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Abstract

Objective: To investigate the mechanism of Guizhi Jiagui Decoction in the treatment of immune liver
injury (ILI) using network pharmacology, molecular docking, and in vitro cell experiments. Methods:
Active components screened from the ETCM database for Guizhi Jiagui Decoction had their targets
mapped using PubChem and Swiss Target Prediction, while disease targets for ILI were collated
from GeneCards and OMIM. A Venn diagram was constructed to identify common targets. A protein-
protein interaction (PPI) network of the common targets was built using the STRING platform and
analyzed to identify key targets. GO and KEGG enrichment analyses of the overlapping targets were
performed via the Metascape platform. To visualize and prioritize important active ingredients, a
“component-target-pathway” interaction network was visualized with Cytoscape 3.9.0. To further
assess the predicted interactions, the binding stability of key components to core targets was exam-
ined via molecular docking. For in vitro validation, lipopolysaccharide (LPS) was used to induce an
inflammatory state in mouse peritoneal macrophages, establishing the experimental model. The
experimental groups included a blank control group, an LPS model group (1 pg-ml-1), and an LPS +
10-gingerol group (15.625 umol-1-1). ELISA was employed to detect the levels of IL-6, IL-1(3, and TNF-
a in the macrophage culture supernatant. Results: A total of 200 active ingredients and 69 common
targets were identified. GO enrichment analysis yielded 1908 entries, and KEGG analysis revealed
54 significantly enriched pathways, primarily involving PPAR, AMPK, JAK-STAT, and related signal-
ing pathways. Key active components included 10-gingerol, 6-gingerol, and 6-shogaol, while im-
portant target genes included AKT1, TNF, and ESR1. The docking simulations demonstrated favora-
ble binding interactions between the primary active constituents and the central targets. In vitro
experiments demonstrated that, compared with the LPS group, the 10-gingerol treatment group ex-
hibited significantly reduced levels of IL-6, IL-1f, and TNF-« in the cell supernatant. Conclusion:
Guizhi Jiagui Decoction may exert therapeutic effects against ILI by targeting genes such as AKT1,
TNF, and ESR1 via active components including 10-gingerol, 6-gingerol, and 6-shogaol, thereby mod-
ulating PPAR, AMPK, JAK-STAT, and other related pathways.
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W 2 2 3 22 LR GEANAE W) I 28 BRI iz, SR IR T B BRI . BHIEBIR AR5,
Z T 25T AR R AR A BRI T AL A IR, DB A R R R T B BR[1]. > TR AE
LA E PN H A AR AN AN g SRR TR, AR5 1 R T 2540 7y 5 500 HE s AR LA R A
LR ERE— D IR AL -

WL T LGP 7 XHEAA SN SORERE R, AR TR 69T 1L %G, 8O
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2. MBSRE
2.1, SEHAARL

A FUAE F R /NG, RN 6~8 B, REVEH 18~22 v, i shi¥ik®| SPF brifk, HHF
F SIS M B B AR A RS ft, B s Skie S5 3843 5% 7 I8 2 B sh 46 B 2% 53 23 (INMC-2023-DW-
145) itk itE: 10-ZMy (4 > 98%) M B FigIEIM ARG IR A Rl WAAHR LIERL 2357755 . Tris-NH,4CI
J — FEEEHA(dimethyl sulfoxide, DMSO) W T4t i 23 RHEA R A F] ;. IEZ B (lipopolysaccharide, LPS)
S5 T2 [H Sigma-Aldrich 2 & ; i3 4= IfiL37% (fetal bovine serum, FBS) H1A70 M| PUZE 75 A4 04 PR & L3 ; RPMI-
1640 1% 37 5 A B L £ 2% 0P (phosphate buffer solution, PBS)I [ 4% [¥ Boehringer-Ingelheim /A ]; CCK-8
T E _EiEE A RAEVIRE R AT MIRRFERE F-a (tumor necrosis factor-alpha, TNF-a). 1412 (interleu-
kin, IL)-6+ IL-1p B¢ 5 2 W Bt i 56 (enzyme-linked immunosorbent assay, ELISA)IR 7 £ F 3£ [ Biolegend

A
2.2. {X2%

5810R & =\ id 2500 HL(Eppendorf /A 7]); D1008 {iKi# &0 AL(DLAB A Fl); HZK-FA210 HF 4T R
FEEERTFHMRAT): Ti-U 26 B 54 (Nikon 24 7)); Research plus #i4(Eppendorf A 7).

2.3. MBHBFES ST

2.3.1. FERUINAEATEE R 2 PR R R IR
AN FEE I P B 245 T R4 1580 7 (encyclopedia of traditional Chinese medicine, ETCM) [5]3R B4
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I AT (b A58 R HEL. KM SR, HtE— D 245G AR SO T H0HE #h 78 5 0
e. BJE, FIH Pubchem Hudi FEAG 2 &AL 7 70 i) SMILES £ 305 —4e45H), K3\ Swiss ADME
AT RGN . TRIE SRR N B ITRIREESCN “ w7, H. Lipinski. Ghose. Veber. Egan. Muegge
FLAR L RN 22/ R T [6], 76 IR S AR B A e i AL & . 13— R A Swiss Target
Prediction 34 g %hi 4 23 (VR FRE 34T TR 7], BRERch “ NJR” , FELBEE KT 0.4 ABIH
T E S o AT TN i 20 L E AN S, $22CE Universal Protein (Uniprot)£i4f 7 51T 5 H 44 FK
PRAERZ IE[8], SR SEAE A IR 12 (1 25 W AH DG HE g .

2.3.2. ILI R a0k

DRI G 5 11 A543 IR RE DG B 15, ASHE FE 865 1 Genecards 5784 A\ 98 i 77K 183 4% H s 22 (online
mendelian inheritance in man, OMIM)# K& E w598, LA “immune liver injury” N4 — &R, 7E LR
BT RAM R . VP IRBUWEE S yIR G &I 5 R BEAI S, 3E— BB UniProt 245 6t B K 44 Fx
BTG — ITEAGRL IR, e ST AT 78 i 5 1) L0 003 AH DR HE s 4K

233 "“#¥) - KR XEBENFERE XHEESZEBE{E(Protein Protein Interaction, PP1)4g a3

it VENNY2.1 72 A B T HAF SR RO EE 2 i P B2 A DG HE R I AR OREE n AT 32 8k, 3R 4%
“H - R ASHERL, FFLRI T BT AT AU, I String1L5 KO R <254 - Bow” SR
BEAT I3 M, WFRhik$E “Homo sapiens” , & highest confidence > 0.4, FERa M 4% ih Wi &R A, 15
| PPI R4 . K¢ PPI IIZS (¥ TSV U5 N Cytoscape3.9.0 #cfk, MR A4 #6412 or M 4 AT e, B
PAFEERINEE I VR AIT 1L BB AT

2.3.4. EEZEHF(Gene Ontology, GO)E4TNgE 5> thFIR FMERE 5 EELH B R £ (Kyoto Encyclopedia of
Genes and Genomes, KEGG)iE R E & 247
PO 1615 B B 250 5 S ARSI 3R AT & Metascape 4, 20T GO ThAE/ MMl KEGG Bk &
o3, THIGARMERE N P <0.01, EHESPTIRL R — D@l A G & T 2 .

2.35. “PH -APRY - BR - FEIER" NENEE

B CRERUIMEEZ PETERSY T CEERUINEEZIRIT LI FMEREE S DL “KEGG EHmE” FA
Cytoscape3.9.0 B AFHIEE “ 2y - 29 - #EaS - (5 S iEEg” WL, FERIH M%7 i (Network An-
alyzer) Dy BEXT X 28 JEAT 43 B, KRR 20 07 285 L I 45 & SCHRIRTS RE R I R A6 9T LI AR FH %) 32 0% 1k g

b

2.3.6. O FXHEEAE

NIRUE T AEIG R o VR A ML, SR ERT AT TS 10 N EZEM: &S5 10 MZOH A, R
FRHER ARSI IAN B, PPl R ST I 4E A REE, T B e 2tk AT b e . A PDB
KR B AR AL B TR (116 PDB K8 SC#F, M PubChem P& Rk B ZiE MR 40 19 SDF #6200, FIH
DockThor ¥ #L2E (1 5k ST 707X, K a4 e s, 58 Autodock 47 AT AL
JEIR

2.4, FRERXPEMM ST 10- =B KAER

2.4.1. NRAEREENE R ARSI
Z W8 DU SCHRARIE[9] [10], B /N RIS s vE 5 2 mL 3% Ak R th 15 77 3%, Ml 72 h J5 Ab%E,
F 75% B2 3 min G NS hEElE, F/R NERE 0, REEE, [k s s
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mL T4 ) PBS phie, 7844 FENEHE 5 min 5 A S BGEDER B B0 T, BEE 3K, #EVE L 1500
rimin (R E SO S min, B0 ERE I 1 mL Tris-NH4Cl, #- 8 5min, FXE.L 5min, 3 BiE, &5
HEAMM AR . f)a S 10% FBS [ RPMI-1640 1577 3L B 240, 753/ BUIE s B W40 i .

2.4.2. EREHNE

W NG ERANTH RS, B E] 96 FLIRT, BEAL 4 x 1004, WhEERRIRSS, B (AR
YA X HEZH R R [ 9CJE (250, 125, 62.5, 31.25, 15.625, 7.8125, 3.90625, 1.953125 pmol-174) [ 10-32 My i
B, A6 NMESL, BZh24h)E, FILIMAE 10% CCK-8 Wl & 5774 100 L #5352 h J5,
{5 FHBEAR G 52 450 nm ARG . tHEAMAFER, MIAAEZR%) = (A ns — A za)l(A v — Az
¢) x 100%, IR FEE 3 K.

2.43. BEBEE EESD IL-6, IL-18, TNF-a REMNE

B/ RIS I BV A B R T 24 LA, BEAL 2.5 x 10° N, MEBERE RS, FHTIA 1) PBS ¥eik 2 1K,
WEZAA. LPS #AIZH(1 ug-ml). LPS (1 pg-ml?) + 10-Z2My45 25 40,(15.625 umol - 1Y), FL:[FEI4LH 24 h )5
WCEEAHAL FiE W, H ELISAEIE Ll TNF-a. IL-6. IL-18 & &,

2.4.4. BESTS O
1§ F GraphPad Prism #4:x BE HEAT i it 244001 MOSLREA t KB EAT PR AL A B B b i, PRI T
EoM T2 AR, R SAHREIFEE =R, P <0.05 #ANEH SR L.
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Figure 1. Guizhi Jiagui Decoction in the treatment of immune liver injury: An analytical process
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Figure 2. Common targets and protein-protein interaction network of Guizhi Jiagui Decoction in the treatment of immune
liver injury (A) Venn diagram of common targets between Guizhi Jiagui Decoction and immune liver injury; (B) Protein-
protein interaction network of the common targets

2. R R R MG AR S MERHEERAXR E(A) “HERNE7 - REMRG £EES
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Table 1. The result of primary target network topology analysis
= 1. TEERESMERINE S RER

B AER degree 14 I Bt
AKT1 30 1142.863683 0.01010101
TNF 26 591.502221 0.008849558
ESR1 19 464.0238313 0.008695652
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SLC6A3
PPARG
SLC6A4
CYP2D6
DRD2
MAOB
PPARA
CHRNA7

17
17
15
14
14
14
14
13

354.6140227
191.6148583
160.972876
240.5853932
192.4137474
65.58615519
135.9643383
136.0760441

0.008196721
0.007874016
0.007407407
0.007692308
0.007874016
0.006802721
0.007874016
0.007633588

i VENNY 2.1 7225 T HXHEE o B 5O B BEAT S8R o, 2l 5 B (K 2(A)), 335
69 I “25¥ - B 7 FLFRIL AL EBLIEAL b, fFBI STRING 11.5 #ifs PEAL g 82 A B ELAE 2%, K4
KA 69 MY AN 257 A AL, BE— R4 HE 3\ Cytoscape 3.9.0 BAFHEAT #1410 Hr (4]

2(B)), SRR, AKTL 7EMLH HAT Ik

LR 0,010 (F 1),

3.4. GO £ 4ThEEFn KEGG EREE S

AW TR 69 A “ 24 - i 7 SAAHE U3\ Metascape T &
WS KEGG B &£ 5T .
KA FTFE(BP) 921 Tl 41 fi4H 43 (CC) 44 T K 4y T T RE(MF) 66 Tl
ﬁ%ﬂﬁkﬁﬁ:lﬂkﬁﬂmﬁm KEGG @ % & £ 0T ikil i 54 2 BE B E N5 Sk, Ailt—

BEAT R RIAR(GO) T g

= HO S {E (Degree = 30), HAFF0EA 1142.86, ik
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Figure 3. GO and KEGG enrichment analyses of Guizhi Jiagui Decoction in the treatment of immune liver injury. (A) GO
functional analysis; (B) KEGG pathway enrichment analysis
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35. “HEh - YIRS - R - BT MEAEMRTRA ST

K H Cytoscape 3.9.0 AU 4 Fros) “ W2y - plidy - BES - JEER” TAEMZS %M 45 1276
AN 10,961 MHE R, Hp gy, SR A LGB B IR NI . BIE . SRR VK
T RERIN. FIH NetworkAnalyzer fifF 7 Hr &g b @ 1, LAY & Bt (Degree) (B A O PESRFR. 456
Sy HTEE R IR E A G SCHR, TR H 10 AN EELEME RSN (K 2), o degree {E s S2 6-22 i, K degree
{E4 101, A% 0.013141766, FziH 0N 0.370963049.

7E: SJ24: 6-Gingerdione; SJ25: Gingerenone A; SJ28: [6]-Gingerol; SJ29: 10-Gingerol; SJ33: 6-Gingerol; SJ43:
Citronellyl Acetate; SJ53: [6]-Gingediol; SJ68: 6-Paradol; SJ72: 8-Gingerol; BS4: Paeonilactone C.

Figure 4. The network diagram of “Drug-active ingredient-disease-target-pathway”

B 4. “rh7h - YIRS - BB - BET MRE

Table 2. The result of network topology analysis of main active ingredients

=2 FEFRMRS MBI FESRER

gy TS TERR Y degree {4 B ittt
EEE ) 6-Gingerdione 101 0.013141766 0.370963049
EEE) Gingerenone A 101 0.01454508 0.366063738
% [6]-Gingerol 101 0.010625695 0.367753101
% 10-Gingerol 101 0.013417103 0.367117766
% 6-Shogaol 101 0.016158494 0.367541078
EEE Citronellyl Acetate 101 0.021050379 0.370316584
EEE [6]-Gingediol 101 0.012151873 0.370531822
e 6-Paradol 101 0.013607224 0.37074731
% 8-Gingerol 101 0.014113751 0.367117766
Aje Paeonilactone C 101 0.026252548 0.367117766
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3.6. HFXIEE

i3t DockThor ¥4 0i%k ) 10 ANEMER AT 10 ANMZ0E 5 B AT 0 58, BNt g5 &
RO, 45668 <-5.0 keal/mol #i Bl & H SR A A& RIF, 4566 <-7.0 keal/mol WEHEH S
BeAA 4 Grid M s ZU [11] o AR R oR, Frfy BB PR R A 5 G AT 1 45 4 B 2)<—5.0 keal/mol , H
£ 8 < 7.0 keal/mol FLEXT 45 o 17 84%, Horf 10-22My 5 G BEHE AT TNF 45 5 8UR B F, H4s R
Elm‘i%a\ﬁt“ VE (1] 5), LR A bR AR IR e B VRS, AR B R Eﬁ’é@ﬂt%
GG BB/, TR AR R ET DA AT PR R R (] 6), SR RS B 3 PR

TNF - -8.148 | -8.656 | -9.077 -7.832 -8.591
--6.5
ESR1 . -8.138 | -7.975 | -8.236 | -8.396 ..
PPARG - 6907 | /2 -6.877 . 6.877 . -8.137 | -8.198 ..

--6.0

QA 6.775

-75
SLC6A4 - -683 | /:iif -6334 -7082 -7.086 -7.104 7.912 XL
oo ] - o e =
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s 58] 8 o o e o [
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U) (IJ U) U) (IJ UJ (IJ (D U)

Figure 5. Heat map of docking fraction of important active ingredients and core target in Guizhi Jiagui Decoction

Bl 5 HERMEAEREMERD SO R IR HARE

TNF-[6]- Gmgerol TNF-é-Shogaol
(A) TNF 5 10-Z#F}; (B) TNF 5 8-%[y; (C) TNF 5 6-%[); (D) TNF 5 6-Z /55 .

Figure 6. Molecular docking results
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Table 3. Target protein information table

F#3 BEARER

4B PDB-ID
AKT1 6CCY
TNF 5MUS8
ESR1 620Q
PPARG 2VV2
SLC6A4 516X
CYP2D6 3TBG
DRD2 6CM4
PPARA 3VI8
CHRNA7 5AFN
MAOB 6FWC

3.7. {&5hscIIeiE

3.7.1. MAEMITME S TIEREIEEF

i 7 froR, 10-ZMKETE 0~31.25 pmol- 1 JEFEI, /N RUIE S E VR0 i s 135 0 B3 (P >
0.05). %7 31.25 umol- 1"ty FE AR A2 S AR, SO IE 25 SR 1) v P55 ] JE 53 1 I s R S B 7 BH AR TG 22 10 2%
PR EAT, ATk 15.625 pmol- 17 A Ja S S Ik

[y

n

=
1

100 *

Cell Viability (% of Control)
3
1

kkkk KEKK

=]
1

DV P DN DD 2D

Concentration(umol-L'l)
53R, *P <0.05, ****P <0.0001.

Figure 7. Effect of 10-gingerol on the activity of mouse peritoneal macrophages

7. 10-Z= %t/ FR A BE B Rk 4R A A 77 R A0S

3.7.2. 10-E®W»H/NREEEEMEMAE EE R IL-6. IL-18. TNF-« 2EKFI

NERTE 10-ZLM PR A, FRATVE AT TG Y 22 2 (15.625 pmol - I #E47 -1, &l 8 fir
N, HEAXBAME, LPS B ErENA i IL-6. IL-18. TNF-a SEEE 5P < 0.001; P <
0.01; P <0.001); 5 LPS #iMIZHALL, 10-ZEMyH EREANAE HiFH IL-6. IL-18. TNF-a &8 &3 [FKP <
0.001; P <0.01; P <0.01).
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Figure 8. Effect of 10-gingerol on the levels of IL-6, IL-1f, and TNF-« in the supernatant of mouse peritoneal macrophages;
The concentrations of IL-6 (A); IL-15 (B); and TNF-a (C) in the macrophage supernatant were analyzed by enzyme-linked
immunosorbent assay (ELISA)

& 8. 10-=®%t/ RIS EREMM L5 IL-6. IL-158. TNF-a SEMEMN; EMEMME EED IL-6 (A); IL-15 (B)Fn
TNF-o (C)¥R B RYBEEX 5 72 IR P38 53 4

4. ¥1ig

PR DAL G0t, ek 13 NEFA IR, XEBCAERRER AL AR E[12]. £
ol JEF 97 1 A2 5 B R PR P 22 0 B T A R B A [13] 0 Ferp LI 2 s 45 o FFF o 8 2 1) — A St
2.

BERWR SRR, REEKARRAT, BEOEEEM, BT DURAIEE , BRI ARG [14]. A BEIUR A,
R EA R AT B 5 R A s iE PE[15] . 75 Hh AT RRER R, REF= L4 BT, 49189, mT LAE T 2 #4[16]
J7 A CH R F AT LA B H AR R BhC BH R ROR [4]

AHIE TG 3% AR BOINEEZE YT ILL 1) 10 MO HE S, B3 AKTL, TNF. ESRL %%, #RHLZ 5
ST 71 H, AKTL 7E 2 MBI A 40k R RRRES, HiE S R gu i gE . 8 TS50k
AR VA [17] [18]. TNF-a & ILI 71 Kupffer 41 23 i 58 2 RE IR 7, HPrid ml ke AT #5145 [19] A
WL o T4 R R, TNF 5 2Rt o 456 R AT, #—BSCF A 1L %Ot . KEGG 4>
W], R £ 2 % PPAR. AMPK fil JAK/STAT 2545 5@k K 1EEH . JAK/STAT il
FE 7 R AR, $00 1208 % T B AIG A0 i DRl -2k I G T O Rk [20]. AMPK G 6 2 5 AR 1 5 48
Mafads, TERRVT AL BA AR A [21], FFrT 4 B NF-«B 8@ B i AT 4015 [22] o i i i 3k
[ ¥ A S IR S 7 46 -5 B 28 T 05 1D 40 ik A

SRR 10-2H 5 TNF 4G 8RBT, PR T RETEPLROS R th R GBI E T . B AR
P RERE AL IOAE T 10- M BT R AE . SLI0Es R, fELFIRE T, 10-ZEM 68 &6 LPS fr
R RIER T 1L-61 IL-18 A1 TNF-a BT REAA TP G 1 . 248 R SBRA T —80 2%
FerEL ] NF-«B BEFR L & MAPK JEER IS, FIE SR —S WA SRR TNF-a MRk, i
JFAF4EA[23]. BEAk, 10-220 BAA B K AYIESCRE T L0 EE, AR 40 B 3sd 5 7 T R I AR T 6-2Z2 By A 8-
LIRE Ty, HARNEEAL, W52 RAF[24]. HAES KA 2Y vh my 0 f ifi P 0 UL 40 B 24 7 S5 3 7%,
IAE AP R 5 BHBUE AMPK G K[24]. SAFLiEH, 10-22Myik nl i@ ¥ A PIBK/AKt ik, 55/
Je 1 e SR BEL A 5 2R AR AR TR T, T A A G 5 A2 [25]-[27].
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