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ABSTRACT Objective: To explore the therapeutic effect of Dalbergin (DAL) on myocardial ischemia/reperfusion (MI/R) injury in
mice and its mechanism. Methods: Adult male C57 BL/6J mice were randomly divided into sham operation group, model group, dilti-
azem group, DAL low, medium, and high dose groups (10, 30, 90 mg/kg/d), with 10 mice in each group. The mouse left anterior de-
scending coronary artery (LAD) was ligated, ischemia for 30 minutes, and reperfusion for 1 hour to establish a mouse MI/R injury model.
From the first day after the operation, mice in the sham operation group and model group were intragastrically administered with equal
volume of normal saline, and mice in each dose group of DAL were intragastrically administered with the corresponding liquid once a
day for 7 consecutive days. After the administration, the creatine kinase isoenzyme(CK-MB), lactate dehydrogenase (LDH), tumor necro-
sis factor-a (TNF-a) and interleukin-6 (IL-6) in the serum of mice were detected; The superoxide dismutase (SOD) activity and malondi-
aldehyde (MDA) content in mouse myocardial tissue were detection; The myocardial injury pathology were detected by hema-
toxylin-eosin (HE) staining; Western Blot detection of Akt and P -Akt in myocardial tissue protein level expression changes; Ultrasound
detection of left ventricular end diastolic diameter (ESD), left ventricular end diastolic volume (EDV), ejection fraction (EF) and short ax-
is shortening rate (FS). Results: DAL can reduce the activity of CK-MB and LDH and the content of TNF-o and IL-6 in the serum of
mice, increase the activity of SOD in mouse myocardial tissue and reduce the production of MDA (P<0.01 or P<0.05), increase the ex-
pression of p-Akt protein, reduce pathological damage of myocardial tissue, and improve cardiac function. Conclusions: DAL can pro-
mote myocardial cell survival by increasing Akt phosphorylation, reduce myocardial tissue pathological damage, inhibit MI/R damage in
mice, improve cardiac function and ultimately play a role in myocardial therapy.
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Bl 1l 0o 5% (Ischemic heart disease, THD )& S8 A2
To EZRN 2 — it A AR 2 URGE , B 2013 4F, 2K
FET ANEE L F 2 810 J7 AW, iy v | RAE T 3 K
SR EEIR R, SO IUEZE & AE B I RTRYT i 48 B Ik Bl ik
I NIRIT R BTG IR b USRI AR o A 3 B, H
Fifi 2z 117 e B O LBk I / P 7 (Myocardial ischemia/reperfusion,
MUR )45 7E 2 Co VAL i 4 [ s SO 1 SR JUL I i i
SRR B 0 B H I XA 2R O VAR J5 00 B R A
O B N2 O WU IE 5 SET R BT 10% 1 15 G Hl J RV
Tl S B B A A IR YT 7 S KT R AL EE MIR #5455 09 & A=
FZVRYT HD (W EZF B T MUR 4545 19 &2 AL, Sk
TERAE IR SRR FH 259, J2 21 TR AR M e — > S S

G 25R YT O MBI & AT SBT3, I h
2iBiH MUR $503 Ke HAE TP TR A A O 45 B I 5T
G FARIZ — . AT (Dalbergia Odorifera, DO) M 44 [ LAY |
2R R E R LB SR B, I A4S,
TR Lk i, T A TR R L S IR EEAT I R A
A L 5L BEL o K %) P R I8 BT ) B i K
PR, R B A DU, S5 B R ER R LN 2k
O ULER LY Bl O VLB A I A o, B0 O U BE T 00 B
EHAEVERY, ¥R (Dalbergin, DAL ) ZFEF H 205
Yooy Z—  WFFE R, B 7K S e T 288 1 43 BA 0 1 Bt
AL PR KNI A& EVE T BRI, A SC B 7ER T DAL 1897
/N MUR S5 P EAE AL, il R A ] 2 Sty 7
MI/R 545542 47 20 S 4 4 4fs -

I R E

1.1 ZHinitF

W ZE (DAL) W [ 245 5 A Pl Sk e B (5
110817 ) ; JULF& 1 if# =] T_fif# ( Creatine kinase-MB, CK-MB ) . ¥ fi%
At & (Lactate dehydrogenase, LDH) . AR ¥RFEA -o( Tumor
necrosis factor, TNF-a ) | [ 40 i /2 -6 (Interleukin-6, IL-6) . 48
E A LB (Superoxide dismutase, SOD) 174 1% (Malondi-
aldehyde, MDAl [ i3 78 AE R A FRA R 5 BT Akt,
p-Akt Flp-actin £ 5w BRI [ 3¢ [F Cell Signaling Technolo-
gies A5 B AHRBGRAT & BCA & iR A &l H
WY TREAT] AR AR MR 2% (poly vinylidene
fluoride, PVDF ) 5] [ %5 3 1 b A BR A 7] 5 rar Juseb iy 1 3%
P A-AEA ) T ARG BRAF] .
1.2 {425

HAIZWHL(SE[E GE A #) ) ; Bigtn{ (3E[F Thermo Fisher
O AT R AL(EEE Zeiss 23] ) KA SLRerl fb2F k&
AU R S (36 [ Bio-RAD &) ) ;)62 AR -80°C vk 48 (3£
Thermo A F] ) ;4°C ykAH (5 8 /R AR A BRA W) ) 5 8841 - AT I
ST (ARt A A A BR T AR W) ) 5 /NS RF IR L
(R AR A TR AT
1.3 KIezhY)

C57BL/6T HtE/NER 60 R, 28 ZEZE R R~ 5 g sy bl 4

it IR 23.02 2.0 g, 4E % 8+ 0.5 JAl : S il %, AR 1 I R
TR JEIE, AR PEEATHIES : SCXK-(75)-2019-009., 525654
P FIAE & 2 R E RS L R IR, [ 2R T E R
PAE#FFEBE(National Institutes of Health, NIH ) sh4) L5648 7 o
1.4 INRSER MR #R{GHERE T

K B HLEL 7 2356 60 L C57 BL/6T /INELBBHL 54 6
2 : 8 F-AR 4 (Sham) BRI ZH (MIUR) | Hi /K i . 4 ( Diltiazem,
16 mg/kg/d) Al DAL k5 &40 (DAL low-dose, 10 mg/kg/d) .
DAL 5] 2H (DAL medial-dose, 30 mg/kg/d) DAL & 5] 2
(DAL high-dose, 90 mg/kg/d)4, 4 10 H . 25 2455 & 4% IR T
SEHSEEILMIRE , 435 T 5 B 452 1 IR ,3%%k 7 d, Sham 4
I MIR 21/ AR FRER K

/NERBRE S SR 1% B HE % (0.15 mL/25 g) [ JEs T iR
B, AMEM [E E T BUR , OB & T/ Nl i
BFFRAINAE S 150 IR /min; 38k 2.2 mL; WA LESH 1:2,
/0N B PR3 42 O W WP, 7S % TS T T I B A2 %, 0 LA, ke
55 3~5 WiE, TTH MO, Pl O, BRER O E, AR AR g LA
AR Bl Ik 22 iR 37 (Left anterior descending, LAD ) A#ridi , % H
6-0 R GEME S OH T 122 mm AbHEE, WELELCHL K
ST Befrs 540, 8 O LB ey , F @ 4540 30 min 544
J 45 LR T 3 h, Sham 21 768 TR S IR S5 FLAY B 0L T 42
Z T MERUITFARFCNE 265 o PR S5 S WO O EAT M,
PEATAHICFE AR
1.5 HELisrRiai

TN BB RS WO AR /N BB K i AL LA 2, = i
# 30 min, LA 3000 rpm F 4C &> 15 min J5, B EIE2EE T
-80°CHHI; D HEBCL AR, HIAEFRER KA 10% 0.0 L]
¥, BOEB . #4Y% CK-MB LDH  TNF-a IL-6 ,.SOD #iI
MDA {75 & UL A TR .
1.6 fRIEFKN

1% )8 I LU Z2 M 13 55 BRI 5 B/ BRI, O I ZH Y
BT 4%Z R PP EE 24 by WIS [ E 282 (80% ,.90%
95%.100%) O LU SUSIBEK AR B 2 TR iR A S AL
Y5 wm YRR, TRAKE - P41 4 (Hematoxylin-eosin staining,
HE ) Ri.Co R 5 IR A , 2 SR N WS 4h IRie %,
1.7 HAEHIRK

T PBS YERAHAUSIK =k, BLE 2% W : 1 mL RI-
PA ZUEH A 10 WL e B2 100 mM ) 25 14 g0 i 550 A gt
FR BB 157 VR 515 VK EORAEE M e . mZH AL 100
pL 24, ToK E#EE 2 15 min SRR AR 2 1.5 mL 2.0
B, FE 10 min (FHL AR . 2T 4 CELHLT
12000 rpm #§.0> 20 min, #% FEWRES— 1.5 mL #0458
o BCH AR R, B 10 wL FiE2R AT BCA A ik,
AR FIEBT RS R 1.5 mL BLOAE AT -70 CORAE, RS
SRR,
1.8 EENTNHT

B B U B B A AEATE SDS-PAGE |- &5 HEATHLIK , J5
W BRI B 1 2P 125 7 31 i 91 £ 05 (Poly vinylidene fluoride,
PVDF) |, F 5% 583 7€ 37°CF $f ] 30 min, PVDF fii
Lok e JRAUR T . — U E % J5 TBST 53k 4 1K,
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B 6 min, ML ZHiLE 37 CTHIER 30 min, PR
TBST 53t 4 X, BIX 6 min, )5 ECL Ab~AGR &L i,
ER A
1.9 1 AEThBERE T

/N REZATIGTE IS , 28 R F A SOR A RERE , /DR
BFERS L, EE R, g/ N P T A S Y
OFRYEREAE 400-500 YK /min, PR PRk | DL ARAS LT Wi (2]
&, )G TAEZ MK 2= £ 5K K M43 (End-systolic
dimension, ESD). 7£ & 47 ik K & 1 (Enddiastolic volume,
EDV) 5 Ifi 4345 (Ejection fraction, EF ) 145 %4y %5 28 (Fraction-
al shortening, FS), 2 /D& £k 750 3 B4 , 438 =4~0 3
JAEA A AR O T O A E A R B R 25 5
110 #iEabiE

a2 s 8 {EE AR (meank SD), BT A 115 (H

% 1 DAL 3/ R MIR 5 )5

1 GraphPad Prism 7.0 JR#EAT50Hr. WAL LU t K56, — 4Bk
UL L H A 2R 25 22 4397 (One Way ANOVA), X T
WP Z [ A Ge T2 e 22 5+, #8417 Bonferroni 5 K5 50 4%
1Eo Bh P<0.05 \E 2R HAG R X

2 &R

2.1 FHELABEEMHRNILER

LMIERR MIR 5455 , 4 P A9 CK-MB LDH [ 241 ffd i 36
I (8 g T R S R I Y v, T AR Ry s AR S 56 5 12
WiRUEFE . 5 Sham ZHAH L, MI/R 4H1f17% 7 LDH ,CK-MB
K-8 T (P<0.01) 3 5 MI/R 448 [, Diltiazem 4 i1 DAL
1% HP LA A T RGN R ¥ R 89 CK-MB LDH 7K (P<0.
05,P<0.01), HEA G2, R 1,

i& CK-MB,LDH Hy &0 ( meant SD,n=10)

Table 1 Effect of DAL on serum CK-MB and LDH in MI/R mice( meant SD, n=10)

Groups CK-MB LDH
Sham 110+ 2.12 210+ 1.34
MI/R 456+ 2.19** 869+ 1.30%*
Diltiazem 310+ 2.10% 354+ 1.05%
DAL low-dose 403+ 2.10% 603+ 1.45
DAL medial-dose 359+ 2.19% 540+ 1.56
DAL high-dose 320+ 2.13% 389+ 1.45%

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

22 BEENIERRNLER

L5 Sham ZHAH L, MI/R ZH /N B 7 TNF-o IL-6 75 1 4 3
FHiE (P<0.01) .o 414 SOD F i i PRI (P<0.01) , .0 L4
41 MDA & & B 275 (P<0.01); 5 MIR 41 [4%¢, Diltiazem 4

F1 DAL % Hf 75 577 a2 41 ] ARG /)N BRI 3 %) TNF-o IL-6 757
2 (P<0.05,P<0.01), H BA G125 3, L4 2 SOD & &
FhEr, O IZHZ MDA & i 2 IR (P<0.05, P<0.01), FEILER2,

% 2 DAL 3/ & MIR #if5 /5 TNF-a IL-6,SOD MDA EJ£4Hi( meant SD,n=10)
Table 2 Effect of DAL on TNF-a, IL-6, SOD and MDA in MI/R mice(meant SD, n=10)

Groups TNF-a 1IL-6 SOD MDA
Sham 22+ 1.12 23+ 1.30 269+ 2.40 2.3% 0.30
MI/R 56+ 1.19%* 89+ 1.30%* 169+ 2.30** 9.8+ 0.30%*
Diltiazem 31+ 1.10% 35+ 1.00% 235+ 1.10% 4.8+ 1.00%
DAL low-dose 48+ 1.10* 60+ 1.00 180+ 1.00 6.8+ 1.00
DAL medial-dose 40+ 1.19% 54+ 1.56* 200+ 1.56 5.9+ 1.06
DAL high-dose 36+ 1.13% 44+ 1.40% 224+ 1.40% 5.5+ 1.40%

Note: vs. sham group, **P<0.01; vs. model group, “P<0.05, #P<0.01.

23 BACINABLRERIENLE R

Sham 200> NLZH LRS54 52 3% , SO, O LEF 4EHED R
D), TGI8 200 P Bk 2R A2 R 43 AT 34 50, oA DL AR A LR
i, JCIA S FREA AR 5 T MIU/R ZH0 LS RS IRAE , O WL 4L
PUWTES , SRS, O i 2 258, o) T BE I,
K R PEANEIRE ; Diltiazem 2 A1 DAL w5 35 i 40 LA S £C
BRVEMT, AT, A Lk, 2D W PRI o 45 b A,

DAL "] DL/ IS BRAEZE XA O ILE SO B 1, WL 1.
24 ZHEOAARTEORNLER

Western blot SZ4GA .0 ILZH ZUEE 11 Akt I P-Akt ({55
W%, 5 Sham 41HH L, MI/R 41t R AIK P-Akt 2K (/K F-197%
£ ; 5 MR 24 #H [t , Diltiazem 21 #l DAL =5 )& £ 7] |- 3
P-Akt Kk, TEILIE 2.
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& 1 DAL high-dose 33/ING& MI/R f5:0ALAA RIS MR M ( HE Ze68, % 200)

Fig.1 Effect of DAL on myocardial pathological morphology in MI/R of mice. Representative photomicrographs of mice cardiac sections stained with

hematoxylin and eosin (H&EX 200 magnification). n=2/group. Scale bar: 100 pm.
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Fig.2 The effect of DAL on the expression of P-Akt protein. Akt and
P-Akt protein expressions were measured by western blot analysis. 3-actin
was used as a loading control. The protein signals were quantitated by
densitometry, and the graph shows their relative levels. Values are
represented as meant SD from 3 independent experiments. “P<0.01 vs.

Sham, **P<0.05 vs. MI/R.
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W WL I 5 | L /)N BRUZE 20 BT TR D RRIES O ThBEEEL; 5
MI/R 448 Lt Diltiazem £ Fl DAL & 5820/ A2 = DI REA
IR AR B s, LR 3,
3 3tig

PERAE TN RS SREMKIE TR T AR AZ R IR s ik A 55
FBLAE NG RIAYT S 0 R R 32 R, i gk 22 B
MR $5 455 MR BB TR YT RO NETh REPK & B fig i = 2R
oo BE N E A S, DL T2 s S ik, 4
PR MR T ), SZ B O IAMEAN R &, B & A
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Fig.3 DAL improved cardiac functional in mice post-MI/R. Typical images of echocardiogram and parameters of heart function (EF, FS, ESD, EDV)

assessed by echocardiography. Values are represented as meant SD, n=8/group. *P<0.05, #P<0.01 vs. Sham, *P<0.05, **P<0.01 vs. MI/R.

P AN AT B A, I BT P D RE R R ]
P BT o 23 SR A 7% UL S R 0 e ik L2 B S i 2 i 2
T WLETHE2E 4 TR BAE £, /D MR 53451 H AT, il PR
X MR 45603 BB 1R it 2 22 DRI RO LR L A4 S A
I BN AT RO ATAR M AR AN P T, B 1o JUL ] 326

P SR AN AT AT . (H MR 5475 (i 24 A= 3 R A
7%, HOR AR 1 o e 4 BT, (B ek SCHIR 78 MIUR B9 2 A2
FRE -5 240 PN 3 PR AR R A v R R IR T | R R
Bt COLAR YR TS R VAR OC, I L 2 R S AR A7
e = AR P RO SR B LR S g O
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I BRI MI/R 5356 Ao SATL A, SR 0 TS0 o A 245
YRIRYT MUR 355500 SCHERTAED , i TP 2458 A MIR 451455 3%
HAEFABLHIF G A A2 O I B 8 U S 2 — . B
RETH2EFFFUN T ARG LEIRYT MUR 5145 I HA FEAIR
MRRGEE , Hosel Al A SERE 4 s O LA BLA T AR 2 i
BRI ESBEER R, K DIURATYE- . DAL 2 MK
EME G EA 1A, S UERAE A 2 - BRIy £
BRI A, LA Ok A, o] DB S B e e ko
R EERE IO AR IR FEAR O e DA ST AR YT R,

AWFFE ST A/ VB MI/R BT 8L , Wil.co it (K16 80y ST
Brige  OFRE, T WA E Q M RH , I IR W WL L2
FEACRE R R IE A, JR A R, IR, oL
20 0 7% 5 R A BB IRJ , AH% 38 2 B T, B PN 2
WUBG S BERCA ML Y, FL5 BRI BR A [RLAS (], DR] A 22
OGRS AL 4= I A2 W5 2., AT Ml s RIS W FE 70
L BEHR, 64N, LAD ik 2€(8 CK-MB Al LDH 5.0 L
KB T, Br LA, H A R 2K i v b CK-MB i1 LDH
Frm T RS WA O USRI S0 U FE B R DRE AR, AT 5T 45
R, 5 Sham HAHL ,MUR 4H/NREAE T —ERERLOIL
#i4, 1fvE CK-MB LDH /K- 8 &, 5 MI/R 414t , DAL
IS rp R R 2 ] L SRR AIG /N B CK-MB LDH /K-, [kt
ZH0 AR/ MIR 55 A rh | 0 LA T AU Ab R S8, B
Al LAG | R i A A, (BB s AR S AR P8 T R A, B
A ML ' TNF-o0 £ IL-6 5 5 (9 388 o vl 300 LA 59
TR IEDIBE SR ; SOD 2R3 .0 it Ak i E kil 2 —,
AR AR S AT AT , 3G 1 0% = IR 12 R e LA 4
AW BE 7 A5 55 20, 0 JUL BBt LR 3 4 4 9 DR e i 68 i 7 N
ZH 2 SOD & By /b, e O LA i Ay $245522 s MDA Sk Jiig i
i AL T, HACE AR B i it S A R RN R B 3 S
o7 AN BAGRE R, SEER 45 R /R , 45 Sham ZHAH L, MR £H/)N
MG TNF-o IL-6 & 5 W& T+, L4148 SOD 7 i i 2%
i, MDA & 718 T 5 MR 41 He s, DAL K b sl ik 4l
AT AR/ N BRUALTE H ) TNF-o IL-6 75 5, 0 LZH 4T SOD
i, BEFRR MDA &t DAL A e O Ui 45, &30 0L
PRI PER

L FES (RS0 WLZH 28 S s R AR , W LS B 245
YiAI7 MUR 155008 20 . AiFstilad HE Jeaiigs.oia
AUEAARE, 5 MUR 4 H, DAL 2550 520 G P W ozt /N Bl
JULER I ARG , Wl U JULIR SE AR FE R AR 47O JU LB L

Akt (5 5B REAMERNGESHFNEERREZ —, 25
VEREE (b p e ) e T B R E v AW S A R D i
AT 55— RN E B Akt 5530 B o HAE O
AR, A AR R R AR T A R A M e RO I A R
GLPRIR I S 500 S BTG Ak {5530 B AT LR g
AR BRSO AE SN i O LT dEAL RO LA RS, A5
T AR SE S T 3 O B R A TE M Akt ZEE S, T LAWY
o 7R B BN AT T A D U T B FEShsi g
o SR RO U U B RE N T 0 Akt FE IR, AT LB S 9
% MR 45145 /5 0 UREBE TR ARE AE A3l B O3 15 1 Ake, 38
SRR T Z A8 2 R S G R B MIVR Hh & 4%

FEAE . AT, Akt 5530 A AT LU LA T

PEMm GO LR A, R OIEDIRE. ABFEiE I Western

blot #l.0IZHLVE I Akt Al P-Akt (915 54>F , DAL 15 7 &

HATHE I P-Akt Kk,
R PO Bl R — R T B MR E s AR A 7 1, TE IR PR 12

Wi Lo b A R . DR REIE HORAS T, D EA

TR HET SRR , — B0 W2 B8 7, 0 ME A& 7K FIIC 4 2

REZIR, WIRISIEzEh 4 . AUFFoi e sl Fa R ER, 5

Sham £ FL#, MUR 21/ U7 28 5K T3 980R , WA I8 s , B 7c %8

IZ3E . DAL 3AY7 )5  EF FI FS {2 % 7t EDV Ml ESD /K

FREAR, BT DAL BEJE OIS SR A DI RE , i O D) g

S
L5 LT, AR DAL AT LA E i34 i Ake R fE2

HEC R EAF T , 82 WL SV B3 , BRI/ B MUR

P05, B O NEDIRE , B AR O WURITVER] . XS 85 e ddR

DAL [ figJ& MUR $i 013697 R EfL mfE 25 2 —, doh

DAL Il RYGS 7 0 WUB A B BT A B
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