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The myocardial protective effect of propofol on rats with experimental myocardial

infarction and its mechanism

ZHANG Ming-Xiao', TIAN Qing-Xin, LIU Jian-Long
Department of Anesthesiology, the First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China

Abstract: The aim of the present study was to investigate the protective effect of propofol on the experimental myocardial infarction
in rats. The myocardial infarction model was established by ligating the anterior descending branch of left coronary artery in rats.
Model rats were treated with propofol. Cardiac function was evaluated by echocardiography. Cardiac hemodynamic changes were
detected by multiconductor biorecorder. Pathological changes in the infarcted myocardia were detected by HE staining. The expression
levels of cardiac hypertrophy marker genes and fibrosis marker proteins were analyzed by real-time quantitative PCR and Western
blot. The results showed that, compared with the sham surgery group, the model group exhibited larger infarct size (> 40%), impaired
heart function, and significantly increased left ventricular end-diastolic pressure (LVEDP). Propofol reduced cardiac function impairment
and decreased LVEDP in the model group. Propofol significantly reduced lung weight/body weight ratio, heart weight/body weight ratio,
left ventricular weight/body weight ratio and left atrial weight/body weight ratio in the model group. Furthermore, after myocardial
infarction, the administration of propofol significantly improved the diastolic strain rate, down-regulated the mRNA expression levels
of myocardial hypertrophy markers, atrial natriuretic peptide and B-myosin heavy chain, and reversed the up-regulation of matrix
metalloproteinase 2 (MMP2), MMP9 and tissue inhibitor of metalloproteinase-2 (TIMP-2) induced by myocardial infarction. These
results suggest propofol can reduce adverse ventricular remodeling, cardiac dysfunction, myocardial hypertrophy and fibrosis after
myocardial infarction, and has protective effect against the experimental myocardial infarction induced by coronary artery ligation in rats.
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O WUEEBE R TR B K Sk RFELE SR, ShER
Fsl RO IIABE, 1B RIRIR b WwE, 4
kIR ELONUESEI R F I F T, B ERLE
S R R A A 50 T, O UL B
O WURFETT S ECCEA RIS 55, 53 RO HER
g s Ji e, HOAT e K B P RAFIEHAER
IR NIT IR TR KR B Y, HaL UEAE
JEIBET- R RIR . D, B, mA T T
R R

PN (propofol) A& — il AR B FH 8112 1) i
ik RREEZG, EAT BRI G 75 B H o8 4. Rk
B E BB KR A R B S 0 Fin
Wy I R B AR B S 7 . PLRpiask. ®
PLRLAR B U 4 B TR AR T Ak, fEA
MO LB M R BT R/ BRSSO IR
it RE, PR VA I R g A ek S A B 7 B b o L
Y A B4 R A LR E T B, (R I A O
JVURE B R X6 O UL Ml PR A PR A LR 52 o S8R
PRV P T SIS A O LB B K BRI 3 A FH e
TEFIAL, A FEE I 45 4L e R 3l ik AT B S r K
B UL A AR RS U, P DA 9 T Ak B 5 A 0 T i
O MR 125 OURERZEAR L. DU O LR R
ML HEARR S B A IRIEAKT . A0 FO- AR A
AT X S 6 1 4o JUUBE B0 J5 20 1) 8 R o %5 B 44 1R 52 )
FRALH I HAS AR

1 RE75®

1.1 SEIEENMIR 4E B 45 HiETs gttt Sprague
Dawley (SD) K, 1A 250~300 g, 4 H FifhE
IR YLK B A BR 2 =) [ VFATE S « SCXK( )
2013-0016]. ¥ 45 R K RBENLYY 2308 3 41 (R4
n=15): BEFRH. HBAELL (Model) 1P ¥ %) 4.
R TT R TN BRI IR 5 — B B S2 36 30
W HRZE Gy i, SRR KSR TR A& B X
REERAR T A2 MA I (SERsh P E B2 B o

12 ARRETEMEFE WM (5 . GT029,
AstraZeneca A F], KA, B2 2 W
(S AU4, FHREAR, E£E), £ SEMID
SEAX (B4 BL-420F B, pR#EZRMERIE AR AR ),
7t E f PCR A (745 ;. QuantStudio 12K Flex, ABI
AT, 2£H ). MagMAX™-96 RNA 4 85 Fl £ ( %%
RGO R B P E A RA A ), RUE B
MMP2 Hi . F i 558 5T MMP9 ik, i B

o DT TIMP-2 Hi A4 R G5 50 v BT B-actin Hi 4y
I H Cell Signaling Technology A 7] .

13 EEREH  KEGEDIRSIIKEFL 4% 0k
H VAR IS MY, BB « K RE L BERIE
NPALE E T FAR G, AN 3~4 8] B T,
BRI e 0 i AR RO, T30k (5 4 % A s
G o A 2R a5 FL O Mk A T B S, RO ik [
s, 5% M i N LR AR, 3B R 8% S I BE
BRFARUAKRBAEF L, ARSIk, RFLEH
SEERAME. RERESR LG, a0
VRS A 2 Sy 2R . &R 2 i JE, 34T O
AL . fFEHRRMEMOERRESE, W
TE Ty 2H KRR FR SR B K 22 33 T VA 3 (6 mg/kg per min)
RERE 60 min, fRF AL O VAL K R
Hkes T 5 A H FA R AR B AR K. &4 /N R
TELR %) 4 A Ja AT 5 825250

1.4 1L IhgETEY R 4k M BRI 2238 B
O3y B % R RO D REREAT R, 10 5% 2% 2K B
AL S B0 T RE S H, B A & O 4 3
(ejection fraction, EF). /7 % 55 445 %5 53 $0 (short-axis
fractional shortening, FS). 7r /0o Z i R AR (left
ventricular end-systolic volume, LVESV). /A /[»ZE &K
AR IAZEFA (left ventricular end-diastolic volume, LVEDV)
o BAMEURNE 3 X, BCFAMHE.

1.5 MRENAERM KA BL-420F B A5 5
KRES ST RGN E, FFH Chart 5 ik A H3)
ST HIEFE UL 240 . P33 ik JE (mean arterial
pressure, MAP), Kl .0>3 (heart rate, HR). W 4a &
(systolic blood pressure, SBP). 73K JE (diastolic blood
pressure, DBP) ; ¥ — P NL 0=, WxA
Ly ZE Y54 (left ventricular end-systolic pressure, LVESP).
O EEF KK E (left ventricular end-diastolic pressure,
LVEDP). Wi Rk /) - HIK R &P AR WL T -
BRKR, EOENEHRA FFHEZR (maximum rate
of left ventricular pressure rise, +dp/d, ) FIA 005 N
N R B8 (maximum rate of left ventricular pressure
fall, —dp/dt,,,), WEEILIMGREN )1 5424

1.6 LAEREBEA LR FNER PP TN =
T 43 B KR O U I FH A 3 3 7K e 2% T Y I
o VEOIE B A 7 1R ) B 70 1 B S A LR LA R
OUUHZ, BT 10% FHHEEmHE /R Sk E e, 4
7K E I IR AL B E AT A A, R R
HEVI R (4 pm), LS54T HE 3o, fEe22
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1.7 BARENEE AW SHONHLAHRIEA
FEA, & BCAEEATREE B, H30 pg HH
Ff i 48 SDS-PAGE #E HLUK 40 &5 il % 5% R4 i
Ko 12% B2y B HL gk« T HLE 2 80V, 90 min
JE R 100 VA Ry I 0 22 BE 2 B AR R 0.5 em B
fEibe ¥ . 280 mA fEI 1 h, 4555 ¢ H HIR
I PVDF i, {ENNAZLGR IR 10 min, 4045
Sty S 0 Ul B R R T, SR B 5% T i Wk 1
TBST fFWE B 1.5 ho Hit MMP2 (1:1 000). MMP9
(1:1 000), TIMP-2 (1:1 000). B-actin #i44 (1:2 000)
4 °CHEE . TBST &Pk 10 min x 3, HRyPi/h K
IgG — it (1:1 000) 37 °C ¥ & 2 h, TBST & ¥t 10
min x 3 J5 5. H Quantity One ¥4} 2 [ i 4 1
BEAT A, s OB B . DA B-actin AN S EH,
H B8 E AR RIA KT = H 8 B 50T OE
{H /B-actin 2% W A -

1.8 SEFfEEPCR i il MagMAX™-96 RNA
43 BRI G AEREE X (1 O LA 2R H2EL RNA (&)
30 mg), RN cDNA, &% K F ek Y,
FH P 510 45 S 8 51 W0 %8 o0 5 R4 BK (atrial natriuretic
peptide, ANP). B- JLEKk % 1 # 5% (B-myosin heavy chain,
B-MHC) F1 TIMP-2 [ 3 [K 3 1A i3k 47 5L i) 72 & PCR
K, KW % 48 926 E ABI QuantStudio 12K Flex
SZIF 986 %€ & PCR 5 A48, GAPDH {E NN .
51 4 5 9 - ANP E g 5] 4 (5-3) : ACCT-
GCTAGACCACCTGGAG, Fif514) (5'-3") : CCTTG-
GCTGTTATCTTCGGTACCGG ; B-MHC L7 5| ¥ (5'-
3") : TCTGGACAGCTCCCCATTCT, N5l ¥ (5'-
3") : CAAGGCTAACCTGGAGAAGATG ; TIMP-2

3514 (5'-3") : AAGGACCTGACAAGGACATCG,
TSI (5-3") : CCATCCAGGCACTCATCC ; GAPDH
#5140 (5'-3") : TCGAGTCTACTGGCGTCTT, |
W oW (5'-3") : ATGAGCCCTTCCACGAT. % N %k
4 . 95 °C F§iE 30s, 95°C 48k 5s, 60°C Bk /
P 5 s, $£40 MES. /51532 Ct{H, L GAPDH
NWZ, H 2R S H B9 mRNA R X
FIEKF

1.9 Zist¥ A3k B SPSS 17.0 %A A1 Graph-
Pad Prism (V8) X £ #& 47 Gu it 7 #fr, i EBELR
H mean = SD £/R, ZAHMELERH ANOVA
BIRER T ZEZ2N, M 8K A Bonferroni v,
P <0.05 BN AZERBA SR .

2 R
2.1 ARERXCALIESE KR BETh ERI R0
W 1 Pron, A/ = EF fil FS B3 KT
BF AR (P < 0.001), LVEDV 1 LVESV & &5 T
RF AL (P <0.001), TfiA7HMY 4R A% EF 1 FS
B E TR (P <0.001), LVEDV M1 LVESV &
FIR TR (P <0.05), AL KRR &K A =
i B JEE PR AN A 2 o R R 2 v TR TR (P < 0.05),
MTEZS T R TA R 5 A B 20 KRR AF oK A 7 =5 ) B L
AN = 5B 5 B AIK (P < 0.05, P<0.01). F34k, #
T K BRET SN AR R 5 F AR TR F R, N
Ty 20 K BT i UL AR e B A 20 B 2 A i (P <
0.001), X 7] RE5 A SN PR K.
2.2 AREFHOAESE KB A ZEMRE) 132 MR
M3 3 77 22 VP AS 25 B &R, % 44 SBP. DBP,
MAP Fl HR Z [H] TG % 2 7 (£ 2). SIERFARAM

. R AERT S R I8 KR 8 I T 48 69 B vh

Table 1. Effect of propofol on cardiac function in rats with myocardial infarction

Sham Model Propofol
Left ventricular EF (%) 70.03 +£0.75 40.46 127" 46.65 £ 0.83"
LVESV (mL) 0.19+0.01 0.56+0.05"" 0.44 +0.02"
LVEDV (mL) 0.64 = 0.02 0.98+0.06™" 0.72 £ 0.04
Left ventricular FS (%) 43394227 19.02+1.09™ 23.83 £ 0.60™
Left ventricular diastolic diameter (mm) 8.67+0.19 10.40 £ 0.40” 9.98 £0.24
Diastolic left ventricular posterior wall thickness (mm) 1.69 £ 0.05 1.90+0.07" 1.70 +0.05"
Left ventricular mass (mg) 871 +38 1097 £ 94" 843 + 45"
Diastolic strain rate (%) 0.42 £0.02 0.23+0.03"" 0.39 £ 0.02"

Mean = SD, n=15. "P < 0.05, "P<0.01, ""P < 0.001 vs Sham group; “P < 0.05, P < 0.01, *P < 0.001 vs Model group. EF, ejection
fraction; LVESYV, left ventricular end-systolic volume; LVEDYV, left ventricular end-diastolic volume; FS, short-axis fractional shortening.
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e, HA4H LVEDP T (P < 0.01), MANE XA (P <0.01, P<0.05, B 14, B). 5
1 LVEDP A 41 32 2% PRI (P < 0.01). BFALML, BAH +dp/de,,, A —dp/de,, ¥)B3E

ERFARAMI, SAHRGERET) - B8 B (P <0.001), 1fi A yA8Y o] DS X Fh T By,
KAEWFEFAC (P <0001, & 14), FFKRAMET -  SERHAMLEL, WNRMA +dp/de,,, A —dp/dt,,, 15
HARXREET & (P <001, E1B), MAEEMm  ZFJHmEm (P <0.05, B 1C. D).

F2. FIAErt S ML IL K R sk /) 2 600k

Table 2. Effect of propofol on hemodynamics in rats with myocardial infarction

Sham Model Propofol
MAP (mmHg) 89.3+5.7 91.2+3.9 84.4+3.8
SBP (mmHg) 103.1+6.2 103.8 + 4.3 97.2+3.5
DBP (mmHg) 82.4+5.5 83.9+4.0 78.1+4.0
HR (beats/min) 347 +20 334+ 12 348+ 8
LVESP (mmHg) 99.8 + 5.4 1003 +6.2 93.0 + 4.4
LVEDP (mmHg) 23+04 41+04" 2.8+ 0.3%

Mean = SD, n=15. "P < 0.01 vs Sham group; P < 0.01 vs Model group. MAP, mean arterial pressure; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HR, heart rate; LVESP, left ventricular end-systolic pressure; LVEDP, left ventricular end-diastolic
pressure.
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Fig. 1. Effect of propofol on left ventricular hemodynamics in rats with myocardial infarction (MI). 4: End-systolic pressure-volume
relationship; B: End-diastolic pressure-volume relationship; C: Maximum rate of left ventricular pressure rise (+dp/dz,,,). D: Maximum
rate of left ventricular pressure fall (—dp/dt,,.). Mean + SD, n = 15. "P < 0.01, ""P < 0.001 vs Sham group; “P < 0.05, “P < 0.01 vs

Model group.
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2.3 KRB LREFERT

HE e 25 B, RTFARHARR IR N
IR US4 ght, Jetadhy ], ToR V4R
(B 24)0 O U BEAR 7R 20 K B O LT B B S K
MG O, A RERIEMERE R (K 2B). MifE
PR R B U A Y, X SRR 2 e, o0
WD R EEH LR R4 gE 0, HLAG T T AR
ZEUFND B R GEAR (Bl 20).
2.4 FREINOAEEXRALKLEEFEEERMN
AU

TR ZH R0 P A By 4H K BRI KT AR (>40%) o0
UEEZE, WML MR EE R . SERFAR
HAHEL, CoNUBEFEA Y 2H K BRI E / 4R =5 b ACo 2 /
PREE LA G (P < 0.05, P < 0.001) 5 1 74 7 &
FRRAR T R KRR R /AR E L. O /R E L
foly = EH ARE AL O E R E L (P < 0.05,
P <0.01,P<0.001, P <0.05)( % 3).
2.5 AIREXNLAESE KR ALAE iR tRa S0

SE)E R PCR 455 Bon, FIXTHR4IAHLE, HiA
HAR A0 ULE E R &Y ANP Al B-MHC ) mRNA
FIX K E B (¥ P <0.001), 1A AEfE
WA KR EIR R R B AP i, 5

AL, ANP A1 B-MHC /) mRNA ik & E %
ik (P<0.05, &34, B).
2.6 ARERXLAESE KRS (HIER M
Western blot 5 J 2 7x, iR ZH K B0 UL TIMP-2
mRNAFIEE AR KRB EER THRFARAAP<
0.05), T PRy T &3 R RIA, A m A KR
TIMP-2 mRNA Fl & [ it KA B E AL T R84
(P<0.05, K 3C. E). BRI KE MMP2 il MMP9
FEAKFEE S TERFARL KR (P<0.05, P<0.01),
MAEA T HIAm G 2% T (P<0.05, K 3F. G).

3 g

AWFFREE RN, AR e R ARG IUBEAE K B
e B EFIK AR S NGE /2% EF. FS. LVESV Al LVEDV
FLIEESH . ARG RIEER, WIHM G
R UUBEZE S LA . A0 R D E HE
3. BeAh, FEOAEEIE S, EH A RE i
FIRTHEF RN AR 2R

MLREN J7 % 8 bR A2 PR O D) BE 2 7515 31 250G 1)
Kegfebr. AFALGRE R, SHFERAML, &
AIZH LVEDP &2 4, Wads R 77 - BRK R
AL, BIKRRME D - B KREEI &,

K 2. D UREBEfG K BRI 205 BE 2 25

Fig. 2. Myocardial histopathological changes after myocardial infarction detected by HE staining. Scale bar, 50 pum.
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Table 3. Effect of propofol on tissue weight and infarct size of myocardial infarction

Sham Model Propofol
Body weight (g) 411+ 13 395+£8 408 + 7
Lung weight/body weight (mg/g) 345+0.10 3.96+0.14" 3.54+0.10"
Heart weight/body weight (mg/g) 2.80+0.05 3.20+0.047 2.91 +0.06"
Left ventricular weight/body weight (mg/g) 1.94+0.03 221+0.037 1.96 £ 0.04™
Right ventricular weight/body weight (mg/g) 0.60 +0.02 0.68£0.01° 0.66 +0.02
Left atrium weight/body weight (mg/g) 0.08 £ 0.01 0.12+0.017" 0.10+0.01*
Infarct size (%) — 40.2+1.9 442 +1.3

Mean = SD, n=15. ‘P <0.05, ""P<0.001 vs Sham group; “P < 0.05, “P < 0.01, P < 0.001 vs Model group.
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Fig. 3. Expression levels of myocardial hypertrophy indicators, MMPs, and TIMP-2 detected by real-time PCR and Western blot. A—C:
mRNA expression levels of atrial natriuretic peptide (ANP, A), f-myosin heavy chain (B-MHC, B) and TIMP-2 (C). D: Representative
blots of Western blot. E-G: Protein expression levels of TIMP-2 (E), MMP2 (F) and MMP9 (G). Mean + SD, n=4. "P < 0.01, "P <
0.001 vs Sham group; “P < 0.05, “P < 0.01 vs Model group. MI, myocardial infarction.
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