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Abstract: In order to explore the hypoglycemic effect of oxyresveratrol (OXY). In vitro experiments were conducted to evaluate the

antioxidant activity of oxidized resveratrol (OXY) and characterize its inhibitory mechanisms on key digestive enzymes. A type 2 diabetes
mellitus (T2DM) rat model was subsequently established through high-fat/high-sucrose diet feeding combined with streptozotocin (STZ)
injection for pharmacological validation. Daily oral administration was maintained for 28 consecutive days, during which body weight
fluctuations, multiple physiological and biochemical parameters were systematically monitored and recorded. Histopathological examinations
were performed on hepatic and renal tissues to assess organ-specific therapeutic effects. In vitro results showed that the half-maximal inhibitory
concentrations (ICsp) of OXY for DPPH and ABTS" radical scavenging were 7.139 and 16.59 pug-mL, respectively. The inhibitory effects of
OXY on a-amylase were found to be dose-dependent, with an ICso value of 1.41 mg-mL"!. Additionally, the inhibition of a-glucosidase by OXY
was determined to be non-competitive, with an ICsp of 66.59 pug-mL"! and a Ki value of 60.82 ug'mL". In animal experiments, it was
demonstrated that, after intervention with high-dose OXY, the levels of fasting blood glucose (FBG), fasting insulin (FINS), triglycerides (TG),
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
advanced glycation end products (AGE), malondialdehyde (MDAs), areas under the curve (AUC), homeostasis model assessment of insulin
resistance (HOMA-IR), and the relative gene expression level of GSK-3f were reduced by 32.1%, 19.52%, 25.13%, 21.29%, 32.71%, 21.39%,
28.9%, 10.13%, 31.37%, 17.52%, 39.32%, and 13.16%, respectively, compared with the model group (P<0.05). Meanwhile, the levels of
glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and the relative gene expression level of GYS2 were increased by 40.2%,
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26.24%, and 18.37%, respectively (P<0.05). Histopathological examination revealed that OXY improved hepatic steatosis, inflammatory cell
infiltration, and vacuolation of renal tubular epithelial cells. Collectively, OXY has been evidenced to exert hypoglycemic effects and mitigate
T2DM-related pathological manifestations, which lays a theoretical groundwork for its phytopharmaceutical exploration in natural
product-derived therapeutics.
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BN AL N T MFEPARZE IR IR0, Stk T 2158, B st AR AR A 74
fit, 4ifF>98%, 5 )y 1720030125; SZEENYJ SPF 2% 90~110 g HEME SD KR, ML T HsBER s 5h)
Huly, VFANIES: SYXK G 2023-0001. FEAHUEEL: HragBefloRsys, mlasbstael: TLorsedREYE245h R
AH] . FRPE IR T 6 GB 14924.3-2010 (SRISSIVINL A TAEVE TR HIEESR . AW FIE K B8 7 5
CLZ3E b WA RSB0 S AR RN R 23 (7 2 B AZAE, HIEHES : 2023026,
1.12 &7

22- TR ER (ABTS) \ 1,1-Z0R B 2-= A AR (DPPHD | & RNA $REUGAAGE, 6 ZEERHEAIR
ATy AREEER-a-D-ILE AP (PNPG) .« o-HIATFEE . o-JEEE. 3,5- Wi KMIids (DNS) . #hi
THOOUIR, BEMRE R (STZ) , RIgIEMHAERHA IR AR BT-REHE (HPLC>98%)  mlgtEiety, bifg
TMBHEAIRAR]: 4843 C (Voo , RACHIZERRGAIRAR; BHHEFHER (AST) « BNEEE (ALD |
SAEERE (TC) « HM=F (TG) . ML LZoR Y (AGEs) . BEBEMYEALE (SOD) « Mm% E
K (HDL-C) . K% EgE A (LDL-C) « & (MDA) . &t H kit 4k ¥l (GSH-PX) « 2 & (FINS)
WE GG, B R TREH T TRAKE AL e, iR/ ARG IR A W] TransScript Green qPCR
WG, RS EMHEARARAR, MR A E = Hrad.
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IESEBR AT SB-5200DT BUHE A EAH UL, T ZAEMRIHERMN G IR AR = MR, = EAME R
HIRAT; MTP BAMHLNKHL, EE SLEE Aw; BMI-1 BAEYHN BN, FERERFFTEHIEA R A
Fl; RM2235 RUAT#E D) AL, 48 LEICA A]; RS-18I1 A Ay tabl, FEZAESERAR; MICROM
CTM-6 WA 2% AL, 3€E Thermo SCIENTIFIC A ], ABI 7500 945t & PCR {X, 3E[E Applied Biosystems
YNGR

1.2 st orik

1.2.1 DPPH A w12k #ATREn

2% Sheng SFIRTNEMEEE, £ 96 ST IMABTEWKE 1.8125, 3.625. 7.5\ 15, 30, 60 pg-mL' {7l
FE&L 100 pL 5 DPPH ¥ 100 uL, JB&)5, LIASS DPPH HITE/K ZEBHE A2 AX IR, 752505 B &3 30 min,
1E 517 nm AbIERSEAE, H Ve fERREXTEE, 20 3 N TFAT. W R A (1) 15 DPPH H HIEHTERR:

C, :(1—%)“00%

3 (D
AF:
C——DPPH A i FRERE, %,
Ar——100 pL #+100 uL DPPH;

Ar——100 uL #5=+100 pL 27,

As——100 uL DPPH+100 pL %7,
122 ABTS+H i iEM %

S A IEFEIR TR, 1E 96 SR I EIKE 3.625. 7.5. 15, 30, 60, 120 pg-mL- fpill
i 16 uL 5 ABTS TAE# 184 uL, PAZEACHZT A, A= FE#ERMN 5 min, 7 734 nm K R llEROGE,
Ve fERRTEXS LG, R4 3 APAT, R AR (2) T ABTSH MR

C,= (1—ﬁ)x100%
A 2)

KF:

C——ABTS A &R R, %,

Ar——16 pL #5+184 uL ABTS;

As——16 pL Fsu+184 uL 5575

Aq——16 pL &7]+184 uL ABTS.
1.2.3 ARSI o-im oy B ) & M) 2

SHSCRYFTIR 7R A Frekdl, (EH 3,5- ARk IEINE OXY Xfo-e A BEHmHIfE A, L 0.125. 0.25.
0.5, 1. 2. 4mgmL! JFEIRFEHEREER 20 uL, 5 20 pLa-JEMBEFER (5 U-mLD) JBS), H PBS #hEfk R &
200 pL, 37 ‘CZME /K 15 min, M 0.5%IEMIAETR 40 pL, ZE4E M 10 min 5B IO 100 uL DNS 387128 1E
R, FEFRAER 5 min JEECHE, RGEAEIINN 1 mL Z0EKFRE . DA RO E AR IE, i R
T 540 nm AKMIFOEEE (A, HHAT 3 CPATSESR, $Z R AR (3D THEHH] %

7

—-A
C3=(1—%)x100% 3

X

Co—H &, %;
Ar—mBe T Aok 5o R RL /& R B
As——THnBaE TR o Fo RRL & PR KA
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Ag— Ao Aokt S B J& B AR

A j—— B oA 5u R J& R A EAR.
1.2.4 ARl o-F] )48 - Badp b & M) 2

ZEB RIS INERE B S, B 20 pL BTEIREE /1A 6.25. 12.5. 25, 50, 100, 200, 400. 800 pg'mL"!
(RIRE VAT 20 UL o~ % B BVATIIR 2 )5, #h78 PBS 2R A 100 uL J24), BT 37 “CF1E#E 10 min J5,
HGHE NN Y PNPG W, FH1E 37 C4 B2 M 30 min, JE I 1% NayCOs R 1L N, 7E 405 nm AL
WG FEM 52 55 S NAR R o BTRBEREVE BRI, 30T 3 YCPATSESRS, FRZSRULEARK (B .
12.5 o-#HAEFEES) )5

ZHESCERI O TRTIR 1A Frekall, [ PNPG JERAIVE AT A 7.5 mmol- L, 35l e AN [ i A 5
(0+ 20, 40, 80 ug'mL™) FIFESXTAFIBHAEIRE (0. 0.25. 0.5. 0.75. 1 U-mL™") B RN FIPIIRTECR,
FIT SR FH 00 S S S5 A AR 3R 541 2.4 — 850, DABRRR 0% o3 S0 B Al 38T S S A R RO P 5 I I (] P EGAEL R
TfE IR EE (V) , LR SDEZ NG, Lol B [ Riah )27 k. e DL F2DIR, MASFIRY) PNPG KA (0.47.
0.94. 1.88. 3.75. 7.5 mmol-L") AR EBRA T RIKE N 1 U-mL", 32— A [H) 5 iR AR S 1 S AT . S
IGEE =R, WRIEMEREHE, 5] N Lineweave-Burk /7 F2, 1-v' NALFRIEE, DL 1-[ST' Ak AL br 2
Lineweave-Burk ¥,
12.6 T2DM AR5

¥ SPF 2% 90~110 g et SD K RIEMNHMAFE 2 wo FEHLIEE 8 R KRAENIEFEX A (NG) , ZHKRE
W EA R R SR . AR KR R IR R R, WA 4w 5, e E DIk 2 K R A MR A v S R A 1A R
30 mg:(kg'bw)y IHFM, NG U4 TERFTIFREBRIE S EX . 3 d 5 BEICR =g b (FBG) ,
JEHL FBG>11.1 mmol- L (1)K BRAE 9 T2DM BRI ERUS, SB[ B K BRFF 32 | lg =B i & 10, NG 4
ER 2 80 iy LS
12.7 A BRI E

HRAR MBS ACE AR &, WS A EB 0 K BRBEN L BC R 4 NSRied], B4 7 R, FERWEAIZE (MG)
EB AR K ZHOOUIBHYEZG A (PG H#EH XU, 200 mg-(kg-bw)'s FAEAZE S ELHIELA (L-OXY)
HEHE 100 mg:(kg-bwy!; Fb AR EEE R4 (H-OXY) #H 300 mg-(kg-bw) ' FAMAIIEFXRA (NG) #EB
AR, BRFEE IR, &L 28 K, AT HERL, A K A &
1.2.8 . HAE3F54069m <

SR R RRIEALIE IS, SR/ B SRE AT RS A AUREAS . SR e B AR T Ak AT AR T, B R {8
FATC T JE AR SR R TR BT, FEFAR B LIREUIT S . AR, BAEAT S e e A0 (@) 5.

@:flxum% 4

D

2

X
B— PR, %;
D—EEFEE, g
D—XREE, g.
129 =B Ate 5 ik & & KA
FHRBRE T dBEEAZIK 12 h, TRH EARFKIUMAIZEIIEE (FBG) o 2 RIMERZ /K (FIN
S HEHIENE, HHARK (5 THERRESRIPIIEE (Homeostasis model assessment insulin resistance
index, HOMA-IR) -
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1.2.10 ¥ R &4 w & X5
K& 26d JaEEE 12h, RHFREE) 60 min J&, #EH 2.0 gk WAHIERGIE, SAUKR2HIE 04 0.5,
1.0+ 1.5 #12.0 h iy R ERBKIUCILI B . 23] AR AL, I A0 (6) THEEEIHE & 1 Z4 N HAR (Areaunder the
curve, AUC) [,
(D; +D;)x0.5+ (D, +D, )x0.5+ (D, + Dy 0.5+ (Dy+ D, )

B, = > (6)
KF:

Br—# B & T @R (AUC) ;

Ds——H E1¥E/E 0 h fodEfd;

D——H] #1455 0.5 h dutEfd;

D——H E#E/E 1 h fABih;

Ds——H #)#5/5 1.5 h fotdfd;

i

y—H B)HEE 2.0 h dobEqE,

A. B. C. D. EZHI40. 0.5, 1.05 1.5 12.0 h f (A
1.2.11  RI&FE4RHM

ST 28 d J5, KB 12 h ZEE ALK, R OIEFRNERER A, 23S IMiE S, 730/ 7 T-80 C
AR VKA B Ao 48U W] IR € S AR A F8 R ) TC. TG, HDL-C. LDL-C. AGEs. AST. ALT.
AKP. LDH. SOD. GSH—Px. MDA.
12,12 . B4A8RIEFIE

WA PR L RS LA E T 10% 1 2 SRR e i, (652 24 h JEdE T 20K EE, ARk T
CEERREK . —HIREW ., A EMVERSHR . ARV A Bk, BARARL (HE) Jett. a1
WERE B, 1ER2E B N MR T AN B A SRS 2R R 34T BSR4 o
1.2.13  %m&E=Z PCR

SERF O E i PCR KCIK BRI AE+ GYS2 F1 GSK-3B11 mRNA FKiA o ¥ K RIFATHZ w2205, il
BB RS S RNA, W58 ¢cDNA J5#H17 PCR &, PCR RMNAKRBEEN 20 uL, 5 E R
0.5 uL+ i cDNA2 pL. £ 17K 7 uL+ 2xTransScript Green gPCR SuperMix 10 uL. PCR ¥ #4527 °4: 95 CTi
M 30s, 95 CARME 5s, 55 ‘CiBk30s, 72 CIEMH 30, BEARIREAT 45 IKFEH. SIWFHINE 1. FAX
MR E 3 NEE, LhB-actin ANSHATIH—, K 2-88CH5 TR b A & R R A X R IA &

F 1 WHEE PR 3|4FF
Table 1 Primer sequences for fluorescence quantitative PCR
R 2 AR g4 (5-3") T4 (5-3)
B-actin GCTATGTGGCTCTTGACTTCG ~ AGCTCAGTAACAGTCCGCCTAGA

GYS2 CTGCCCTACCACGACCAAG GGACCAGCCTGCCACTCAT
GSK-36  GCTGTGTGTTGGCTGAATTGTTG  TTTGCTCCCTTGTTGGTGTTCC

1.3 Fit¥atr

UG HEE 3 K, KA SPSS 27.0 RAKAHATEIE G 504, THEEEEE PR (xts) KR
LTRIR . WA S HZ MM ZER, KA TREFE T Za T ME BILETE, 35 P<0.05, MRAKZER BA ST
2. 3F4ZH GraphPad Prism 9.5 #HHIMES TR .

2 GRS

2.1 HAMHMZ

2.1.1 DPPH A &L FR4E A/ 69m 2
SRNE 1 R, BEE R EIRERIZSETE, OXY 5 Ve JEBLHY DPPH [ HERAE /13y 2 Il s 3,
5
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Hrf OXY 7£ 1.82~60 pg-mL! f71EZE R AT IIFIE- BN R R (P<0.05), i Ze A& T S H OXY Al Ve iiFk DPPH

H I FEA B AMEIREE (ICs) 2318 7.139. 5.072 pgrmL'. 7 60 pg-mL i, OXY iR i misH] 90.09%. 2

RO 55 % 1 h 3 Iy B A5 3 OXY A —EHiEKR DPPH H HIEERE /1, 15345 1Cso {H 9 20.86 pg-mL",
ARG AE R I i RERAE A ERRN, H OXY ARG 0P E&E Z M R 7, xR oXY Af

B DPPH H FHILTERRAE S -

100~

5=

50~ /4
e/fd - EHC

iR /%

ol ASE 2y
25|

0 L 1 1 1 1 1 L 1
0 20 40 60 80

5 ¢ JE/ (pgrmL™)

1 OXY Xf DPPH B FRERIERER
Fig.1 The scavenging effect of OXY on DPPH free radicals
E: R—HAY KB EFEEATERERESWHEZE LR E, P<0.05. B 1~4 R,
2.1.2 ABTS+H e 2 Fh ek A 69 m) 2
Z5RWE 2 Fr, OXY Al Ve Xf ABTS'H HERATEMRZUIR, Hr OXY 7E 3.63~60 ng mL-! F-7E | &AM
(P<<0.05), 7£ OXY TN 120 pg-mL! AR, HIRILH I miE fRARIE R 7 97.13%. OXY X ABTS'
H LA ICso N 16.59 pg-mL!, KT Ve i ICso {4 19.17 pg-mL" e 5522205 i 7T OXY 15K ABTS'FH
- H HEER ICso {E4 0.17 mg-mL! AH B, AR5 FAEIHEEL OXY HIHI SR B4, ml Re A & /& RIRE ) OXY
Ho & e, OXY HASLHINE S ABTSH IS G, xR OXY HARUFH ABTS H Ak 3 AR

ok
Re/Jo

iR %%

0 d L 1 1 1 1 1
0 40 80 120

2 OXY %f ABTS+H FREHEPRELR
Fig.2 The clearance effect of OXY on ABTSHree radicals

2.2 OXY xto-7& 4 B 0y 37 | 1 Fl 58 &

W 3 Fiiz, OXY AR AL i IR T 0.25~4 mg-mL- Vi Bl A I, HLA SR AEAE W 3 75 B 80UR (P<<0.05),
X R 2 ik A T LB K 466 B S AR M B AR e s S AR TR, DT eSS i (0 45 44 s S
HPTEIRE N 4 mgmL I, OXY HMIBT-REHE R HIHI 25 B ] 72.57%- 87.18%, HHE 1Cso fH5 5N 1.41 F
0.58 mg-mL"'o BRI T 2 ML A SRR BRS o e AR B AN E R, 5 mg-mI ) 5 Bk LI 2R
N 66.1%, FHICsofH N 42mgmL", SFEZZH OXY Mg BALL, RPT OXY Ka-Tek B A MHIEH.

6
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100~

80~

60—

) /%

--o-- RARkbE

40
—— LRI
20

1 1 1 1 1 1 1
0 1 2 3 4

5 B/ (mg-mL ™)

3 OXY FFI-RIRAERT o R EERIHINEIER
Fig.3 Inhibition of « - amylase by OXY and acarbose

2.3 OXY xfo-fj %7 4% + B o9 30 % 1F H 52 &

k4 s, AFETRERE T OXY Mo A MR HHIEM, Hd OXY 1 25~400 pg-mL f7-/EFIE R
[ (P<0.05) , BEEFTERERFE, OXY Mo~ & H B SCR AN E. 24 OXY 24 800 ug'mL! i,
FHI L BN 92.10%. BILLRMERLA1E 1Cso M 66.59 ug-mL-, B HE B -RJ800 1Cs0 18 3.057 pg-mL-1s
RS T T MAE 2 ) 5 -8 2 B LRI ICs0 N 9.16 mg-mL!, R [AE 2 Wb &M OXY R HHUT Ha-
R PEEREHDEIER, A B — P o= 1 2D R 7).

8] B I AR (pgemL )

S 10 15 20
T T T T

100

80

60~

i /%

wp ¢ —A— SULERE
@ B
20

0 200 400 600 800
UL R B R/ (pgrmL )

4 OXY FPA-RRHERS o -FEHEE BRI HISIE R
Fig.4 Inhibition of a - glucosidase by OXY and acarbose

2.4 OXY xto-Fj % ¥ B oh 304 20 ) &

NTEERHI I OXY BTN 1259, BAEZR OXY Xa-Bi & pEE M HnHIgLS] . Wik 5 Fros, PUZkmElA 2R
DLEZ R, ANEREMEZ SR, HELRIZREEE OXY FiE il RIS hnm S, Xeess R Ui OXY Xf
o- B FEE I IAE F 77 U8 T B, BeS A R o 1 0 B B AL JIRA) PNPG AR BON i B Ry A 2,
ARAFRGTE A RIE . A AR EE AN A AR 7 SRR SEI 1 ATt s S, S R BRRE T R BT 3 8
HAEAL LRI TH2Y

WK 6 E/RIZ OXY X a-8 % HEE R (E H P31 Lineweaver-Burk £5 5. 44T 0.47~7.5 mmol-L! i &
WREEIS, AN[R] SR AA Z 47 0T Bk B B B ZRAE X BRI A . ELBE A H R o S R s b, BRI R, 1M
KIREE K THEATE, R Ve BB NS, XHAR7R T OXY Ko % 5 H B 0 E R /5 9E 5
SR . F H PERE LR RN e — M E AR, Ko SRS SRR RVE A A, XA HANE SR 5
IR AR R, AR, & TIEE S HEHI OXY nIEH TEERIARTE AL &, FFAS IRYIETE R AT
FEAETEGR R, HANG A REASZRDIREE B AN T4 HAESE P vl CE A iy 5 IR A IR T, Seal

7
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Xof Bl R S SR R . X R WS 4 A BE NS ARt 75 KON S P BE Ok R A

RS B A K VAL BRI R S VISR AN SR S5 ) SRR R AR . BN K B R WIS A 7 2 TR R 2 S BN R
B, XMEREG G ARSI RO E N R . W 7 B, R A F] 5 S AR R AR U R R
WA, XD EIR AT IR B 15 K09 60.82 pg-mL, AREECSR I 2 & 455 25 22 By i) o T W I8
ISR AUNAETE R AIH], K=2.03 mg'mL!, OXY B K /N T REGEEE LT o H & PR K,

R OXY Mo-HEIHREL S RE, SR TRELSEEZH.

0.15p~ —*— OpgmL
--m-- 20 pg/mL
S 40 pg/ml
g
é 0.10p— -%- 80 pug/mL
§ A
< AR
B 0.05 et -1
£ oz
\ Jiaclug
-..ﬂf-f:‘;“.‘L%"::—".-v
0,006 1 1 1 1
0.00 0.25 0.50 0.75 1.00

o4 65 B A A S/ (Uemil ™)

5 OXY X} a-FEHEEEEHHIFIEA 2R
Fig.5 Types of inhibitory effects of OXY on « - glucosidase
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Fig.6 Double reciprocal curve of OXY's effect on a - glucosidase
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Fig.7 Quadratic plot of the inhibition kinetics slope (Vmax'Kn™) of OXY on « - glucosidase versus inhibitor mass concentration
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REACUS, e T e I e I 1y 2 e R 1 S A R A R E B R, e BB B 2 25 PRI, 1136 2 s, T2DM
R B B o3 1 () DI B AR o R T B, X T RS T2DM U m VA FEIR DR SR i B BT 0¢ . T2DM KR E S )5
R E R NS, G 21d )5, MG A5 RFFAFREE KK NG BB E1EZER (P<0.0D) . 28dJ/F, 5
TR AT EM L, PG 41, L-OXY 4181 H-OXY 41K AR IR A T 4.59%. 9.73%41 6.29%, W] OXY
THUA T ME T2DM KSR A A5 BRI 21 1 — e R R 2 .
7R 2 OXY 3 T20M K FRIAFTEHISNT
Table 1 The effect of OXY on body weight of T2DM rats
IR Z/g
0d 7d 14d 21d 28d
NG 41 400.6+23.68 414.5£32.94 452.4424.86 469.4+27.37 491£29.89
MG 28 423.5£40.33  395.2+39.27 378.2446.76 368.9+43.03" 362.9+41.45™
PG 431.3+32.63 415.8429.36  409.3£25.66  406.3+29.50  411.5+42.48*
L-OXY 28 4204+47.64 397.6+53.38 386.2+50.73  382.6+56.38  379.5+50.08
H-OXY 41 442.3428.53 427.9+£30.09 418.8+27.55 413343242  414.5+31.77*
E: HEFABALE: TP<0.01; H5AEAZERE: P<0.05. TR

2.6 OXY xf T2DM K AT ik An B JIE 5 45 £ & vm

MR A AR S RO T S A T R, KR RIS SN B R e Theekif, 5148
AR il L. T2DMURERRES T, FRIERVE AEAE 9 2 ZEARUHEE B RS B DR Ay, X PRt A i
JEJJPTRE S EUT S DhRedif. 28 B ARUE KSR, [N, SEEWige R 0l, T2DM KR IFINEES s e s n &
FE, X B SR SEIR BRSO R, K 8 Fon, 5 NG 4AEE, MG 4R N
TR I TR (P<0.01) , X —45 1 E ] T2DM 1] SEUTF B H LUK AR FRIE AR . 205 28 d RE ST
J&, OXY 45 MG 4H#, OXY HRILH EE WMEAHESEGE (P<0.05) , HA L-OXY A FHEEFIE 841
I3 AIBEIR T 9.15%A1 9.32%, 1fif H-OXY 2053 J B4 T 15.80%F1 13.27%. Wang 2529 1 2% B RARF=4%F T2DM
NRIFAFAEECE B35 T I, SIS IR A E AR R, JR T X T2DM /N RAEZRA SRR . IXEsKE
T OXY Refs A RUAARE R 5 LRI R, H 2B R .

i
A
He
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Fig.8 The effect of OXY on liver index (A) and kidney index (B) in T2DM rats
E: HIEFRAE: P<0.01; HAEAZERE: *P<0.05, ¥P<0.01, TR

2.7 OXY 3t T2DM K B2 fE fu ¥ i % v

FBG 7] DL W HAAREIAT LA I AR K, &bl RS Wit B e bR —B0, 3R 3 383, 7fEWlihmndl)E, MG 4
5 PG. L-OXY. H-OXY 4K FBG LEEZER (P>0.05) , ¥ 17 mmol-L' LI F. EHHTEEN TH)5, —H
KNS OXY &2 K FRIMUMHESSA A FIFEEE I RRAG,  ELREAE T T 34K, KRR MR FERF A TR . AE T
28 d Ji, L-OXY Al H-OXY 4L KB P M E 5 T2DM M A B 25 (P<0.01) , 205 T 33.81%A1
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15.67%.

Li B RE W R 2P e G 2 Brh s a2 IR R SR g0 45 R A R A W B IS, R 4G 2 I e
WE) 5 T2DM /) BRI IILBE K 45538 10] OXY AT AT 242K T2DM K ER AR, H OXY il R b A%
REE.

7 3 OXY Xf T2DM KR =A% M AR {E R
Table 3 The effect of OXY on fasting blood glucose levels in T2DM rats

iR 2 FBG/(mmol-L-1)
0%
Agkg-1) 0d 74 14d 21d 28d

NG 4 - 3.80+0.63 4.23+0.28 4.112£0.30 4.15+0.4 3.99+0.37

MG 48 - 17.01£2.03** 17.88+1.80™ 17.29+2.37"* 19.54+1.90"  20.29+2.23%*

PG4 0.2 17.86+4.16 18.1542.24 16.16+1.67 13.43+1.24% 12.06+0.90%
L-OXY 48 0.1 20.00+3.10 19.48+1.97 18.25+1.73 17.8+1.60 17.11£1.43%
H-OXY 41 0.3 18.53+2.80 17.9142.70 16.05+1.65 14.31+1.25% 13.43+1.00%

2.8 OXY #f T2DM s [, 1 AR 7 % 4 if & 3K 56 09 3 v

CRE PN SRS (OGTT) & —Fh B BLIG AALI 7732, AT VRS LA M KPR §E . i i
MYNEPER 2 RS, A S USSR, RERS A R WL 55 B A 23 IA i B R I Th BRIl PR VR A 41
JEVZH 2R 5 2= BURME () EE BB HRE2, Wil 9A i, FEANSRAIETNE 30 2B, A ALK SR YY) S P0RGE -
. MG RIS B35 R AT S S2 00REAE, 78 D IR &S e 5, IR B ZE Tt 2206 E 24.13 mmol L,
HEDZES N FRE-EA, 762 N MENRRERE £ 252K T Wi 9B fiw, 8t AUC R¥L, NG 411/
AUC HEZFMET MG 4 (P<0.01) , iX—£55AFS2 T2DM A BRAEAE™ BB AL 5 MG 4L LR, H-0XY
YLRENS 552 K AUC TR (P<0.05) , BRIK T 17.52%, B OXY BEMSHR mbl FRIm R B A1 A B 32 68 /7

- il
W
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E N
g | ot T T =
£ - |7
S "
K
=S = 204
= i
E
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Fig.9 The effect of OXY on OTGG (A) and AUC (B) in T2DM rats

2.9 OXY xf T2DM K Hfn & fik & = R H AR k48 B0% 7

JR 5 B AN LRI IR & T2DM FE95 A, 24 FBG R4l T HK RS, £5] % FINS AL T,
TSR W BURME I BEE TR R A IR R s, FINS 2WA/KSF R R, eI BB B 2= TR,
WK 10A fix, MG A KRZEMEHESE/K (FINS) FEEST NG 4, RIHESBEEEER. £hTHE, 5
MG 4AHE, PG, L-OXY Fl H-OXY ALBRZH KB HEIE B 3R K P70 0 NI T 25.94%. 14.48%F1 19.52%; OXY
[R5 I EE L T2DM K BRI I 5 32 P A AN FIFREEFEAR (P<0.05) o RS FHUARASHAYEAE (HOMA-IR)
SEVPN R R BURME R BB RS, HEUE T SR T 8 R T B RS R BRI X P B AT
RS T EUFF 40 B AN UL 0] 6 25 8 B RIS Re 0 T B, BEIEG L, B2 Sl A B AP RR SR s, BTRA

HOMA-IR 8515754240 5 T2DM R AR EEDIFZB, 1k 10B fix, MG 41/ HOMA-IR # NG 41 23,
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WRFENET S (P<0.01) , X AR MG A7 AEIR B R 70U D AR SR B AR B 2 Ak BT (IR RES . 454 FINS
SR, UESERRIIEESL T T2DM BRED FARTUR AR . 5 T-HUE L9038, L-OXY 41/ H-OXY 411 HOMA-IR
EHE MG LLRETIE (P<0.05) , /MK 35.51%H 39.32%, F£HI OXY FTAT A RSG5 e & FARPURAS .
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Fig.10 The effect of OXY on FINS levels (A) and HOMA-IR (B) in T2DM rats

2.10 OXY xt T2DM K F o A5 1% 34 4 % v

PR R BT, JR R R HCHUAN i AN /2 2101 i 2 1 R T v M A S e i L 23 Thae, I S8R & s
o~ BERE o fdsssl, A SR AE KA SR, B 1 A%, MG 40K RIS # TG TC. LDL-C A1 HDL-C %
B NG AR EEZR (P<0.05) , BEEIRERRPE R IEAH 2% . H-OXY KK TG, TC M1 LDL-C &
EWEERT MG 4 (P<0.05) , HHIFRKT 25.13%, 21.29%, 32.71%, HDL-C &5 MG HELEEER (P
>0.05) . Yang SEBORF 7 WIS B Z W55 T2DM /MRS TG. HDL-C Al LDL-C /KFAE B2 R, (K
T T2DM BAUNR A K. PAEEW] OXY X T2DM A SR A A 5 3 1 eleste HoAT 287 2%
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Fig.11 The effect of OXY on the concentrations of TC (A), TG (B), LDL-C (C), and HDL-C (D) in T2DM rats
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2.11 OXY xt T2DM K R o #4647 X AGEs %7

BTN, T2DM Hs MURRIRES o] 5 ERE AR (AGE) [ EARBT, HIE 12C 7TA1, 5 NG AL,
MG A& 1) AGEs %) EE (P<<0.05) , #i8] T2DM KREML). 5 MG 41tbE:, FEfT-TiE H-OXY 4
KEUMIE T AGEs W E K (P<0.01) , FFET 10.13%. FPUEMEJIBLAR R 5 BAC 2% T A 55 = AE R
SHERE T, E4ERFCRRAS T RIEAZ OME o VT4l AR 5 B M R D BEIR S 10 B B A W E G AL
(AST) FINEEEEE (ALT) o 440 s P3G n sl 4 S5 4 52 4030, X Reigo MRS FGEE N LR AE R,
SHUMKE AST M ALT 31 BT m, X —IRHE# B2 W r U FERR0S. il 12A AT 12B ol 4, 5
NG #tt, MG HRiiiE AST F1 ALT KPR BT (P<0.05) , UESE T2DM A 5 840 Dhae 4547 -
FES TG, PG 400 H-OXY 4134R8 B2 A% AST A1 ALT 35PE (P<0.01) , Hirh H-OXY 415 Py Al 1k 140
FIVERENEE (P<0.01) , FFET 21.39%F128.90%, i OXY fKAIELL (L-OXY) (X AST jEMRILH B3
BRARRCR (P<0.05) , I 24.95%. iXLLLEHEEH], OXY BEWSA LA STZ - S HATARs,  FhhE FRIms Af
RIFH R A B
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12 OXY %F T2DM KER ALT (A) . AST (B) . AGEs (C) 7KFHIZZA
Fig.12 The effect of OXY on the levels of ALT (A), AST (B), and AGEs (C) in T2DM rats

2.12 OXY xf T2DM K R4t A 48 47 %

SEACSLIAERE R AL R 4 B, SRR S S MM BCER R, MR AR = vl {2k el
FEREA Y, BISHUARIPTEB RE )1, RN SECS AR iR R, 3 R A SR R A ROEUR BY
MU 52 AR, GSH fi &2 k60, 17 SOD {E N IBEHUALES, Res AL A B P il S A
Ko IMiEH MDA KPR R TS FA BB R L, R T HUARBGFEEE, X — RIS
B2 AT e HERE FRIF ) A 2E A SR04 13 Bz, 5 NG 4 EL, MG 41K R #0 SOD 5 PEAT GSH /K°F
BRI B EVERRIL (P<0.05) , TigFUEEALFREY) MDA ¥ B3 HE (P<0.05) . UL BRI T MG 4 KR
AR AR R R DL AP 1 R T Res) 2 B A, SFEEMNBUK T BE . 0TS, L-OXY 41
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H-OXY HIREEZETRTH SOD i1, 43 ATt T 42.35%F1 26.24%, P&k MDA & & (P<0.05) , 73 AIFEIK T 15.96%
F131.37%, TEIMIE GSH 7K E H-OXY 45 MG A3 T 40.20% (P<0.05) . IXERILIESE, OXY AElsA 2k
S PRIPAE S AL RO, S sRM LA PR A RE

A B
250 15= *k
2 200 o #H #
E £ it
=) S 10— e
Z 150 £ i[ N
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Fig.13 The effect of OXY on the levels of SOD (A), MDA (B), and GSH-PX (C) in T2DM rats
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Fig.14 HE staining image of rat liver tissue (x200)
E: A~NE S RIRANG 4. MG 4. PG4E. L-OXY 42, H-OXY 42, B 15F.
RS 05 5 S A RO TR AR B D) R B A B 2R, 51 RSN B, 3% 5 30y MR A i i A S5 S

13



MR EmREHY Modern Food Science and Technology 2025, Vol.41, No.2
i E R ERHLE 2 — 2 W 14 R, NG 4 (B A /MR e ikconinc, MR 28RS, o
BOFE R, RS TEE, WS MMARNE ., HFEER MR SR B R, R IRAH A T IR
AR . MG A (K B) af W H4alaiier: Geatgisk) , HERERA (Aogik) , AERZ RARiE
(k) , Ui T2DM KERFIEHSUE 27 . 420 4 w RS T-3UE LA EIR BT fE, PG 4F1 H-OXY
A CHE E) ks, v IR b, FRADZAGEN, SO NIR IR R ik
By L-OXY 4 (K D) s kR, AOBRAEMRIE. 25 Bk, OXY fef ik T2DM KI5
1, % T2DM &R0 B A — 2 IBGEE .

214 KRR EFIE

FREEVE ) AU 1 T B AL A 22 oA IR, /N T8 J5 DX ORE R R B S E TR
BT R AR A o EE B AR R AT YA AL, A ORI I SO, Wl 15 Fos, NG 41 (B A) B4l
Glpaitl e, FILE RN E MRS B NEHIPIR S, WMRFEAIR, BANVE BRI, i, R I
BiH. 5NGAH, MG4 (M B) WiskHikfin, wLE /Mg ERAsi@l, ARIER, i ks,
BRYSLC 18] 5 A AT LS REAIIIR I . 28 4 w FEG TR XAMELGA Freks, PG 41 (B ©) B ERAS AT W] 47 44,
BB AN SR T, SRR B S /INE _E R AR 2 YA AN ) f5t ) RAEARIIR I . L-OXY 4 (B D) BN
MG AU s, Wk s, 2 s NVE LR, 18R AT > B AR
H-OXY 41 (¥ E) H%T MG ALr] e, Qniidik s, B/VE bR 4uf i@l Qi P AnT W, B N7
A/ B JE IR .

15 KER B RELALN HE S & (X200)
Fig.15 HE staining image of rat kidney tissue (x200)

2.15 OXY xf T2DM K f{ AT AEAE (X #i 48 5k 25 B Rk B9 %

WER A R 2 (GYS2) RYEFFUAE A PRSIz ORI 7, HAEREEMWHP b HAa S8 E . i%inE
AR JFAE Y A BRI B DB, B X ISR GE A7 RE 1T (ERIRE RE S @B P R T, fEE
FRBEREEE-38 (GSK-38) MIPIRECHIESE Y T2DM R AEREFE VIR, GSK-3BHER 1) 5 S nl i #ih b 5
A R, PR Z SRR B IR AL, IR A& 2 2R AT, 28 5| R B = R URRE A 5L 1445,
WK 16 i, 5 NG M, MG 4K RE GYS2 Al GSK-3pFERIAHNT ik 8B4 W 5.3 N AT (P<0.05)
P BB ) AR E R S T GYS2 FEPR AR Fe ik B GSK-3pFE R ARX ik B IEH £k, 5 MG HAHE, HT
TRALI K BATIE GYS2 FEHR M Rk EH i ETF, GSK-3p3EFMXT Rk EAH B N, Hrh H-OXY 41 GYs2 3
X RIEE EFFT 18.37%, H-OXY 4K RAFHEHZLN GYS2 FERFIE/KT-E3E Ll (P<0.05) . GSK-3p3EKAH
N RIEE TR T 13.16%, H-OXY 4K FBATAFZHZAN GSK-3pRENFIE /K53 N (P<0.05) o XBURUOLET RRIY)
ZEREU R LPERT 700, RUERZ M i GYs2 R REE, @315 Sy SRR, (et
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A FETERE, ERRIPRIFERThAL. LA SRR OXY AILAYEY T2DM KB AT L 1) GYS2 FI GSK-3p%:H
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Fig.16 Effect of OXY on mRNA expression levels of GYS2 (A) and GSK3-f (B) in the liver of T2DM rats

3 Zhip
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