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Abstract ; This study aimed to investigate the protective effect of total glucosides from Paeoniae Radix Alba (TGP) against
liver injury in rats with type 2 diabetes mellitus (T2DM) by regulating of the nuclear factor erythroid 2-related factor 2
(NRF2) /solute carrier family 7 member 11 (SLC7A11)/glutathione peroxidase 4 ( GPX4) signaling pathway to inhibit hep-
atocyte ferroptosis. Using T2DM model rats as experimental subjects, and the animals were randomly divided into control
group , model group , metformin group,and TGP (50,100, and 200 mg/kg) groups. They were treated with the corresponding
drugs or distilled water by oral gavage for four weeks. Fasting blood glucose (FBG) and liver indexs were tested,and the bio-
chemical method is used to detect alanine aminotransferase ( ALT) , aspartate aminotransferase ( AST) , triglycerides (TG) ,
total cholesterol ( TC) , low-density lipoprotein cholesterol ( LDL-C), and high-density lipoprotein cholesterol ( HDL-C)
. Histopathological changes were evaluated. Superoxide dismutase (SOD) , malondialdehyde ( MDA) , glutathione ( GSH) ,and
Fe’* levels were detected by colorimetric assay. The protein expressions of transferrin receptor 1 ( TFR1) , ferroportin 1
(FPN1) ,NRF2,SLC7AI1l,and GPX4 were assessed with Western blot, and their gene expressions were checked by RT-
qPCR. Compared with the control group,the model group showed significantly elevated levels of FBG,liver index, ALT,AST,
TG, TC,LDL-C and MDA (P <0.01) ,and significantly decreased levels of HDL-C,SOD and GSH (P <0.01). Lipid depo-

* content and TFR1 expression were in-

sition and lipotoxic inflammatory injury were observed in liver tissue. The hepatic Fe’
creased (P <0.01) ,while the protein expressions of FPN1,NRF2,SLC7A1l and GPX4 were significantly down-regulated ( P
<0.01) ,and the mRNA expression levels of NRF2,SLC7A11 and GPX4 were markedly reduced (P <0.01). Compared with
the model group , High-dose TGP markedly reduced FBG levels in model rats ( P <0.05). In the medium- and high-dose TGP
groups, the liver index and levels of ALT,AST, TG, TC,and LDL-C were significantly decreased (P <0.05,P <0.01) ,while
HDL-C was notably increased (P <0.01). Hepatic pathological injury and steatosis were alleviated to varying degrees; MDA
expression was significantly decreased (P <0.01) ,and SOD and GSH expressions were markedly elevated (P <0.01). The
protein levels of NRF2, SLC7A11, and GPX4 were significantly upregulated (P <0.01) . High-dose TGP significantly in-
creased the mRNA expressions of NRF2, SLC7A11 ,and GPX4 (P <0.01). In all TGP-treated groups,Fe’* content were sig-
nificantly reduced (P <0.01) and FPN1 expression was markedly increased (P <0.01) ; TFRI was significantly decreased
in the medium- and high-dose groups (P <0.01). TGP can improve hyperglycemia and liver injury in T2DM rats, and the
mechanism may involve in activating the NRF2/SLC7A11/GPX4 signaling pathway and therefore to inhibit ferroptosis.

Key words :total glucosides from Paeoniae Radix Alba;lipid peroxidation;diabetic liver injury ; NRF2/SLC7A11/GPX4 path-

way ; ferroptosis
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P T2DM K RS RY | Tk 8 T3 % B B TGP T
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1.1 Z53Y

AT R IR (RIS 0. 3 g, T I ST AR 25 A TR
S AEIES 221000 A R0 & 2025 410 A 31
H)o

60 H SPF Zlfitk SD KRR, 7 ~8 JEll, 1K 180
~220 g, Mg A At Ae B AE W RH BB AT BR 2 7
AV AT ES SCXK (&%) 2019-0008 , 2 17 57 T
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w3 b T B SR 24 BRAS W), A RO 2 2026 4F 1
H) ; 5 Bg A4 T % ( streptozotocin, STZ) ( HIL5: WX-
BD4152V, Ptk L7 B 2 Vg 52 5 A FR A w5 H
T =Bk ( triglyceride , TG ) . & JH [ B% ( total cholester-
ol, TC) . i % £ JIE 28 11 JIB [ % ( high-density lipopro-
tein cholesterol,HDL-C) %5 B 5 25 1 JH & B ( low
density lipoprotein cholesterol, LDL-C ) | it & b ¥ 157
AL ( superoxide dismutase, SOD) N % ( malondi-
aldehyde , MDA ) fti i4 Ji U 25 Bt HHK ( glutathione
GSH) A9 %% % i ( alanine aminotransferase , ALT) |
4 HBE S f (aspartate aminotransferase , AST) (L5 :
20241010, 20241010, 20241017, 20241017, 20241
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HNAY TR ; Fe’ w7 & (4t
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YRR BRA F]) ; GPX4 Bk FedkiE A%
&1 ( transferrin receptor 1, TFR1 ) ETINEN ( it =,
A1933 (A5865 , i Z [ 28 se AL R A R A )
B FL 2 2 K F 2 (nuclear factor erythroid 2-
related factor 2, NRF2) Hi{A& (L5 : AF7006 , 3¢ [ Af-
finity 22 7] ) ;SLCTAL1 HUiR k%2 811 1 (ferroport-
in 1, FPN1) iiA (415 :32384-1-AP 26601-1-AP , i,
WETE AP HARA R A ] ) 5 & RNA $2 B0 &
(L5 :24031589 , F L EAWFHA RAF]) .
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PLEN /A #]) ; QuantStudio TM3 X B} 2% )6 % 7 PCR
’f)‘(( 5 [E Thermo Fisher 1 28 A MR 2 H] ) ; ChemiDo-
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SN A S 4, B4 8 1, MR IR s iRiE ™
FE RS N 25 5530050 & HeAE (6. 3) THRE KR4S
2y, HAR 43 B (model, Mod ) 41, — H XUAK
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dose TGP, TGP-L;50 mg/kg) 4, TGP H 7] & ( medi-
um-dose TGP, TGP-M; 100 mg/kg) 41, TGP 7= 7 i+
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Mod 41 A5 28 KHE S A H 1 Wk, B H I R
BV B 1 UK, AR R B o i e 1 LR 5 24 i,
ek 4 JR, W], Mod 41K B4k 2k = R = b A R,
Con ZH EERIARIEFE
1.4.2 HARE

KRG IR LI KRS AZEK 24 h, 1
() 12 h JE R 23 W6 b (e, Bl 1 s e 5 3G B bk
ZH(30 mg/ k) R, BRI, 1 3 ) kU
FRATF B H e 3 20 PR REAS 49 22 58 F S [ 72, 30540
JHE IV R, S AF A 80 CUKFR 78 H1 .
1.4.3  F54R46M
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SRR 12 b, IR SRR i BORS: U 25 R I A ( fasting
blood glucose, FBG ) , 7 I A & I 5 BE HI W {2 Ky
33.3 mmol/L,
1.4.3.2  JFFcE JHERERS Bok:m

4 CH:HER KR I J | UE AR 7K 4%, FEFR
WU i, TR AR 5, IFRERE % = R/ ik
i x 100% .
1.4.3.3 TC.TG .LDL-C .HDL-C  ALT  AST 7K -l
E

A IMEESHFE 2 h,4 °CLL3 000 r/min B0 15
min, O BRI, FH 4 A 844k 2 B ORI 1t v
BT TC TG \LDL-C \HDL-C . ALT &% AST 7K, #%
FEGRH G U A . A0 K B A 7K - Ry g
T
1.4.3.4 HE PEMETFHLUES
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A A e B SR 5 SO,
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WABK, OCT W 5 U] . vKERVI e 5, A
MLLYRIR YL 2 IR, 5 60% SRk, AR EE
e A, JE R AR R, fiJE H B R R AT
B R, USRI N BT R
1.4.3.6 LKA 2] MDA ,SOD ,GSH %
AR K- Fe? 5 i

JHFREZH 2 APtk o AT S i, e R 2 U B S
PRME K MDA ,SOD [ GSH , Fe* 287K -, 46 I K K,
) I Al o 48 A Bk 5 R
1.4.3.7 Western blot Kl ZRFET- ML HE A FK A

R AE ) JHF O 2 2, AU O v S O S 284 i v 24
i, 23K J5 F BCA Wi 85 R B . B PR ik
il £ BE i, S, I KR, SDS-PAGE HL 3k, B &
PVDF Ji§, F TBST Buffer Fi B¢ (1) 5% Wil 4= 05 % 6
B 2 h PRI AR N —$0 (NRF2,1: 2
000;GPX4,1: 5 000;SLC7A11,1: 2 000;TFR1,1: 2
000;FPN1,1: 800),4 CHFE IR, W& MA
U, EIEFE 2 h, YRR )5 ECL &G B3, i
M, Tmage] 1.6.0 3115 45 85 1 R ik &, Graph-
pad prism 9. 4. 1 K& Kl

1.4.3.8 RT-qPCR Kzl &b T-AH G B B R 3R A

FEEBOK FUIFZH LR RNA i S 4 ek i
TR A HE A RNA iR, fdiH DNase 1 L BR5R
(LR 2H DNA  Fa R0 A S R0 6 U B 5 A 7 3
R, PIEFEE AT :95°C WA P 1 min, SR F
1T 45 MEFR(95°C M 10 5,55 CiB K 30 5,72 C
WA 10 ) o 8 QuantStudio FAEA>HT H (143 R 7E
B BRI AR, DL 22 RoR . HINIEA DI W
H1) N NCBI 045 )22 45, {fi ] Primer Premier 3K {15
519, Bl T A TR AR S A RA RS
B, BARGIYIT I 1,

1 39F3

Table 1  Primer sequences

FA Gene 5149 F%)) Primer sequence(5'—3")
NRF2 F:GCTGAACTCCTTAGACTCAAATCCC
R:TGCTGCCACCGCCACTG
SLCT7ALL F:CATCATCATCGGCACCGTCATC
R:TCCACAGGCAGACCAGAACAC
CPX4 F:ATAAGAACGGCTGCGTGGTGAAG
R:AGAGATAGCACGGCAGGTCCTTC
. F:GGGAATCGTGCGTGACATT
B-actin

R:GCGGCAGTGGCCATCTC

1.5 SiFESH

SHAE ] GraphPad Prism 9. 4. 1 #4811
SEHT . TEZSS AR B ORER T % « bR (»
+5) TR ; U] LR Aok AT IE A PERG 56 Iy 22
FrPERG I . 256 R AE AN T 2255 SR FH B Ry
A3, I LR P LSD A8 36 5 4507 22 A8 55 H
JEIEASE, R H] Welch’'s ANOVA ; #5748 i & 1F A1,
¥ Kruskal-Wallis H #:56 , %9 % b4 K F Dunn’s
K, P<0.05 HZEFEAGIEE L,
2 R
2.1 TGP 3t T2DM X FR %= B I #E B9 22 1

mE 1 s, 5 Con AAHEL, Mod 41K B FBG
W TR (P <0.01) . 5 Mod dHAH L, HZY5E 3 JHG
Met 2 FBG B Z &L (P <0.01) ;45 4 J&J5 TGP-H 41
FBG HFEL (P <0.05) , TGP-M 41 FBG WA T[4
o PUREFIE TGP HARHER
2.2 TGP Xf T2DM KR AFAE$E#. ALT & AST By
=21

WE 2 iR, 5 Con 41AHEL , Mod 41 K FRUHHIEF5
0 ALT J AST #18 EFHiE (P <0.01) , UtE] Mod
KBTI 455 . 5 Mod 4L A1 EL |, 25 %) T TS Met
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30+ - Con 2 'TGP-M 2 ' TGP-H 4 K BUHNEFE %  ALT #1 AST
o g T 115 WEAIE (P <0.01) , TGP-L AEL 3% Mod J BUIT

gzo—l & LAy —— TGP-L y]ﬁ%,{ﬂﬂ?ﬂ&*ﬁﬁ%%ﬁﬂ&/}jo
2 | DA 2.3 TGP Xt T2DM X B TG, TC,LDL-C #1 HDL-C

G e e o o spAl
0 | I WnlEl 3 Bz, 45 Con AAHEL, Mod 2K TG TC
. ! e 4 F1 LDL-C 7K V¥ .32 FH& (P <0.01) , HDL-C 7K
_ B FEAR(P <0.01) , BB Mod KEUIRFCEZETL,
Bl SAXKREYWTH 4 BEFBCKE(x+s,n=8)

Fig. 1

drug intervention(x £s,n =8)

FBG in rats after four weeks of

5 Mod #H A b, Met #H . TGP-M 4H Fil TGP-H 4H i
TG.TC .LDL-C ¥ 3% N (P <0.05,P <0.01),
HDL-C /K- & (P <0.01) , TGP-L #H TG . TC

.5 Con HILE, " * P <0.01;5 Mod A IL#,#P <0.05,#P <

0.01, F[Al, Note:Compared with Con group, * * P <0.01;

Compared with Mod group,*P <0. 05,

#P <0.01,the same below.
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2.4 TGP 33 T2DM X RATAEA L RIBT LRI JEL AT LA At 32 0, 3 3 DX S e, $ R i I
mE 4 B 5 iR, 5 Con AAHLE , Mod H KL FLIFABEEMRAE, 5 Mod Z1AH LK, Met 41 TGP-
FFAn M HES ZE AL, 400 P9 AT A0 ) B S BUSRIE Ml MO 4LRT TGP-H 4L AT 40 MBS % 2 v 5 A8 Wi DU A5
T2 I IR A RAE AR IV T FPise, AN 2 3 A . TGP-L 41T 241 21 BLE
WAHRARBETE RN E WO, RREES R, S5 Mod 4LERL, BB T,

Con Mod Met

4 BHXRAFHEALBEEW(HE, x400)
Fig. 4 Histopathological changes in liver tissue from rats in each group (HE, x400)

Con Mod Met

Bs5 BAXRIFEARRERLARER(HLI 0, x400)
Fig. 5 Lipid deposition in liver tissue of rats across different groups (Oil Red O, x400)

2.5 TGP %t T2DM K& MDA SOD F GSH BJ =0 SOD .GSH F+ & % (P <0.01) , TGP-L 414548 45
mE 6 s, 5 Con LIAHLE, Mod 4R BUIFIE MRS (P >0.05), #2725 TGP Al FE K Mod K

MDA &8 /KF R FHTHE (P <0.01),S0D GSH i BB,

PERFARIH 2 (P <0.01), 5 Mod ZHAH L, Met 4. 2.6 TGP Xf T2DM Xk FRBFBEH LK B B0

TGP-M 411 TGP-H 21 MDA .3 FF%& (P <0.01), WE 7 FiR, 5 Con ZAHEE , Mod 2H K BRUIFAIELL
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