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# E: B HETEAHZRITHERBRIH EREMIAE SRS TFH1% C(acute liver injury, ALD FIVEF K EAE S
THU. 3% 50 K SPF Zutfitt: Wistar K EUBEHL > At B4 . A . &BEYT (200 mg/kg) 4. HERKER (100 mg/kg) 4
AHERR (200 mg/kg) 4, HERBRAMH HIRAES: ig 4525 8d, ZBHTHT LIS 5~8 Kip 4324, XMAMEA ig
AERERK. SEERES 5 R, BRXTHRAIAN, FHARKBRBI ip WA (8 mgke) S ALL R MFAEfa%. FFIhae &4 LU0
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PR R AN T A RS SN 2 R R B E AN E B - A WA EAEA (protein-protein interaction, PPD) #4&
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MERBME M RE ., R SRAA R, 5 R A0 H RERR 4K B E 48 ORI % N S IR " A 5 #£ 8 (alanine
aminotransferase, ALT). KA LB (aspartate aminotransferase, AST) HPEEZ [ZMK (P<<0.05. 0.01. 0.001),
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factor receptor, EGFR). TP53 & H B ERAE FH W 45 [ S BRI 5, FF34m] & E 2 BEARELNLEE 3-348% (phosphatidylinositol 3-kinase,
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Abstract: Objective To investigate the effects and underlying molecular mechanisms of glycyrrhetinic acid (GLG) and glycyrrhizic
acid (GLA) on alleviation of cisplatin (CP)-induced acute liver injury (ALI) based on proteomics. Methods A total of 50 SPF male
Wistar rats were randomly divided into control group, model group, amifostine (200 mg/kg) group, GLG (100 mg/kg) group and GLA
(200 mg/kg) group. Rats in GLG group and GLA group were given intragastric administration for eight consecutive days. Rats in
amifostine group was given intraperitoneal administration from the 5th to the 8th day of the experiment, control group and model group
were given intragastric administration of physiological saline. On the 5th day of the experiment, except for the control group, all other
rats were induced to ALI with a single dose of cisplatin solution (8 mg/kg) via ip. Liver index, liver function and pathological changes
in liver tissue were detected. Label free non-standard quantitative proteomics technology was used to analyze protein expressions in
liver tissue, differentially expressed proteins were screen, and bioinformatics analysis was performed. The protein-protein interaction
(PPI) integration network of drug and disease prediction intersection targets and differentially expressed proteins was constructed by
integrating network pharmacology methods. The core targets were screened by cytoNCA, MCODE and cytoHubba, gene ontology
(GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis were performed. Key target
expressions were validated using Western blotting, immunohistochemistry and other techniques. Results Compared with model
group, the liver index and activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in serum of rats in GLG
group and GLA group were significantly reduced (P < 0.05, 0.01, 0.001), and the pathological damage of liver tissue was significantly
improved. Proteomic identification identified 23 potential key differentially expressed proteins each in cisplatin-induced ALI treated
with GLG and GLA, enriched in multiple biological processes related to redox reactions, inflammation and apoptosis. PPI integrated
network showed that signal transducer and activator of transcription 3 (STAT3), heme oxygenase 1 (HMOX1), protein kinase Bl
(AKT1), B-cell lymphoma-2 (Bcl-2), cysteine aspartate protease-3 (Caspase-3) and tumor protein p53 (TP53) were key targets of GLG
action network, HMOX1, Bcl-2, epidermal growth factor receptor (EGFR) and TP53 were key targets of GLA action network, and
they can be enriched in phosphatidylinositol 3-kinase (PI3K)-Akt signaling pathway, tumor necrosis factor-o (TNF-a)) signaling
pathway, interleukin-17 (IL-17) signaling pathway, p53 signaling pathway, etc. The validation results showed that both GLG and GLA
could significantly upregulate the p-Akt/Akt value and Bcl-2, superoxide dismutase (SOD) levels in liver tissue of ALI rats (P < 0.01,
0.001), and downregulate the expressions of Akt, HMOX1, STAT3, high mobility group box 1 protein (HMGB1) and levels of TNF-
o, IL-1B, malondialdehyde (MDA) in liver tissue (P < 0.05, 0.01, 0.001). Conclusion GLG and GLA could effectively alleviate
cisplatin-induced ALI, and their protective effects may be closely related to regulating Akt/STAT3/HMOX1 signaling axis, thereby
inhibiting liver oxidative damage, cell apoptosis and inflammatory response.

Keywords: acute liver injury; cisplatin; glycyrrhetinic acid; glycyrrhizic acid; proteomics; Akt/STAT3/HMOX]1 pathway
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SYXK (JI) 2020-196. sh#1alF%T- R = 2 Fe sh 4
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BRAR; RS BT (2515 H20040412, 4t
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51612193201 W HAFENAH R AF]; K4
fig (#65 20190325) W H RET RRAZRF
REE 248 (S PL1011) T [ #5E Merck 24 ;
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ELISA i{#|%& (35 E-EL-315¢). TNF-a ELISA i
7 #& (4t 5 E-EL-R2856¢) . K 40 L/ % -1PB
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ELR0012c) W H iU 3 sm R AE MR et A IR A
A KREEMDEALHE (superoxide dismutase,
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NZ R IL 4 (alanine aminotransferase, ALT)
RAE (IS5 20201104). REARRE I
(aspartate aminotransferase, AST) & (L5
20201105) & H e Bt @ ECAEY) TAEWTFEAT; M4l 3R
A 1 (heme oxygenase 1, HMOX1) $Hifk (Hit5
10701-1-AP), =il #ZEH Bl (high mobility
group box 1 protein, HMGB1) $ifk (L5 10829-1-
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transducer and activator of transcription 3, STAT3) #T
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Red arrow in figure D represents necrotic cells, while the black arrow represents inflammatory infiltration; #P < 0.01 ##P<0.001 vs control group; *P < 0.05

Hk

P <0.01 P <0.001 vs model group, same as below figures.

E1

HERBRFMH BB INE S0 ALI KEAFAEEE (A) REFIIEE (B C) FAFALRRIELL (D, X200) HIFMNT

(X+s,n=8)

Fig. 1 Effects of glycyrrhetinic acid and glycyrrhizic acid on liver index (A), liver function (B, C) and pathological changes

of liver tissue (D, x 200) in cisplatin-induced ALI rats (Xt s,n=28)
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0.01. 0.001). HE J+f258 ( 1-D) &R, X
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RAEBAE s o 285 4K WU 4 245 45 A2 B B . 0k
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B EIEEE AT, e ST
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Fig. 2 Volcano plots of differentially expressed proteins in liver tissue of rats in each group
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Fig. 3 GO functional enrichment analysis of differentially expressed proteins improved by glycyrrhetinic acid and

glycyrrhizic acid in cisplatin-induced ALI

PRI ve R SRR vs HERRIRAE . SR ALLERRBEA 234 GR D, K bl
BRI vs HERAZLSEHMRMERFEED 74, T 16 A MR HHERSGEINEHIE S
TENH BRIR B H IR MR 2 ALLIWE/E  ALL W ERRIAER 23 (R 2), Hd B 114,
KREEEFIIREN, HTHERHEXRSCGEE TR 124

*1 HEXRKENAESH ALLBEXRERKEER
Table 1 Potential key differential proteins improved by glycyrrhetinic acid in cisplatin-induced ALI

s e logaFC &%

R AR A EKRAL | BB B SR
1 Afm -1.22 0.73 i T
2 Ankl 2.11 -1.12 1 I
3 Arll 0.80 -1.05 " I
4 Carl 1.61 -0.76 1 I
5 Cdipt -1.01 0.77 Ik T
6 Clecdf -2.63 1.57 [ T
7 Cyp4a3 2.03 -1.23 1 e
8 Ddx21 1.23 -1.29 " I
9 Fgg 1.30 —0.64 o I

10 Fkbp4 -1.61 0.79 Ik 1
11 Gypa 6.83 -3.43 o T
12 Hmox! 2.16 -2.25 o T
13 Impdh2 1.52 -1.46 0 I
14 Kngl 429 -1.33 it T
15 LOC103690024 -1.02 0.98 L# T*
16 LOC297568 -1.52 0.96 L### T**
17 Myl6l 1.13 -0.69 it T
18 Rbm3 6.77 -2.43 0 I
19 Serpina3c -2.22 1.17 N T
20 Slc25a25 1.22 -1.20 T# l*
21 Slc4al 1.89 -1.18 s e
22 Spryd4 3.44 -3.06 1 I
23 Stat3 3.18 -1.19 L 1

tVRR B, VRRTE: SR *P<0.05 #P<0.01 #*P<0.001; SHA4HLE: "P<0.05 TP<0.01 *"P<0.001, £2[[.
1 indicates upregulated, | indicates downregulated; P <0.05 *#P<0.01 ##P<0.001 vs control group; "P<0.05 **P<0.01 *™P<0.001 vs model

group, same as table 2.
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Table 2 Potential key differential proteins improved by glycyrrhizic acid in cisplatin-induced ALI
$ =] % E lOgZFC %%‘
N Xof TR Hvst B2 RO ZH vs H SR ZH X B2 vs R R A B2 vs H R 2H.
1 Ankl 2.11 -1.02 14 i
2 Carl 1.61 —0.85 1 "
3 Chordcl -1.13 1.01 1* ™
4 Col6a2 -3.00 3.14 1 1
5 Crot 2.09 -3.30 14 1
6 Erolb -1.94 1.62 1 1
7 Fadsl —7.24 4.21 i T
8 Fetub 1.58 —0.67 1 1
9 Fkbp4 -1.61 1.20 1 ™
10 Gypa 6.83 -2.50 " 1
11 Hmox1 2.16 —1.64 i i
12 Hnfla 1.53 -0.77 i i
13 Hsd17b2 -2.22 1.50 i 1
14 Kngl 4.29 —0.63 T 1"
15 L3hypdh -1.72 1.14 i ™
16 Lyz2 1.24 —0.85 " 1
17 Myef2 2.03 -1.50 " 1
18 Mylé6l 1.13 —0.66 " 1
19 RGD1563861 -2.39 2.48 i 1
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Fig. 4 PPI network of glycyrrhetinic acid in alleviating cisplatin-induced ALI



F8 B 20206F6H £57% BUB  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4231 -

miE 5 FR, HEREMIEHE T 0 ALL 1)
PPI B4 M4, HMOX1 Sy H g | i fl 22 73R
KBEANILAEEG. AT 10 AR 0 RS
BCL2. R AEKK T4k (epidermal growth factor
receptor, EGFR). MEBIZ321% 1 (estrogen receptor
1, ESRI). TP53 %%, $/NiXtss (nl fed H R
O AR 5 S 1 ALL S8R .
34 BENEEQBRRESESN

53 AR H BB AN H HLER () PPT R P 28 AH 5%
HEBT KEGG # =0, w6 frox, HE
WA K E A S E D BBV EE 3- b

( phosphatidylinositol 3-kinase, PI3K) -Akt 155 1#
P& TNF {5 5108 . 22253540 8 0 (mitogen-
activated protein kinase, MAPK) {5 5 i ¥ IL-17 18
SIEM. HETEFEF-1 (hypoxia-inducible factor-
1, HIF-1) {558, T, HRERMCE
H &3 PI3K-Akt 5510, MAPK {5518,
o, HIF-1 {5 5% i@, IL-17 5 51% S,
TNF 5 5I88. p53 5585, SREEINZHK
5 JRE S ST B T AR G B, S H B R AN
HHERW BT IAEHERCED, 25 ERiEigRE
NG IR 75 51 ALLYEH o

chcv.m *"semm
cv@irat
L L. ITEAL COMPO‘ H’R 0 v.s
HNBIA FARS1 G§Tp1 ‘ 0 0 ‘ ’
MG RSUT HEK 002 e (’2 %,
FKBP4 ".“ vz iz POR ‘ e 0‘ 0 KT Acez cytoHubba - “SMA.
RIC.
e T '00 & @ e g Ll .
,’0 . b »
‘1 COULSA2 ,\04 " ' ' MMB12 HNA FABS1 o 2 . GSK3B ik i
o S . ;‘ ‘ NGB 1 ® g = o ok £ d‘ s & @
o NG e FéiR1 e o =g @ gm0 ..
$ :%‘X%%E ANKA1 POA ke S e a T R e gy
A BTE T EERRIAEN & o @ ” = P
A BT RAAE S—=—= Rave o = A K
© TR 5 oy A B R "’w o > hd
cytoNCA AT &
L Erfip2 @
B 5 HERERINAESHN AL H PPl &MWL
Fig.5 PPI network of glycyrrhizic acid in alleviating cisplatin-induced ALI
_ hepaitis C A 3.5 XBIEREEBRIEAIEIE
Th17 C§ll dllfferentlatlon A . . . . ..
FoxO signaling pathway leP ST AT A SCHR A, T H 5 R A H
. 10 s L N — N
e IR | FE N P T
Ml imaling puthway i i ¥ AKUSTAT3/HMOX 1 BHE M SE IR FFI5,
ol carcinoms| 4 1175 3 T AL VAU 0 AR R S o 2
h iti B 753 AY f . N > N
natural killer cell mediated cyfcﬂzt:ilcsity :Eé%%? UJ* H 3% ’ ﬂé)zﬁ Western blOttlIlg A %Eéﬂﬂi%ﬁﬁéﬁ
VEGF signali h S 5 N N
. ng"“lf"i‘;ii,;ffé i I BRUFF A AKUSTAT3/HMOX 1 38 % 6 i 6 25
-1 signaling pathwa N . o "
JAK-STAT sgnaling ptbway| = & 3 [k, Il 7 BiR, SR AL, R
IL-17 signaling pathway N
TNF signaling pathway ®30 }ﬁéﬂéﬂ Akt\ HMOXI *D STAT3 E@% El %Iﬁﬂ( - E{A
PPAR signaling pathway A
P53 signaling pathway I ‘ %‘}[“% (P< 0.001 )7 p-Akf/Akt 'TEEZ% %,ﬂ:& (P<
O 0.001): SRR, HERERAURH ALK

&l 6

KEGG BEEE S
Fig. 6 KEGG pathway enrichment analysis of cisplatin-

HERBRFHERERINHESH AL EXEBN

induced ALI-associated proteins modulated by

glycyrrhetinic acid and glycyrrhizic acid

BUTFZHEZ Akt. HMOX1 F STAT3 [ AR IEK T
B FE K (P<0.001), p-Akt/Akt i 2ETE (P<
0.001), SHEAFHL R .

G AR (8 Tor, SR,
R 20 K FRUFF 2 23 240 ot 7Y HMGB 383 . 2 3



« 4232 « F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

W B e i

r - 1.0 oz 087 ki
Akt 56X104 08 £ 0.6 -
£ 06 < i
S Q04
HMOXT | M - s 0 o 5
< 02 Q 0.2+
=
0 T 0 = e 2y
STAT e T — A R ’a“ﬁ e i B ﬁ( e
Wi
GAPDH “ 37X 10 10 i
_ E 08 sk i
3 < 06 ek ) g
p-Akt , 5.6X 104 Q X
- o 04 ;
S 02 =
- - S g
POy Eitl Eﬁ‘%ﬁ HER PR B R H R
R

KR
B7 HERXBMHERIAHESN ALL XRATEAL AKUSTATI/HMOXI B X BEARIKNEN (Xts,n=23)
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