536 % 45 18 1) HEMREFZSEE Vol. 36 No.18
2026 49 China Journal of Modern Medicine Sept. 2026

DOI: 10.3969/j.issn.1005-8982.2026.18.008
XEHE : 1005-8982 (2026) 18-0051-10

TEA& 5% xf BE R AR X 1 B i /N B 1 R RY
RIPIER R EN SR

FT5 !, SR, R, R, AR, RTES, B
(LEHERKERBER 135 R, BI| #H 646000; 2. 118 E B A K E B
HOR AR IO 5 6460005 3. 0011 R 5 AR MR U R IR AT S 0, N
646000; 4. 777 [ A K HER e AP 0 101 4 B R SE B, 00| 59 8
6460005 5. 19 )il & B B SR s JR A 58 8, 1911 97 i) 646000)

HWE . B RiTEAI SRR TR (ORG) DR EFAS 8 RPE R B TR, ik @
i B REAR AR A CSTBL/ 6 Mt s R ORGEER, FFREMLS 4 ORG Hfe ORGHIEAEF) A4 B -l iR A )
BAEA EF 2R (NCAL), 462, L hRAE, fhtk, hRZRMESZRG/EIE (UACR), &K
BEmEREg (ITT) AFHHEFERE (GTT), HAITT- W& T @4 (AUC) #GTT-AUC. &M ENE
TR AR T, RFB-ALTH (BHB). AIE (UCr). AZ R (BUN), E2EE (TC), Hib=f8
(TG). KEERZEOREEAR (IDL-C) 5% A& GEER (HDL-C) /K-F, KIEBHB, LRAMALE
(TAOC). RAMMBALEE (SOD), A= (MDA). HptHARSAMMEE (GSH-Px)., o—FHIINSEKE
(a—SMA). a@feii—-6 (IL-6). IL-1B. HHEFE2HEXEF2 (Ni2) fefesrZmAfHE—-1 (HO-1) &FaK
F, R ORGAF ORGHEBT AL RARE, Lee's 3583 HFTNCA (P<0.05), ORGHEMAF] 440 R,
HE | Lee's FHHIIIKT ORGAL (P<0.05), ORGHD A=At TNCH (P<0.05), ORGHIEAEF] 44
R AP AT ORGLL (P<0.05), &8/ F 5 23 BB 0. 30, 60% 120 min ITTHM &) fefErbds, 2R, OFR
BB I] o rbaR, 2 A %3 E L (P<0.05); Q&M fmtErbis, 23 A% FEL (P<0.05), £FORG
MR OB M TAMY R, ZFALITFEL (P<0.05), ORGAITT-AUCKNCAFAZH (P<
0.05); ORGHEA&FHLLITT-AUCE ORG %L (P <0.05); ORG+HIEHKT|AME NCLILE, £F K45t
FEL (P>0.05), &R H24 B0, 30, 605120 min GTT A 69 fedfrbdz, 2R . ORE R S st
5, 2RAGITFEL (P<0.05); QFMEhiEibis, 2FA%H3EL (P<0.05), £+ ORGHELERS;
@&t TARIE, ZFH%ITFEL (P<0.05), ORGAGTT-AUCHNCZFZH (P<0.05); ORG+
18445441 GTT-AUCE ORG 204K (P <0.05); ORG+HEHT) 445 NCabi, £F A% FEL (P>
0.05), ORGZLNE TC, TGALDL-C3 & TNC4 (P<0.05), HDL-CA&TNC#L (P<0.05); ORG+la
5] 428/ {, TC. TG A LDL-C 3/&F ORG % (P <0.05), HDL-C & T ORG %L (P <0.05), ORG %] R
UACR, UCr&ZBUN¥ & FNCZ (P<0.05); ORG+IEH#F] 440, UACR, UCrZ BUN ¥ 1&F NC 28
(P<0.05), ORG+Ia#F)44) R =M nER 3T ORGE (P<0.05), ©o#F A FIEBHBKF¥HETORGAH (P<
0.05), WL OEELIORG MR FNF LR MILATILKELENE, 24K F TG IH ARV, HE
EXILORG DR B DR AN, Lok LY K, FRAFEE, B OEKMNER, A ATHE LR
ZEME ., ORGAD R FIESOD., TAOC., GSH-Px¥&TNC4 (P <0.05), MDA & FNCZ (P<0.05);
ORG+1a#47] 448/ B IESOD, TAOC, GSH-Px¥& T ORG4L (P <0.05), MDAKTORG4L (P <0.05),
ORGH R EMEIL—1B. IL-6ZF Gt &ik 35T NCL (P<0.05); ORGHEMAFAL T EFMIL-18. IL—6
FGart Ak KT ORGA (P<0.05), BAALNFLEERIL, ORG IR M 4 4 ibir £ a—SMA #)
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Study on the protective effect and mechanism of Henagliflozin on
the kidneys of mice with obesity-related glomerulopath®

He Wan-hong', Li Jun-le’, Huang Wei', Xu Yong®, Zhou Ting-ting*, Wu Qian-shi’, Cao Ling’
(1.Department of Endocrinology and Metabolism, The Affiliated Hospital of Southwest Medical University,
Luzhou, Sichuan 646000, China,;2.Department of Nephrology, The Affiliated Hospital of Southwest
Medical University, Luzhou, Sichuan 646000, China;3.Sichuan Clinical Research Center for
Diabetes and Metabolic Diseases, Luzhou, Sichuan 646000, China,;4.Metabolic Vascular
Diseases Key Laboratory of Sichuan Province, Affiliated Hospital of Southwest Medical
University, Luzhou, Sichuan 646000, China;5.Sichuan Clinical Research
Center for Kidney Diseases, Luzhou, Sichuan 646000, China)

Abstract: Objective To investigate the protective effects and potential mechanisms of Henagliflozin on
renal injury in mice with obesity-related glomerulopathy (ORG). Methods Male C57BL/6 mice were fed a high-fat
diet to establish the ORG model and were then randomly allocated into an ORG group (n = 6) and an ORG +
Henagliflozin group (n = 6). Mice fed a standard chow served as normal controls (NC group, » = 6). Body weight,
blood glucose, blood ketone levels, and the urinary microalbumin-to-creatinine ratio (UACR) were monitored;
insulin tolerance tests (ITT) and glucose tolerance tests (GTT) were performed, and the corresponding areas under
the curve (AUCs) were calculated. The following were assessed: renal histopathology and ultrastructural changes, as
well as serum levels of B-hydroxybutyrate (BHB), creatinine (UCr), blood urea nitrogen (BUN), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol
(HDL-C). Additionally, renal levels of BHB, total antioxidant capacity (TAOC), superoxide dismutase (SOD),
malondialdehyde (MDA), glutathione peroxidase (GSH-Px), a-smooth muscle actin (¢-SMA), interleukin-6 (IL-6),
interleukin-1p (IL-1B), nuclear factor erythroid 2-related factor 2 (Nrf2), and heme oxygenase-1 (HO-1) were
evaluated. Results Body weight and Lee's index were significantly higher in the ORG group and ORG +
Henagliflozin group than in the NC group (P < 0.05), while these two indicators were markedly lower in the ORG +
Henagliflozin group relative to the ORG group (P < 0.05). Fasting blood glucose was elevated in the ORG group
compared with the NC group (P < 0.05), and Henagliflozin intervention significantly reduced fasting blood glucose
in the ORG + Henagliflozin group versus the ORG group (P < 0.05). Intraperitoneal insulin tolerance test was
conducted at week 23 to detect blood glucose at 0, 30, 60 and 120 min. The results revealed statistically significant
differences: (1) blood glucose levels varied significantly across different time points (P < 0.05); (2) blood glucose
differed remarkably among the three groups (P < 0.05), with the ORG group presenting the highest glucose
concentration; (3) the dynamic changing trends of blood glucose showed significant intergroup differences (P <
0.05). The area under the ITT curve was increased in the ORG group relative to the NC group (P < 0.05). ITT-AUC
was significantly decreased in the ORG + Henagliflozin group compared with the ORG group (P < 0.05), and no
statistical difference was detected between the ORG + Henagliflozin group and the NC group (P > 0.05).
Intraperitoneal glucose tolerance test was performed at week 24 to measure blood glucose at 0, 30, 60 and 120 min.
Statistical differences were observed as follows: (1) blood glucose values differed significantly at distinct time points
(P < 0.05); (2) intergroup blood glucose levels had obvious discrepancies (P < 0.05), and the ORG group had the
highest blood glucose; (3) significant differences existed in the glucose variation trends among groups (P < 0.05).
GTT-AUC was significantly higher in the ORG group than in the NC group (P < 0.05). Henagliflozin treatment
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lowered GTT-AUC in the ORG + Henagliflozin group versus the ORG group (P < 0.05), and there was no
significant difference between the ORG + Henagliflozin group and the NC group (P > 0.05). Serum total cholesterol,
triglyceride and low-density lipoprotein cholesterol levels were elevated, whereas high-density lipoprotein
cholesterol was reduced in the ORG group compared with the NC group (all P < 0.05). After Henagliflozin
intervention, TC, TG and LDL-C were decreased, and HDL-C was increased in the ORG + Henagliflozin group
relative to the ORG group (all P < 0.05). Urine albumin/creatinine ratio, serum creatinine and blood urea nitrogen
were all higher in the ORG group than in the NC group (P < 0.05); all three renal function markers were significantly
lower in the ORG + Henagliflozin group than in the NC group (P < 0.05). Fasting blood ketone level, as well as
serum and renal B-hydroxybutyrate concentrations, were significantly higher in the ORG + Henagliflozin group than
in the ORG group (P < 0.05). Oil Red O staining showed massive red lipid droplet deposition in renal tubular
epithelial cells of ORG mice, which was markedly alleviated after Henagliflozin administration. Hematoxylin-eosin
(HE) staining demonstrated irregular glomerular morphology, dilated capillary tufts, thickened mesangial matrix and
edematous and deformed renal tubules in ORG mice; all the above renal structural injuries were obviously
ameliorated by Henagliflozin treatment. Renal superoxide dismutase (SOD), total antioxidant capacity (TAOC) and
glutathione peroxidase (GSH-Px) activities were significantly lower, while malondialdehyde (MDA) content was
higher in the ORG group relative to the NC group (all P < 0.05). Henagliflozin intervention upregulated SOD, TAOC
and GSH-Px activities and downregulated MDA levels in renal tissues of ORG mice (all P < 0.05). The relative
protein expression levels of renal interleukin-1p (IL-1p) and interleukin-6 (IL-6) were significantly increased in the
ORG group compared with the NC group (P < 0.05), and were markedly suppressed in the ORG + Henagliflozin
group versus the ORG group. Immunohistochemical staining revealed abundant expression of the renal fibrotic
marker a-smooth muscle actin (a-SMA) in ORG mice, and Henagliflozin intervention decreased a-SMA protein
expression. Total and nuclear protein expression of nuclear factor erythroid 2-related factor 2 (Nrf2) and heme
oxygenase-1 (HO-1) in renal tissues were significantly downregulated in the ORG group compared with the NC
group (P < 0.05), and were remarkably elevated in the ORG + Henagliflozin group relative to the ORG group (P <
0.05). Conclusion Henagliflozin alleviates glucose and lipid metabolism disorders and ameliorates renal injury in
ORG mice, potentially through activation of the Nrf2/HO-1 signaling pathway via ketogenesis.
Keywords: obesity-related glomerulopathy; henagliflozin; ketone bodies; Nrf2/HO-1 signaling pathway

T AR A ER AL P O R R 2R I, BFSE R
BT 2035 45 42 BR AL I RO 8 SN 189 50%
PLEMAS FERE I B R AR ST s 7 5T, IEE
A KM E K (obesity—related glomerulopathy, ORG )
BRI K, C R EESS  (chronic
kidney disease, CKD) 1) 29 Al 2 —P, B pEARZE
TRAARBAER . MR A g . RAE T
TR IR B 2R IR A5 T 5 B30 A 45 405 A 2T kAL
Forp RRE RN AR AL BTE ORG Y & A . R g R E
AR

B - A AR L e oz B 2 R (sodium—
glucose cotransporter 2 inhibitor, SGLT2i ) B Kilk i)
2] WE AN B E WA, e Ok ROWE AN PR SR HEME K
WEA A ™. SGLT2i MG B HESS Rk, 42
#§ UCIDENCE. DAPA-CKD, EMPA-KIDNEY, i
ST HAE CKD g s B E R AE T, HLZR 4
JIE A 25 JE B PR B9 B )2 CKD RE™ . SGLT2i 7]
i PR BN R S TR . KR R .
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LORLRIIRE . WOE OGRS . SR N B IIRE
LR LRI B HE 7 21 4 Ak 55 )5 T PR B 5 ED
SR1M . H AT T SGLT2i 78 ORG Hh iy AR R FHHL I
JEHIEHATR | HUA A DR 2 75 8 5 R
R -F NS, WA, EHHEERE,
SGLT2i 38 i P& AR M bl ,  FA AR JBE 15 32 55 Jo v i bl 3%
P, fEgkmi A= WK B-R A TR (B-
hydroxybutyrate, BHB) . £ Bt Z B FINBAZH 1, Horp
BHB 7] 3 & 3 7% # N+ E2 #8 & A+ 2 (nuclear
factor erythroid 2-related factor 2, Nrf2) 15 5 i %,
RAEPUAR . LA B/ M. Nef2/ 1L 21 20
% -1 (heme oxygenase—1, HO-1) {5 5 il % J& Pt
RANPLAA N R R B, O A PR R
SAERC RS T AL R H " 8 A W T4
Bhep Bl . SGLT2i nJ fE i i f BE AR AR, 2k i 9%
AW 9 Nef2/HO-1 5538 %, M2 ORG B ik
Wit fERE S AR E A A B R SCLT2i,
A m Ptk . Kl 00 8 HE i e i 6
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3B TR, CAE IR Pk S BLAT R
WCE RS AR, H AT AR T 2 RO PR IR
Ut (EAE AR 51 o 75 3 o AR IR -Ne2/HO-1 38
U ORG, H AT ol o L, A6 5 7EHE
THE S 51X ORG (9 BECR I VE T, IR S0 ik H 2
it PR AR B O Nef2/HO-1 {5538 %, T
e B ERL O, LA BAE A% 51 04HR 7 ORG /Y 7T fE
PLL, “h ORG MR J7 K4 J& SGLT2i 1y il PR 1L H] 4
PESIARE

1 RS

1.1 SEIedt

111 =3y 6 JH % SPF 9% C5TBL/6) HF A= 7 It
PE/NE18 R[5 sh ¥ A4 7= rlE S . SeXY (JI])
2020-034, S5 B HIF rTES . SYXK (JI])
2023-0065], 1KH#H (22+2) g, W E AH 2 RE ALY
BHEABRA R, 1% F V5 R BB R 27 i s B 5l
P25 v (9 SPE G5 B R B b . AR R AT
Y ZE B b, JFC R M ERI K3
e B Al (20230421-001) o

112 FEEEAME 60% & IREE (585 .
D12492) iy [ 3 [F Research Diets A &, SPF 4 [l %
FEER (585 . YH0001-021) g [ b 5t 4 BL R/
PR R A PR A ], AR R R A I B (low—
density lipoprotein cholesterol, LDL-C) (%5 . A113-
G | g S W [N
/L'gl‘ % H
MHREEE (total cholesterol, TC) ($85: Al111-1-1) .
H il =W (Triglyceride, TG) (% 5. A110-1-1) .
PR WL EF  (urine creatinine, UCr) ik & (% 5 .
COl1-2-1) ¥y 3 pg st @ AW RHEA R A A,
A H K E ALY (glutathione peroxidase, GSH-
Px) (%% : ADGISSOM) . ¥t A fLfE S (rotal
antioxidant capacity, T-AOC ) 5. ADG1476M) .
HHE ALY 5 AL B (superoxide dismutase, SOD) (5%
5 : ADGO778M) . N % (Malondialdehyde, MDA )
5 . ADGO776M) . BHB | i & (5% %5 .
AD3642Mo) ¥ [ b 5t 22 il 48 Z8 B AT BR 2 A
1 jR F A (blood urea nitrogen, BUN) & 7 & (%%
5 G1200W) 1 [ IR HAS BUR A RHECA BR A A
RPN R A4 K -18 (Interleukin-18, TL-1B)

.

1-1) . &

lipoprotein cholesterol, HDL-C)

(high—density
Al12-1-1) .

A

Pk (525 . AF7200) . fedi/D B IL-6 fiiik (5%
Fo AF7236) . Pt/ Bl o -SMA HL iR (TR
AF1507) K B 4t 7 Bl B —Actin #T 1& (2 5 .

AF2811) ¥ A 3 < KAV ARV, *
i/ BN Bk

A 11

5. 80593-1-RR) 4 [ 2 [
Proteintech 2> 7, #$Hi/D Bl Lamin B1 $iik (585 .
ab108922) Al % Hr /N B HO-1 $1 & (% 5 .

ab189491) 4 [ 3 [E] Abcam 23 F]

oA gt (5845 . XT-001) 19 A %y +
Roche 22w, LA Sk 4t (625 20211029001)
1 A [ Biosharp A 7, 4 A sh A4k 4 B4 (A
51 BS-2200M) W4 [ BRI B A BRI R T A
HRAA, S50 FRHE (BS. JEM-
1400FLASH) 1 F H A H kXt , EEZOLR
48 (B . ECLIPSE Ni-E) g H H 7 JE Bikk 4
#, ZIUREEEARAL (1% : FLUOstar Omega) I [
15 BMG LABTECH A #], 4 H shke k4 (A
51 JXFSTPRP-24) W [ b5 900l & AT BR A
AL, U AR R R (B TL-150Y) I H T
W 2 A BB B A IR w0 L
(#1%5: SL16R) 4 [ 2% [ Thermo Fisher Scientific 2%
H], Western blotting PR R % R TR ORI A AN (A
51 Basic 400) W HTME —FlFHHEARBRA A,
ML e A R AL (A5 . Touch Imager Pro) W4 H I
1 5 ROt AR A RA A,
1.2 FHik
121 R Z R 50 65k CSTBL/6] HEE
ANERGE R PR SR LR S, BENL RIE R4 (NC4)
FTORGHEEIZ , 45045 6. 12 H, 435l LA ek
H160% =5 g 1A BHIEE 35 . 2 BEC A WF 98 10 J7 1k & il
ORG #E AL (60% 7= g 1] o 3% 2 77 6 ~ 8 JAl e 1Y
C57BL/6) MM /N 24 A, 37 FUE 19 ORG /N RS
) U 12 F S B AE ORG B Y, AR H R
PREE A CHE bR 1 i 3 s . Bl S, B ORG 27
HBEHLST A ORG 4 FIEAE 515 T W4l (ORG+IH A%
FIdl) 2L, Y366, 4kekT DL g i Ak i
Fro JEHHE B EARS G 10 mg/ (kg-d), %5
24 570 2 AR A I R AR AR R EE 60 kg E 4T 254 57 =
B, e RN RS ROR) o R H R A 12 45 1
BN E 25 25 0 %6 . Hia /N S AR AR K .
24 JiJ5 ORG AI/NFRAEIRHE . Lee's ¥4, WHNRACIHT .
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AU GEws , 55« JEAR FXT AR DA 5 /N B T A P4 P B LRI 5

B W 453 403 b 75 0 B 2 B o R 3 2 45 1T
5 2 s BRAS AR AN ORG #2 AY &F il i D =
SEFEAS AN EROT O . T A /N B FR TR (22 +
2) C. MXIRE (55+15) % . 12 h IR 3Z 8Ot
MR R B h

122 HRE FTHELAEFR FH2EATHELESH
D /N BRI o 55 24 ) Je D e 45 4/ R AR S
REALTTIIEK, Lee'st8%L (g/em) =[1AE (g) " x
1 000444 (em) o It /IN B2 I0AE A It 5] 1) 37—
Mo 22 mi R HF 8 A8 . 2ok, it R ikcoR
I, A 2 JE)FE IR SORG: I IAARE A, s 4 ) D Il R A

G ) 11 ) 7K
1.2.3 Jk % = @ & @/ 5 U BT (urine albumin—to—

creatinine ratio, UACR ) | = 2 JE A AR 5T S8 U
/N 24 bR, B0 e R BT T -80 C AR
o R4 A 3l A A o3 B A3 o3 ) 28 o B L ik
PR e H A H MR IS G I UG, UACR (mg/
mmol ) =R EHEH (mg/L)/UCr(mmol/L) o

1.2.4 M B 2 ft 2 X 35 (insulin tolerance test, ITT) %
B & R ( glucose tolerance test, GTT) o
23 Jal I XE /N BROEAT ITT, 25 4/ RS 4 h 5 R
P 5 0 min M, $% 88 0.5 whke I8 13 5 B 5
R, R R R M3 0 A R R TE AT S 30,
60 B 120 min i} B MR- o 2565 24 JE XS/ RE
1T GTIT, X&LH/NAEE 4 h, Hi IR 2 o/kg I TESS
20% H AW, R J7 Eal s/ B K
THA A S a0 2k A (area under the curve,
AUC) .
125 #4 e NERE LS 3% I B
SERMEREIK . Bk WL, VA, g
t, RHEG L R T ERCR A

126  mEEE  FHEHL 4% ZRPEEREE,
AT I AN 4T (hematoxylin—eosin, HE) Y fi
MLLO et , SR IE S 5O BB g .
o G 2 AU o Gt (0 WSS B IR 4 2 v 2 4 Ak 4R
PR a—SMA B K15 DL .

127 fif AAIEARABHB & 240 R HEGEK
A 22 W B X 5 (enzyme linked immunosorbent assay,
ELISA) ] 5& /v il TC. TG, HDL-C. LDL-C,
BUN. BHB /Ko Al fipHs 50 &\ 4 C kA i
th, E A 30 mine TC. TG R B 2« HL
2.5 WLFERRIA 96 LM, FHANA 250 WL T AR iR

E

A1, 37 CHEE 10 min J5 M & 500 nm P 1 A0 WG
fH. HDL-C. LDL-CRH EEIEME : Sl —
180 wL, 37 CHFHE 5 min J5 M E 600 nm P Ab 1
JEEME (A1), FEIH =60 wl, 37 CHHFS ~
10 min M€ (A2), JE AA=A2—Al, BUNRH
JOR B 5 - BURE & 20 L, iR — 10 pL & 25
BFK 130 wL, 37 CHFF 15 min, FRHATH] = M
A =45 20 pL, 37 CHFE 20 min J5 I %E 625 nm 4k
WS BEAE . UCH SR FH L2 R 480 i v T 7 - B
TR 10 pL A 96 FLAk , A — (A
100 WL, 37 CHFF S min J5 M2 510 nm $ KA
BEAE (AL, B AH = (B ak) 50 pL,
37 CHEE 5 min J5 Ml EWOCEEME (A2), 5 AA=
A2—Al., BHBRHZEGEME : fEfbrr b ik
PR S ALIEAT RS LRGBS, AR RSN 40 WL AR 5 R
B, F0 10 WL SR, E4J5 37 IR 30 min,
VRV 5, INEEARIR A 50 wL (25 FAFLERAN) . FRIR
37 CHFE 30 min JG PEU 5 UK, ARIKIIA K €457 A il
B4 50 wL, 37 CHEYEIN 15 min, NZEIEH S0 wL,
T 7E 450 nm P44 EAE

12.8  AAESAEAREN KB E L SR & A
R, B JEHC RIS, 85 e 4k ELISA 1R &l
& B E 4 215 T-AOC . SOD . GSH-Px & MDA 7K -,
R &N 4 CHCH 2 IR F8 30 min f5 , TEBEAR AR
BB bR S FLIEAT Ay LU RS, FESR LIS 40 wLAE
dn B BRI 10 pL 412 BV W, BHARJE 37 CHE
A 30 min, PEU SR, BALMEGAR R 50 nL (%
FIFLERSN ), BRI 37 CHE A 30 min J5 PR S K, K
TOMA B AAF] A FIB 450 wL, 37 CHOESY 15 min,
INZEEH S50 WL, I5E 450 nm P A W BE (8 .
1.2.9 Western blotting # i B I 40 28 ¥ 5 B F &
Nrf2/HO—1 18 %% & &k ¥ B IE4 40U A RIPA
2w, FH 4 A Sh R ST IS SRR 75 I A i Ry
PRI AT R AN M A . VK L& S, 4 °C .
12 000 t/min &> 15 min, B3R . B 100 pL &
FHAEAS, $%1 ¢ 4 LN A 5 x loading buffer, 7£ 7K
AR 10 min {8 1AM BAESS HEAT RLIK R
W R SRR 2 PVDF IR |, ¥
JE¥R A 5% BSA FREf I 2 he BTSSR E, KR VEG
JE R A RPN IL-1B Brik (12 1000) . FRHi/h
FRIL-6 TR (1:1000) . Gyt A Nef2 B 4
(1:1000). fyi/dRZNR2BAE (1:500) . &
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P/ BLHO-1 Hi#& (1 :1000) . %bi/h Bl Lamin
Bl HL ik (1:2000) F1E P/ R B -Actin 4T {£
(1:5000) 1, KFFEKA CHF LK. KHWK
JE e % I 43 09 A HRP AR iC 59 L 25470 4 e i Bk 2R
MG (immunoglobulin G, IgG) Pt K HRP #nic A% L
FHR G —H (1:5000) KPR EEIEH
1 he BEBEPE S FH ECL TAEGE i 7 & A 1%
U5 o SR Image J 34 BUR AT K BEAE 50 HT o
1.3 Sit=rFHiE

B 43 A K FH GraphPad Prism 9.5 G884 it
R IR+ bR (xxs) FoR, HESRAR
PR 2 5 22 o0 A ok B 2 O o R T R O 22 0 AT, PR
A I LSD-t /3, P <0.05 K2 S A G it 5 L.

2 45

2.1 18185153t ORG/MNRIAER Lee's 1RERIS MM
A5 24 TR /N BUR T L Lee's R ILHR, &
T 22508, ZRA GRS (P<0.05); ORG
Y1F ORGHIEAS 4 L /N ERR T . Lee's TREI & T
NC 41 (P <0.05) , ORG+1H A& 51 ¥t ZH /N FRAK T | Lee's
FREAIILT ORGAL(P<0.05), W1,
2.2 181&%4%3 ORG /MR HER BB 20
KA /NEUER 0 B 24 ) i 25 I M s Lt A, 4
ST 2200, A5 (DS IR Ta) A Il

F1 BEFE24FERNNREER Lee'stBHILLE (n=6,x+s)

2H 5] NGV Lee's $6%4/ (g/cm)
NC 41 27.65 + 1.34 348.95 + 14.69
ORG4] 45.68 +3.64 376.51 = 11.81
ORG+IHAZ S 41 36.38 +4.15 356.41 + 13.21
FA 45.356 6.906

PiE 0.000 0.000

WL, Z2RA%IT%E L (F=3438, P=
0.003) . @QFAMBELE, 2RASKITEREX
(F=6.788, P=0.008); %6 i, SRk EMIRN
ORG 4 5 ORG+1H #% 51 15 20 /)N L 25 i 1t W 3 o F
NC4 (P<0.05), %516 J&#e, ORG+IEAZF &4/
B2 I BE S W N R, BT ORG 4l (P <
0.05) . @b R i, ZRAGIFE
X (F=7271, P=0.000), #&/5~1E4E 515X} ORG /)N
B2 L I M 1 B3R T A FH EL A ol ARl P . W3R 2.

F /N 23 BB 0, 30, 60 & 120 min ITT
ORIUNIONI IR A 2N = I B 2 L S T
Zi . OARFRE SR, ZRA5%IT¥%E
X (F=30.670, P=0.000); 4% 4k, 2
SHE G E X (F=11500, P=0.000), Hrh
ORG 4L I bE fe 5 D45 A b A fb ke b, 22
SAEGHFE X (F=3270, P=0.000), #5R%&4
W5 BB [ AR A B AN TR . I3 3.

®2 FHEMNRARERESMZHEDELE (n=6, mmol/L, x+s)

Bl 0 J& 24 4J3 6 ) 8JA 10 128
NG 8.10+ 0.85 8.61+1.22 8.23+0.47 7.79 + 0.64 7.91+0.23 8.11+0.73 7.91+0.51
ORG 41 827+0.58 9.01+1.01 9.13+1.93 9.6+0.83 972£074  1045+159  1027+1.07
ORGHE/FIALL 8384092 9.51+1.40 9.49 £ 1.02 9.63 + 0.60 9.72+0.59 1033074 10.13+0.70
4151 14 16 204 224 24 4
NC4 7.82+1.32 732+ 118 7.64 +0.84 791+ 145 82+043 773093
ORG 41 10.09 + 1.13 9.97 + 1.56 9.69 + 0.89 9.60 + 1.22 10.31 = 1.48 11.52+2.26
ORG+EH% T 4r2H 10.02 + 0.83 8.71+1.26 8.62+0.96 8.00 +0.52 8.51+1.54 7.13+0.89
R 3 BAE23FERRERELS ITT ey s b % NCZH . ORG#ERIZH | ORG+1H #% 41 ¥t 20 1TT-
(n=6, mmol/L, x +5) AUC 4% B (1150+1.22) x10°, (1725
25 o 30 min 60 min 120 min 2.23) x10*, (14.08+0.54) x10*°, ZHH K )5 &
NG 842+0.85 1178+ 0.81 938+ 1.50 8.27+1.46 ST, ERAGITEE L (F=24390, P=0.000),
ORG41 12.08 £2.31 16.43 + 1.98 14.97 = 1.80 12.57 + 1.86 ORG A ITT-AUC & NCH F+- & (P <0.05); ORG+fH

ORGHIEMANFL 9.48 +0.45 14.15+0.74 12.10 + 1.15 9.85+0.43

¥ F1] ¥ 2 ITT-AUC %5 ORG 41 [& % (P <0.05) ;
ORGH+EMEHN A S NCAH LK, BZRILFEIT¥EX
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iy, A5 TERR St A AR S B /N U JUE ) PRV P B LRI T 5

(P>0.05),

FAH/NEREE 24 BT 0. 30, 60 £ 120 min GTT
D oW B, 2R R A R Y 22 40 T
5. ORI E S mpE i, ZRA%RITFE
X (F=4.703, P=0.006); Q%4 ML, 257
Hait#E X (F=17374, P=0.000), ¥ ORG
A, @AM AR R R, 2RE
Giitop i L (F=8.648, P=0.000), #1441k
BET RSB RANE  WK 4,

R4 REF24FAMTERE S GTT A MmAE L 5

(n=6, mmol/L, x+s)

NCH 8.52+0.84 6.07+0.80 7.32+0.69 8.13+0.84
ORG 41
ORG+HEFIEZH 9.80 +0.60 8.50 +0.44 7.05+0.81 9.10 +0.66

13.35+1.91 11.02+1.80 9.97 + 1.41 11.83 +1.77

NC 4. ORG AL . ORG+1H A% 51 ¥ 41 GTT-
AUC Zr %k (883+089) x10°, (1335%+
1.92) x10*, (9.93+0.66) x10°, £ PN ZE 5%
AT, ZRASEE L (F=18.5%, P=0.000),
ORG 41 GTT-AUC ¥ NC 41 F+1 (P <0.05); ORG+{H
¥ 51 ¥ 4 GTT-AUC % ORG 4 K& A% (P <0.05) ;
ORG+EME SN 5 NC A b #, 2R TG I#E XL
(P>0.05),

2.3 18#&%4%3 ORG /R A5 B 5B 8201

4% 24 FF TC, TG, LDL-C., HDL-C b
B, s, Z25YWA%ITEE L (P<
0.05); ORGH /N TC. TG X LDL-C ¥ & F NC 4
(P<0.05), HDL-C{XF NC4] (P<0.05); ORG+{H
¥ B el /h BLUTC . TG 2 LDL-C ¥ {ik F ORG 4
(P<0.05) ,HDL-C & T ORG 4 (P<0.05) ., W5,
2.4 181§%)%3t ORG/MNRRE R K B INBERI M

%2 %5 24 JH F UACR. UCr. BUN Lb#, 407

R5 HEF24FRTC.TG.LDL-C.HDL-C tb%&

(n=6, mmol/L, X+ s)

NC4] 251+0.78 0.84+0.33 0.40+0.08 4.24+0.76
ORG4] 486+1.04 1.55+023 2.37+0.54 2.65+0.78
ORGHEINFEH 3.61+0.62 0.71£0.22 1.31+0.39 6.66+1.22
FAY 12.815 16.709 38.811 22.672
P 0.000 0.000 0.000 0.000

ZoHr, ZRBAFRITFE L (P<0.05); ORGH
/NELUACR ., UCr &% BUN ¥J 5 F NC 4 (P <0.05) ;
ORG+1H #% %1 4+ 2 /N f’L UACR . UCr Jz BUN ¥J{i& F
NC#4 (P<0.05). W#6,

*R6 RIAE24FRUACR.UCI.BUNELE: (n=6,x+s)

NC4 126029 2181221  298+0.77
ORG 4] 2579+137  3151+3.18  11.54+1.81
ORGHHEAZFNEH  14.07+2.24  21.78+4.44  647+1.33
F1E 310.098 12725 58.613
P{H 0.000 0.000 0.000

2.5 [E&%1%3t ORG /N AR K BHB 7K F 1952

5 LES 24 JE /N B A G L ER . 1T BHB ., B
JE BHB KV 88, & 22081, 2R¥E 5%
B X (P<0.05); ORG+TH K% 51 1 21 /N R 25 1 1L i
7T ORG 4L (P<0.05), IfiLiE K B WE BHB /K-35 &
FORGH (P<0.05)., W7,
2.6 18#&F%3T ORG /IR BB IR B 2 B 220

LT O Yo 2 B ORG /N RUE /N b Fz 40 i 1Y
CIRUDN =R AR N I R RS O eV oo R AN R
(WL 1), HE Z& 65 % B ORG /N BB /NER B 5 A M
WU, 5 200 A R 5K, R R TG R N K i A
T A 5 T WU b as ek . WIE 2,

S

BABRHIORE

ORGH+IEHE 51 ¥ 20,

( x400)
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i 36 %

Fx7 HBHAFE24FRI/INRZREMAR. (175 BHB. &k BHB
IKELLE  (n=6, mmol/L, x+s)

NC 4] 0.82+0.08  758+149  678+1.52

ORG 4] 0.75+1.37 7.44 +1.47 7.35+1.00

ORG+EHE S 2 133027  10.04+1.84 10.17+1.90

FH 17.353 5.316 9.019

P 0.000 0.018 0.003
NC#

ORG#

2.7 181&%1%3 ORG /R S Rt LRI =20
TE B TR B WL 45 /DN B U 5 4
B, ORG 21 /)N BB 2ok {4 I 35 b i, 0k ik /0 by 224
TR, k7 e 52 BOMR, FlL 7 P PRI 5 2 R )
s T DX R R 4 2] 5 DL 2 B T
ORG+{E A% 51 14 2L /IN B LA (A v 2 Jif K 0 5
W, 2 S /0 B A PR T I 5 A R il
B, RIS ; WL . LA 3.

ORG+{EA$F1 521

ORG+IHAEF 2

E3 HHEEHBHMBEEE (x20000)

2.8 E&F&E3T ORG /IR B BE S 4L Rz B #3250
25 ULER 24 JE /)N BB E A AL N UCES B LA
I ESN, ERBAGRITFEE XL (P<0.05);
ORG 41 /) BB JIE SOD . TAOC . GSH-Px ¥J{& T NC
20 (P <0.05), MDA & TNCZ (P<0.05); ORG+
E A% 51 e ] /N BUEIE SOD . TAOC . GSH-Px 7 F
ORG 4] (P<0.05), MDA X F ORG 4l (P<0.05),
U
2.9 18#K&FI%T ORG/INR B AR E-LF4EAL B30
B 24 B X (P<0.05); ORG 4L/ B NE
IL-18. IL-6 M X RB /Y& T NC4 (P<
0.05) ; ORG+THE 4% 31 1 41 /N BRUE IE TL-18 . 11-6 2K
FA A e B T ORG 41 (P <0.05) (VL3 9 Al

8 &EE24FR TAOC.SOD,.GSH-Px MDA L%

(n=6,x+s)

NC4l 1.77 £0.19 14.01 +1.98 122.85 +30.12 1.28 £0.10
ORG 4] 1.35+0.09 11.12 £0.94 70.09 = 19.15 1.50 £ 0.04
ORGHEMFISH 2.01 +0.33 13.14 = 0.77 135.20 £ 45.35 1.34+0.11
P 12.142 6.941 5.170 11.570
P 0.000 0.000 0.000 0.000

Kl 4), i seege @k, ORG /MR NEF
YA bR W) o —SMA ) I8 FH i, fE A% 5151 T
Ji a—SMA Fik [, WLIES,
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firgity, 26 - TR S A EAT DA B/ BUB I G R 4 T B EHLRI AT

£ BEBEMIL-1BIL-6BEMEMFLRILE (n1=3,X¢5) -1 e -
B-actin [ S > >

215 1L-1B8 1L-6

NCHL 0.48 = 0.04 0.58 2 0.05 NC4H ORGH  ORG+IEAB IS

ORG#H 0.60 £ 0.05 2.08£0.11

ORG+HA% 1154 0.33 £ 0.04 0.85+0.12

Pl - — NC 41 ORG4l  ORGHHEA&HN A

NCH4H ORG#H ORG+EA# S5 2H
E5 FHHAEBREFR-SMARIEER (FEEdg %Y x 400)
2.10 B8543t ORG /MR EHENf2/HO-1ES 3 iFif

EWEENZIE

2 2H B JIE R B K 9 Nef2 . HO-1 85 1A X 36
KR, &SN, ZRIAGITT¥FE XL
(P <0.05); ORG 41/)N BB Ik /Y S 44 Ko A% 9 Nif2
HO-1 2 FIAH X 3235 & BT NC 241 (P <0.05) ;
ORG+1E & 41 4 21 /)N BB IIE A S A% Y Nif2 . HO-1
HE MR EEEE T ORGA (P<0.05). W10
& 6.

Fz10 HFH/NRBHEREREZA N2, HO-1 ZEABEXIFRIE
BEE (n=3,x=xs)

SR N2
0.16 £ 0.02

il

NC4l

ORGHL
ORG+T A% 5115141
Ffa

Pl

st R o
NC#H ORG#L  ORG+EA% 4]
e o2 (A S 0

NC4H ORGZ  ORGH+EMEH
E6 &ANMNIEHESEREZANMIIHO-1 EQRIE

14 Nief2
0.42 +0.04

HO-1

0.15+0.03

0.10+0.01 0.33 +0.02 0.11+0.01

0.42+0.03 0.53+0.05 0.17 £0.02

123.690 22.600 12.130

0.000 0.002 0.008

ORG IIfii PR 2 B Ry "B ME AR RGO L B /N sk s v
it B IR R R A B R s e B B B
BRAEK . e A0 A5 40 A S R B Ak, 40 T R B
Ry A BN A Ry kT BEE B N ER A R MR AR B
A, X ORG 1 &R LI R 58 T 2 . AR5
o IR AR RN BRI . W e AR AL
LR R S TR E, B IR EE R, AR
DUBLRUBR i, 2k kbl ik . R RmG, &4
LN RN RAE - 2T AEARIR A, 7S ORG HRMFE .
BCAE RS, MRS AR S L Ak R JORT R A -~
YA ORG A4 . KIEPAHEEE.

W W1, SGLT2i ] 18 i i 38 B 0T 1L 37 5 v
W R ER . SRR TR . BT A G
fFo i, BN R, PR . PrELN &
HE L8 £F A A0 A5 7 ARG B IES . FEAS B35 by v [
AN SGLT2i, X ORG B U 45 37 4 JH A4 BIF 5%
& WLARAE o ASHF ST K BUAE A% 51 R AR ORG /N FRUR
B PCEEIEE . BFER A M A . it
VLI, TEAS ST ORG B WE 45 2 4 1

Nrf2/HO-1 {5 5 3 # & Bt 48 F B S8 40 0y i
T, AT, Nf2 5 Keapl 454,
17 AR AR, T A R AR R A K, 2
20 it 32 B SE AL N BT, Keapl #52 & R84, 35
B Nef2 532 BN AMAZ Y, I 2 T il el e Sk
HO-1 55 i 5% SRR, FEBT LRI . PTRIE IR
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FpIE AR ek

4736 &

L RS AR T s A (= S R (1 L 2
5 3 1 9 RE S A I B T TR A4 AT 3 o T
Nrf2 {5530 il 2 AE S S8 Ak N B s I, 7 22 g i v
AR AE R, (B HAE ORG W A BF 5% A L 4238 .
AWEGE KB, TEAR ST S 9 ORG /N BRI &
5 JE b BHB & 57, TR A 41 40 Nef2 T HO-1
BAFRBACER I, PrE LR . RAE R T 3%
KN AR O L X S g L SR B E A 4
en] fE A o AR i A AR TS Nef2/HO-1 {5 3 i, 2
3% ORG B WAL N0 . SRAFE - £F 4EAL 45 -

AHEFT 0 R BRE AN R o A 402 T 5 H
& B0 Ve 3 3k A TR AR R IR Nef2/HO-1 155 20 3%
ORG /N LB IR AC 1 S AL AN B B 475, 4 ) W 22t
— LG MM 5 LR, RS ML R fE
& 51 % ORG B ML 47 4 I ) BARBIL ] o A5
BHAE T B2, TG 7% B4 b A 1 4% 2 v 5 Ho A 25 9
M7 322 5, Ja SR WFS0K F — 20 9 A BH 1 X B 2
Yy, DLA PG E A% 505 AE ORG I PR AT M

ZE Tk AHIFSE A IR AR 14 RT3 ok A i
2 T B IE Nef2/HO-1 15 538 %, 2035 ORG & Ik 4
15 B NR AT, by TE A 51 i ok 3% ORG 42486 THIEE
B BT HE— 25 R SGLT2i (141 PR 38 1% hE o 191 157 51 &2
(A I AR AT 58 AT J2 1 36 I 45 48, I3 o S ek AF
L — LRI SGLT2i B ME O 4 F 04 23+ HL I
&
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