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Effects of jujuboside A on myocardial injury in diabetic rats via regulation of
PINK1/Parkin signaling pathway-mediated mitochondrial autophagy
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Abstract Objective To investigate the effects and mechanisms of jujuboside A (JuA) on myocardial injury in rats with diabetes mel-
litus (DM). Methods Male Sprague-Dawley (SD) rats were divided into the following groups : control ,model , metformin, low- and high-
dose JuA,and high-dose JuA + Mdivi-1 groups. With the exception of the control group, DM model rats were prepared for all groups.
For each group,we assessed cardiac function ; examined myocardial pathology and the degree of fibrosis;and measured oxidative stress,
autophagy-related indicators , and the expression of PTEN-induced putative kinase 1 (PINK1) /Parkin pathway-associated proteins in myo-
cardial tissue. Results Compared with rats in the control group, the left ventricular end-diastolic diameter (LVEDd) and left ventricular
end-systolic diameter (LVESd), serum creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) levels , myocardial tissue collagen
volume fraction (CVF), malondialdehyde (MDA) content,and mitochondrial reactive oxygen species (ROS) levels ,autophagosome count,
and PINK1 protein expression were all higher in the model group rats, whereas left ventricular ejection fraction (LVEF), left ventricular
fractional shortening (LVFS), myocardial tissue superoxide dismutase (SOD) activity, and p62 protein levels were decreased (all P < 0.05).
The addition of metformin and JuA reversed the trends observed for the aforementioned indicators,, whereas Mdivi-1 significantly attenu-
ated the protective effects of JuA on myocardial injury in DM rats (P < 0.05). Conclusion JuA may mediate mitochondrial autophagy by
activating the PINK1/Parkin signaling pathway, inhibiting oxidative stress-induced damage in cardiomyocytes,and ameliorating myocar-
dial injury in DM rats.

Keywords jujuboside A; diabetic cardiomyopathy; mitochondrial autophagy; oxidative stress; PTEN-induced putative kinase 1;
Parkin
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W5 955 L JIL (diabetic cardiomyopathy , DCM) 42
PRI (diabetes mellitus, DM) ) 32 529 &g 2 — 1 |
FFE A4 1 AR T S 0O LA M ok A 8 47, LS
3 e R A WA R AT RS (R A e A v 2
A ik i B9 P4 (reactive oxygen species, ROS), #E—
A g WLAR Y Ak B B R 45 g R
W], DCMAE L F IR i A 1 OCH & T PTENIS 5
i %€ ¥ 1 (PTEN-induced putative kinase 1,PINK1)
FlParkinff) Fe3K K-, W52 L iAW D AE L AT ik
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1.1 #kt

L1 SEE0sh ). e M8 #SPFZLSDR F80 H, f4
1 (200 +20) g, W { B e VT H B 25 K2 [R5
SCXK (J) 2023-001], 712 hytHa/SEREEIR | 24
C RRES55% M) B b3 TR R A AR AR P B
BF KB 210 I e (0 B2 B3 2541 (20240394)
1.1.2 EERF S JuAly [§ B IR A Rk
BoA B w5 ok A 7w il SR Mdivi- 10 [ 56
MCE &) ; 85 WRAE 3 = (streptozotocin, STZ) 4 EES
[E]Sigma-Aldrich A w5 £5 12 = H XU R (18 25 o 5
H20023370, #LAK0.5 ¢/ ) W4 F v 36 I 163 i 5% 52 il
254 BRA Al 8 R Z - ZL (hematoxylin and eosin,
HE) %t 3 7] £ (C0105S) Masson = 1 2 35 5]
& (CO189S) M [ L1338 2 KA RHE e A BR 2
7] ; ROS MitosOXZL (4,2 5l I 7 477 & Gl %2 B 2
+) (GMS10460.2) W 7 RINFBHE PR A RS
Al FLER I 2B (lactate dehydrogenase, LDH) (A020-
2-2) LR 1% fif [&] T. [ (creatine kinase MB, CK-MB)
(H197-1-2) & 8 ALY E AL (superoxide dismutase,
SOD) (A001-3-2), N ¥ (malondialdehyde , MDA)
(A003-1-2) Fa: i) &0 19 e o Al ) AR B S
JIT; % — HTPINK1 (PA1-16604) Parkin (PA1-751)
1 A 2€ ElThermo Fisher Scientific/Z2A 7] 5 4 I — BT i

G A & B P 1524%3B (microtubule associated protein
1 light chain 3B,LC3B) (ab192890).p62 (ab109012).,
GAPDH (ab181602) 1 H %t [Flabcam’A ], Vevo 2100
T 15 43 BRSNS YR £ 22 il R O B g R
VisualSonicsZA 7] 5 LSM 9007 ) H: 58 £5 1 1 1 7k %
W B 75 = Carl ZeissZ\ 7 ; Multiskan FCEEFR YA B 35
[E Thermo Fisher ScientificZy 1) ; HT7820:% 4 1, 7 i
g A kst B S HIERT

1.2 Jik:

12,1 BERVEE ST R S5 3 A R BGE N R 1A
Ji , BEAILZEER 2 3 R 6 B AL, 45 73858 TRl RHIE 574
Jil o A 68 R B FH e W v i ) s MR R4 o], B s
— RN B 1 ESTZ (35 me/kg) HE N7 DMAE R, 43 5j1]
TETES3 AT dfi AR RS BB, 6 00 A B 2 1
B (fasting blood glucose, FBG), £ 421K FBG =16.7
mmol/L, Jf I ML 21K . 2 & 2 IROFIAR E AR, T4
N BRI K60 H RS AR I K R AR TR
TSR JuA R JuA R A JuA
Fl+Mdivi- 120", 412 2 = FUSUIRZE K RS T
67.5 mg/kg — H BT B HE 1, JuAMIG L i 77 i 4
KEIF 24720 me/kg 40 me/kglIJuA TR B IRHEE |
JuA s A i+ Mdivi- 121 K BUFEHE 540 me/kgTuATR
ELRT30 min, B8 ST 10 ma/kg Mdivi-1; % FEZH Al
BEAY2H K B2 T A5 S VS 0 8 I I T 5, 1/dL
ILL28)H .

1.2.2 EE O3 EPEAG KB D RE : S5 980k R
PR BUS B R B M B TR A A 5 b, 3
I B T o e T S B R0 349 50 T A A L0 T X K
R 5 Sk (O 522~55 MHz) 4 % 2] 4 1 7 B, i
98 s A5 45 OB & 300 £ 200 22 7 5K R A% (left ven-
tricular end-diastolic diameter, LVEDd) . 2.0 I4E K
1% (left ventricular end-systolic diameter, LVESd),
ZE S M3 EY (left ventricular ejection fraction, LVEF)
MIAEZE 4555 7758 (left ventricular fractional shortening,
LVES) .

1.2.3  ELISAKZI K Bl 7 HLDH . CK-MB & & :
BRLC T BB S I 58 B, R 32 3l KR, 3 000 r/min
B30 10 minkh 43 B IL7E , FHELISASEAS I 1 7E LDH |
CK-MBF &

1.2.4  HEG LR B0 AL 205 B 2= AR 1k - 4bFE
KR, T B O EZH 2, P AR BEER A bk o 43
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B 00 3 AL B, B o 41 20 4% 22 5 Wi ] 7248
h, AR, 4 wm)EY) 5 HEQ 6, 7005 i
TSR AU S0 B AR

1.2.5  MassonZt (8 WK B0 LA 4EAL AR BE < B
WULH 2047 BT F, F3 B Masson e (5,12 7 &5 16 B 15
HEAT R YL Yt , 7062 10 B T SR 4 4
Yl i, HImage-Pro Plus 5.05% %43 A K B0y LA It
TR, T35 S R 5 FR 438 (collagen volume fraction,
CVF)

1.2.6 AR RO LU MDA K- FISOD
T BGRRAO ILEHL 2L, I T 1 A4 R K, T
A5 109% I3, B0 I B0, e A7) & v
A5G MD A ZK SEFISOD % %

127 KECO WU ORRROSIN R « BUHS 730
WUERZR, i % O VA SRk R Y 1, 28T T8 1Y
B FLVRCE VRV R R0 5 B MitoSOX YL T ¥ &) 7 26
FEVIR 2R, 7537 °CTF #OEHEE 10 min/5 , TS R
THUEY) R, DL BR 2R MY 1 AR OB IE R
F BB R L) F, FlTmage TR AN 56 6
SR

1.2.8 37 SFF HEL 450 UL 28 K BRLCo UL A48 i 6 A 44 R 1ok
G54 e F g /INA B S O ILZE ZUE) A mm x
mm x 1 mm K/, F12.5% 8% 18 F119% 09 4816 5 53 31)
FE2 h, 86 B LK AR IR U] A (60
nm) J5 , FH3%FAG R 4 0I5 1 il L 7 35 S H
TARERZRARTEAS , T A Wi/ MA S

1.2.9 Western blotting#s ] K f /0> LZH Z1PINK1 |
Parkin il [ W AH 6 85 FILC3B . p623 15 BUHR 43 26 0
=202, RIPAZ A% W 2] 3K, $2& CEVEE (1, TIBCA
T2 7R 65 I AR R B 8 42 10%SDS-PAGE S 5
HA, B ZPVDFE  FH5%/B G - 05 5 1411 h,
4 CT5—4{[PINKI (1 : 1 000),Parkin (1 :
1 000).p62 (1 : 10000),LC3B(1 : 1000).GAPDH
(1 = 2000) ] & R HTBSTYERE3IK (5 min/ik),
FIFH S 2 5000) BFF 1 ho WA E
%7, HImage] AFE 00T -
1.3 Geite#ot

K JHSPSS 26,04 - #E AT Ge 1o #r o T HEE BB
X + RN, T IEAS A0 A isf, 22 41 18] e 458 % FH 3 A
)7 250 M, LA 22 S 0 3 — 25 SR HISNK-q 6 55
PEAT P LU s AN AT IE A 434 ), 2 1) L 38R
Mann-Whitney UK FIKG L . P < 0.05 N5 A 5011

2 #R

2.1 BHKEOIBERE bR L

55X 4L AH He, B A 4 K FRLVEDd . LVESdT
5, LVEF \LVFSF&MX (P < 0.05) ; S RIZ A [, —
SUIRZH FJu AIG ) 2 21 JuA = 59 2 20 K BRILVEDd
LVESAF#fX, LVEF .LVFST} (P < 0.05) ; 5 JuA &5
T 20 AH L, JuA TS )+ Mdivi-12H K BALVEDd \LVESd
JHiE , LVEF \LVFSFEfIL (P < 0.05) WLF1,

F1 BEXROINBELLR

Tab.1 Comparison of cardiac function of rats in each group

Group n LVEF (%) LVFS (%) LVEDd (mm) LVESd (mm)
Control 12 75.73 £5.02 63.60 + 4.88 2.35+0.29 2.10+0.24
Model 12 39.20 +3.94" 25.72 +3.09" 5.94 +0.40" 3.56 + 0.38"
Metformin 12 62.68 +4.65” 54.13 + 4.47% 2.88+0.327 2.30 +0.29”
Low-dose JuA 12 50.35 +4.317Y 39.29 £ 3.527% 4.53 036" 2.92 +0.32%
High-dose JuA 12 61.90 = 4.82” 51.85 + 4.70” 3.01+0.35” 2.35+0.26”
High-dose JuA+Mdivi-1 12 42.53 +4.727 31.66 +3.59” 5.22+0.38" 3.19 £0.35”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. high-dose JuA group. LVEF, left ventricular ejection fraction; LVFS, left ven-

tricular fractional shortening; LVEDd, left ventricular end-diastolic diameter; LVESd, left ventricular end-systolic diameter.

22 B KFUMFECK-MB  LDH/K - Fb 4%

5% B A L, #5078 21 K BRI 7 CK-MB . LDH
KT (P < 0.05) s SAHYZHAR LY, — FSUICZE #l
JuAIRFI 41 JuA 5 7] 21 K BRI CK-MB . LDH

IKFREAR (P < 0.05) 5 5 JuA &0 i ZHAH L, JuA e 7
i+ Mdivi-12H K B I 35 CK-MB . LDH/K °F JH 55 (P <
0.05) W32,

2.3 HAKRONA LR AR AL
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Tab.2 Comparison of serum CK-MB and LDH levels in rats of each group (U/L)
Group n CK-MB LDH

Control 12 4821 £7.50 121.59 + 20.06

Model 12 195.43 + 12.14" 577.24 + 36.74"

Metformin 12 76.08 +9.36” 200.39 +24.18”

Low-dose JuA 12 14430 + 1109 435.60 = 3055

High-dose JuA 12 80.12 + 10.45” 211.08 +27.29”

High-dose JuA+Mdivi-1 12 163.74 + 12.03” 512.47 +32.50”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. high-dose JuA group. CK-MB, creatine kinase MB; LDH, lactate dehydrogenase.

Xof HRZHL R O JILET SRS R IE 3 , 0 LA RS )
B AU, 20 A AT AT L 5 BRI ZH R R LT
2 P E IR O WLAR R TR b 200 S R B
MU , RS SRR AR L, —HSUIA
FITuARR] 4 JuA o) 2 R B JUL 2 B

B2 RO LR e 24, O LAN B oK i, HES1
AR S IJuAm R AL H, JuA S 5+ Mdivi- 141
KRGO LT 2 W 24 458 22 0 LA L HE 3 45 2L - I
K1,

2.4 HYRBONEFLELFRE ik

A, control group; B, model group; C, metformin group; D, low-dose JuA group; E, high-dose JuA group; I, high-dose JuA+Mdivi-1 group.
Bl BFEAXROMALRFEEN HE x200
Fig.1 Pathological changes of myocardial tissue in rats of each group HE x 200

Ko FEZH RO ILZE 2T D /D 0 60 i i 41 4
K LR S 5 50k BZEL AT FE , AR 2 K LG LA
b WO R R AT SRR, CVETH 5 27.89% + 0.60%
SRR AR Eb , — B OSUIR ANJu AR R 2 JuA = 7
21 R RO LA 2 € i 27 4 TR D, CVFRE
15K, 43591 3.64% + 0.42 % . 6.25% + 0.53% . 3.80% +
0.45%; 5 JuA &5 77 2 41 AR EE, JuA = 75 8+ Mdivi- 141
K RO WL 25 (0 SR £ DR I, CVF TR 2
6.57% + 0.58%, 2= 5+ ¥4 G it 5 L (P < 0.05) .

DLE2,

2.5 HAKFCOHILLMDAKFMSODTE M A
55t AL LY, BRI 20 K RO LA ZIMD AZK -

TFE , SODWEHEREAR (P < 0.05) ; SR AH 1L, —H

RUIRZE AN Ju AR A2 JuA 25 70 20K B0 L4 41

MDAZK PR, SODTE T (P < 0.05) 5 5 JuA =7

A, JuA E 50+ Mdivi- 12 R FLO L4 ZIMDA

IKF-THET, SODIFPEFEIL (P < 0.05) W43,

2.6 HAKRONALLARIRROS/KT i (E3)
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5% BEZH [ (1.00 + 0.00) pumol/mg | A1 He , #5121
KEOMALRZLAAAROSIKF- [ (3.45 +0.37) pmol/mg ]
Fhir (P<0.05); SHERIAI AT H, —FFOBUITE [ (1.69 +
0.25) wmol/mg | FNJuAfIL 7 5 41 JuA /& 57 &2 21 K B
D LA B Z AR AARROS/K - [ (2.81 +0.30) pmol/mg

(1.74 + 0.28) pmol/mg ] FEAK (P < 0.05) 5 5 JuA &5 &
SAH G, JuA 25 70+ Mdivi- 141 RO JILZH 2 28
ROSZKF- [ (2.99 + 0.34) pmol/mg ] 7t (P <0.05) -
2.7 AR B WL 28 AR et ) % 1 /N
TRB

A, control group; B, model group; C, metformin group; D, low-dose JuA group;E, high-dose JuA group;F, high-dose JuA+Mdivi-1 group.
E2 FHAKXBOMALLIZE Masson x 200
Fig.2 Degree of myocardial fibrosis in each group of rats Masson x 200

=3 FHAROAALMDAKFFISODE LB
Tab.3 Comparison of MDA level and SOD activity in myocardial tissue of rats in each group

Group n MDA (nmol/mg) SOD (U/mg)
Control 12 5.20+0.79 148.66 + 17.31
Model 12 14.65 + 1.23" 51.42+9.29"
Metformin 12 7.83 +0.85” 110.75 = 15.40”
Low-dose JuA 12 10.70 = 1.06”"" 86.13 + 11.36”
High-dose JuA 12 7.91 +0.94” 105.80 + 14.75”
High-dose JuA+Mdivi-1 12 12.38 + 1.15” 71.04 = 10.82”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group;3) P < 0.05 vs. high-dose JuA group. MDA , malondialdehyde; SOD, superoxide dismutase.

A, control group; B, model group; C, metformin group; D, low-dose JuA group; E, high-dose JuA group; I, high-dose JuA+Mdivi-1 group.
E3 HAKXBROMBARERAEROSKTE MitoSOX x 200
Fig.3 Mitochondrial ROS levels in myocardial tissue of rats in each group MitoSOX x 200
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Xof BB 20 K B JULZE 20 2 7 1 HiE 371 3 55, £kokir
TR REE ST 5 | S AR U 285 40 T3 BT, B v I B 8 4L
JZRER) A W /IMATE B, B WM 025 £ 0.45;
50 BECZHAH H, 455780 21 R B L8 AT A4 RURR 25 4
{87 N2 § TR NI QRS ¥ A NS WS TR N E I
RIS 2 21.08 + 0.29; SR 2 AR L, — HSUICZ Al
JuAIE 7] 4 JuA i 57 e 4 KRR O L2 4L 4 b 1A
HEGN R T, BRI b Bk Dl , Sk fRigs /it B 5
£ /N R 43 S0 8 i 222,58 + 051, 1.92 +0.79,
242 +0.51; 5JuA R Al EAR H, JuA =550 S+ Mdivi-1
i N IR | R2E 25 Y TR 2N D QRESy TR EN L TR DTN
F /N RO DS 35133 £ 0.49, 22 R AT Gt #
B (HP<0.05) JULK4,

2.8 A4 K EUL WLZH ZIPINK I ParkinFl [ W AH ¢
HEHLC3B . p623 ik i

55507 FRZH AH L, A58 2H K RO IILZH ZHPINK 1
1 8 357KFFH i (P < 0.05), Parkin LC3 1T/ T 14
IRIKF-WE A T B 22 5 e G124 3 L (P> 0.05),
P62 1132 K K B I (P < 0.05) 5 S 41 A 1L,
- HOBUNZE AN Ju A IR 2 Ju A i 39 e K RO AL
4 ZIPINK1  Parkin LC3 11/ I #& 11 55 ik K - I+ &5,
p627F 1 FIRIKFEAR (P < 0.05) 55 JuA = 71 AT
FE, JuA R 3+ Mdivi- 140 0 L 4H Z1PINK T, Parkin |
LC3 I/ 1 # ARV AR, p624 87K P T s
(P<0.05), W.5&4 KI5,

A, control group; B, model group; C, metformin group; D, low-dose JuA group; E, high-dose JuA group; I, high-dose JuA+Mdivi-1 group.
B4 BAKRBROMMMERFBRLEMTIIBIEERL TEM X 20 000

Fig.4 Mitochondrial ultrastructure and autophagy of myocardial cells of rats in each group TEM x 20 000

R4 FEHKXFOMALPINK, Parkinfi BIEEXEHLC3B, p62RiALLE:
Tab.4 Comparison of expression of PINK1, Parkin, and autophagy-related proteins LC3B and p62 in myocardial tissue of rats in each

group
Group n PINK1 Parkin LC3I/ 1 p62

Control 12 0.17 £0.03 0.24 +0.04 0.19 +0.03 0.48 +0.06
Model 12 0.25 +0.04" 0.28 +0.04 0.23 £ 0.04 0.40  0.05"
Metformin 12 0.64 + 0.06” 0.73 +0.08” 0.55 +0.06” 0.18 +0.03”
Low-dose JuA 12 0.39 +0.05> 0.50 + 0.06” 0.37 £0.05 0.31 +0.042
High-dose JuA 12 0.60 = 0.06” 0.69 = 0.07” 0.52 +0.05” 0.20 = 0.04”
High-dose JuA+Mdivi-1 12 0.32 +0.04” 0.40 = 0.05” 0.29 + 0.04” 0.33 +0.05”

1) P < 0.05 vs. control group;Z)P < 0.05 vs. model group; 3)P < 0.05 vs. high-dose JuA group.
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1 2 3 4 5 6

PINK] s s o s o s 60 x 10’

Parkin e s S s S s 50 x 10’

3
LC3 1 -— e 16 x 10

LC31I 14 x 10°

PO W — 62 x10°

GAPDH . S S S S e 36 x 10’

1, control group;2,model group;3,metformin group;4,low-dose JuA
group; 5, high-dose JuA group;6, high-dose JuA+Mdivi-1 group.
E5 ‘AKXBROGIMALAPINKI, Parkinfl BE&EXEHLC3B.
p623KRiE
Fig.5 Expression of PINK1, Parkin, and autophagy-related
proteins LC3B and p62 expression in myocardial tissue of
rats in each group

3 itig

DCMZEDMI I KAEZ —o DCMO 25 el AR
FTIBEAZ P (00 Ik e 3 798, 0o B b i s/, 3K
O ST EERRIBE T R AE S0 WE Th e RN 45 4 53,
AL G0 WU K | 1) S5 27 4 Ak L0 LA B 8 7 AT 5K
ThfgkEs

JuAVE N TR A1 2 8084y, KB LUkt
N — B IR 25 4 3 A e e B,
Ju AT S8 I f5fe S P VR A 403 55 5 | R 1 L4 62 47
A MGEVER AN, JuA TS AT 38 1 2o P A o A
S YR AL B, 2 AR DMAH S 1 g I
DK, JuA ] B2 DM A HAH OC I K E ) — Pt 3676
7259 AR FE 45 R R, JuA ] FEARDMR B il 7
CK-MBFILDHZKF-, B DMK Bl B, 180 L
3 B AR Ak A R] T 2F 24k, 22 BH JuA AT I8 DMK LY
O, H-FUGIESE T JuA RO 7

LR I W e O WA R AR AR R
THBRAZ A ACRIROSHT f A ZORLAR , AT (40 M 1Y
REFHHERIANIE 3 ThBE ™ o JuAXHK S 0 L4 A TP
B Pt B — VR AR, DMK R
WAL LR SOD IS PE R, MDAZK - T 57 , 2RI AAROS
AT, [ s A A B ik i A B s it fh L
LA REL T 2L, 2RI T 2L T R AETE F R IR,
7R DM B WL ZH S v Gk A 32 461, i 30 480 i
WA 03 5 45 T JuA T HUG , DMK RO I ZUHSOD
T PETE i, MDAZKSF R AR, LA AR OSIK - PRI, 2%

RAAR 23 Y01 B 2R AR U I 2R 155 100 A | MBS 285 A )
SEAE, [ WE/IMARECE R I, R TuA T i S 4R 1A B
Wt , Vi IR 32 400 A SRR, A0 JIL A B 41 7 A
i

PINK1/ParkinfF 5 il 4 4 4 R A4 H Wi 1) 25
Bl =z — 2 ZHONGE: ™ % B, JuA ] 3 4 3005
PINK1/Parkinff 538 (14 5 2 b7 14 [ 0, 0035 =i B
TR FISTZ5 3 B9 M RIS B 9 o TEAS 5 o, JuA AT
HEIMDM A FLC ILZH 2L PINK L Parkin LC3 11/ T &
2R B KT, B ARp624E 11335 7K, B ekl JuA
XTDMK B O WL 403 14 238 4 AT e 5 B30 PINK 1/
Parkinf5 5 il B{ ™ S I LRI B WA 5o T i —
A B RS AFEIN | A5 R LR A 1 W30 1 77 Mdli-
vi- 1A T, 25 0 R, Mdivi- 10 5208055 T JuA XS
DMA BRC LA 45 ) A0V FH o $ R Ju A ] R 3o 33
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