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[# ZEIBEB T HAEZT B (multi—glycosides of Tripterygium wilfordii , GTW ) % FR 9 B 45 ( diabetic kidney disease , DKD)
K BUX 454 11 1(X—box binding protein 1, XBP1)—#2 F 31— B A ¥ 5 HERE 725 19 1 (hydroxymethylglutaryl-goA reduc-
tase degradation protein 1, Hrd1)-#%%% 5% [ T E2 M1 5& K T 2 (nuclear factor—erythroid 2-related factor 2, Nrf2) {5 53l % A B0 .
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TR 2H SR ) o G v U e W O BB A U M IS T S e JOR 472 71 2% (streplozotocin, STZ, 35 mg/kg) 257 DKD A5 . 51 b 15 55 2 W e
TR 4 H BT 1 24 RR B WAL (n=8) AV IHAL (n=8) .GTW 4 (n=8), FAIELLHEH L2568, 56K
A ARG I 25 21K BRAS TR % 20 (alanine aminotransferase , ALT) | 44K {4 (albumin, ALB) . JR % % (blood urea nitrogen, BUN) | IfiL 75
WLEF (scrum creatinine, Ser) .24 h JR [ % & (24 hour urinary protein, 24 h—UTP) , 5% FF B 0052 W (086 5 (enzyme linked im-
munosorbent assay , ELISA ) #6:3Il ifil 3§ PN 1% (malondialdehyde , MDA ) 221k K- , J5 K K 4L (hematoxylineosin, HE ) 4t {1, W 5% &
JUE A 2R 25578, e B 1 BT 5 (Western blot, WB) #6:i XBP1  Hrd 1\ Nrf2 5 FR AR S 5% 7 W5 1 (solute carrier family 7 member
11,Slc7all) B KIS A ALY 4 (glutathione peroxidase 4, Gpx4 ) 85 FH 5k , SEI 5 RE 1 2 A B A% 20UV, (real—time fluores-
cence quantitative PCR, RT-PCR) 4511l XBP1 . Hrd1 Nrf2 Slc7all.Gpx4 mRNA ik, R 525 (2 e, B2 K B 24 h-
UTP [ (42.99 +6.55) mg/24 h] . SCr[ (51.45+5.14) pmol/L] K Ifil % MDA [ (6.86 +0.87) pe/L] 7K FFF = (¥ P<0.01) , ALT
[(85.09+9.89) U/L] .BUN[(22.26 + 2.32) mmol/L] .GLU[ (34.53 +2.77) mmol/L] . TC[ (3.14 + 0.89) mmol/L] . TG[(2.32 +0.72)
mmol/L]ZRIH i 7 %5 (P<0.01) , ALB[ (21.44£1.37) /L] /K- B B I (P<0.01) , 15 ks LAY 55 ™ 2, ' 40 207 XBP1  Hrd 1 2 1
(1.02£0.01,0.95 £ 0.01) 22 mRNA(3.50 + 0.13.2.63 + 0.46) K35 W] & F+ 7 (P<0.01) , Nrf2 . Sle7all, Gpx4 25 11 (0.60 £ 0.10.0.31+
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The protective mechanism of Tripterygium wilfordii polyglycoside on rats with
diabetic kidney disease via the X—box binding protein 1/
hydroxymethylglutaryl-goA reductase degradation protein 1/nuclear

transcription factor E2—related factor 2 signaling pathway

Guo Xiaoxiao',Song Chundong',Zhang Hanhan',Fang Hong',Ding Ying',Wang Mo’
(1.Department of Purpura Nephropathy Ward 2, Children’s Hospital , The First Affiliated Hospital of Henan
University of Chinese Medicine ; 2. Department of Nephrology , Children’ s Hospital of Chongqing Medical University)
[ Abstract]Objective : To investigate the effect of Tripterygium wilfordii polyglycoside (GTW) on the X—box binding protein 1(XBP1)/
hydroxymethylglutaryl-goA reductase degradation protein 1 (Hrd1)/nuclear transcription factor E2-related factor 2 (Nrf2) signaling
pathway in rats with diabetic kidney disease (DKD). Methods: After 1 week of adaptive feeding, 34 specific pathogen—free male
Sprague—Dawley rats were randomly divided into blank group with 6 rats and model group with 28 rats. The rats in the blank group
were fed with normal diet, while those in the model group were fed with high—fat high—sugar diet and were given a single intraperitoneal
injection of streptozotocin (STZ, 35 mg/kg) to establish a model of DKD. Four rats were removed due to failed modeling or death , and
24 rats with successful modeling were divided into model group , valsartan group,and GTW group, with 8 rats in each group. The corre-
sponding drug was given by gavage for 6 consecutive weeks in each group. At the end of week 6, alanine aminotransferase (ALT) , albu-
min (ALB) , blood urea nitrogen (BUN) , creatinine (Scr) , and 24 hour urinary protein (24 h—=UTP) were measured for each group;
ELISA was used to measure the serum level of malondialdehyde (MDA ) ; HE staining was used to observe renal histological changes ;
Western blot was used to measure the protein expression levels of XBP1,Hrd1,Nrf2,solute carrier family 7 member 11(Slc7al1) , and
glutathione peroxidase 4(pr4) ,and RT-PCR was used to measure the mRNA expression levels of XBP1, Hrd1, Nrf2, Slc7all and
Gpx4. Results : Compared with the blank group, the model group had significant increases in the levels of 24 h—UTP(42.99 + 6.55) mg/
24 h, SCr (51.45+5.14) pwmol/L, serum MDA (6.86 +0.87) pg/L, ALT (85.09 + 9.89) U/L, BUN (22.26 +2.32) mmol/L,, GLU
(34.53 +2.77)mmol/L, TC(3.14 + 0.89 )mmol/L,and TG(2.32 + 0.72) mmol/L(all P<0.01) ,a significant reduction in the level of ALB
(21.44 £ 1.37) ¢/LL(P<0.01) , and the presence of severe renal pathological damage, as well as significant increases in the protein and
mRNA expression levels of XBP1 (protein expression: 1.02 +0.01; mRNA expression: 3.50 = 0.13) and Hrd1 (protein expression:
0.95 +0.01; mRNA expression:2.63 + 0.46) and significant reductions in the protein and mRNA expression levels of Nrf2 (protein ex-
pression: 0.60 £ 0.10; mRNA expression: 0.31 £ 0.02) , Slc7al1 (protein expression: 0.31 £ 0.02; mRNA expression:0.23 = 0.02) , and
Gpx4 (protein expression: 0.52 + 0.01; mRNA expression: 0.29 + 0.02) in renal tissue (2<0.01). Compared with the model group, the
valsartan group and the GTW group had significant reductions in the levels of 24 h—UTP[ (23.70 + 2.70) mg/24 h, (23.88 + 5.60) mg/
24 h],Ser[ (35.54 +3.39) wmol/L, (36.75 +2.44) pmol/L) 1, and serum MDA [ (4.56 +0.81) we/L, (422 £1.02) p,g/L] (all P<
0.001), significant reductions in the levels of ALT[(49.51 +2.80) U/L, (54.88 +7.07) U/L],BUN[(16.59 + 1.11) mmol/L, (16.75 +
2.44) mmol/L.], GLU[ (26.00 + 4.35) mmol/L, (27.79 + 2.44) mmol/L.], TC[ (2.13 + 0.42) mmol/L, (1.95 + 0.26) mmol/L ], and TG
[(1.41 £0.25) mmol/L, (1.41 + 0.47) mmol/L. ] (all P<0.01),and a significant increase in the level of ALB[ (24.10+2.24)¢/1., (24.13+
1.08)¢/L.] (P<0.01), with the alleviation of renal pathological damage , as well as significant reductions in the protein and mRNA ex-
pression levels of XBP1 (protein expression: 0.64 = 0.01 and 0.66 = 0.01; mRNA expression: 2.01 + 0.02 and 2.02 + 0.03) and Hrd1
(protein expression:0.68 = 0.01 and 0.72 + 0.02; mRNA expression: 1.61 + 0.01 and 1.58 £ 0.02) and significant increases in the ex-
pression levels of Nrf2 (protein expression: 0.81 £+ 0.01 and 0.82 + 0.02; mRNA expression: 0.62 + 0.03 and 0.59 + 0.02) , Slc7all
(protein expression: 0.41 +0.01 and 0.42 + 0.02; mRNA expression: 0.59 + 0.01 and 0.61 +0.02) , and Gpx4 (protein expression:
0.81+0.01 and 0.82 + 0.01; mRNA expression: 0.47 + 0.02 and 0.49 + 0.01) in renal tissue (P<0.01). Conclusion : GTW may inhibit
the occurrence of endoplasmic reticulum stress in DKD via the XBP1/Hrd1/Nrf2 pathway, delay the progression of ferroptosis, reduce
urinary protein, and thereby achieve the effect of improving renal injury in DKD rats.
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W R B (diabetic kidney disease , DKD) g i HH1309%~40% G - 18 1E B R , B 4¢3 i R 4K
W PRI 5 | 18 M B, 2 — ™ S P B s Tk HH "B 5 (end stage renal disease, ESRD)™, j™ 5 & 3
MU TFAAEN . BE PR TR TR I B A 2N 12.4% MR . DKD A5 UG AN R Ik R 2 LR



EXRERKXFFR

Journal of Chongging Medical University

_3_

NG SR S E S S R R = N g OS]
JE e, DKD ZARtLi & 2%, H RS i oSt
BRAE T /& DKD B 5 2 7% i HL ™, T P9 J5 00 107 33
(endoplasmic reticulum stress , ERS) J& S8R IET- 1)
JE RS, FE AR E T X & 454 8 1(X=box bind-
ing protein 1, XBP1) 805 B 3L 3¢ B4 il A 38 5
fifg [ f# 2 11 1 (hydroxymethylglutaryl-goA reductase
degradation protein 1, Hrd1) % 5% b8, #0174 %%
sk R E2 #1 5€ [H - 2 (nuclear factor—erythroid 2-re-
lated factor 2, Nrf2) f235 , M {2 JE DKD HERFET
() % 8, INEE DKD B 45 107

WA MY 25, R R H A2
(multi—glycosides of Tripterygium wilfordii, GTW ) 7]
AR S AN DR R A A A, 2R
Ul AR PR DR AP REZE DKD e, )2
BT B 25 G A TgA W B DRI P S M B
TR I A TR i I 6 LY A A AL AT
TRHSCH G AW T AR H ALt bk — 2P IR T
GTW Xf DKD K SR IR 8 AR 37 L SURAE A
F AT GTW i i XBP1-Hrd 1-Nrf2 i % DKD 7 Ui
PPN 0 RS B BT SEIESE (B2 T GTW Al
PPN e P9 738, LA Tl s PR o O 7 930 A 03
B o PR SIS LK £ DKD R RS, 91 P IR
GTW HF XBP1-Hrd 1-Nrf2 {55 538 438 i o8 4 o
PO 87 3 ik 52 RO ERAE T , T4 DKD B I3 35 A ]
REVE AL, SK5Br BNR 7 7 58, 3E 42 DKD 20/
ESRD #EJE , Al ARG T S A8 (4 S 3 i

1 #MREFE

L1 £&ME

AT T A 2 AR AL 45 7 AL -6100(Rayto—6100, RT—
6100) B A5 A A CBRIN B L AE B2 R A IR A D &
2w B R B DAL R 26 S A (AL 30 JReAR 22 w1 L
HETR S AL RN R A MR A BRA R = 4ER RBITEAY
CRIUFEYE R AR BRA ) (B R2 R G2l (R
FEAE R AE YRR IR A ) S 8 L ENIC i (Western blot,
WB) Ak (I FEGE IR A BB R A ) SO 6E
7 B A i 4% 32X S (real—time fluorescence quantitative PCR,
RT-PCR) [ i 4 (I S /R A R AT BRA A ) L3
i PCRAX A SR A A B2 (1) A R A A PCRAX (AL
SURMQE AR IR A E])
12 &% 5% 5EA

254 GTW J (H1t*5 230801, HLA% 10 mg/ ) , W F VL5 5%
W 254 PR A A A R (AR S0) (415 X3156, FLA

80 mg/ki) , W A AL BT i A 254 7 5 # IRAL B & (streptozoto-
cin, STZ) (L5 : 102651899) , My H & [# Sigma 2 7] ; MDA it
& (45 2 A003-1) , W F g 50 g 2B 9 TR T ; XBP1
Hrdl — 3¢ (#5250 %] K+ ab37152 ., ab170901) , Wy [ % [E]
Abcam 23 F] 3 Nef2 5 8K % % 7 )% 51 1 (solute carrier family
7 member 11, Slc7all) 2 Bt K &AL P [ 4 (glutathione
peroxidase 4, Gpx4) —HL ($1t5 535124 : GB115673,GB115276,
GB113745) . XBP1,Hrdl .Nrf2.Slc7all ., Gpx4 —$i (HRP-1LI
FHif, it . GB23303) \RIPA &L (it : G2002) \RNA
PR (k5 : G2008) (A B ACH) (L5 : G3014) \RNA I
fife v (45 : G3029) , LA E 34 3 BRIk A W RH A BR
N
1.3 £BFHYh

fdt & SPF 2 PE SD K BR 34 H, {& BT (200 £ 20) g, 1
VAT R A R T A6 24 S B W SR A A , VF RTIESS - SYXK (7))
2022-0004 )57 T 1) B R 2 R A 5 — B I e v S
WEY P, 12 W12 hW B S8 X REE (50 £ 10) %, =N
FEIR 25 “Co AR SZIG Hh TR Hp R 24 2 5 — B R B AR B 7
A7 G oAb (S YFYDW 2024003 )
14 Fik
141 sh¥or el cERE 42 34 HSPF 90t SD KBS
NEPEMRSE 1R S RS S BEALA 7 50 M 2 A (n=6) 5
R (n=28) , 25 U4 45 T (Al BHIR 5%, i 20 T = B
Wi R R 3 6 J5 . 55 7 RS2 SCHRHLEE 1 3 Ay 3
AR A S PR 0 8 ST DKD A A it B A BRI I T B STZ
(35 mg/kg) , 4% (245 T [ 85 59 S Py A5 10 A 2 bt Sk I
AT, 3 d i R R L W 0 A, 2 25 R 2 SR A A R
J5 K6 24 h JR2E 1 € 12 (24 hour urinary protein, 24 h—-UTP) ,
ML 3 7K=16.7 mmol/L, 24 h FR & 12 >20 mg HHRA FH 4 B
IR, B BR LR R FE TR R 4 H o AR A
Tl 24 FOR Bk IR ML AL 7205 40 WS 2 (n=8) A Vb3,
H(n=8) .GTW 4l (n=8) . 5510 J& &L, ML A 45 T4 n
Jie 8 4% it 8.33 mg/kg/d MY 1 1 4525, GTW 417 GTW
) 6.25 mg/(kg-d) 3 4 H 45 24, 2 4 3 BROS T 25 700 == 9
e, 23 LA R A 2 T A AR B A A SR K E IR . 454
HEE R EIA A H LR, S REUN 10 me/(kg-d) , #2145
2468,
142 FRACREE  RMARASRAE A48 S KRE T
I BB AR AR KB 24 h JRIEHE SRR hRAR
BD T B JE B T 20 “COKRRRAE TG s 1 A2 AL bR A R
£ SR 109 7K A5 S I s 3 S R K RV, IR 32 sh ik B 5~
10 mL IfiL 7 , 3 000 r/min 5.0 15 min 5 , B )2 055 & T
=20 CUKAR AR AFEFAE ;B JUE A bn A SR 4 < 3R L o 3 A
KEAUE & TokA KT A B BT Tk I, 48 4%
22 5 W I 8 TR DR AR, R 40 T80 “CYK AR A
WB K RT-PCR #&: ,
143 KBRS AARFESRAI SR FH 4 B sl ZE b2 BT
K 24 h—=UTP . A TN % 2 fiti (alanine aminotransferase , ALT) .
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M 2 1 (albumin, ALB) | Ifil JLEF (scrum creatinine, SCr) | Il /K
Z A (blood urea nitrogen, BUN) | 1L B¥ (blood glucose, GLU) |
1B [ B (total cholesterol, TC) . H i = fi (triglyceride, TG)
K

144 FHARE-PrL( hematoxylineosin , HE ) e {75 WA KR,
BRI 2R AE KT 4% 2 R R EE N T HAS
BEEE 2B K . W B S YR, 25T HE 2
@3B EEAE B LR B I 2O B AR AL

1.4.5  JEFEE G W bR 58 (enzyme linked immunosorbent as-
say, ELISA) k& I 1fil 7% P9 — ¥ (malondialdehyde, MDA ) 7K *F-
B A, HEME S BAL LA/ NL EIRIR 2 3RS
95 “CACA (BHHRIT 35235 ) 40 min, BUHJF KEH, SR )G
3 500~4 000 r/min, &.0> 10 min, B F 3 100 wl, 523 nm 4k,
1 em Y618, ZRIB/KIA TR, DA B WC B . 5 0 h B s g i
S PO RYE AR DU 7 S ST ) A B R AR B, B BR A AT by 12
m1:3,

1.4.6  WBH KBS 2041 XBP1 . Hrd1 \Nrf2 .Sle7all . Gpx4
ERBOKT PB4 R BUE 25 4140, A RIPA 24 fi#
T, WA A 58 4 2449 , 12 000 r/min, 4 °C, B5.0> 10 min, 4R
L, BCA B vk B I a2 R & R . &R
95 ‘C7ZEVE 10 min, 22 SDS-PAGE & H H.1% J5 ¥E4T PVDV fIH
i, 300 mA B2 /NES  IILA S mL 5% MRS 24 W3 (0 )5 2 3R
£} 1] 30 min, {ff I 1: 1 000 F B J& A9 XBP1. Hrdl, Nif2,
Sle7all,GPx4 —¥t, 4 “CHF & £ R , BN —40If FH TBST
PRAR 3 ¥R, AR S min, IIA ZH0(1:3 000) Z IRIFH 30 min
JInATBST #e A 3 ¥, il A ECL % 5657 i 5 , i F ATW Bwell
SRR T S B A T )F S R A R ik 1R .

1.4.7  PT-PCR Il K FLUE 2140 XBP1,Hrd1 \Nrf2 ,Sle7all,
Gpx4 mRNA Fik7KF SRR 5~10 mg B 4140, JRAF
JERE AT mL ) RNA $2 80K 5 3 03 mm B BB Bk , K 5 4
SUR AT o (A FE 40 B8 J 4 “CF 12 000 1/min
B0 10 min JFHRE ERE W, INA SN ER S, HIk4 CF
12 000 r/min 50> 10 min, 8 JE H G ULHE B RNA. BRI
I BRI TTIE , 05 UR I 5O o W AR W o 3, 28
LDEETHEE FIK3~5 min, filTA 15 pL RNA & 00 7
RNA. £ 554 8 cDNA, Pl cDNA NI4T PCR Y,
JZ AR 90 “CHIZAE I 30 5,95 CABTE 15 s, 60 “CiE K /AT
30 s(40MEH) , 65 'C~95 “CHETFE 0.5 “C,REE 1 IRFAF

5, UL GAPDH N £, % I 274" 4 3+ %4 XBP1 ., Hrd1 . Nif2
Sle7all.Gpxd FKiL7KF-, ARG WFFI L% 1,

&1 S1MF5
B R 519¥51(5'~3") KB (bp)
XBP1 [-3##: TGGAGCAGCAAGTGGTGGAT 120
Fii#: CCAAGCGTGTCCTTAACTCCTG
Hrdl _Li#: TTCGTCAGCCACGCTTATCA 154
Fif#: CTTGTTGTCCCAGGGGTTCT
Nif2 37 : GACATCCTTTGGAGGCAAGACAT 268

T : TGGGAATGTGGGCAACCTG

Sic7all 37 : GTGTTTGCTGTCTCCAGGTTATTC 91
FU#: GAGTGTGCTTGTGGACGTGAAT

Gpxd 37 : AGGCAGGAGCCAGGAAGTAATC 212
T : ACCACGCAGCCGTTCTTATC

GAPDH 7 : CTGGAGAAACCTGCCAAGTATG 138
T :GGTGGAAGAATGGGAGTTGCT

15 “%it$riE

BHE R F SPSS 23.0 Gt AT A0, R IE A A
B ORI = ARiE2E (7 + o) R, 4L IA] LR F o
R Ty 220 Mrks , B LU BOR FH LSD K 58 o K 98 /K I o=
0.05,

2.1 KR 24 h-UTP BAF % 2 K -F

420 K B 24 h-UTP ALT . BUN . SCr 7K ¥ L 55 22 5 41 4
PR (35 P<0.01) . FE—2BW W BT 15 525 14l
e, BRI AR VD HE A GTW 41K il 24 h-UTP  ALT .BUN,
SCrK W1 . TH5 (P<0.01) , ALB /K- i [ 4I% (P<0.01) , 2
TN TR RS S B T Re 05 B SR AR LA L A
YPIAZH  GTW £ 24 h-UTP . ALT .BUN . SCr 7K - B i &A% ( P<
0.01), ALB 7KF 1 i 7125 (P<0.01) 5 SV A A0 H , GTW
20 24 h-UTP ,ALT .BUN .SCr.ALB /K- F 45 22 53 o4 24 75
X (¥)P>0.01), W2,
22 AR R b ffg MDA KF

420 KL GLU  TC. TG MDA /K- I8 25 A G 7

i)

41 WYY GTW 41K B GLU . TC . TG MDA 7K -8 & F+ 5

®2 HHEKXR24h-UTPREFEHAKTFE (xx5s)

20531 n 24 h-UTP(mg/24 h) ALT(U/L) ALB(g/L) BUN(mmol/L) Ser(pmol/L)
l=Ei 6 13.12+2.33 32.87 +1.84 28.28 + 0.84 8.17 = 1.47 22.68 +1.32
AL 8 42.99 + 6.55" 83.84 + 8.57° 21.44 +1.37" 2226 +2.32° 51.45 +5.14"
LIRS EEE 8 23.70 + 2.70" 49.51 +2.80™ 24.10 +2.24" 16.59 = 1.11% 35.54 + 3.39"
GTW 41 8 23.88 + 5.60" 54.88 +7.07" 24.13 + 1.08" 16.75 + 2.44" 36.75 + 2.44"
FAY 48.810 90.131 23.319 59.734 79.90
PAi <0.001 <0.001 <0.001 <0.001 <0.001

T ra, 525 A4 AL, P<0.01; b, HHEERIZA A, P<0.01



EXERAZER

Journal of Chongging Medical University

_5_

(P<0.01) , &7 T AR D175 5 M B AR 57 3 5 ARSI AR H
Hi VI 4 GTW 41 GLU,TC. TG . MDA 7K - B i [% Ik (P<
0.01) ; SAVSIALAAA L, GTW 21 GLU . TC . TG . MDA 7K *F I
BEFIEIHEL(FP>0.01). WE3.
23 AKX R KEIERE T

TEAS ALK R, BUET P B NER G- A6 38940, B /N ER TR Al
Ji A i DA B 45 B /INGS L M AN AR B A IR 2k
IS, S WIURR = Wi ol RT3 - 2 e VIRl eceaiif =i 8
5o (A L BRI AT N 2 /NS K e, 4 i e
i, BB AN IR G B F s vtk D NE SRR B
iR R IR R 5 , D i BNl S I AR
WERRVE 2R WY, ) T ] DL/ d g R AL 4 AR R L ik e
0 i B T 5 A L B /N ER G A0 A YR L 5 DL N
ok, BRI A, BN L BT AR L . SRR 2 A
L ARV IRAL 5 GTW 41 B 41 U B A R IR R B ek 3% , 4 7>
T2 B JOE 2 B P A B N L B K AT K BT
25 UAR B/ INE PR DL 1Y) B A 5 N R R A B
VAR L B4y 5)  Ta) 5 e B S8 38 A, 2 D B Sk 94 2 P 0 B
GTW ZHALET Py ) DL/ o /NS T B K e, A e o i, B o

Ak, i B NEY IR, 1R R TR 18 UL Nk R R T
Az TR JG I R 3 AE R UL A R PRI . DL 1
24 AKX R E4L P XBP1, Hrdl Nrf2.Sle7all, Gpxd %
F &3

420 K EUXBP1 Hrd1 Nif2 . Slc7all, Gpx4d 5 % 5K
I 25 R Gt 8 X () P<0.01) . #E— WM L]
R 5EEHEML, BRBH P GTW 2H KB XBP1 .,
Hrd1 % 14 2635 W] T 5 (P<0.01) , Nif2 . Sle7al 1, Gpx4 & 1
FIR W AR (P<0.01) ; S A RIZHAH L, A5 VD34 . GTW 21
KB XBP1 Hrd1 £ 1AW WK (P<0.01) ,Nif2 . Sle7all
Gpx4 5 17535 W BT (P<0.01) ; 540704 A L, GTW 4
Hrd 1 11335 W 1 4% (P<0.01) ,XBP1 Nrf2 . Sle7all . Gpx4
K2R TG =B L () P>0.01), k4 E2,
25 BKR B XBP1Hrdl Nif2.Sle7al1.Gpx4 mRNA
FARKF

420 KB XBP1 . Hrdl \Nrf2 . Slc7all,Gpx4 mRNA #ik7K
T 2 R A St (35 P<0.01) o #E— PP Eb e nT
R 5EEHAML, BERH P IHE  GTW 2H KB XBP1 .,
Hrdl mRNA 3k B & F+ & (P<0.01) , Nrf2, Sle7all, Gpx4

®3 FHEXRMAE. MBS MDAKE (x=+s)

20 53] n GLU(mmol/L) TC(mmol/L) TG (mmol/L) MDA (pg/L)
E{EE 6 9.56 +1.43 1.12+0.28 0.63 0.09 2.36+0.73
REAIZH 8 34.53 £2.77° 3.14 = 0.89" 2.32£0.72° 6.86 + 0.87"
BvbIH 8 26.00 + 4.35" 2.13+0.42% 1.41£0.25" 4.56+0.81"
GTW 41 8 27.79 + 2.44" 1.95 + 0.26™ 1.41 £ 047" 422+ 1.02°
FAG 80.80 16.53 15.56 31.51

PlE <0.001 <0.001 <0.001 <0.001

T a, 52 AALHEL, P<0.015h, SRR HLEL, P<0.01

TE Ok, /NG O RTk BNE

E1 HEFBNURZHAKXRBEHABG(200x )

*4 BHARSHELAHXBP1 Hrd1 Nrf2.Slc7a11,.Gpx4 BEFRIEE R (x +5)

415 n XBP1 Hrd1 Nrf2 Sle7all Gpx4
A 3 0.23 +0.01 0.40 +0.01 1.03 +0.02 0.71 £ 0.01 1.11 £ 0.02
A ZH 3 1.02 +0.01° 0.95+0.01" 0.60 = 0.10" 0.31 +0.02° 0.52+0.01°
b 3 0.64 +0.01™ 0.68 +0.01* 0.81+0.01* 0.41£0.01* 0.81+0.01*
GTW 4 3 0.66 + 0.01* 0.72 + 0.02* 0.82 +0.02* 0.42 +0.02* 0.82 +0.01*
FiE 4 655.458 1076.608 35.821 623.745 1643.692
P{E <0.001 <0.001 <0.001 <0.001 <0.001

Hra, 525 AL, P<0.01; b, SR AL, P<0.01;c, 5SSV IHAL HLEL, P<0.01
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mRNA 235 B B FR A% (P<0.01) ; SHERI M B, B Vb 14
GTW #H < Bl XBP1. Hrd1 mRNA 2 ik B & &A% (P<0.01) ,
Nif2 . Sle7all, Gpx4 mRNA 33k B & 7+ & (P<0.01) ; 5 4 v
A I, GTW 41 XBP1 . Hrd1 \Nrf2 .Sle7all . Gpxd 7K - Hh A%
ZRTEITFE X P>0.01), WES.

195 kDa

140 kDa—
105 KDyt WD S G a—

66 kDa—[. E .
% kDai A S —— <

WkDa—1 S a— — —

22 kDa—
ZM4 R4 SubEg cTwdl

B2 ‘AKXRBHELF XBP1.Hrd1.Nrf2,Slc7al1.Gpx4 EH
RixER (n=3)

3 3t it

DKD J2& /™ 5 145 JO L A O 2k e =z —"7,
DKD {9 A bIL i R 78 i 4, H T2 A8 1SS
ANBRILIR SN 12 b | 3R — A 5 e 2R — T[T ) 2%
Gead FEWOE IR K AN B i | 35t A A0SR L it
e R L VAL B 200 T A5 405 0 R A T RE IR A 45 A
SRS ITAR SR, R 22 A A9F 5 2 1T e LA fioh
1 ERS B4R SET-7E DKD W) & A & Jvh & ¥ 34
AR P WFSE R B GTW LI R HT R | e 1l
il PET AL Bt A AN AR T 2 T PR 3
A HEE B LI PR RS 1 D RE T A, PR

FTeh g B E A 8 Ak Dy e 48 i B NE A A AR R T S
fife " U g AR R 1 AR AR A IR E e g A
15 R BEALXT BB A5 B0 A GTW Al AR Kb
i DKD H 35 24 h-UTP /K, HoR KL 3 22 R B
FE T TR 32 /) B R s D) RE R S (R ZHOh 2
) RAERRIN G55, 28] TR 25 Wi e Tl ™ 4
VOIS DKD I PRAR TR YT 259 , Fo3E 23 4 1
B 2 -1 3 % 7K & R 4 (renin—angiotensin system,
RAS)FEARE /NER N R k2 B 11 RO 2E 22 1 Dy fig
b, I R A HL AL T o AS T 5 3k FH 26000 3 e 2
FE R FHPEXT R, B 7R 5 S bR fEIR YT L, Sk
GTW X DKD K U B O 47 VR R &5 A AT Ltk .
AL R R, 4 GTWIRYTJG i KR 24 h-UTP,
ALT BUN,SCr,GLU,TC,TG ,FBG 7K ¥ B {2 &I,
ALB 7K 01 5 T 5 HL B 414000 B & ks, B /)
B HOK I 5/ NEZE AR, MBS A 5 R IR
e B A3 5 U GTW 6 B f P AER DKD K R IR
AR B I REFR AR TR B R B F | AR
JFAHLHI AT BE 5 842 XBP1-Hrd 1-Nrf2 {5 538 A 5%

N J5% ] (endoplasmic reticulum, ER ) EA% 4 jg
DT HR SO T 8 0T 00 B 1 A B B8 TR A i 4
T E B 0 1t DKD A7 7 = IR SR AL 3 B
R Bk R RGOS IR A A5 2 A
R 5 S BORT & U R T & R B BTN
Jo D) s R A S B0 Jot I AR 1 o AR AR A, T
& ERS™, i AP & & H & (unfolded protein re-
sponse , UPR) (3 1% ] LAVK & PN ot I AR 25 55 4 i 77
PEP XBP1 J& UPR 4332 b 0 — A QMR 1, B
FAA BB EIVE I, 24 ERS &A=, XBP1 29
I, HBT AR XBP1s AT % s R 45 2 A Tl A
15 317 2 3% Bl Hedl, 2 5 N i WM 6 2 A1 %
fiR, I Y — e SC I B ST AIESE , XBP1 (1Y A HE
B W R Hed 1 PR35, I B[R &4, LR 2 4r
DA B P RS FE ARG HR 3 A S IR

*5 HHARSHALHXBP1, Hrd1.Nrf2.Slc7a11,.Gpx4 mRNA REER (x +5)

2H 5 n XBP1 Hrd1 Nrf2 Sle7all Gpx4
l=Ei 3 1.00 + 0.00 1.00 = 0.00 1.00 + 0.00 1.00 + 0.00 1.00 + 0.00
AL 3 3.50 £0.13" 2.63 £ 0.46" 0.31 = 0.02° 0.23 +0.02° 0.29 +0.02°
BvbIHL 3 2.01 +0.02" 1.61+0.01" 0.62 + 0.03" 0.59 £0.01° 0.47 +0.02®
GTW 41 3 2.02 +0.03* 1.58 £ 0.02" 0.59 + 0.02* 0.61 +0.02* 0.49 +0.01*
FAY 700.591 2265.438 6 104.045 1765.517 1955.667
PAi <0.001 <0.001 <0.001 <0.001 <0.001

T ra, 525 U4 AL, P<0.01; b, HHERIZA A, P<0.01
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PRAS I 20 K L XBP1 . Hrd1 25 11 J2 mRNA ik 7K
B R T A A M A DIHZE  GTW 4K
LA XBP1  Hrd1 75 1 5 mRNA & 35 7K 57 ) Bt [
%, SEREM R4 R —2. e rT DAHED , GTW Al

GRVDH A AT ) ERS 547 , 1 00 48 45 P9 B R 2
PR

AR, SRS SRR N T EL L

A9 7% PE 48 (reactive oxygen species, ROS) , 5| & 1k
IR, A A R Tk 48U Ak , 2 1 7 AR R i MDA
MDA (9 FRZR S e T 44t L P A AR Rz 3 A 7K HE i
e, BB AR 3 8™, H MDA 1 R i i 41
Bk, HKE T i R W AR BT S A i & 28 T
B 0 a AR R AT T A D R AIE Z — MDA W]
T 35 MR A A IR A0 B P B AR T B A 2R G 4
ZRERE SRS, S B SE T, I
JIE 5140315 AR ST 6w A RN 2 A 1T 35 MDA 7K B &
T, UEHIAE DKD R B g Bt Ay & 2E o T4
TRIHZL  GTW 41 14 1M 75 MDA /K S BH 5 B, 156 B
GTW A RE 3 123 vk 20 g o i 480 18 7™ A 4 1T & #50
PR RIVE T o Nef2 J&— Bl LA B P 2 S R
SERG IR SR F , 76 DKD B8 R, Nef2 (199800 W] 06k
k=R AR SR N EE TR N NLE K T A b2
AR WG FRIA, Hed 1 /B8 XBP1 A R e 3E ]
HJE 3 X 3 & A R UPR Wi B oG4, XBP1s AT
EAHES A Z IO IR N UL Hed 1 5% 5%, il
i Co—1P SLEIHE — L 559F T Hrd1 5 Nef2 Z [H] 47
TE BHAR T AR IFSE Hedl A5 T Nef2 (972 Z 40
Mo 32 RACOLE A HT R Hed 1 1T B8 1 K48 4%
) 22 B92 25 BEAG I Nif2 11 Kelch 25 #4385, 4 2F HL 2R
P A 4% i, BT 1) 55 N2 1) 30 S0 A T BERY, TR 1t
Nrf2 F] §% & VE XBP1-Hrd 1 $l11 F (55 . 7EBEIR
9 B o LIRS TR, ERS B0 9 Hed 1 38 38 91 1) Nef2
P4 T P N 3 (5 40 L PR e 4L A B AR R e 32 46
ToiEA RO BRI N i Z2 19 ROS AT MDA |, - 52 10 4k
BT AH 46 11 Gpxd Fl Sle7al 1 A% M, M2 k4
TR o Gpxd SRR EZ P A Lz — 78
PR ST R R B0 AE T, Gpxd S RIS 5L
PR R PRI T T Re A7 bR R D, Sle7all
B b 2R A Z R 3 ) e Sa AR A LS 43 B
BN TORE A A1 ) e SR e 32 2 A M PN [T Eh K
JiL PN B 4% SR TR e i BN AN A1 | HCAE A IR e 4k A
TR B EH A PR E . Sle7all DI REIE &
5E 250 Gpx4 (G PE . Nrf2 Sle7all il Gpx4 il

b A A BIL I 5T 48 M P9 B A A B 18 R 48 R R
it AR B T B — A L R Y I 4%, 2[R X
PURIE T, DR B JUE 40 L S 32 534509, Tl ERS & 2R
B, XBP1-Hrd 1 14 52 43 0T , SE 0 4100 1) Nef2 79 36
KT Nef2 BT ER i — 2P BE AR Gpxd i Sle7al 1 B3R
K, I DKD R BRAERSET 1 E B, AL BG 45 3 i
7 AR R ZH K BUAY Nief2 , Sle7all ., Gpx4 &8 F & Nrf2
Sle7all,Gpx4 mRNA 2% 35 7K1 52 30 BH I R IR 1)
A4  GTW 41 K BLAY Nif2 . Sle7all .
Gpx4 % H K Nif2 Sle7all ,Gpx4 mRNA ik 7K -
B T, 5 AR ST 45 2 — 3, WP IESE GTW
FE DKD K B PN J5T 90 107 33 fink & 19 4 SE T BIL A v
YEH .

ABFEH GTW iRY7 DKD St 7 FIs R . 4
PRATZH K H AN B 9EESE T GTW il ik NLRP3/cas-
pase—1/GSDMD \Ntf2/Keap 1/ARE %522 WL18 ¢ & 4% %ot
DKD K B G- E L A58 76 5 IR 52 10 Sy T
KIL, CTW 18 i3 315 XBP1-Hrd 1 3% — 42008 %, —
J7 113 i 22 ERS 3X — AR AT AL, AR Sk 55 T
NLRP3 4AE/MA R 1 A3l 7, 18052 5 0 458 405 5 240 P
BT 59— i vk D Nef2 (972 R AR, 1
TP TE Ak 2 T el A AR A 1 B L 5 AT A Y
SR 3, AR — LR T GTW IR YT DKD (1)
LRI T S N L P N W 8 G P PR 7
GTW 18 1 ¥ 3% XBP1-Hrd 1-Nrf2 {i5 5 18 % X} DKD
KEEHLRIPER, X T HE2mEA R —2
WY o JaEnl 454 25 B K o T HE W2 S0 -]
BBV GTW By ERIVE T, I 25 TR S0 5 15 i %
PRI, UL — 20 s ai b GTW A9 AE FBL
FOnA L % GTW FEA | ERS JF /DR b T %
A gV E FIBLE

Zr LTk, GTW A] gl o 7 il XBP1-Hrd 1 %,
W/ Nef2 (192 Z A R, (E AT 38 5% Sle7all A Gpx4
() 335, T i B o ok AL AR FE T, S X HEZZ DKD
HERE
Rt T SN (LR N el IERUIEN
fEE R JRA5E . IO B SIS AT B 63
R S RAAR RS BT RSB S TERG 7T B s T
B TR R AT

2 % X W
(1] el s o W7 4 22 % 5L MR B BB PR 19T o

FEHE L. TR LR, 2021(3) :255-304.
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