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W E: B HITHEZNE (Glyceyrrhiza polysaccharide, GCP) Xt4A%E S & S5 (cisplatin-induced acute kidney
injury, CI-AKD AR BRANE/NE BRI HK-2 S8 R B AR AL, Fo3k WEXTIRA. B4l GCP =il
& (100 mg/kg) ZH. BEEIAH GCP L. &H&E (50, 100mg/ke) ZH. ip MAHEE KR CI-AKI &8, 457 GCP THi)E,
SEMIELEF (serum creatinine, SCr). IR ZE % (blood urea nitrogen, BUN). #AEK T K B 4 4UE R 43 Bt H Bk (glutathione,
GSH). 4 (malondialdehyde, MDA). WEE ¥ (Fe**) /KF; JHARK-HZ (hematoxylin-eosin staining, HE) FIiTflt
FRE K (periodic acid-schiff, PAS) Jefaiil g B iR HEEA&; TUNEL LM S HAYTMIJH T- 1% ; Western blotting I 5 & 41
A ERH7 4> T-1 (kidney injury molecule-1, KIM-1). "M pi2m i B i B AH < JIg iz 285 H  (neutrophil gelatinase-associated
lipocalin, NGAL). B #kE4HjufE-2 (B-cell lymphoma-2, Bcl-2). Bel-2 #H5¢ X [ (Bcl-2 associated X protein, Bax). BY
PR R IR R & AR SR -3 (cleaved cysteine-asparate protease-3, cleaved Caspase-3). Kelch FEME A A M REH 1
(Kelch-like ECH-associated protein 1, Keapl). #%[KF E2 #8XHF 2 (nuclear factor E2 related factor 2, Nrf2). & J5 24k
Jliz IRV A — R R W R B IR U 1 (nicotinamide adenine dinucleotide phosphate quinone oxidoreductase 1, NQO1). ILZLE N
4 l-1 (heme oxygenase-1, HO-1). &t H ki E ALYl 4 (glutathione peroxidase 4, GPX4). AR F MK 7 B 11 (solute
carrier family 7 member 11, SLC7A11). BEIEHEE A & REFKFE SRR 4 (acyl-CoA synthetase long-chain family member 4,
ACSL4). #EEHESE | (ferritin heavy chain 1, FTHD). #k&E#4HE (ferritin light chain, FTL) HERE. AL HK-2
AR LB NE IR, B E ST, A4, GCP (800 pg/mL) 41. GCP-+Nrf2 4l ML385 (2 pmol/L) 41, Jil
T E 4HBTE 1. JEPES (reactive oxygen species, ROS). Fe* 7KF. Nrf2 #EA 15 LA ) Bel-2. Bax. Nrf2. NQO1., HO-1.
GPX4. SLC7A11. ACSL4 H[FiA, HE—5 8 Nrf2 /£ GCP 17l CI-AKI i VIfEM . 455  GCP nJ i3 F#K CI-AKI
BERKEL SCrv BUN K (P<<0.001), JRARMEA S1E A F IER B0 . RS /INVETER, F#IR KIM-1 fI NGAL HE A RIE
(P<<0.01. 0.001); PEfI& CI-AKI K BULEH 255 T7KF (P<<0.01. 0.001), il JE s i Bel-2/Bax WfE (P<0.05),
Nif cleaved Caspase-3 [ &KL (P<0.01. 0.001), JHEE'E/NE LRI . GCP RN S RENE 5 T Keapl 5 Nif2
FRES, RHE Nrf2 KA (P<<0.01), EWTFI##EE HO-1. NQOl. GPX4. SLC7All FEik (P<0.05. 0.01. 0.001), #2&
GSH y& M FR T i ACSL4 £iE (P<<0.05. 0.01), P ROS. MDA fl Fe** & (P<<0.05. 0.01. 0.001), & CI-AKI
R R GFU E AT AR BRTRL, BB, 1 ML38S mlii: ik {RyEMA (P<<0.05. 0.01. 0.001). Z5i¢ GCP
AEME IS CI-AKI, Z A3 1E AT BRI S Nef2 15 5 @ BRI B BE AN i st T2 R IEAE A

KR MBS HEZHE; N2 (5518, SN gt

hESAES: R285.5 XEkFRERE: A XEHS: 0253 - 2670(2025)24 - 9003 - 12

DOI: 10.7501/j.issn.0253-2670.2025.24.013

Glycyrrhiza polysaccharide improves cisplatin-induced acute kidney injury by
regulating Nrf2 signaling pathway

ZUO Zhenyu'-2, GAO Huanzhi', HUA Min?, WU Yi3, XU Dongchuan?, LI Meng?, ZHOU Meng*, ZHOU Qian?
1. College of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China

RS EHER: 2025-09-17

EEWB: ExARREEETH (82374132); (IARY AMRRIESERIITE (ZR2023LZY001)

TEEEN: LIRT (2000—), 5, WULFILA, W Ry 2245 sREFNLEIH 7 . E-mail: a13031749703@163.com

HBIEEE: A F (1982—), &, Wi, TG, WA AT 2 2 s R FIHLEI 5. E-mail: zhouqian0126@126.com
5 (1989—), 5, Wit EIFARZI, BFFCIT IR 528 S AE FIALEIRE 5. E-mail: zhoumeng006@163.com


mailto:zhouqian0126@126.com

« 9004 F8 B 20255128 $56% B248  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 24

2. Shandong Academy of Chinese Medicine, Jinan 250014, China
3. College of Veterinary Medicine, Yunnan Agricultural University, Kunming 650201, China
4. Department of Pharmacy, The Second Qilu Hospital, Cheeloo College of Medicine, Shandong University, Jinan 250033, China

Abstract: Objective To investigate the protective effect and mechanism of Glycyrrhiza polysaccharide (GCP) on cisplatin-induced
acute kidney injury (CI-AKI) in model rats and human tubular epithelial cell HK-2 injury model. Methods Control group, GCP high-
dose (100 mg/kg) alone group, model group, GCP low-and high-dose (50, 100 mg/kg) groups were set up. A rat CI-AKI model was
established via intraperitoneal injection (ip) of cisplatin. After GCP intervention, levels of creatinine (SCr), blood urea nitrogen (BUN),
inflammatory factors in serum, and glutathione (GSH), malondialdehyde (MDA), ferrous ion (Fe?") in renal tissue were measured;
Hematoxylin-eosin staining (HE) and periodic acid-Schiff (PAS) staining were used to observe the pathological morphology of kidneys;
TUNEL method was used to observe the apoptosis of renal tissue cells; Western blotting was used to measure expressions of kidney
injury molecule-1 (KIM-1), neutrophil gelatinase associated lipocalin (NGAL), B-cell lymphoma-2 (Bcl-2), Bcl-2 associated X protein
(Bax), cleaved cysteine aspartate protease-3 (cleaved Caspase-3), Kelch-like ECH-associated protein 1 (Keapl), nuclear factor E2
related factor 2 (Nrf2), nicotinamide adenine dinucleotide phosphate quinone dehydrogenase 1 (NQO1), heme oxygenase-1 (HO-1),
glutathione peroxidase 4 (GPX4), solute carrier family 7 member 11 (SLC7A11), acyl-CoA synthase long-chain family member 4
(ACSLA4), ferritin heavy chain 1 (FTH1) and ferritin light chain (FTL) protein in renal tissue. A renal tubular injury model was
established by treating HK-2 cells with cisplatin. Control group, model group, GCP (800 pg/mL) group, and GCP + Nrf2 inhibitor
ML385 (2 umol/L) group were set up. Cell viability, reactive oxygen species (ROS), Fe?* levels, Nrf2 nuclear translocation, and protein
expressions of Bel-2, Bax, Nrf2, NQO1, HO-1, GPX4, SLC7A11 and ACSL4 were measured to further clarify the exact effect of Nrf2
in GCP intervention in CI-AKI. Results GCP significantly reduced the levels of SCr and BUN in CI-AKI model rats (P < 0.001),
alleviated cisplatin-induced renal pathological damage, restored renal tubular morphology, reduced the protein expressions of KIM-1
and NGAL (P < 0.01, 0.001), reduced the levels of inflammatory factors in serum of CI-AKI rats (P < 0.01, 0.001), inhibited the
inflammatory response, up-regulated Bcl-2/Bax ratio (P < 0.05), down-regulated protein expression of cleaved Caspase-3 (P < 0.01,
0.001), alleviated apoptosis in renal tubular epithelial cells. GCP induced the dissociation of Keapl and Nrf2 in vitro and in vivo,
promoted Nrf2 nuclear translocation (P < 0.01), up-regulated the expressions of downstream proteins HO-1, NQO1, GPX4 and
SLC7A11 (P < 0.05, 0.01, 0.001), increased GSH activity while down-regulated ACSL4 expression (P < 0.05, 0.01), reduced ROS,
MDA and Fe?" levels (P < 0.05, 0.01, 0.001), improved lipid peroxidation levels, reduced iron deposition, and inhibited ferroptosis in
CI-AKI model rats, while ML385 could reverse the above protective effects (P < 0.05, 0.01, 0.001). Conclusion GCP could improve
CI-AKI, and this protective effect may be achieved by activating the Nrf2 signaling pathway to inhibit ferroptosis in renal cells.
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BAE AN Proe. Sy, PuEL FiEy)
S PR, H IR, GCP Refigidid %
F E2 #H5%KF 2 (nuclear factor E2 related factor 2,



F8 B 20255128 $56% B248  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 24

* 9005 »

Nrf2) {550, F0HERI R & TR B AT
B A B R BB T, T e A 0S), {H GCP X
CI-AKI 2 5 HA TR 1F AR WAHSSHE 7T« BRFE T
J& — ol pR R AT A 1 i T A T 1R 1 R B 4 P At
773, BRSNS IE T n) 25 s N N
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SPF it SD K, A&iiE 180~220 g,
B NSRS E B G R AT, A= iE S
SYXK (&) 20230004, Sh¥5s: T L =4 hEEZ
WEFREE, M (234+2) C, MIHEE (55+£5) %,
JEHETEIA 12012 he BIPERERL LR TR 25 A
BEASHEZ ottt (HbHES SDZY'Y20230317004).

N'B/NE b 40 HK-2 ('S CL-0109) I H
RS FAE R A RAF .
1.2 AR5

GCP (JRE /T H(>95%, #it'5 CY230901) I H
Bvh 28 A H ARG BR AR A Nef2 $ii] 7)
ML385 (#t5 437 447790, 281591) 4[4 3 [
MedChem Express A F]; IG4F 117G« DMEM/F12 3%
FRIE (LS5 2440101, 61254260 W H EH
Gibco A #]; SCr it BUN ikfl& Git5 45
N 20240701+ 20240905) 1 F 7 5t 2 R AE ) T AR
FHTs AR -4 (hematoxylin-eosin staining, HE)
et 55 & IR S K (periodic acid-schiff, PAS)
el &, EMEAMHE (glutathione, GSH)
W& Nl (malondialdehyde, MDA) 7 &+
R RIRA W 5207008 20240706 20240725
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FORERHEAMR AR —% TUNEL 40008 T2k
MRRF A R CCK-8 kA E . TiEME4 (reactive
oxygen species, ROS) Fuilli7& . DAPI i
(#5258 C1090. 101623240430, A147250113.
C1006) W H FigH A RAEMEAREGIRAF; KERA
A %-1p Cinterleukin-1B, IL-1p) A& .
IL-6 AR & B IRFER F-a (tumor necrosis
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PREF (5 1101X250086) 14 [ gk B2 E R4
IR/ E]; Omni-Easy™ Bl 7Y BCA 2 A & &7
& EABEHHFNES. ECL Rl (52
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g = R IR AR s 7 BT H AR 71 ot
FEARIL (1X104~1.8X105, #it5 3073761) Iy H %
Thermo Fisher Scientific A& ; B #Hifh 70 ¥ -1
(kidney injury molecule-1, KIM-1). H 454 fifd B
Jiz B AH ¢ BE i 12 # 8 1 ( neutrophil gelatinase-
associated lipocalin, NGAL) Pufk (L5 435K
BA3537. PB9609) I [ i # A A=) TAEA R
F; BIRE4HAEIE-2 (B-cell lymphoma-2, Bcl-2)
Bcel-2 9% X £& [ (Bcl-2 associated X protein, Bax ).
Nrf2. ML E N4 REE-1 (heme oxygenase-1, HO-1).
T T Y R T MR WA A% Y R T R R SR 1
(nicotinamide adenine dinucleotide phosphate quinone
oxidoreductase 1, NQO1). Kelch £ 4 & A el %
M 1(Kelch-like ECH-associated protein 1, Keapl )+
B IEH RIS E YIRS 4 (glutathione peroxidase 4,
GPX4). BEIEAAG A & UK BE SR A 4 (acyl-
CoA synthetase long-chain family member 4 ,
ACSL4). BREAREE (ferritin light chain, FTL).
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&, HRP Fridh=Edif 1gG itk (500
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20000486 W H N =B LV BARG R AF]; BIY)
Y 2 R K A 2 R B -3 (cleaved cysteine-
asparate protease-3, cleaved Caspase-3). VA i # A K
B 7 Bt 11 (solute carrier family 7 member 11,
SLC7A11). #kERHHE%E 1 (ferritin heavy chain 1,
FTHD Hifk G540 22, 12, 8) I 3E[E CST
AL
1.3 1485
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AR ig GCP, XFIRAAERIA ig AR 14
HEERIK, 1R, EEG2510d. G255 T R, A
4. GCP {7 E4. GCP &7 &4 KAk ip
8 mg/kg JAAE S AKL KRB, X ZH Al
GCP EiflEH ip FARF A E K.
22 HEARE

RKIXGZiIE 1 W2, KEE R RiE, g3
FkEUL, # & 0.5h, 4 C. 3 000 r/min > 15
min, B _EIEW, HAFT-80 CUkKF#&MH; L4 C
A PR ER KT DTSR, BB A EECE I, 56
53 "B W A2 3 R 7K e IS A 22 5 WP I A AT [
%€, HT HE J /1 PAS Yefa, HAHANYIME T
RAFE Hh—80 CUKFH# M
2.3 SIHEER
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2.6 TUNEL WA R Shr2E LR AT

HOR BRCE2H A S ) s a4 Mo e A 27K Ak
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BHLREAR 4 CRRVR, $ I8 & v B A I

B H 2% GSH. MDA 1 Fe? [ 7K *F o
2.8 Western blotting &l KR Z2HZA KIM-1.
NGAL-. Bcl-2. Bax. cleaved Caspase-3. Keapl.
Nrf2. NQO1. HO-1. GPX4. SLC7A11. ACSLA4.
FTH1. FTL EAXIX

BHLFEAR 4 CHEVR, I RIPA ZARRELR
J&, IR B O IR 1, SRA BCA VEIE & H
W, BiJ5 5 loading buffer J8&, 100 Chi#k 10
min 8 HAYE, EEMME 8% T iR IN-
KRNI GG B YK, ¥4 PVDF B, #HHJE, I
AR HIEFH—#H0 NGAL (1 :1000). KIM-1 (1 :
1000). Bel-2 (1 :2000). Bax (1 : 10000). cleaved
Caspase-3 (1 © 1000). Keapl (1 :3000), Nrf2 (1 :
4 000). NQOI (1 :10000). HO-1 (1 :4 000)-.
GPX4 (1:3000). SLC7A1l (1:1000). ACSL4
(1:6000). FTH1 (1:1000). FTL (1 :5000).
B-actin (1 :50000). LaminB1 (1 :50000), 4 C
WEL®. KH, 4 TBST WS, MMM —HT
(1:8000), FEHHE 2 h. R ECL ZEEBLH4
Je, ¥ Image J 3341 2% K AR -
2.9 YHRESE. ERNBTE

HK-2 47 10% 64 %) DMEM/F12 $%
FidE, T 37 C. 5% CO FrFfah g7 . BB A
FRIZH . GCP 2. GCP+ML385 4H.. it fa 2 Abi R 4
IEH 9%, GCPH+ML385 453N 2 umol/L
ML385 ¥ 1 h J5, GCP 41F1 GCP+ML385 4HK57%
FEFIIA 800 pg/mL GCP HIFEEHNI 24 hU'S, Bt fizH
Ah, HAAENIN 40 pmol/L NIFAALK S 95 24 he
2.10 CCK-8 A MLHpEIE
2.10.1 GCP X} HK-2 4}y /1052 HK-2 40
LA 8 X 103 N/FLEF T 96 FLARH, 44u il EE 4 K
2 80%, AN 1. 25, 50, 100+ 200 400, 800-
1 600 ug/mL GCP }55% 24 h, HBEXIEA A
ANE GCP B 725 BFLIMA 10 pL CCK-8 {5,
T 37 CHEE 2 h, FHBEHROGIIE 450 nm AL RO
FE (4D 1, %% GCP % HK-2 A&k
2.10.2 GCP XHgHi%E S HK-2 40 iE 77/ 520
F “2.97 WU NI4T HANLE 2, 4% “2.10.17 TR )7
LI A MLYE )
2.11 DCFH-DA %EEREH MR ROS 7K

oML iE B 7 5 A8 DCFH-DA (1 : 1000), f#
HAWRE N 10 pmol/L. % “2.9” i R HEAT /0 4LAN
¢5%5, IMAFREJG I DCFH-DA, T 37 ‘CE;3% 20
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min. F] HBSS Jei4ii 3 ¥k, FREARIEANLIHA
(1) DCFH-DA, BOtHEERME TS H .
2.12 FerroOrange EMHAA Fe* & £

TC IR 7R 3B FerroOrange fii {7, Al
ZIRFE 1 pmol/L. 1% “2.97 Wi N34T0 4LAZs 24,
TRNF&HE )5 1) FerroOrange YW, T 37 ‘CIBEGHE A
30 min, EOCILERERREE WS,
213 GREBFBRAERNMAEA Nrf2 #2510

¥ HK-2 g fadiepp T LR/, 4% “2.9”7
TR AT /- FNE 20, N 4% % K HEE T = [
5E 20 min, FH 0.5% TritonX-100 BE 10 min, JIA
5% MG EE AT 37 CEHM 1h, A Nrf2 Hrik
B, 4 CIENR. PBSIEME 3 K, AT
P, FIEBOEEEE 1 h, PBSIEME 3 WKE, MIA

DAPI Jetaid5f), ZiREOEGE 10 min, THOEIL
RAERME T WS,
2.14 Western blotting 128 Nrf2. NQO1. HO-
1. Bcl-2. Bax. GPX4. SLC7A11. ACSL4 EHFIA
o “2.97 WUNIAT /R 2, ARG, 0
A RIPA ARG, % “2.87 TR 724l
Nrf2. NQO1. HO-1. Bcl-2. Bax. GPX4. SLC7A11.
ACSLA4 FHARIZE
2.15 FitESHh
ifi GraphPad Prism 10.3 ZAHTHE AR T, %4
PELAX £ s £ow, ZARIEBCRH RN E T 25T,
3 #R
3.1 GCP %} CI-AKI X5 SCr. BUN 7K
WK 1-A FroR, SxPREAE, BAH KR

A 400 40 i
o T
2300 i = 30 e
F ! :
®kk
E 200 or ERl
—
S 100 c%ﬂ 10
0 0
g — — + 4+ + s — — + + +
GCP/(mg'kg™) — 100 — 50 100 GCP/(mg'kg™") — 100 — 50 100
XfHE .4 GCP 100 mg-kg™! R GCP 50 mg-kg™! GCP 100 mg-kg™!
B UL AR LY O VO S TETY
C
b KIM-1 NGAL
W~ — o+ o+ 4 s
GCP/(mg'kg™)) — 100 — 50 100 e #f# ” #ﬁ#
KIM-1 [ o e 39x10¢ 93 9 4 ok
‘ D w—— 'W‘ ) . 'H'% 3 »
NGAL | - — — 22X10* = z
= =
I 1 {10 1
B-actin‘—————‘4.3><104 W bt
0 0
e — — 4+ + + W — — + + +

GCP/(mgkg™) — 100 — 50 100 GCP/(mgkg™) — 100 — 50100

A-F AR T SCry BUN KF; By C-# 4 KR 441 HE 1 PAS Bfh (X200); D-#AHKREFHS KIM-1 7 NGAL HE(1FRiL; 50
HELH: #P<0.05 #P<0.01 *¥P<0.001; SHEBAHALLH: "P<0.05 "P<0.01 *"P<0.001, & 2. 3,

A-levels of Scr and BUN in serum of rats in each group; B, C-HE and PAS staining of renal tissues of rats in each group (x 200); D-expressions of KIM-
1 and NGAL proteins in renal tissues of rats in each group; 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 Figs. 2, 3.

E 1 GCP3xf CI-AKI KE'SINEERIRNET (X£s,n=06)
Fig.1 Effect of GCP on renal function in CI-AKI rats (X +s,n=6)
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SCr. BUN /KPR EFE (P<0.001); SHAIA
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FIEE (P<<0.001),
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0.001); SR LS, GCP 7l B4 AR S HLA F
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0.001), GCP fIGHIEH KR EHLH NGAL FHEHE
KA RERIL (P<0.01), HEFEMRM.
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