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[ Abstract] Objective To investigate the protective effect and mechanism of honokiol (HK) on the heart of mice
with myocardial ischemia/reperfusion injury (MIRI). Methods From June 2022 to July 2023, the experiment was conducted
at the Traditional Chinese Medicine Diagnosis Experimental Center of the School of Basic Medicine, Shaanxi University of
Chinese Medicine. 78 male C57BL/6J mice were randomly divided into sham group, MIRI group, and MIRI + HK group,
with 26 mice in each group. Before surgery, the MIRI + HK group mice were given HK (02 mg - kg™' - d™') intraperitoneal
injection, while the Sham and MIRI groups were given equal amounts of solvent for 14 consecutive days. The Sham group on-
ly threaded without ligation, while the other groups ligated the left anterior descending branch for 30 minutes, then opened the
suture and reperfusion for 2 hours to construct a MIRI model. After reperfusion, blood was immediately taken and the heart

was stripped. Compare the levels of serum creatine kinase isoenzyme (CK-M B) and cardiac troponin T (¢TnT) in each group.
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Echocardiography detects heart function. Calculate myocardial infarction area using 2,3,5-triphenyl tetrazolium chloride stai-
ning method; In situ end labeling technology was used to detect the level of cell apoptosis; Electron microscopy observation of
mitochondrial structural damage. Western blot was used to detect mitochondrial apoptosis and protein expression related to
Compared with the Sham group, the MIRI
group mice showed higher levels of serum CK-MB, cTnT, left ventricular end systolic diameter (LVESD), myocardial infarc-

the phosphoinositol-3 kinase/protein kinase B (PI3K/AKT) pathway. Results

tion area, and cell apoptosis rate, while the left ventricular ejection fraction (LVEF) and left ventricular short axis shortening
rate (LVFS) decreased (P <0.001). M ost myocardial mitochondria were swollen, with blurred inner and outer bilayers, reduced
or absent cristae, and mitochondrial apoptosis related protein cytochrome (Cyto-C) The expression of Bcl-2 related X protein
(Bax) and activated cysteine protease (Cleared Caspase-9) increased, while the expression of B lymphocyte tumor 2 gene (Bcl-
2), p-AKT/AKT, and p-PI3K/PI3K decreased (P <0.001). Compared with the MIRI group, the serum CK-MB, ¢cTnT, and
LVESD levels, myocardial infarction area, and cell apoptosis rate of the MIRI + HK group mice decreased, while LVEF and
LVFS increased (P <0.001). The mitochondrial ultrastructure of myocardial cells improved and the structure was more com-
plete. The expression of Cyto-C, Bax, and Cleared Caspase-9 proteins decreased, while the expression of Bcl-2, p-AKT/AKT,
and p-PI3K/PI3K increased (P <0.001). Conclusion HK can inhibit MIRI induced mitochondrial apoptosis in cardiomyo-

cytes by activating the PI3K/AKT signaling pathway, thereby exerting a cardioprotective effect.
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M ( Caspase) , T EUL 7 1A ) B B A5 A i BK , FRe X
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SEMRIE (22 £2°C) FNRIE (45% 5% ) BT, 5 B
RIRIR IR, 12 h oL %, A ke, FEHLACT 3R
BN BT (Sham ) 44 MIRI 4H 1 MIRI + HK
H,% 26 Ho (2) G0N FUSEAMB FI 2,3 ,5- =K
SEAACVIZEME (TTC) W [ 35 [ Sigma 23 7] ; BCA 1
SE A AR & T st R I T AR YR IR A
FFIER S 22 W BRE I 5 (ELISA) 35700 G0 A Rt iR
AR A B A SRR ICE A ( TUNEL) B (4328055 & 1
H %t Roche 24 F] ;B kL4 2 34 (Bel-2) | Bel-
2 AHOE X HE T (Bax) (% AL bt 240 2 45 11 i ( Cleaved
Caspase-9) | 4il Jifd t % ( Cyto ) -C , B 5 B AILBE 3 P4l
(PI3K) F1 22 75 & IR B (M BB ( AKT) $Tik i 3 92 [
CST 24 Fl 5 p-PI3K I p-AKT $T &1 1 5% & Abcam 2%
Fl, (3) XS /N8 7 A% & 58 ( Visualsonics Ve-
v03100, H A Fujifilm Corporation 23 7] ) ;5804 R Y /&5 i3
RIR DAL (5 Eppendorf A H]) 3 PowerPac™ Basic
A T H HL K AY | Trans-blot Turbo™ System S
[E Bio-Rad /A F]) ; Epoch 4= < Wi b1 1 ( 3 [ BioTek
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1.2 SE9JrE 2022 4F 6 H—2023 4 7 A TEEPE
B2 24 R A A 2 A g Hh B2 i S g b D EA T S /D
Bl MIRT A58 9 3 57« /N BB I 1 5 29 13 B2 L 22 A
(50 mg/kg) RIS , 5 FH A 14 Sl P WAL 28 A8 47 A
AN TIES (110 W/ min, 1S H 0.2 ml) , SR JE7E A
55 4 WA FE N, FH 10-0 PROLENE® 4% 28 45 +L 22 Bij % %2
(LAD)30 min &, fJTAELFRENE 2 h, Sham ZH/)N LAY
FFLALEH, HALRAE S MIRT ZHAA1R], MIRI + HK 20
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/NERE MIRI RA45T HK(0.2 mg - kg ™' - d™")
W5, 4% 14 d;Sham ZH 1 MIRT 41/ BL4A T 2510 IA 7
( TR, DMSO) ,

1.3 WEFEhR 57k

1301 I v WILAR PG W) T/ ( CK-MB) | LS &
(eTnT) K . FEHES: 2 h J5, BUNBUE F8h kI 1 ml,
ZEIRFE 2 h,4°C 3 000 r/min B0 20 min, BE 2
ML, — 80°C {447, il ELISA i &4 ¢TnT /K
S Af 4 F B AR BRI CK-MB 7KF, A iifidi
VERR PR S Ut B Bk A T

1.3.2 RO oh RGO DI RE . PR, R 20
L ol R AT 0 E ) RE A PEAG T 1. 5% 533K
Jot/ BSOS BRAEA T BRI, Lk M BRD - 4E R R 0 3
FEVPAR OO E AR | AL 36 220 2 B L4380 (LVEF) 20
M AR R (LVFS) 2o wm A R N &
(LVESD) \Z20 3 Pk AR BN A2 (LVEDD ) % 244,
1.3.3  TTC YL A5 M0 WUEEZE AR . FE ), 1
PROLENE®#4% 2% FEUR 4 ZE TR Sh bk , PR B 00
-20°C VKU 20 min, FEJS VI 1 mm @81 R, ffH
1% TTC %G E OIEYI R 20 min, Je)5, AL
1R SRR A L EAE 10% 2B WIE 24 h, 2043
SrFORAEFSE X, A TR MIAEIX . I Image-
Pro Plus 6. 0 K443 #7145 5L 1 AL A 43 L, 2O JUURE BE 1
BUES I (%) = #3E X i AV0 BLY) A X B T
1 % 100% .,

1.3.4 TUNEL 3%tk ml.co WLAR A 98 7 . O Ak i
TE 4% Z 5 WEE 24 h, W AT LS wm JREED]
R o VIR 10 mmol/L B R 1R 2 vh %5 ( PBS) PE¥4 3
WK, B 5 6B U K H B AL 10 min, FRRPER 3 WA,
BYI R TE TAT ZEvb il 37°C THEE 1 h, SR 4,
6- B H-2 AL e ( DAPT) AEAT AN MR B (1, B A
PIR BEHLIERE 5 A4~ X8k, A 2¢O b 085 40 e 5%,
F£:H Image-Pro Plus 6. 0 3K {473 M1 40 i 98 1%, 411 g
JATR (% ) = TUNEL BH 1 20 i %5/ 204> 90 BT 435 41
Ji %k x 100% .

1.3.5 HBDMEONILORR LS . P S UG Ik
FEA G [ 5E T 2. 5% % - 24 h(4°C) ,PBS o
VR B E T 1% DAL SR PR M 22 vh il P 2 h, KK
PL30% LB 50% B 70% B FR il £ BEA AT 12 h,
80% LT 95% LT TCIK LRI G R Jo (A A 5 it Iy
HEATHEIK , Epon812 SREM A5 L, Y] F#L 70 nm
IR, A FH I A R R R A TR B DU e 51, PBS V8 Uk 3
8 H A7 5 i i s A IR

1.3.6 Western-blot £ 1= F11 PI3K/AKT {5 = i %

FHOCHE 1363k . F RIPA 85 1 24 vl S i D IE 4L 40,
FEHH BCA B A & ATk B e i, I SDS-
PAGE HLIK /3B 40 pg #EF1,185% 2 PVDF IE I 5% it
R 2EW3EA] 1 hy 435 A Bel-2 | Bax , Cyto-C , Cleaved
Caspase-9 .PI3K . p-PI3K | AKT , p-AKT Fl GAPDH —47i
(1:200)4CHFF IR, X H, A HRP P05 16
“H(1:10 000)37 C FEE 1 h J5, L5 H
FASOO 25 HEA T AT AL

1.4 SEiteriE FrA SR 4R SPSS 26. 0 4iit
FHAHEATGA W A RS S T TR
x 53R, 2 A BRI FEAS ¢ K e, Z2 41 1] L
BCOR B ZE 5 2200, T FL8R F Turkey #5565
P<0.05 NZEFAGIFE L,

2 & R

2.1 HK Figb#EX; MIRT /MR CK-MB Fl ¢TnT (1)
B 5 Sham 4H L4, MIRT 4 /) BLIf 3 CK-MB Al
¢TnT KFFHm (P <0.01) ;5 MIRI 41 HL %, MIRI +
HK 20/ B35 CK-MB Fl ¢TnT 7K B SRR (P <
0.01), W51,

1 AAVNRIMGE CK-MB Fl cTnT AP HE  (xxs)
Tab.1 Comparison of serum CK-MB and ¢TnT levels among dif-

ferent groups of mice

4 5 n CK-MB(ng/L) ¢InT(ng/L)
Sham £ 10 1983.45+ 372.86  26.85+10.21
MIRI £ 10 5432.89 +1212.45*° 73.52% 9.75°
MIRI + HK 2H 10 2746.43 + 864.58" 43.92+ 5.33"
F 1Y 1169.263 209. 541
P1{A <0.001 <0.001

7.5 Sham 41 H#,*P <0.001 ;5 MIRI 41 Hb#,PP <0. 001,

2.2  HK FAbFERE MIRT /D BUO I RERY M B O
FIRZER BN, 5 Sham 41 4, MIRI 4/NEL LVEF Al
LVFS F#{%, LVESD 41 (P <0.01) ;5 MIRI 41 [b%%,
MIRI + HK ZH/NEL LVEF Fl LVFS ¥4/, LVESD F# ik
(P<0.01), 1fi 3 4406 LVEDD [b# 2% %0 8 & 51t
B (P>0.05), WK1 322,

2.3 HK TALEEX) MIRT /)N BC HILAE B 1 R ) 52 M
TTC G PPAk . JLAE B850 [l & B, Sham 2 MIRT 4 |
MIRI + HK 2.0 WA A6 38 [ 43 5 R (5. 21 £0.75)%
(32.65 +8.95)% F(13.67 +4.71) % ,3 46l %
SH G E X (F =176.531,P <0.001), 5 Sham
2 H A, MIRT 41 /N RO LA K 1 AR B 3B 3 2 (P <
0.001) ;5 MIRI 41 He%5 , MIRT + HK 20/ BLC WLEE 58
AR R 0 (P <0.001) , LA 2,
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Fig.1 Echocardiographic detection of heart function in each group of mice
F2 BHDRDIREIEIRLEL (v +9)
Tab.2 Comparison of cardiac function among different groups of mice
4 5 n LVEF(% ) LVFS(% ) LVESD( mm) LVEDD(mm)
Sham £ 10 82.53 £6.76 58.33 £3.21 1.24 £0.36 2.67 £0.63
MIRI 21 10 45.87 £8.21" 33.37 £5.33° 2.43 £0.47¢ 2.88 +0.89
MIRI + HK 2} 10 83.85+5.98" 57.54 £2.47" 1.55 £0.21" 2.71 £0.53
FA{E 241.761 197.564 12.653 0.086
P1H <0.001 <0.001 <0.001 0.970

.5 Sham 4 LE,*P <0.001 ;5 MIRI 41 %, P <0.001

B2 TTC Je @R/ oL JLEAL AR
Fig. 2 TTC staining for detecting myocardial infarction area

in mice

2.4 HK FALELX MIRT /Iy BC ATLZ At 38 1 %) 5% i)
TUNEL 42,25 5 5 /R, Sham 20  MIRI 44  MIRI + HK
HA M TR (1.03 £0. 11)% . (68. 46 +
9.12)% F1(33.45 +4.68) % ,3 4Iu) b4 22 A Gi it
FE Y (F =64.241,P <0.001); 5 Sham 41 %5,
MIRIZH /N RGO LA TR 8 2 T (P <0.01) 3 5
MIRT 41 Fe %% , MIRT + HK 20 /)N BLCs JULZH M 03 7 SR B &,
FEAR (P <0.01) , LI 3,

2.5 HK TRARIEXS MIRT /I BCs LZN it 2 b A o o 245
FRREIR FLBE ISR & BR, Sham £ /DN L LA 26 r
LS IEH  FETH T, AN SR ok R HE 51 4%

B3 TUNEL Fe sl /e DL i T
Fig.3 UNEL staining for detecting apoptosis of mice cardiomyo-

cytes

FF, T m i i s MIRT 400 LA il 2ok A4 R 22 i i,
P AINOUZ RASORY |, Ui i T2 L 9 /b 58 5 2% s MIRT + HK 21
55 MIRL 41 oA bR B i 3 22 | HOB IS 1A BT g
B ZERR R e AN RO SRR R BE K A LR
REN TS

2.6 HK TALEEXT MIRT /)N BC LA Bf 26 b AR 9/ T~ 4H
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FEAMR N Western-blot 5 1 £& ki (8 I8 T-#1 78
Fik, 55 Sham 4 L%, MIRIT 2 /) B0 UL Cyto-C |, Bax
i Cleaved Caspase-9 EOaFREEET S ,Bel2 tEHFR
KPR (P <0.01) ;55 MIRT 41 HL %2, MIRT + HK
ZH/NELO L Cyto-C  Bax Fll Cleaved Caspase-9 £ H 3
KRR, Bel-2 EEH BT (P <0.01) WL 5 583,

Bl 5 Western-blot 4G /N BlCo LR B £k (A I T AH OC 8
Kik
Fig.5 Western-blot method for detecting mitochondrial apoptosis

related protein expression in mice cardiomyocytes

2.7 HK FiAbH X MIRT /) 0 WL PI3K/AKT 15 5
WA R 5 Sham 41 HE %, MIRT 41/ B0 L
p-PI3K/PI3K Fil p-AKT/AKT F& 1% (P <0.01); 5
MIRI 2 Fb#, MIRI + HK ZH/NERC L p-PI3K/PI3K Al

p-AKT/AKTTFE (P <0.01) , WLE 6 F 4,

B 6 Western-blot &l /Iy L WLAN I PI3K/AKT 15 538 [ AH
KEHRIE
Fig.6 Western blot detection of PI3K/AKT signaling pathway re-

lated protein expression in mice cardiomyocytes

R4 UM PI3K/AKT {5558 AR SR (1 Rk
e
Tab.4 Comparison of protein expression related to the PI3K/AKT

(xxs)

signaling pathway in the myocardium of mice in

each group
M5 n p-PI3K/PI3K p-AKT/AKT
Sham 41 6 1.05 £0.31 1.04+£0.26
MIRI 21 6 0.32 £0.13% 0.18 +0.05"
MIRI + HK 2H 6 0.82 +0.23" 0.62+0.11"
F1E 7.135 6.863
P <0.001 <0.001

1 5 Sham 4H L4558 ,*P <0.001 ; 5 MIRI 4 b4 ," P <0.001

B4 T RN O LA B R A B A5 14 ( x 15 000)

Fig.4 Electron microscopy examination of mitochondrial ultrastructure in mice cardiomyocytes( x 15 000)

T3 ASU/NRUC LA R LR A TR DGR 1 Rk UL

(xxs)

Tab.3 Comparison of mitochondrial apoptosis related protein expression in myocardial cells of mice in each group

4 5 n Cyto-C Bax Bel-2 Cleaved Caspase-9
Sham #{ 6 1.01£0.22 0.95+0.26 0.97 +0.33 0.91 0. 15
MIRI 2H 6 14.37 £5.65° 1.83 +0.47° 0.58 +0.19° 1.65 +0.25°
MIRI + HK £ 6 7.43 £4.21° 0.65 +0.47" 1.31 +£0.33" 1.17 =0.21°
F 14 27.368 3.832 4.821 7.134
P1H <0.001 <0.001 <0.001 <0.001

¥ .5 Sham 4 LE,*P <0.001 ;5 MIRI 41 % ,"P <0.001
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TP I — BRI G 2O U A R
I BE RN T 18 B A 8 %, SR T, 0 e A R P B e
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SR, H AT HK % MIRI 5200 f3ESE 8D, IFERY
WF9E b, HK Ak 2 5 2k sl /0 200 Bt 8 1~ 0 41k 7 3
R B 1 BOE DRI AR MIRT' | I 7 dgk 3 P A%
MIRT J&5 AR AT A 2 % 41 i P F- ( TNF-o \NF-kB Al
1L-6) F1 L3R 545 4% ( <TnT F1 CK-MB) 7K ' A&
5T 45 W 5 X Se SCRABL, HK TiAL B AT k038 MIRI J5
DI RESIT , BEARO LR 546 45 K, #2278 HK Fikb
FEXT MIRT H A7 I 3 0055 Ao dr 4

AR R 22 (14 3F B 2 W, SIS MIRT 2% A1
7 MIRI G AR R ROS 1977 Az T4 5 A] 45 5 1
OIIRE, SR O T RE RS fE R D TR AT  Zekn
RS ROS ff 255 Py MR JEORITHE o5 | bl 0 M2 i e
RESRE, DA & S ZopidA , e C LA i o 2 AR R
AR SR HHURT | AT ROS A7 A AP IR
PP R R GE 2 (A7 AE Sh A V-1, MIRT 2589 BDIR S 4T
W VA7 2 iE ROS i 7= A, 3 bR B 6 403
BT T AR DC R FA RN Cyto-C , 0% 28 A4 1 i 1) 98 7
WA E AT (RIET-E A Bax MBLIHTE
F1 Bel-2 J& T Bel-2 SR SR , BOA N SR LRI 11
T ® AR EZH T HF, Edlich %7 &3, 7¢
A FREAN M b | EFE A B L AR 1Y Bax i 1 2 ki 1A E Y
BT (AN Bel-2) AN i) 248 ff S5 3 4% | LA T By 2k
KR SMEE B PERE N, R, Bel-2/Bax U AE 9728 b4
SR G i A i i, X EepF I R A B S AR
WFFEARALL, MIRT #5473 AT 375 S0 LA IR 8 T2 2 (1 38
RN AR e A5 5, 3 B s R A AR 1) A T 3%

TS AL MIRT B2 P R 455G E A

CRINLFESE S5 HK 1.0 JURHE,
HK Xf NF-kB i 8% ) U847 1] BEREAR STZ 5 S A% bk
RO JILZH 2L ROS 7K - PN B2 40 i 3 1 158 4
N BeAh  HK AT gt AMPK/ULK 38 52 .0 L
2R P, LK 1 PI3K/ AKT 38 53 i [1] i £F 24 4k
R LA B B0 AR 52 e W, PIBK/AKT I % 16
HK TR HLA) MIRT /NP AR T RES S T
HK X MIRT 5.0 ILER 4P VE . BF5E & 81, PI3K/AKT
T8 O AT R AR I T A 1 Bax KPR AR SEBT I T
A Bel2 BB, AL, Caspase B IEIE AT i) 18
Cyto-CHIREHL, A B TR b i v AR 4s
Hid W], HK B4k 352 2L MIRI 1 Cyto-C |, Bax Al
Cleaved Caspase-9 7K VT R, {4 Lok iR L5 | F
—L3RW] HK AT REIE T PI3K/ AKT 15538 B4 il e ke
PRI T RARY" MIRI,

£ ERTIA  HK BiAb B AT B & 236 MIRT 51 YL
IRedhifh , IR R A T 45 14 AL LA I i T B
B R PRI VR R, ML AT fiE 5 Hm 2 90 PI3K/AKT
R 7S K,
) 3 52 < I AT A 7 W TR 2 i
fEE RIS

EHB RIS, LR R IR SR T EA R
FHEWFFEAS AR, GORHE SR B 0 SRS S AR SUST A A SRR R
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