-glucoside T ) B B 3
PN MOL000096 (-)-catechin (IR 49.68 0.24

3.2. FRAREERIGESZRBRAMIELSR

TESIR HHE PE Genecards A1 OMIM Hh 2 AH S FE K], LLoC 2 1A “ Non-alcoholic fatty liver disease”
BEATRY R, AR PR R R BT S IF 2 2 GRS E] NAFLD HSCBm s, 4R RgtkEy
JE 34T 602 /MBI HE R AL f . KGR S S AR A TR T 5193 69 AN ASAERE . WK 1.

Drug Disease

106
159

Figure 1. Drug disease Wayne analysis chart
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33. ERR - EARZEEEIERMEE

W UL 1385 =5 B AT T 3R A5 A8 SR 5 45 SR N B String Bdis i BLTHIHEAT RS 2R W E BRI AN,
VPR E 0.4, BRI, KB MRS G, SR 68 AN, £ 1029 KIEL KR,
V15 Degree30.3, ¥ String ¥4 5 N\ Cytoscape ', 4] Tools H ) NetworkAnalyzer #4715 B (E, 4R
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JEARYE AR /N T2 B, AT A5 30 8 1 U AR 20 R o oA S BB 55 32 28 AKT1. TNF. IL6. IL1B.
TP53. VEGFA. PTGS2. MMP9. PPARG. CXCL8. CCL2. ESR1 %, EAik{ZHE WK 2.

Figure 2. Protein-protein interaction network diagram (plotted based on degree values, with darker colors indicating higher
degree values)

B2 EARSEARMEERNEE(RBEERITER, BELA, HEER)
34. “KEBE-ETFHIST - 884 - NAFLD” R

ST R EAE E Genecards Al OMIM A& 275 2 AR RS M A 105 HT A M DS B0 A5, 200 5 2 Wi i P e 4y
HBEATUCHC, KR FERINE 71 31 Mk & WA =5 12 B 45 S 13 Hh I AC 4R 30 R 7E S T 57 “Network” 38
MEAEPESCAE, DL Excel A% F A Cytoscape # /B 22l R 4% B, @57 “ 259 - iE TRy - BE AT -
NAFLD” M25 [, UL 3, BErhiadte 88 AN Al 196 4il. Hh G @BEAE KEME T, KENid
TESR 29 Ry, 6T AR AREE MR T, IR IE (35 T R WA AH FLVE FH I A, e RR 0 I 2
HERE LGRS . B= S e — AR R G 7 T 558 P& IR TARAE F OGBAFE .
Pl FEAE R R/ AT DU HE R 2 2 R e, PP R SR R B AL T 58—, LR 63, 'R 2
PTGS2, JEME 18, LZsMyEEfH 15 2555, fhbnl W, —ANEVER A ) e 5 2 N RO ELIBE R R 3R
STVER, I HH I R] DAAS HA I 8 B A BR O BR ] B A2 2 0 F IR DG B A, IR T KB AN 7R 97 JR IR
R PE R AT AT 2N 0y« 22 80 s L TR AR AE

35.GO f1 KEGG BEESESR

JELAE F DAVID s 2 69 S22 S HE i dm A FH A, BA“ Functional Annotation Tool” 1 443 T K.,
HE1T GO Ml KEGG 70 #T, 4R35 GO % H 627 %, W KEIAEYIEFEA 507 %, W4ifE NS 0ES
. RNA A RIS s I HMER T . RIERNAS 557 %R dE, WA TY6EH 86 %, L
WHIFREARS G BEARYE. FHRFE DNA 855%%, W RAAMBARNA 34 4%, tingiusr=
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Al 4UPANIX 3. A% sk, EHERE TR KEGG B, RN 144 FEFEE, EiHTE R
Ja AT R, RIS DA A G RE B A P B AT

FRGEHT I, IR RS BB N
t, RITWA3E) GO 5 KEGG HAREIA-IEE . tEprs(& 4 ME 5). 45 REHIRZHAEH T PIBK-Akt
=5l % (PI3K-Akt signaling pathway). 1t (Chemical carcinogemesis) #1 2,74 JiT 4¢ (Hepatitis B)453 7% .

Figure 3. Network diagram of “disease-target-component-drug” in the treatment of NAFLD with rhubarb gardenia medicine
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Figure 5. KEGG pathway enrichment analysis bubble plot (x-axis represents FDR, y-axis represents Term, color Pvalue, point
size is represented by count)
5. KEGG BEREESITR/BE (X {83k FDR, y #X%*K Term, Bif: Pvalue, = X/NA count RIR)

4. ¥1ig

BRI, ARTERE AR 2 0L T HEAAR S, B RS B I NBE, VR NOZk PRmi AT AR . F%
WALFE VR TT 772 [16] - T AR BAE 9 24o0) , Gl — B RO S A, B an 8 Wi — 2o vh s 25 a1 A6 AL,
PG RN 55 55 o HE T AU B4 SRR RS B2, B TIE#E KZ, AR FIHSEER[L7]. KiE)8
Fi5 R4, WEARMIERESIh, &% S FRMNAH, WhZaiKERFZ. RI\IHKTET, +
ZPRIT RS VERR T T R BCR B 3, — SRk 25 RaYT . thambAs, MEFEESE, ARSI AT R R
AU, AR AR5 IR WSS AR . MR EIR IR AT Z, W TR A, a7 IR
Frasim s, BEHENEE. sUErER, BeARuayr migiE. FEAAT AR AR, FR
FA, FAUIEIE Wik A, GEW IRyt o b, 25 B St/ S, I mT se 5 IEIR A2, I
PR WG L BN PR S, S Ul AR 55 = A7 HI[18]

AR FCRFHAEYE B 20710, 383 TCMSP B8 128 5 K3 FIAG 78 1 A - L0 %t 31 b, 254 A5
464 />, I O I VR TT AR IEORS Y R D7 AR DCHE AT 603 A, FE I 7R 4R T AR B OB I HE AT
(17 PPI 2% I8, 13 & AT 68 1>, A 1029 FKELC R, MR IR HHOGHEEE f{ 3 20y AKT1. TNF,
IL6. IL1B 251 1E F T P13-Akt 15 538 % (P13K-Akt signaling pathway) 1t.2% £ (Chemical carcinogemesis) «
L TYRT 9 (Hepatitis B) 5538 2 VG Y7 SRR VR 7 6097 28 AR FE I, 7E AR TERE 1R AR I B A T AL 1) 24
i, EEEERMZ AKTL, IL6. TNF. AKT1 S5AKAIRN ARG %, IRFAEH S AKTL $t=[19]
[20]. IL6 7E NAFLD & MG MR AT 1L-6 KT, H5HAERIE . R SR R 4F 4k A2 AE 5 1R AH
K[21] [22]. TNF s&—FhHgsRsbie 1, B BRI 7 Wh 4 IR, A I 98 K 30 TNF A Reidid 5 =
SEUH SR AN ARG 2 2 SRR M 55 D7 3 DT 5 AR 4 M 2 IR BE, P VAR T ARG PR R 77 JH v 2 o AN T 22
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MEIFERI[23]. BEAh, 1L6 AT TNF AU HE E R KA, BRIz ShE T UL HERR B R AT e i A
(241, AT BELWT — 38 B RIE AT R B SOE SR, S8 AT AT 4E4L . 1IL-6 AT TNF _E TR BE 5| AT I 25,
FEACH IR RE, JHEIN NAFLD R R i 5 2P 4E AR DG AR 5 B HL 22 [25] - (2 28 4R B 1 (o
TNF A1 1L-6) ik B2 7 A T e s8N — S A SR I il S8 Ak, AT R i 28 P ) 7 B AR [26] o A2 5
H PR 5 I T R A B S5 R T AT LA . KBS HE a7 AR VAR G AT 3 Z S 4R 1A S
fETE . RNA BEBEIUR S MBI TR R T . JORE NS 5 76 S S B A R AT Rk

GG RO HE— 5 SEIRT U R N AR i — 5 AR o A S, BT FUMAEAE— € A R AL, 55—,
TG B AT B A T T, BUARIE R 2R T U O ) — i, 3, ARG 2R
AR E, VR T AR S AEE,  Fa FOvR A EEE ERA R, AT RE SR LR .

5. &

R BRI, K - Ae T2 SGEARIRE IR I A 2R, X TRIT NAFLD BAZ Ry 248
M ZESIEERE S BT P13-Akt {55 18 B (PI13K-Akt signaling pathway). k%)% (Chemical
carcinogemesis) fl . B T 4 (Hepatitis B) 25 B #7697 NAFLD FIZ5FE(E ], 50t R i A4 B0 H A B2 3R T A%
TERIE 5 RS o %45 RN T ORI K T - AT 253677 RS MR AR D7 ISt T B AR HE FI SR I8 5%

E&WE

oK B 28 BL #4101 H (82060725) -
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