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 E:BH: W EE MR E (Puerarin, Pue) X 2 A ## & J& (Type 2 diabetes mellitus, T2DM ) A& B & AL & fn 7 3 7
(Ischemia/reperfusion, 1/R) 447 69 % 37 1F Al , I 4% 3t 2 3t PI3K/Ake 5 5 3 5 3 L% . F7ik : 2 5L T2DM 4
SD & RAE A B 16 | # T2DM 4 2 SD X .30 R, B AL A B F A 4 (Sham 4) e fe 7 5 & 41 (VR 41) 0 B 1R &
A7 4 (/R+Pue 41) , 4 4110 A, I/R+Pue 41 Jis /£ 4T B AR & 50 mg/(kg-d), % £ 3 d,Sham 41 5§ VR 41 DL % & 4 32
AR, KRS G240 F MBS YR BEE (Z RS AT % L 430 min, B#EE2h), BREAL DA 1d. %
%53 d J& W % JE 1 4% (Fasting blood glucose, FBG) . #8 7 1% 34 E | & 0 JIE 4 i1 2 30 (EF) , ELISA A 1 i 3% 2 AL45
15 4 = 4 (CK . LDH . cTnl) X AF & o4 f 46 47 , HE % € Fn TUNEL % 6 4 5] 3% & & AL/ 2 47 45 7 28 8 -, Western
blot #:3ll PI3K .p-Akt % & &£, Z558: 5 Sham 41 th 50 , VR A % 9l | d & 4 %53 d J& % FBG ALT AST .BUN.Cr £ 3
T4t & L(P>0.05),CK.LDH & cTnl K F#H B % Frig, £ 7 A 51 % & X (P<0.05), 5 VR 4%, I/R+Pue
41 ¥ ALT AST.BUN.Cr £ = L 41T % & X (P>0.05),4 % 3 d & FBG.CK.LDH .cTnl K -F 3 & & 15, 2 R 4
% & X (P<0.05), HE % % or, Sham 41K Bo& AL20 A A 2 L0 HE 2 B 50 8 S0 M, ok L 48 i K B BRI 32
HEEIN V) N e 2 N N 2 S R R - = B N IR B i I & o o el
AEMERI . 5 VR LE, VR+Pue 40 LA £ 4545 42 B W1 S 42, SKIE 200 i 32 T 0B 0, oo L 2 L 56 A A v 5
TUNEL %¢ 5 % 7% , Sham 415 AL 20 i B =A%, /R 41 3K & TUNEL FE 1 28 ji (4% 89K 8 ), 5 Sham 41t 3, /R 41
TUNEL [ ¥ 28§ b 7] 8 % A & (P<0.05), 5 I/R 41 kb 3% , I/R+Pue 4 TUNEL [0 | 28 Jig kb 7] B 3 % 1% (P<0.05) .
Western blot 2 # 8 7 , 5 Sham 41 8, /R 2410 1L PI3K # p-Akt A F & # K (P<0. 05), 5 I/R 41 th &, I/R+Pue 4
PI3K 1 p-Akt K F £ & F & (P<0.05) . £i8: B R K T L F 3% T2DM A R0 L UR 45 56 Bk 500 ek 48 o 46, =
ML #T f6 5 #0E PI3K/AKL(E 5 38 B 40 6] WL 2E e = A K .
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Puerarin attenuates cardiac ischemia/reperfusion injury in type 2 diabetic rats
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Abstract: Objective: To investigate the protective effect of puerarin (Pue) against cardiac ischemia/reperfusion (I/R)
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injury in type 2 diabetic (T2DM) rats and to explore its regulatory mechanism on the PI3K/Akt signaling pathway. Methods:
A T2DM male SD rat model was established by selecting 30 sixteen-week-old T2DM male SD rats, which were randomly
divided into three groups: sham group (Sham) , ischemia-reperfusion group (I/R), and puerarin pretreatment group (I/R+
Pue), with 10 rats in each group. The I/R+Pue group received intraperitoneal injections of puerarin at 50 mg/(kg-d) for
three consecutive days, while the Sham and I/R groups received an equal volume of saline instead. Twenty-four hours after
the final drug administration, myocardial I/R model was established by ligating the left anterior descending coronary artery
for 30 minutes followed by 2 hours of reperfusion. Fasting blood glucose (FBG) levels were monitored one day before puerarin
administration and three days after treatment. Echocardiography was used to measure left ventricular ejection fraction
(EF). Serum levels of myocardial injury markers (CK, LDH, ¢Tnl) and liver/kidney function indicators were assessed
by ELISA. Myocardial pathological damage and apoptosis were evaluated using hematoxylin-eosin (HE) staining and
TUNEL assay, respectively. Western blot analysis was performed to detect protein expression of PI3K and p-Akt. Results:
Compared with the Sham group, there was no statistically significant difference in serum FBG, ALT, AST, BUN, and Cr
levels between the I/R group before drug administration and 3 days after administration (P>0.05), while CK, LDH, and
cTnl levels were significantly elevated, showing statistical significance (P<0.05). Compared with the I/R group, the I/R+
Pue group showed no significant differences in serum ALT, AST, BUN, and Cr levels (P>0.05), but FBG, CK, LDH,
and cTnl levels were significantly reduced 3 days after administration, with statistical significance (P<0.05). HE staining
revealed that myocardial cells in the Sham group had regular morphology, orderly arrangement, and clear striations,
without cellular edema or inflammatory infiltration. In contrast, myocardial cells in the I/R group exhibited irregular
shapes, disordered arrangement, loss of striations in some areas, obvious inflammatory cell infiltration, cytoplasmic
edema, and degeneration or necrosis in some cells. Compared with the I/R group, the I/R+Pue group showed significantly
reduced myocardial tissue damage, less inflammatory cell infiliration, and relatively intact myocardial cell structure.
TUNEL staining showed minimal apoptosis in the Sham group, whereas numerous TUNEL-positive cells (green fluorescence)
were observed in the I/R group. The proportion of TUNEL-positive cells was significantly higher in the I/R group compared
with the Sham group (P<0.05), and significantly lower in the I/R+Pue group compared with the I/R group (P<0.05).
Western blot results indicated that, compared with the Sham group, PI3K and p-Akt levels in the I/R group were significantly
decreased (P<0.05) , whereas in the I/R+Pue group, these levels were significantly increased compared with the I/R
group (P<0.05). Conclusion: Puerarin can significantly attenuate myocardial I/R injury and improve cardiac contractile
function in T2DM rats, and the underlying mechanism may involve activation of the PI3K/Akt signaling pathway and
inhibition of cardiomyocyte apoptosis.
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2 BUBE FR 9% (Type 2 diabetes mellitus, T2DM) J&
DA P v LA A £ 2R KT DA A g A R M
5Z MO0 MU I AR VIA . T2DM 3 O LR
B 1 FE 1 (Ischemia/reperfusion, I/R) 45 473 F) Tt 52
P W 25 A, X — B R FR W PR 0 WL B S
PE” AL T e 5 AU B 5 AR 2R IR SR A
I A B A G PISK/AKL {5 53 B 2O
JULZH 0 L 1 A IR X A G, e PR T A
¥ KL 34 B (Reperfusion injury salvage kinase, RISK)
W0 265 1) T L2 AR 3, 2 5 VA4 A R L BE
PR LR AT JAE SN AN T FERERRE Lo
WURPIRZS T, 32 b | 9 B SR AT AR 2 T4l
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AR K (Puerarin, Pue) J& M & B} 45 ¥ B &
(Pueraria lobata) TRt 42 B 32 2 5 i IS 5 P
153 HAY SKIEIR SR BT IFEE R S AL di
R IBEE I RIBTEZ G BAE R, BRAERTSY
UESE , Pue X AEBE PRI Sh MR8 .0 JIL /R 45305 BAY
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L1 KFIENEE SRR GE>98%, TL A
PR A R A A, 585 : CAS No. 3681-99-0) 4% ik
i i % (STZ) (3 [ Sigma-Aldrich A ] ) ; HE 4t (431
A& HEERE S RAEYEARARA )  TUNELJ 4
A& (LR = KA B ARG BRAF]) | i
IR & (g I A Py R A BRZA ) ) \LDH 0] &
(L I A= BB AT FR A R ) (BCA 2 1 f i 7
& (R RAEYFEARARAF) RIPA 24# W
(B3R = RAEVEARABRA ) L CK KL &
(b 78 il R 2E Wy R R A BR A WD) | Tl 462032 7
(b1 Bl 3R AE BB AT BR A F]) L ALT A6 3 75
(P Bt BUAE Y T AR 5T P, 525 1L 5 : C009-2-1) |
AST K A0 & (ra ot A= ) T AR BE5E ) \BUN
60 38 75 (R ot A AR ) TR RIS T ) | Cr A
A & (R @ 2k 9 TR SE ) s Bt PIBK Hi A
(3£ [H Cell Signaling Technology 2 &l ) \PT p-Akt Prik
(3 [ Cell Signaling Technology 2~ H] ) \ Pt B-actin $iL
& (Z€ [ Cell Signaling Technology 23 7 ) 5 /Nsh ) 48
AU Bl Y (2 K VisualSonics 23 7], 5 : Vevo
3100) /NP ML (1 g B R BHEE A W RN A TR
A, TS ALC-VSS-651) | #5E l H Tk K % i R 4
(Z£H Bio-Rad A ], 5 . Gel Doc XR+),

1.2 SEIEEhY  SPF %6 JEIIEIEE SD R, I H
U0 K A= 1 AR AT BR 2 w5 [V/F AT HIES- : SCXK (i)
2019-0014 ], /A JF 5 180 ~ 220 g, TAFR &1 IREE 22 ~
25 °C, HXF W 50% ~ 60%, 12 h B REEER , [ i 45t
BURK. AR SR E RIS YFH A RA R 3
P IRZE oAb e (b HES : RYE2020091101) .

1.3 T2DM#EEIKFREL  SPF L 6 JH I 1fEPESD
KA RPETA SR 1R S A A2 B RS (258 h) .
i I LA s s v BB (55 589% I 1l .\ 25% THEME ) M 5%
6 JE 7 N7 1 5 KBTS T DALV s v B /N3 o
STZ (35 mg/kg, % T 0. 1 mol/L ¥y 45 B2 4 2% th it , pH
4.5)c S T2 hI5 FRRAIN 2 IS IR (25 8 h) , L
MBE=11. 1 mmol/L AF JJy & A5 A T AR HE™ . T2DM #5%
AR SR AR 5 R B 57 250 16 Al T30 5
1.4 LHHASOMURBEREE Hi6 Kk
T2DM HEPE SD K BR 30 H, #e ML T3R5 93 3 4
(n=10) : Sham ZH .I/R ZH . I/R+Pue ZH . I/R+Pue ZH K
FUIE JEE 7 4T Pue 50 mg/(kg-d) , #E4E3 d, VR4
Sham 2H D44 12 A BEER K AR, RS 24 h 5 #
URBRL, A AE RS ES200 1 d LSRR L4 2

3 d)ﬁﬁ%u*ﬁmu%ﬂglﬂlﬁ(Faming blood glucose,FBG) .
VR BRI AL - DL 4% S 0BE 75 SRR , R BRI b
Bl , RS e NS IR ()< 6 mIL/kg,
W% 60 YK /min) , 2L WL B (5] (Electrocardiogram,
ECG) o THE0U T BT , 55 0o, L 4-0 2248
gt $L A2 6 MR Bl K i % 32 (Left anterior descending,
LAD) , LLC LB €875 11 K ECG 75 ST Be 5 I 4
DB I 2 5 BRI 30 min JG A TF &5 LR, LU L
R R I Rt S0P O R 2 A O P O, Hp
2 h, FHEFZE)Z M . Sham 2 282k 5838 LAD {2
G, AR e
1.5 0B Bt I 43 #1 (Ejection fraction, EF) il &
PR S PR SE IR E 2 h, LI/NSh
FL B AL (Vevo 3100) 7 M 55 7 % K A 1) i i
A7 ML A, I o 4% 2 A0 S WSO R B AR
SRR, 15T EF(E, 1 HORBUE A 3 OB
1.6 FRARE SEMMIHARAS, L 4% 5590kt
PSRRI, 28U 2B, 3 000 r/min B850 10 min/ &
M5, —80 CLAAF#H o BEEIICHOE K 220 2 0L
W) — 03 '8 4% 22 B P RE [T 5E , T T 0 BRAA G
T — I G RHE TR - 80 CLAE , 2 FH JBAs:
1.7 ELISA® #% ELISA 70 £ 360 45 K i
i CK . LDH ,¢Tnl ,ALT ,AST .BUN . Cr.
1.8 HEZHE® HeL AR ARUCHK IR A
TR O AEEWCP OE AR AR RS AT AR R
YU gea,, A AR IK Mk, Eh IR RS 1k, ZUOK IR ¥ .
ALY e )58 R IR UG A [F]
WRPE Y SR — PR PG, R R R, Tl
SR T WSSO A IEAS R AR AE A
1.9 TUNELEE HLONUa Y A, 5 BB 7K
AR 2 — IR RITE K LA R 2 I, P LA 95%
N T5% BbE LA VETR 1IR . VIR &8 Il K 55
BRI , R EL 2% P (Phosphate-buffered saline, PBS)
WUk s LA 0. 5% H001) PBS I 1) % MR 7 & 20 min,
LA BELVRIT A I 1 ok 401 P il 3 P o 43R SR
BIECH] TAT ff 5 POEARIE dUTP SR A, i 2k
Kb, F 37 CHEOEMEE 1~2 h I H 45U PBS 5ty
Ve, RERARSS G A B IR S WG RS T N B i
ALY (Horseradish peroxidase , HRP) ¢ B4 4T Hb
P, T 37 CRE A TEE 30 ming SR T EAE
B % (Diaminobenzidine, DAB) JE ¥ 5 H,0,3:47 I
RN, DA i M A K 20k SO TR . VD &
JECEERK  ZRAREW S E . kU Tt
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LA WAEE T BENLRE S AT S A BT A T AR
HEMEGRE. AT 50 (Apoptotic index, Al)=
TUNEL BH 1 41 i 5/ 50 ILAR B 250 x 100% , FF-%F 4% 2
AT G531

1.10 Western blot #il] B0 ILZH 21 (2 50 mg)
TN B 2 P T S I T 410 ) 790 9 RIPA 24 0, UK
244 30 min, 4°C .12 000Xg 5.0 15 min M 15T
BCAEE I EE IR . &4 FFEE R 30 pg,
2% 10% SDS-PAGE 73 &5 J5 % % PVDF [t , 5% i B 5
MEREH 2 h, —$04 CIEF LR, HRP bric ¥t
(1:5000) = FE 1 h,ECLIL ¥Rt L) B-actin
HNZ, K Image J A4 T IR EEAE 04T

Prism 8. O T4Ci o3#T, Jr 227 PR R TR AR 8+
FRfEZERTR 2 0] LSRR FH K86 . K98k a=0. 05,

2 &R

2.1 EBEiRZEX T2DM X R M iF % KB R 53

5 Sham 2H FbA, UR ZH 452451 1 d 2452 3 d 5 IS
FBG.ALT AST.BUN.CrZ 7 Je4ti ¢ 5 X(P>0. 05),
CK.LDH M cTnl /K V- & T, 2 A Gt 22 &
M (P<0.05) . 5 UR4HE, UR+Pue 4L Il 7 ALT,
AST .BUN.Cr Z 5 XG4 L (P>0.05) , 5255
FBG .CK.LDH . cTnl /K-35 8 EFEAL, 22 %A 40t
2 L(P<0.05) (1),

11 ZEit=4 8 K] SPSS 19. 0 Hil GraphPad
x1 BREXIT2DM KR = EMAE O BLEREY BT S Ih 88 B 220
2 5] n FBC (mmol/L) ALT(U/L) AST(U/L) BUN (mmol/L)
ZAZATIT 1 d w53dia

Sham 21 10 14. 8120. 76 14. 800. 72 30. 33%2. 60 95. 82+7. 05 21. 14£2.75
/R4 10 15. 19+0. 49 15. 19+0. 49 29.94+2. 98 94. 15+6. 36 20. 36%3. 07
I/R+Puefi 10 15.15+1.00  13.33=0. 80% 30. 58+5. 64 97.95+7. 06 20. 17+2. 77

25 n Cr(pmol/L) CK(U/L) LDH(U/L) ¢Tnl(ng/mL)
Sham £ 10 43.49+6. 57 1 048. 59+40. 14 275. 21£50. 29 0. 030. 01
/R 10 45.93+8. 36 1978.37+131. 417 789. 38+81. 337 0. 34+0. 05"
I/R+Puef] 10 41. 04+10. 84 1463.31+68.27% 508. 49+36.31% 0. 1120. 03%

T FBG : BEHLIAUKE , ALT : 45 NG &, AST - 5 H AL, BUN - JREZ A, Cr: WLBF, CK - LRI , LDH : FLER I S , ¢ Tl - 0 1L

WSS 1 1; 5 Sham 41 FL#, PP<0. 001 ;5 /R 41 HeEs , 2P<0. 001,

2.2 BREXNT2DM KROCHEEFHEN 5
Sham 41 b 4%, VR 41K B EF 1 3 F% K (1=16. 842,
P<0.001), $2& 7 0> LS i P53 3 0] 8 35 45 % T2DM
KR LZEWAEIRE. 5 VR4 ILE, /R+Pue 41 EF
T E (1=-10. 889, P<0. 001 ).,
2.3 EBERZEX T2DM X & O AL JE B 157 5 59 %2 i
HE e 255 i, Sham 41 A FRC AT 25 R0 |
HEZ B 55 A8 S0 T, A DL A0 AR K B B R E 12
/R 200 LA T 5 AN, HES ZZ6L , R ILET 4k
RS0 2, AT DL A S5 4 RE 200 it = 1) R 40 e S K i

Sham#H

i»\ LS X

RN Sk 7R JEAE A IR K Jay kA O JILET £ 4547 DX

BB A AR PR . 5 VR 41 HLHE, 1/R+Pue 41
O WLEH U453 40 P S s, 4R AE 4 B 32 i o 20>
O WSS A AT e (E 1) o
2.4 BRZEXTT2DM X &R O L4 B A T #9 F2 fig
TUNEL 4% {2 5.7 , Sham 2.0 L4008 T4 2, T/R
41 H BLK 2 TUNEL BRI (SR €586 ), 3 i afi
P RECE OB T . 5 Sham 41 L3L,
I/R 41 TUNEL BH: 41 L 4] 2. 25 715 (P<0. 001) , 5
VR ZH S 1/R+Pue ZH TUNEL 20 1161 5 2 R A1
(P<0.001)(E2).

I/IR+Puetf

El1 BEREXT2DM KR0S FR 55 B9 82 0
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T HR 2R I PG PI3K/ Ak {5 50 844 2 FOAE FR 5 R BRCo LB 1L PR 3 #6345

2.5 BREXT2DM KR OALPI3K/AKtS 518 1%
BIS0E 5 Sham 21 L4, VR 410 L PI3K Fll p-Akt 25
7K B 2 I (P<0. 001) , #2785 UR il 7

Sham#i /R

PI3K/AkE A7 1% 15 538 B TS . 5 VR 4 b3,
1/R+PueZH PI3K Fl p- Akt 25 /K- 55 (P<0. 001)
(K3).

I/R+Puefil

TUNELBH#E® (%)

30
2
i 20
210
0

& 8 (056 5 TUNEL FHEEANMN , % (68 DAPT 44
2 BREXTT2DM K 5RO A28 T B9 22 0

®
@ >
R4l Sham#l UR+Pue#l 3 1.5 * 2 157 %=
£ kK Ig p—
PI3K 5 — =
e e A A Sl
- -
m
-AKT s C &
Sl e o 0.5 e a8
2 2
= =
Pl | - - 3 o
d r =
g(@“{& \P@ \‘Q_xw 5-.;&&‘& \\Q@ \@_3&

#P<0). 05, %% P<0. 01, *+%P<0. 001, ***%P<0. 000 1.
E3 ERZEXT2DM A RO PI3K/Ak S 518 BB 820

3 iwtig

HRAE 2020 4F % 22 16 (BMI Y 14 v [ R JLBE 0 AT
Tl R e A S R NG T8 S N N R
12. 8%, H:H T2DM [ 48 K 250, H AR JRYT %
FFEE R AR AR T2DM £ 0 I 8 KUK
AR BRI A BE R 2~4 1%, 249 50% (1) T2DM H % 5
T A N, HrO LB 0 ) 0 2 £ BT
PRI T2DM AR AU LK Sl i P 3 483 47 1 5 et
G0, LR IR AL D K e IR A 5 ) R R U
HEBR | JAE SN SIS LA S AR AT 16 15 5 32
AN, I, 7E T2DM 3 5 F 54004 850
B2 WL I/R 453453 1 390 5 s EL A E 2 IR S

E AR A R 25 B AR A A0 T I B A, O I
B DR AR A I8 M A K AR A1 Fin g i 51
5 rh AR B UE S AR AE R R LS A
SCHR™ ™, Pue ZEIE JRIP 2 WA R v i) A 40 HL 22 42 7
15N 50 mglkg, AREMTLER IR, Pue T TG 4540
[B] ALT . AST .BUN ;& Cr7KF-25 ¥ g it22 2 L
(31 P>0.05) , iESLZ0 i 76 R 200 Rl AR 5 | &

B R, B R et N R S IR b
AL TR B 2R AR

CK .LDH Fl ¢Tnl J2& iz .0 WL 5405 5 R st A
JE W BUBAR B . ABEF R, UR 41 1R 48 A 8 8
Sham #H & & T+ , 1 /R+Pue 2 [ IR4EFR L VR 4H
ERRAR , BRI B AR 2K REAA R8O LA e R a5 T
M R N B . WLAh , A 5R 8 & B Pue 1Tl
AR E R T2DM K R 23 I UK, x5 s
i ) ZE AT AT R AR A 25 B E AR $R
AR T B H R O U S i S AL 2 —

MAHLUE 252 2 1, HE J (3, F1 TUNEL 4t {5 45
JUESE T Pue BYC ILERAF SN : /R +Pue 2100 LA AE
T2 VI R A B 1 B S R B TR A R R, X
HEAWFFE " RAE Pue fim i 40 Hl 4 5E K2R A
T3 3 U B DR A B JULABE 45 1) 285 3 4 — B
LTI REZTH , VR 21 EF {8 5 3 FEAK, 107 /R+Pue 2
EFE5 20 B340, 456 FiRA 21k as , RV 5
R 238 o D 0 WU B 25 2% 440 L2 ) 5
P B AR T B T IS O IS T BE

PI3K/Akt {55 5 3 [ 2 I8 45 20 Bt A7 1% A 12 10
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%0 %, -t SR PR O UL 1/R J8 475 o A2 21040 1 1)
HEARAAGR T o 1B BROE 5 AT IR AkeBEIR L,
P12 GSK-38 .mTOR Bad Bcl-2/Bax J caspase-3
ST, 10 SR A 38 7 1 A AL, DA
YT URE SO N T AR &K B, /R
4105 B A T 0 L p-PI3K/PI3K Kz p-Akt/Akt 7K F- , 1fij
FARZE ARG B2 LR R EE bR, S D LR L
il 5 7 52 PI3K/ Akt 3 % ol 12 Ak 76 fb 2 DI A G . X
5535 A K 22 R 5 4 GE K AR G R A 43 3 0 T
PI3K/A Kt A AE WU E I ZE AR
25 Tk ARSI 5 5 AR % (50 mg/kg) 7E
T2DM K BRC L /R A0 B 70 e £ 45 3%, Al 38 3 9
15 PI3K/Akt {5538 Bl LA ML JR T, b 3
O WU 5 st 0 I WS 46 D g, I LA o AT 1)
PRV, Sk FLIE R P B AL T 5256 S 4% . Ao
Jay B T OOCR B — ) s A A 45 24 0 42, HLam
Whsh ARk AR 7 0 Bh 1B I PI3K/ Ak 3 [ 52
REBEIR AR RS i — 2D o3 s ROk TR i — DR
TTEMRE MR R K 2% &0 XX
PI3K/Akt T T FZe b iR T fe o+ R EH

AT 407 R AE R B G R
S 3k -
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