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Akt(p-Akt) [#9BEBR ALK T 2R X4 R B, 5 x4l & B A 40 4m 0 57 5 Bel-2 49483 £ A 839 B H A K, Bax 49
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Study on Mechanism of Epigallocatechin Gallate Alleviating Myocardial Ischemia-reperfusion Injury by
Inhibiting Cardiomyocyte Apoptosis

FU Wudao, ZENG Min, CHEN Juan, FENG Guanggiu, GUAN Pin,ZHONG Chunrong(Hainan Provincial People’s
Hospital, Haikou 570311, China)

ABSTRACT OBIJECTIVE: To investigate the protective effect and potential mechanism of epigallocatechin gallate (EGCG) on
myocardial ischemia-reperfusion injury. METHODS: H9C2 cardiomyocytes were treated with tert-butyl hydroperoxide (TBHP) to
establish ischemia-reperfusion cell model. The cell viability was measured by MTS after pretreated with different doses of EGCG
(3.125, 6.25, 12.5, 25, 50, 100, 200 umol/L), and the survival rate was calculated. The expression of apoptotic proteins (Bcl-2,
Bax) in cardiomyocytes pretreated with different doses of EGCG (100, 200 pumol/L) were detected by Western blotting. Male
C57BL/6 mice were randomly divided into sham operation group, model group and EGCG group (5 mg/g), with 15 mice in each
group. Sham operation group and model group were given constant volume of normal saline intragastrically, while EGCG group
was given relevant medicine intragastrically, once a day, for consecutive 7 d. Twelve hours after last medication, myocardial
ischemia-reperfusion injury model was established by anterior descending coronary artery ligation. The area of myocardial infarction
was observed by double staining of Evan’s blue and TTC; the percentage of infarction area to cross-sectional area was calculated;
SOD activity and MDA content in serum were determined by WST-1 assay; the expression of apoptotic proteins (Bcl-2, Bax) in
myocardial tissue were detected by Western blotting, while the phosphorylation levels of signaling pathway related proteins (PI3K,
p-PI3K, Akt, p-Akt) were also detected. RESULTS: Cell test results showed that, compared with control group, survival rate and

relative expression of Bcl-2 were decreased significantly in
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pmol/L EGCG groups were increased significantly, while relative expression of Bax in 100, 200 pmol/L EGCG groups were
decreased significantly (P<<0.05). Animal experiments showed that no ischemia of myocardial tissue and enlargement of cardiac
cavity were observed in sham operation group. Myocardial infarction was observed in model group. Compared with sham operation
group, percentage of infarction area to cross-sectional area, the serum content of MDA, the relative expression of Bax in
myocardial tissue and p-PI3K/PI3K, p-Akt/Akt were increased significantly in model group, while SOD activity and relative
expression of Bcl-2 were decreased significantly (P<<0.05). Compared with model group, myocardial infarction area of mice in
EGCG group was reduced, the percentage of infarction area to cross-sectional area, the serum content of MDA, the relative
expression of Bax in myocardial tissue and p-PI3K/PI3K, p-Akt/Akt were significantly decreased, the activity of SOD activity and
the relative expression of Bcl-2 were increased significantly (P<<0.05). CONCLUSIONS: EGCG can protect against myocardial
ischemia-reperfusion injury, the mechanism of which may be associated with inhibiting the apoptosis of myocardial cells,
improving oxidation stress, regulating the expression of apoptotic protein, reducing the phosphorylation level of PISK/Akt signaling
pathway-related proteins.

KEYWORDS Epigallocatechin gallate; Myocardial ischemia-reperfusion injury; Apoptosis; PI3K/AKT signaling pathway; H9C2

cell; C57BL/6 mice
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AR TR s E200 78 88 4085 ( H 4% Nikon 24 F] ) ; Mul-
tiskan™ FC %I i #5 { ( 25 [E Thermo Fisher Scientific 2\
7l ) 5 2000CT 24368 75 40 it Al R 1 (3 A2 ARANCRS A B2
F] ) ; Centrifuge 5430 Y & 3 25 AL (A o [ 45 BR A
F] ) ; EOS 6D £t AHHL( H 4% Canon A H]) .
1.2 Z@m5ikH

EGCG ikt (K% £ CAEYHE ARG A AL S
MBI1672, 4l & : 95% ) ; BT Jt i 4 fb & (TBHP, 3 [
Sigma /> F] , b5 : 416665) ; MTS Far il i 71 65 LA K e bt
/IR Bel-2 . Bax BL5E ST (36 [E Abcam 24wl , #5537l
7 ab197010,ab59348 .ab32503 ) 5 F it/ B H 1 -3- 1
i )1 U (GAPDH) | PI3K B /i% fk PI3K (p-PI3K) . Akt
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#4060 ,#7074) ; TTC J il 65 8 20T T e 3t
T R - 3R VA s Tk e B2 I (SDIS-PAGE) Hi KR 7 (Jb 5t R
FKERHELARRA AL #5252 G3005,P1400 . P1200) 5
A1 W 5 AL T (SOD) AN i (MDA) A6 i 57 &2
(Pt 8 A W TR A 5R Jr , L5 43 1) o 20180624
20180623 ) ; ECL 4k 2% 617 ( 2 [E] Thermo Fisher Scien-
tific 2wl , #iL*5 : 34095) ; MRk iR (BCA) & 1 e
ERAE(REES REMHEREGRAA S
P0010S) ; DMEM = Ml 15 5% 56 2R 11 G 2 103 (38
[ Gibco 2~ ], it 5 43 5 S 11965-084 , 25200-056
26400044 ) ; F SO G 000 [ 4 o (dbmt) AE R
F RS YM-S1647]; PDVE i (24 [E Millipore 2%
AL L5 IPVH00010) 5 Ho4x a0 3 R 43 #r 4li, 7K o
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2.1 ZHREIRIE

2.1.1 YA SR TBHP AL # HOC2 .0 LA Y
A 8 O LB I 3 58495 A B A 7Y < o A Bl R
109% A 21 L34 /) DMEM (= Bl B 75 58 (LA T AR 58 4 ks
FEH) BT 37 °C 5% CO, RTG53 48 vh i
FR(REFRAMF TR o BOW B0 300 0 4t o o=,
0.25 % [ T AL )5 , LA 800 r/min B5.0> 5 min, W& 41
Jid, H DMEM i3 S 8, LA 5% 10"~ /mL [ 5% FE %
2 mL/ALIEFN 2 6 fLAR Y, 3557 48 ho We5F BIH W, T
2 £ 28 v (PBS, pH i 7.2~7.4) Ve 2 WK, A 100
umol/L TBHP ik (L 58 4 15 95 B M ), ) i i 4 A
W R HAPR I 5 ) 500 pl, 5557 12 h, & B4R ; B S
o SE ARk kSR I TP

2.1.2  HMEAEIE SRR SR MTS SAaill o HOv 44
A 14 200 5 L DA 2.5 10" S/mL 14 25 B 4% 200 pL/AL
R ZE 96 FLAR 0, 15 3% 48 ho 5 4H L Bl HIL 45 R X BR
20 BIAYZH N EGCG A [ 571 it 28 (2 BAS DR 20 ig 41 93
56 45 R 740 9o 3.125.6.25,12.5. 25,50, 100,
200 pmol/L) , TEA K 6 I fL o WeFF 45 FL I W, %
H R RI I A SE R85 0.5 mL, & 45 25 4 A S
B2 5E 2453535 0.5 mL, AkSE3E 3% 30 min, [RX) HR
AN, A AN <2 1.1 R )5 e A2 o WL afi,
FEREVEWVAR R FEEVE 3 hT , AL A MTS ¥
(L) DMEM @it 33 7 51) 100 uL, 15352 3 h )5 ,
FiEEARAL T 490 nm B ARSI A FL A O RE L, 15540
FRLAE 305 26 (A A7 26 = a0 4 0 i~ 25 W Y P 0 B
ZH AR MO G R x100% ) . iR 31K,
2.1.3  FT-EPRIXERKIN R Western blotting %
R o ORI KO AN 7, A 510" 4™/mL )25
¢ 2 mL/ALEFP 2 6 LA, 1555 24 ho R IfLRE ML/
Xof RELH BERIZH FI EGCGAIL L i 7 45 (100,200 pmol/L,
FIE B S 2.1 27 RIS ) , A 3R L. )
HUAAL 35, X BE L AR AL i A 52 e R #2552 mL,
BRI R 2510 58 355758 2 mL, JkSl R 35
48 ho BRATHRLAAN , HEA A% 4 A0 M4 4% 2. 1.1 7 30 T 7 vk
A O VBRI P A A R . P 3 h e, 24
JiL, R BCA Pl 8 (V¥ . SR 18t Ie , kAT
SDS-PAGE Hiik , SR J5 5% 2 PVDF JIX |, LA 5% B g 05
By IR B 2 b, B TBST IR MR IR 10 minx3 ¥C; ILAAH
% —4L[GAPDH M Fi B2 A 1:5 000, Bel-2 , Bax Y B
JEXI R 1:1 0001, 4 CHFEH 221 ; 1 TBST ¥ W e 10
minx3 I, AIAFAR; T (FBERE A 1:5 000) , = R &
2 h; TBST I BENE 10 minx3 ¥, DL ECLiAH )5, &
THEER R RS U, 3708 Image Lab 5.2.1 3453
#r. Bel-2.Bax fAH X #2545 DLH 592 (GAPDH) 4%
WK E A ER R . EIRiKge TR 31K,

2.2 YKL

2.2.1 S GBS A/ INERISE DR SR 1
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J& , BEALA AR T AL BRI A EGCG 41 (5 mg/g, LI
FRER AT 5 77 2 BEET I PO 25 R ) , 4l 15 H.
R F AL AT 2 /)N FR A 0E B SRR B BEER /K, EGCG
H/NEE M 258, B H LR, 4T do RIREA 2 12
h i, SR R R S 8 L3 A2 O LBt i P8 ¥ 403455 /N B
FEETD /N BT A 900 (3 mL/kg) AT IR , LA B [#]
FE YIRS, 425N Sh P W WAL Bl I i (IF I 43136
80 ¥k /min, ##l i : 100 mL, FFIZ A EE - 1:1) . SRAT7/0
SHEG LTINS A B )G, 5 AT 45 45 FLoR
SR AT S, 35 BB 1M 30 min SR 5 BT I 45 , 1 54 15
FEVE A b 7O LB I R S AL R TF R
T/0 B AR T AE TR SN HL, AR
2.2.2 D JUFEFEEFAEIN SR AR SO EE A TTC AU
R, B/ N6 H, T B FR KRS 29% 3¢
SO a0 0.2 mL e, BESAR 5L | S0 i i, 2 58 0
JUE 22400 JE A 0] A 3 B G B 0 O, T A B R K o
UEVE T —20 CABRRAE. &R 1 mm .0 NEY]
5H, BT 1%TTCYRl, F 37 CHEE 20 min, HAHML
FARUS oK H Image J 1.52 #0453 #r [ SO HE Y AR
B it PO LR R €, BEAE X (INF) U 5245 1 € s TTC 42
)5 BIRA IS H L 0w SN ER X (AAR)], FEiT
B[R] — VI T PO LA 0 T R o e T B 49 e (R INF
S0 R AR AR H D) .
2.2.3  MUIFFRFRAI  BAS A4 T 9 JUNR, B BRIR
BREUM , = HEACE 1 h)5, T4 CFLA2 000 r/min .0 10
min, Z3 B o RS AR R ) £l B A, SR
WST-1 3% ABEFR SRS /N BRI R SOD Y& % MDA
)5 Lo
2.2.4 D NEA LU R TR A i MGE B OC R 1
FRAL KA R FH Western blotting 460, Hi“2.2.3”
R 25 /N UG IEH 2L 1, 5952, D) 12 000 t/min 2.0
10 min, #75 (LR : 250 W, S5 : 25 kHz) B3, LA 12 000
r/min & .0 30 min, B _F 5, >R F BCA 10 5 25 1k
B, B G , U T SDS-PAGE HLTK , HLIK G %
% PVDF i I, DL 5% AR W38 2 it 1741 2 h, ] TBST %
PRI 10 minx3 YK, LA AH R —HL[GAPD (1% B8 i 0
1:5000, HAEAMFREES R 1:1000],4 CHE
3% 5 B TBST 35 W V5 10 minx3 ¥, i AAH Y 4%
(1:5000), Z IR0 8 2 h; TBST /A W PEE 10 minx3 ¥k,
PLVECL AR )5 , B FRER R RS F g, - H
Image Lab 5.2.1 Z {4404 o A T- 8 11 (Bel-2 . Bax) B AH
X 2235 8 DL IL 5 2 (GAPDH) 4545 1 B (8 Ak Sk 22
7, PIBK/AKt 3 F§AH ¢ 8 1A B R fL 7K F- L) p-PI3K 5
PI3K . p-Akt 55 Akt 2577 i B B2 HAf ( BP p-PISK/PI3K
p-Akt/AKtfE ) RFIR, ARSI E R 31K
2.3 FitFFHE

K FH SPSS 22.0 F 4t Bcdls A T A b TR T
BELLx + s Fon, Z A R W E 5 22 087
(One-way ANOVA ) , B 4 8] b ¢ % ] Bonferroni 4 1E [
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thigh. P<0.05 AZESALGITFE .

3 #HR

3.1 piRIeER

3.1.1 EGCG X} HOC2 0> LA MAE TG e rs i 55 %0 i

2 HRE, BERL A 20 A7 R B PR AR, Z R A SR

Y (P<0.05) ., SR H AL, 25,50, 100,200 pmol/L

EGCG A MM frid R W THm , Z R AR E X

(P<<0.05),HEILFE 1. AWFFEHESE 100,200 pmol/L /K

Je SR AN

1 EGCGX HIC2 LALLM EEERMNEME (X £,
n=3)

Tab 1 Effects of EGCG on survival rate of H9C2 car-

diomyocytes(x*s,n=3)

413 IR, % Ei) MR, %
hapiceil 1.00+0.01 25 umol/L EGCG 4L 0.68+0.04°
g 057+0.04° 50 pmol/L EGCG# 0.712£001°
3.125 pmol/L EGCG 4 0.590.04 100 umol/LEGCGA—— 0.83£0.04°
6.25 umol/L EGCG 4L 0.62+0.03 200 pmol/L EGCGH] 0.84+0.03
12.5 ymol/L EGCG 4L 0.64£0.03

T SRR LA, " P<<0.05; SR TIZA L%, *P<<0.05

Note: vs. control group, “P<<0.05; vs. model group, “P<<0.05
3.1.2 EGCG Xf HIC2 .C» JJLAH Jfd U T 45 11 3 35 it 1Y 5%
M) 5% R He A, AL ZH 41 i v Bel-2 (AR N 3R
BB, Bax BRI B B ETHmR , 2R A gt
B X (P<0.05); GBI L HL , EGCG #5511 &t 4 41 e b
Bel-2 AAF X 1k 5 45 1825 T i , Bax BOAH Rk 44 (.
HRER, Z A G L (P<<0.05) ,TEILIET 1 K 2,

BC]>2 _ 20 kDa

-

X B2 i EGCGIAtA BEGCG mifflita
B 1 EGCG % HOC2 :AL4A A1 1 Bel-2, Bax & B 18 %
FRiXEF M) BiKE
Fig 1 Electrophoretic diagrams of the effects of
EGCG on the relative expression of Bcl-2 and
Bax proteins in HOC2 cardiomyocytes

32 FMYEIWER

3.2.1 EGCG %8N B U ZE T AR B 52 T
AL /N WL ZUIE B B, O s AR AR B 2 /1N
SO L2 n T DL B S A AT B G, AR AT i A e 7
BB ETHE, ZRA R X (P<0.05) ; EGCG
/)N B WLARE B0, 1 A BH S ), LA B0 A 5 i i
ARG, 230 524 L (P<0.05) , H: UL
2([E e F 71 INF, =" 271 A Bl 00 AILAH
41) %3,
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&2 EGCG Xt HOC2 i LZA B H Bel-2  Bax & B R ik
ENEMm(xts,n=3)

Tab 2 Effects of EGCG on the expression of Bcl-2

and Bax proteins in HOC2 cardiomyocytes (x

s,n=3)
A5 Bcl-2 Bax
gl 092+0.02 0.12£001
B4 0.16£0.01° 093+0.03°
EGCG kA4l 036+0.02° 072+004°
EGCG 4l 039£0.01° 036+0.02°

T 50 R g, P <<0.05; SRR LA, *P<<0.05
Note: vs. control group, “P<<0.05; vs. model group, "P<<0.05

A ART AL

B. R4

C. EGCG#l

B2 EGCG DALk EEFHRGEENROALAR

1 5L TE R %5 i B9 W 22 B (47 SC B F0 TTC W
&%)

Observational maps of the effects of EGCG on

myocardial infarction area in mice with myo-

(double

Fig 2

cardial ischemia-reperfusion injury
staining of Evan’s blue and TTC)
&3 EGCG X ALER 7 E R B BN RO ANAE SE
EFR AR 5 E AL S HEFRAT R0 (x £ 5)
Tab 3 Effects of EGCG on myocardial infarction
area and serum oxidation stress indexes in

mice with myocardial ischemia-reperfusion in-

jury(x*s)
43 TR G EEE 2 (i=6), % SOD(1=9),U/mL  MDA(n=9),nmol/L
BFA4 0 461£027 126324791
g 481244217 1.5040.13* 200314721
EGCGHL 38514350 2324017 156.2248.5%°

T ST AR, P<0.05; SBIEIZ e, "P<<0.05
Note: vs. sham operation group, *P<<0.05; vs. model group, "P<<
0.05

3.2.2  EGCG X7 /NFUMLHE SOD 1% 14 L & MDA 7
G ST AR g, BRI A /N UL SOD 1P 2
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FFEL, MDA & i B E TS, ZE R A SRR L(P<
0.05) ., SR 4L, EGCG 4/ KL SOD 7§ 1 i & Tt
5, MDA it W R L, 2R A %I E L (P<
0.05), FEIL# 3.

3.2.3  EGCG XL L 2 rp ) T 2 11 2% 18 5 K [ AH
KER FABR ALK T-Hs2 ) ST ARG H A, BRI/
SO L1 2 Bax 19 A0 X 36 38 4t DA & p-PI3K/PI3K
p-Akt/Akt {E 1 2 T, Bel-2 AU AH NS 26 1k R
2SS E L (P<0.05) . SHBIA L, EGCG
2H /N B0 LA 2 Bax 4 AH XF 26 3k & DL K p-PI3K/
PI3K .p-Akt/Akt {H 34 1 FEAIL, Bel-2 MR XS ik it B 2%
Fher, ZRA SR L (P<0.05) 7 EILE 3 . % 4,

_ —_—

Bel-2 | - J - 0

Bax P - —— D
L — d—

GAPDI! WD S S— 7

BFRA  Biwgl EGCG 41
A TN

85 kDa
—— ==

54 kDa
p-Akt 46 kDa

~—

EGCG 41

p-PI3K.

GAPDH
fEEFARL BRI
BB ARG
B3 EGCG Xt Aloki /& ERGERNROMAR
HEATERREERBHEMEXEQABBUKESR
MDY FEL ik B

Fig 3 Electrophoretic diagrams of the effects of
EGCG on the expression of myocardial apop-
tosis proteins and phosphorylation level of sig-
naling pathway related proteins in mice with

myocardial ischemia-reperfusion injury

4 g

Bl A R MBI R B FEZETE, Atk O IUEEE
JEA T NAT AR i e AR B 2 —  IAE B 2R
I IR A O UBEFE i A S0 LR A 7 1 0, T 3
B SR 5 ke SR FIANRHE B T AR SRS, (H
S N TSR AR S K O A RO LR P 1) B 23
AR50 , Wt PR 18 JC A 8RR IR T T3 0 TR R T R Y
e . BGCGAE &R R Z Wiy EEA U, AR
PSR S AR AN [F) 20 4k P98 T 005 v 4 T T
SAEH] :He TAEU YR W], EGCG AR BT AL 2
By , AT A R S VAR R, DT A 4300 L 2L
PRIE T s Ly A5 2], EGCG I3 1 il SR 4
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F4 EGCG X AER M B ERGRENR O ALALR
HATEBAREERERBEXEOBRBUKEN
M (xts,n=9)

Tab 4 Effects of EGCG on the expression of myocar-
dial apoptosis proteins and phosphorylation
level of signaling pathway related proteins in
mice with myocardial ischemia-reperfusion in-

jury(xts,n=9)

ikl Bel-2 Bax p-PBK/PI3K p-Akt/Akt
BFAA 120+0.02 0322001 021001 0.13£0.01
fAl 025£001° 1.12£0.03° 1.13£0.03° 0.89£0.03°
EGCGH 0.76£0.03° 0.86%0.02° 0.73+0.04° 0.60£0.08°

TE: ST ARA A, *P<0.05; SEIUA LA, "P<<0.05
Note: vs. sham operation group, “P<<0.05; vs. model group, ‘P<<
0.05

o7 200 L TR ek 2 2 2 e i PR 46147 5 Zhang
F 25058 26 B, EGCG 0] 3 sz 4101 il & E S 1y o & #5 %
R S e P 3 0 P e RV E o R D
EGCG HAT — & (M40 Sl I - v 45 1 25 B Aty . o
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