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Study on Improvement Effects and Mechanism of Paeoniflorin on Myocardial Injury in Type 2 Diabetic
Model Rats
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ABSTRACT OBIJECTIVE: To study the improvement effects of paeoniflorin (PF) on myocardial injury in type 2 diabetes
mellitus (T2DM) model rats and its mechanism. METHODS: The experiment was set up in the normal group, model group,
positive control group (metformin 90 mg/kg), PF high-dose, medium-dose and low-dose groups (90, 60, 30 mg/kg), with 8 rats
in each group. Except for normal group, other groups were given high-glucose and high-fat diet and intraperitoneal injection of
streptozotocin (30 mg/kg) to induce T2DM model. After modeling, administration groups were given relevant medicine
intragastrically, normal group and model group were given constant volume of normal saline intragastrically, once a day, for
consecutive 4 weeks. The body weight, fasting blood glucose and oral glucose tolerance were measured; serum levels of
glycosylated serum protein (GSP) , total cholesterol (TC), triacylglycerol (TG), glutathione peroxidase (GSH-Px) , superoxide
dismutase (SOD) , malondialdehyde (MDA) , creatine kinase
isoenzyme-MB (CK-MB) and troponin I (cTn I ) were
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determined. The pathomorphological changes of myocardium

were observed. The apoptosis index of rat cardiomyocytes was
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detected. The protein expression of B-cell lymphoma 2
(Bcl-2) , Bcl-2 related X protein (Bax) and caspase-3 in rat
myocardium were detected by immunohistochemistry and
Western blot. RESULTS: Compared with normal group, the
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body weight, serum levels of GSH-Px and SOD, protein expression of Bcl-2 in myocardium were decreased significantly in model

group (P<<0.01); while fasting blood glucose, area under blood glucose curve, serum levels of biochemical indexes (GSP, TC,

TG, MDA, CK-MB, cTn [ ), cardiomyocyte apoptosis index, protein expression of Bax and caspase-3 in myocardium were

increased significantly (P<<0.05 or P<<0.01). The arrangement of myocardium was relatively irregular, and some muscle fibers

were broken. Compared with model group, except for body weight, serum levels of SOD and MDA, the protein expression of Bax

in myocardium in PF low-dose group, above indexes of PF groups were reversed significantly (P<<0.05 or P<<0.01).

CONCLUSIONS: PF can regulate glycolipid metabolism, enhance antioxidant ability, inhibit cardiomyocyte apoptosis and improve

myocardial injury in T2DM model rats; the mechanism may be associated with increasing the protein expression of Bcl-2 and

down-regulating the protein expression of Bax and caspase-3 in myocardium.
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W PR 2 DA 1 8 W A R A A g, Horp
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FIRE RIS, &5 BT BRI 1511719 90 % L . HAT,
W PRI 5| 2 1R 45 b 5 & E (LT BRI 75 & 169 O i 785 95
I ) EL R R DRI RS B AR TR, g R,
T2DM 1 3 AU WL £ 25 S0 E T I O LA A 480 AE 45
B, PE T B O JIE D REY s [RBsF, T2DM 2 Ml i) 220 2
JIELJE %) 2 J 338 o FUE ko e i 1k 483403 1 2 S R T
O IR AT SV 2200 95 118 3 [R) Ak, AT 4+ T A Bl
i T2DM 755 190 LS A% 19 245 0 ) 18 2% T2DM A ¢
OB ) HA B

AT S AT 2GR Hp $ B 3] A — b PR B 2
G, JEAT R E B sy 22— Har Pt
H CosHusOn, AT AR, HA R, 15 0
196 C". 243258 o, AT 251 HA i, kA=
VIR e e 5, 2B o R B, AT 25T HAT 4L
Ak R AREVET PRI SF 2 B E Y kb, AT
2R A T Rk A2 0 FIL B ot P 3 0 A5 R K R
IR/ LN 2 (3R W] 7 e o T = o S g <
OGRS ER

T2DM 75 F0o WL A5 A AL 1 A 56 4 [ B, H AT
Sk R RE 151 45 L A S Ak I L P S R R 3L R
I R FE S MPER S TR T E A —B
2 Jf 6K B0 2 (Bel-2) M 56 X 2 1 (Bax) A 436 4k, I H.
Bax/Bel-2 1 HUABL 23 B AT, MG 250 UL 200 i g 93 121
FA IR R RIRIR SN Lok AR gi i 6 % C 29k
5 SRR, SE A A R 2B 1 3 (caspase-3) T , e X
SECD LA T R, AT IS 52 AT 25 11 Xt
T2DM #5258 R B AL A3 R O 44 L 35 A\ Bax/Bel-2/
caspase-3 {ii 5 1 K £ W1 25 A 58 A5 25 203 T2DM A5t
RIS O WU AT 18 43 WL, AT 2545 1 i — 25 J1 & )
FHEZ LSRR

1 7
1.1 FEUES

ARWFFE T R EALER A GA-3 B2 25 L (=7
He WG Iy A5 BR 2 ) ), PowerEase Touch 350W % Hi,
Wk A% ( 3% [ Thermo Fisher Scientific 2 ] ) . ChemiDoc

FEZEE 2021 FEE0EREIE

TMC XRSHERIEERE ISR R 58 (35 E Bio-Rad 24 H]) , TP1020
20 2R 7K HL . RM2245 Y 2 2L 4] AL (£ [ Leica 2y
), M200PRO 7Y fifg 5 {% (i 1 Tecan 28 F] ) , BX53 U i,
5 . SZXT1 B FE AR X B UK AR R 48 ( H A Olympus
NP
1.2 FEHRSIKF

A5G JE B2 (415 D1016A., 4l >98% ) [ K
R H AR BRA A R R XU A (L5
H20023370, HiA% 4 0.5 g/ ) W [ H 3& 1 il it e 52 il 25
A BN w5 b s R DR (HIE 5 21031004) EEIR A B 2=
(STZ, #it*5 18883-66-4) ¥y [ At 5t 12 W6 A= M B AT
FELZN ) 5 AR I 3% 25 11 (GSP) S I (TC) L = H- il
(TG) ABEH RIS AL (GSH-Px) P ¥ (MDA) |
A 1L W 157 Ak il (SOD) 6 I 3 7 & (HE 5 4> 51 oA
20210402, 20200110, 20200110, 20210528, 20210601 .
20210602) 514 [ R 5 A W TR 58 T 5 LR B4
] T MB (CK-MB ) i 6 322 W B Azl (ELISA ) 7] &5
(L5 202104) W H VLI EEFRAE PR B2 w5 KRG
WUWLASEE T T (cTn T )ELISA &5 & (4165 05/2021) 1t
A TC B AR A BRA Al I3 AR L
FEr (A2 2k €210302,.C201102) F47 1 [ Bk ifg Il 2%
A= AR A R ) 5 3 A e s 4L Ak SP R & (k5
2131C0804) Wy H At 3 A2 & A W He AR A BR 2wl 5
TUNEL 40 g 8 T 50 &5\ BCA 2 FA I 7] & (At
5435 9 110919201008 , 092820210207 ) ¥y [ |- 7 24
= KA ARAT PR A G I8 -8 5 1 (B-actin) £ 3¢
BEBTIR (L5 9100026001 ) 1 [ 587 = 8 A= P AR AT R
5l s il Bax SO REDUIA Sl Bel-2 FRLEFEDTIA i
caspase-3 £ I, B Bt R (it 5 43 91 S GR3325129-1,
GR3275117-8 .GR224831-1) ¥4 F 3£ [E Abcam 2\ w5 Bt
HR 3t S AP CHRP) AR (9 L =E40 670 B G BR AR 1
G (1gG) — i (#t5 BST13J17B16G56) My [ 373 1 17k
A TARA BN 7] 5 LAy i) 24 o S 56 22 0 A, 7K
FRGEIK
1.3 zhi

ABEFE T IR 34 g SPF 2R Ad B SD HEPE KB, I
60 H, R 4 RS, Aol 116~125 g, g B Jb A

China Pharmacy 2021 Vol. 32 No. 23 - 2847 -



B AR A AT B |l SEIe S A = VP TR 5
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FUZH | BH X BEZH ( — HF XUIK 90 mg/kg!™) FIAT 251 5
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K F SPSS 25.0 B AT Ge it o b o T BTk
X+ s Fon, SR HCEBCR B R Ry 200 4 5%
A PO 2 () E AR FH LSD R 6 , 55 25N S T 4 1] HE g
X Ff Tamhane’ s #6556, #6556 /K 0 =0.05,
3 H£R
3.1 KR@FRENELER

TESZI ], IE 8 41K R A e 5 TR
MERIZH A5 25 25 AR R AR T 2 2 R R s, WERS
FIFIVE B 55 1R, 45 4R SR A o 22 SR X e e i
B (P>0.05), 7 E52 Hn, 5 IE % 4 A, Rl
KR B B B AR (P<<0.05) 5 SRR P, BT
HECAH AT 24 18 v 791 o 2R RUMR T i 38 I8 35 T s (P<
0.05) . ¥ H 553 4 AN, 5158 4l g, BRI K R A
J i B E AR (P<<0.01) s SEERIA] HL A, 45 4 25 4 K IR
TR BT (P<<0.01) . 4&-2H R BRI 40 5 2 0 i
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F1 BHAXRRHZTEMEEMMIEAUCUELSR
(xts,n=8)
Tab 1 FBG and AUC of blood glucose of rats in each
group(x+*s,n=8)

IR M E, mmol/L .
o R TR WA
Fid 4264037 4294083 90474087
{4 25034240 2541+2.14° 5038+ 164"
eyl 2579+132 1650£1.52% 47174348
ey 2500143 21.70+1.95% 41294 1.60%
AR 24.73£229 2230+1.95° 45802907
AR AL 25354256 2455202 46041345

e S IEE A R, P<0.01; SRIAIZH L4, "'P<<0.05,"P<<0.01

Note: vs. normal group, " * P<<0.01; vs. model group, "P<<0.05,
#P<<0.01

*2 FEAXRMFEHRGSP.TC. TGKEUELER (x x5,
n=8,mmol/L)
Tab 2 Serum levels of GSP, TC and TG of rats in
each group(x +s,n=8, mmol/L)

380 =

m R
—a— PR AR
—w— AT R R AL

Q" —e— A
Y e AL AL

0 1) 24 3 48
R[]

TE HIEW A A, " P<0.05, " " P<0.01; SR 4L 'P<
0.05,"P<<0.01

Note: vs. normal group, *P<<0.05, ** P<<0.01; vs. model group,
"P<<0.05,"P<<0.01

Bl BEXRBRHERENELER(xts,n=8)
Fig 1 Body weight of rats in each group(x+s,n=8)

3.2 ZEEMmMIEEMMIEAUCUELSR

5 IR 4 L, AR 2 R SR S R R 4 R
F 23 JE IR 24 S 2 T (P<<0.01) , B AUC i 2 4
K(P<0.01). ¥ H5 AN, SRR g, PHYEXT I8
ZHFNAT 2T g HP ) R 2 K R 23 I B 480 3 S5 AL
(P<<0.058% P<<0.01) ,AT245 5y . Hr ARG 2 K B o
B AUC 2 8 258/ (P<<0.05 5 P<<0.01) . &2 KB
23 i IR RO IR AUC I 45 SR I 1,
3.3 IMiEH GSP.TC . TGKEMELZLR

55 IE 20 oA, AU ZH K BRI H GSP L TC . TG 7K
SR TR (P<<0.01) s AL LA, 4% 25 25 4 KRR
M3 AR AR K3 88 2 BRI (P<<0.01) . SRR
ML3#H GSP . TC . TG KM E g5 R W 2.
3.4 IiE® GSH-Px.SOD MDA /K ENELZER

5IEH A g, AR R BRI H GSH-Px . SOD 7K
S B E FEAK (P<<0.01) , MDA /K 3F & 2 T+ i (P<
0.01), SRR HLHE, 45 25 245 41 K BRI H GSH-Px
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it GSP TC TG
w4 0.13+0.01 031003 L12£0.11
{4 155007 2404022 2734014
itidoniael 074£007% 138£0.12° 149£0.15%
ey 047£0.04* 12740.11% 1.25£0.04%
AR 041£0.047 1.55£0.16" 14540.14*
AR AL 057+0.05% 1.86£0.15% 1754033

T SRR A, P<<0.01; ST Hh Ak, #P<<0.01

Note: vs. normal group, “*P<<0.01; vs. model group,”P<<0.01
SOD (AT 24 H A1) £ 2 41 ) K- 45t 25 T+ (P<<0.05
8¢ P<<0.01), 1ML 3§ " MDA 7K (BrAT 25 TF AR i 441 )
8 3 AR (P<<0.05 5 P<<0.01) . 4% £H K R I 35
GSH-Px.SOD MDA 7K V-l 25 5 W2 3.
*3 HAKXRIMED GSH-Px.SOD MDA 7k F il E

ZR(xts,n=8)
Tab 3 Serum levels of GSH-Px, SOD and MDA of
rats in each group(x+s,n=8)

A5 GSH-Px,U/mL SOD,U/mL MDA, nmol/mL
&4 §75.69 £ 55.64 80.964.09 4124101
i 664.60£27.92* 51001463 12094101
Ftkns B 852,74 +38.83" 85.29+2.46" 736+2.09%
AT R AL 843,84 £57.95" 67.99+2.70% 6.89+0.89*
AP AL 789.56+32.69° 6124£381% 892+0.69°
AT IR R 762.68:+69.21° 57514561 12034068

T SRR AL AL, " P<0.01; SR 4L, "P<<0.05,%P<<0.01
Note: vs. normal group, * * P<<0.01; vs. model group, “P<<0.05,
#P<<0.01

3.5 IMMEFH CK-MB.cTn I kFHELZR

5 IR R 2 H 8, SR ZH R B 5 Hh CK-MB . cTn |
JKV-14 58 2 T8 (P<<0.05 5 P<<0.01) ; S5 I 4] L 4%,
245 25 20 K BRI Hf CK-MB KT DL R A5 2515 430 s 41
KM 1 cTn T 7K 3  35 IR (P<<0.05 5% P<
0.01), #&ZHKBUMTEH CK-MB .cTn T 7K 5 45 5 W,
4,
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F4 HEAKRKRMFEF CK-MB. cTn I KFEELEF
(x+s,n=8,ng/mL)
Tab 4 Serum levels of CK-MB and ¢Tn [ of rats in
each group(x+s,n=8,ng/mL)

415 CK-MB ¢Tnl
E&4 4634027 137£0.09
fouit| 5641066 1.66£0.12°
T4 4634027 148£0.11
At Rl 475+0.18% 1.28+020°
AP AL 4855037 138£0.15°
A IR R4 494£031° 136£0.12°

e HIEE A, *P<0.05, * *P<0.01; SR L, 'P<
0.05,%P<<0.01

Note: vs. normal group, “P<<0.05, * * P<<0.01; vs. model group,
P<<0.05,%P<<0.01

3.6 DNALRBESENRER

E 2R B0 VAL 2L HE S R, 20 LA i 58 %, G
AT HERI L . 515 24 s, BT 2 R B0 L 2L RS
FEXS AN, USRI 38 5, 58 0 LT AR 2 . 55458
20 LA, BHE X R ZH RN AT 24517 g 7] o 4 K RO LA 4
PP A A A0 B B 0, O WL S HES 55 R #55 A 2
T AR 4 K RS [ B 184 5 1 i o 1 S 9/ ), 3
Oy o 45 20 R RO LA 8006 BRI 2527 i 1ok &
L2,
3.7 DAAEATIRHNESE R

5 2 A AT 2 R RO LA L e i 2
Fhi (P<0.01) 5 SRILL s, 4545 25 20 K BLO LA i
PT B0 B REAR (P<<0.01) o &2 RO JILZH B o
T 0 Ak P DL 3, R T O e A SR WL 5
3.8 1LANZAZAF Bax Bel-2 caspase-3 & HRIAMELL R
3.8.1 EALSLIREE R 5IEE A R BRI R R
L2 Bax | caspase-3 25 [ 1~ F- 2400 2 (R 1 2%
F+ 85 (P<<0.01) , Bel-2 £ [ 191 35 00 % B A b 2 AR
(P<<0.01). SHIRILELAL, & 45 25 4R B0 A2
Bax ., caspase-3 & [1 19 - 2410 9% J {8 34 1 25 B 1K (P<
0.05 8% P<<0.01), Bel-2 25 H 182 5% %8 B {E 4 '8 2% T+
= (P<<0.05 B¢ P<<0.01) . 4541 K B0 L4 4L Bax,
Bel-2 ., caspase-3 & [13% 1A I fe i 41 AL 16 DL I 4, 30
% (I 25 R L 6,
3.8.2 Western blot SEHRA5 R HIEH 4 AL, BRI K
SO L4 Bax | caspase-3 £ 35 K-35 12 35 T
(P<<0.01),Bel-2 # F1RIA K B EFEIL(P<0.01) ., 5
PRI oA, 45 4 25 20K RO LA 2 H Bax (BRAT 251K
FH2H AN ) | caspase-3 25 [ 5% ik K 1 I 2 FRAR (P<
0.05 8% P<<0.01) , Bel-2 £ [1 3R KK 3 8 & T+ 5 (P<
0.058 P<<0.01) ., #5ZH K R0 NI41ZHH Bax Bel-2 , cas-
pase-3 £ 1 2238 1Y HEL UK Pl DL IR 5, 2 1 38 R 7KK I &5
RIWEKT,
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Fig 2 Micrographs of pathological morphology of
myocardium of rats in each group (HE stai-
ning, x200)
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Fig 3 Micrographs of cardiomyocyte apoptosis of rats
in each group(TUNEL staining, x200)
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Continued fig 3
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Tab 5 Cardiomyocyte apoptosis index of rats in each

group(xts,n=3)

415 PRI, % 5 JAT-458, %
[GE 598£0.19 GER 5984045
il 19.12£229* AEHF AL 13.40£090%
Wt IR 12364 1.66™ AEHE IR AL 14.19£0.857

TE: HIER AR, P<0.01; SN A, “P<0.01
Note: vs. normal group, **P<<0.01; vs. model group,”P<<0.01
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Fig 4 Immunohistochemical graphs of protein expres-

sion of Bax, Bcl-2 and caspase-3 in myocardium

of rats in each group(x400)
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Continued fig 4
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Fig 5 Electrophoretic graphs of protein expression of
Bax, Bcl-2 and caspase-3 in myocardium of

rats in each group
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Tab 6 Average optical density of Bax, Bcl-2 and cas-

pase-3 protein in myocardium of rats in each

group(xts,n=3)

415 Bax Bel-2 caspase-3
F&4 0.0219+0.008 8 0.0399+0.002 4 0.0195+0.0057
e 0.1195£00112° 0.0147+0.005 5 0,047 6:+0.006 0°*
[ Eacpeil 0.0290£0.019 7 0.0396+0.015 4% 0.0363£0.007 8
AR E 0.030 8:+0.005 6 0.03540.0073° 0.0380£0.009 3
e 0.0380£0.021 6 00345200133 0.0462£0.016 1*
A IRRRAL 0.0587£0.021 8% 003420010 1° 0.0433£0.008 5°

H e HIER A I, " P<0.01; SRR HER, *P<<0.05,7P<<0.01
Note: vs. normal group, ** P<<0.01; vs. model group, “P<<0.05,
#P<0.01
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®7 FAHAKXBROIELF Bax,Bel-2, caspase-3 EH
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Tab 7 Protein expression of Bax, Bel-2 and caspase-3

in myocardium of rats in each group (x £ s,

n=3)
415 Bax/f-actin Bel-2/f-actin caspase-3/f-actin
E&4 229£0.13 4684055 286+120
itk 5204009 29840.16™ 6.68+1.16"
TR ERAL 2861247 442£040% 350+105%
AR AL 303+074% 4485066 430£1.18%
AP AL 34241037 434£0.60° 4515109
AR R 5.14£0.56 400£0.52° 468£0.19°

e FIER LR, " P<0.01; SR g, "P<<0.05,7P<<0.01
Note: vs. normal group, ** P<<0.01; vs. model group, “P<<0.05,
“pP<0.01

4 itig

T2DM H 3= B SR RS2 157 IR & 2 HKHT , i
Ji 5 2 I T RE S5 TT AR SR RO I A A 3 RGO L
P05, SE R ME S BE AR A R, OIS
TG R IERR 25 , W] (DR PRI AH SC I KA 1) XU A
1% 32 % , th Al AL LRI I T A S X O LY
FICRAPPER ™, BRI, AR5 DA F ROy BH A X0 i
251, AWITEAIR TR, AT H W] B IR 2G5 T2DM FE A
R BRI (42 IS U (EL L B AUC /K ) | it (i
TC.TG %) Z AL, R HA T RS VEH]

S HTLZAH R 9 T 5 B0 0 U B 90 L0 g 0l 11 2
J A 5 TR, 0 AL R P A B 0 A B, L0403 Jm 2540
FONER SR AR, AR, O WA T 7E
O LA A7 1 1 v e 25 28 6 B 2 /R —— O LA il
JAT= AT LABHLLE T2DM 51 A LR A R . AR5
o TUNEL 4t 825 5 1 , AT 2517 R 6% 1 2 /> T2DM
TR B O LA M 1 5 A0 R A ST il o 225 51 B
IR, N 25 RE 5 B T S T2DM A AL R BRI v
GSH-Px,SOD /K-, BRI 7 1 MDA /K-, R BIA 2
T SE A LSS, T O L2 A AR F

CK-MB.cTn | %5041 T LA ML, 20 UL
W0 H WA Wra AR s R 1 J& CK-MB,, A A AL Y
R SHEFRRR , 0 VAL ZUZ A5, 200 6 S v 3 a2 14
S P CK-MB K- TH&E Y, ARBFFELE R B, A
21T B AR T2DM BB K B M 35 H CK-MB .cTn T 7K
-5 [ HE Ye 25 5 o, SR b A, A5 2591 45 771
21 K R0 VA 21 T 25 25 A8 AL 35 45 B AS [ 72
s, FBAAT 251 X4 T2DM AR RS K U O L 495 AT 4
HEHT .

FE R IR IR EE T, O LA 237 A K A i S
FEACLA =) MR IR — B PR A MR L B 55, 175 -4l
& A SR T, Bel-2 AN Bax J2 U8 458 240 i 0/ T 0 56
K ¥ : Bax 2 235 AT iE 40 B 0/ T 5 1 Bel-2 7] 5 Bax

HEZG 2021455 32 5 23 )



TR R AR, 4 Bax A2 3K, DI ] 240 B o 122020
caspase-3 i caspase 7% % 2 [ H A JH T 00 L Y
caspase-3 YIS 5 , ATk — 20 i 1 2 O T g E AR
AHFFEAE 1 % ZH AL AT Western blot S8 & B, AT 254 1]
T E T2DM A B A L0 ILZH 21 Bax | caspase-3 25 1 [
Fik, i T2DM L 8K B0 WLZH 8L Bel-2 2 11 3R
ik, FRBIAT T P A T R T AR DG AR R RS R B
T2DM BRI B Co L5

b 1A AT 2 AT T2DM B LA S 1

i S AR ST A O LA T, XL L
P A — s BB 1A R 2 AL AT e b
PR AL S Bel-2 S R L, TG ML 2 Bax,

caspase-3 £ [R5 K
S 2% 30k

[1]

[2]

[10]

[11]

[12]

XRS5 R, X ) 2R, S5 W o Lo UL 5 2 1) o R 25 4
)RR BT i R (7). B2 2 F Y A4k, 2019, 48(6)
165-167.

CARRACHER A M,MARATHE P H, CLOSE K L. Inter-
national diabetes federation 2017[J]. J Diabetes, 2018, 10
(5):353-356.

RAINS J L,JAIN S K. Oxidative stress, insulin signa-
ling, and diabetes[J]. Free Radic Biol Med, 2011,50(5) :
567-575.

BOUDINA S, ABEL E D. Diabetic cardiomyopathy, causes
and effects[J]. Rev Endocr Metab Disord, 2010, 11 (1) :
31-39.

TARRE, Z8F AT 2 AR IR SRS (] 1L R T s 2
#,2019,38(1):105-108.

WU S H,WU D G,CHEN Y W. Chemical constituents
and bioactivities of plants from the Genus paconia[J].
Chem Biodivers,2010,41(1):90-104.

RIGETT , Ty AR T i AT 2 BRSO 1 DR 1
J LRI FE[I]. B v P BR 4G 45 2%, 2017, 37(8)
1020-1023.

ZHOU Y X,GONG X H,ZHANG H, et al. A review on
the pharmacokinetics of paeoniflorin and its anti-inflam-
matory and immunomodulatory effects[J]. Biomed Phar-
macother, 2020, 130(3) : 110505.

WANG J S,HUANG Y, ZHANG S, et al. A protective role
of paeoniflorin in fluctuant hyperglycemia-induced vascu-
lar endothelial injuries through antioxidative and anti-in-
flammatory effects and reduction of PKC f,[J]. Oxid Med
Cell Longev,2019,2019(11): 1-11.

WU W, QIU C,FENG X, et al. Protective effect of paconi-
florin on acute cerebral infarction in rats[J]. Curr Pharm
Biotechnol, 2020,21(8) : 702-709.

EA X0, LRI, 85 AT 2T XS AR B O ML P V45
PR AL FE (3] h 25 253 5 1 IR, 2016, 32
(6):52-56.

RIANI, ZEURR , R, AT RUN ST 5 2 PSP

FEZEE 2021 FEE0EREIE

[13]

[14]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[28]

FEHERE[T] ZEIH L~ 55 0 A2, 2018, 37(9) - 287-294.
DILLMANN W H. Diabetic cardiomyopathy: what is it
and can it be fixed?[J]. Circ Res,2019,124(8):1160-1162.
IVANOVIC-MATIC S, BOGOJEVIC D, MARTINOVIC
V, et al. Catalase inhibition in diabetic rats potentiates
DNA damage and apoptotic cell death setting the stage for
cardiomyopathy[J]. J Physiol Biochem,2014,70(4) :947-
959.
CAI L, LI W, WANG G, et al. Hyperglycemia-induced
apoptosis in mouse myocardium: mitochondrial cyto-
chrome C-mediated caspase-3 activation pathway[J]. Dia-
betes,2002,51(6) :1938-1948.
K BRBT, AR, 55 i i X 2 UM PR K B
JiR AR Bax \Bel-2  caspase-3 &5 [ 35 52 W [J]. K58 4
W5 5% ,2020,32(10) : 1644-1651.
WU F, YE B, WU X, et al. Paconiflorin on rat myocardial
ischemia reperfusion injury of protection and mechanism
research[J]. Pharmacology,2019,105(5/6) : 281-288.
TRIbeDE, SRECHE, TG, 5 ot AL U AT o- A A B 1T
it £ 400 ) B e IR VR T 0] P 2 25 B S K L 2014, 30
(3):107-111.
5K L0 MORE , T R, 45 PSR IUY) A Gl o PISK-
Akt (55 38 BT AR AL A A ST 01 2587 25 5
JRZFR,2017,28(4) : 473-471.
BUSEE W, B2 BRI O LR P Bl 5 22 F F
SRR 4 E AR A, 2015, 30(5) : 505-507.
Effect of intensive blood-glucose control with metformin
on complications in overweight patients with type 2 diabe-
tes (UKPDS 34). UK Prospective Diabetes Study (UKP-
DS) Group[J]. Lancet, 1998, 352(9131) :854-865.
X R , 5K T 20 R T 50 ) 3 [0]. 25 2 E AR
2017,36(8):467-470.
BATTIPROLU P K, LOPEZ-CRISOSTO C, WANG Z V,
et al. Diabetic cardiomyopathy and metabolic remodeling
of the heart[J]. Life Sci, 2013,92(11) :609-615.
{2235 , BB % RIS, Rho SR &k ZEK K AR Py
BEXF S 20 B RO D RE UL AST \LDH . CK-MB
T[] O B AR ek ,2019,28(4) :461-466.
GAROFALO T, MANGANELLI V, GRASSO M, et al.
Role of mitochondrial raft-like microdomains in the regu-
lation of cell apoptosis[J]. Apoptosis,2015,20(5) :621-634.
FHE B AR IC, A% Bel-2 B 1150 55 A 4 20 B o
B AR5 2 J [7].47 PRS2 Be 274 C AR B R
2017,30(2):340-344.
XIERS Bk B 5, 3 R LM T30 4 F Bel-2 5%
SRR 1 BT R (0] MR 9 S5 I AR, 2020, 32
(2):133-136.
TE4% %54, Caspase-3 BOMFGT SR [J]. F [E 40 i AL 2
2¢41%,,2020,42(11) : 2072-2078.

(ks A 499:2021-07-18 &[] F1 44: 2021-10-22)

(€ 3% N )

China Pharmacy 2021 Vol. 32 No. 23 - 2853 -



