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WE: BHH BRI L WUS /A E (VR U5 AR EH BT e L . 75k KAtk SD R BUR FHRALEL
FFRE R MA (n=12)  fEF R4 (Sham 41) , UR BB L (VR 41) 5 Bl B B2 +1/R 41 (Fer+1/R 20) 5 Bl B A% + 25 1 9% 6 300 i 5710
(LY294002)+1/R 21 (Fer+LY+I/R) o 381 4% FL 22 ek sh Bk i 4 52 30 min, S8 )5 FRHE T 2 b, fES7 R 05 R SRR 3 i 5 AR -
P (HE) B 007 K R Z2 O S i B2 A8 Ak, 25 6 3 0 P 10 (e U JLRB AR 45 440 5 38 5 TUNEL/DAPT X e €6 I B
WLANA PR T2 . 3020 2K 4 5 ED 305 % (Western blotting ) Rl PI3K/Akt {7 5 3 % 56 S 5 P 1 1) 2R 14 635 /K7 [ {945 PI3K  p-Akt
(Ser 473) Akt .eNOS ,p-eNOS(Ser1177) Fll p-mTOR (Ser2448) |, LI Jz IfiL 1 8 S AL P AL (SOD) (TN 8 (MDA) | JHy3 $1 4 [
F-a(TNF-a) 4TI 2 6(1L-6) FIL-18 K- £55R  HE P @25 R B/R B FIRTFARL, VR 4R RO Wb =B R 1Y
e PEAN ML A0 A 5 | 40 IR ZE ALK i 107 Fer+1/R 41K SR B0 WLAN B IR BE | 46 PEANA IS e , 40 At K i 24780 1K F /R
2, IF FLO UL A 254 T W 56 8% . TUNEL/DAPRUE Qe A 45 5 R, Fer+ /R 41K FLL (18.73+1.01) % L.O JULAN I R TR 07 WA T
I/RZH[(55.45+1.14)% ] (P<0.001) . Western blotting #4530, 5 VR ZHAH EL , Fer+1/R 41 K Rl Cleaved caspase-3 25 FH #3i57K
- 8.2 A (P<0.05) , PI3K  p-Akt, Akt . p-eNOS(Ser1177) il p-mTOR (Ser2448) & 14 125 B i 18 (P<0.05) . M T /R4, bl
IR 0 E M MDAS TNF-o [ IL-6 F IL-1B A 3K (P<0.05) , I 118 SOD1 & 1 & ik 7K - (P<0.05) 5 T LY294002 4b 386 5% T i
R AE VR BEAL K Bt LR UM B i I E R . 8538 BTARIR 0 2 B Th PI3K/AKe 55 30 B ol O WILA AR 1, Dol R i
SRR A R OK ST | DR R B B 52 e /P08 1 5 5 O LA A
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Ferulic acid protects rats from myocardial ischemia/reperfusion injury via

the phosphoinositide 3-kinase/serine/threonine protein kinase pathway
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Abstract: Objective To study the protective effect of ferulic acid on myocardial ischemia/reperfusion (I/R) injury in rats and its po-
tential mechanism.Methods Male Sprague—Dawley (SD) rats were randomly divided into 4 groups (n=12): sham operation (sham)
group, I/R group; ferulic acid+I/R (FER+I/R) group; and ferulic acid+1.Y294002 (protein kinase inhibitors)+I/R (FER+LY+I/R) group.
A rat model of I/R injury was established by ligating the left anterior descending coronary artery for 30 min followed by reperfusion for
2 h. The pathological changes in the left ventricle of rats were analyzed by hematoxylin-eosin (HE) staining, and the ultrastructure was
observed by transmission electron microscopy. The apoptosis rate of rat cardiomyocytes was detected by TUNEL/DAPI dual staining.
Western blotting was used to detect the protein expression levels of key regulators of the PI3K/Akt signaling pathway, including PI3K,
p-Akt (Serd473), Akt, eNOS, p-eNOS (Ser1177) and p-mTOR (Ser2448), and serum levels of superoxide dismutase (SOD), malondialde-
hyde (MDA), tumor necrosis factor-a (TNF-a), interleukin 6 (IL-6) and IL-1(3.Results The results of HE staining showed that com-
pared with the sham-operation group, the rats in the I/R group showed obvious inflammatory cell infiltration, cell membrane damage,
cell necrosis and edema in the myocardium, while the rats in the Fer+I/R group showed myocardial cell necrosis, inflammatory cell in-
filtration and cell edema that were significantly lower than those in the I/R group, and the myocardial fiber structure was clear and com-
plete. The results of TUNEL/DAPI dual staining showed that the apoptosis rate of cardiomyocytes in the Fer+I/R group was (18.73+
1.01)%, which was significantly lower than that in the I/R group (55.45+1.14)% (P < 0.001). Western blotting results showed that com-
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pared with the I/R group, the expression level of cleaved caspase-3 protein in the Fer+I/R group was significantly decreased (P < 0.05),
PI3K, p-Akt, Akt, p-eNOS (Ser1177) and p-mTOR (Ser2448) protein expression was significantly upregulated (P < 0.05). Compared
with the I/R group, ferulic acid significantly inhibited the expression of MDA, TNF-q, IL-6 and IL-1B (P<0.05) and upregulated the ex-

pression level of SOD protein (P < 0.05). LY294002 treatment reversed the regulatory effect of ferulic acid on the aforementioned cyto-

kines in I/R model rats.Conclusion Ferulic acid inhibited cardiomyocyte apoptosis by activating the PI3K/Akt signaling pathway, at-

tenuated the level of the inflammatory response and oxidative stress, and protected rats from I/R-induced myocardial injury.
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P 240 10 BE T 15 5 GBSz ) B TH -, L cas-
pase-3 #IA A JEE B ToE S 7. R B UESL
5 TR UL Tt 3 8 it/ 22 & R/ A R A 11 BT (Phos-
phoinositide 3-kinase/serine/threonine protein kinase,
PI3K/AKL) 3 A% I 176 4 M 0 58 A Fngd v, H
LA T B0 R R 5 22 AP A v 8 23 T L ik A
R

AWEFE H 2018 4F 10 2 2019 4 7 A il s 453
IR B 22 e PR Sy K T e S 7 4 A JUL e o -8 1
FRUIBEEL , T BT BRI Al PI3K/ Akt FIVEHIDC AR o
1 #MREAE
L1 EZRAFKGEENY BTN A LY294002 11
F £ [# Sigma Chemical A 7] . PI3K Fl Akt ik e 73
Wz BRI 2 (ELISA ) i3] & 4 T 5% [¥] Cusabio Biotech
AT AR AL BRI A WA T dUTP-AE W) 3R
B 151 R Ui b 0 (TUNEL ) 290 1t 3 T A6z i 35X 55) 0 0 1
%[ Roche Diagnostics 24 H] . T MDAS5 . SOD1 , TNF-
o IL-6 1L-13 ,Caspase-3 ,Cleaved caspase-3 ,PI3K . p-
Akt(Ser473) (Akt.eNOS .p-eNOS(Ser1177) .p-mTOR
(Ser2448) fil B-actin &5 [1—HL WA T 3E [ Cell Signal-

Ischemia-reperfusion; Ferulic acid; PI3K/Akt signaling pathway; Protective effect

ing Technology 28 F] . BCA £ 1 &2 & 43 AT i 551 & A
P T [E Beyotime Biotechnology 28 /] . HiAYR
¥k o By 46 . ME P Sprague-Dawley (SD) K B
(200 ~ 220 g) H PEVE 4 N R B BE[SYXK (F%)2016-
006 J#2Ht . AFHFEAF G — M sh Py L 5o e B2 S ]
1.2 Ak

121 SR A om g KRS A
HEERROK TSR IR 22 ~ 24 °C, TR 50% ~ 60%,
12 h BHBEIE A . 48 HORBUR H BN R IE 514 4
H(n=12): ()T ARH (sham 21 ) ; (2) VR BRI (1/
R41); (3)FIZRFR+I/R 4 (Fer+I/R 41 ) 5 (4) Bl R R+
LY294002+1/R 4 (Fer+LY+I/R4H) .

122 TR K RAEA /& 5 & 4535 40 32 5 3o I Y
TES R 2 (45 mg/kg) , B K B2 S RIE ) L 0
FiMOE [ o P43 514 A Sl W P W AL D R0 B W 37
A, K BRI B 2 M 26 5 AR B i A A i VDI, i
BN Z, B . 3O, H 6-0 4248
W R BN IKZE BT S (LAD) 4540 U545 B
N €T It W NN = N o = R S TN 2
(ST Bt b F 465 , R 45 LA . 254130 min J5+F
SRR BRETE 3 h, 24 ST B 3 50% LA L [m19% , T 1)
FE A VR KBRS B EE ST )

RFAR LK EBRAFTIF M s, AN 2540 78 UR
30 min B, BT AR LA /R 4135 100 mg/kg 7 JETE
5 0.9% AL HITE S, Fer+1/R 2H R BUIE N 1 5t
BT B2 (10 mg/kg) . Fer + LY + I/R 41K BU7F UR &
155 30 min Fij B A T 5 BT 8RR (10 me/kg) , P T JRR
M5, LAD 25 4L, 8 2o 2 i bk i 4 LY294002 (0.3
mg/ke) o
123 HE#& HHMHEMFEELIEREIG, 55
i S BCHH O U 7 FH 904 A5 BRI e, 2 B K
B RAEGAL, AT . PR KR ZE 0% 0L
HH 4% 22 5 W RS WU R, A I A 3 B 1) DT A 4 pm
JEYIF, I IR ARG DAL (HE ) Y (o, 75627 W s
(IX51, Olympus, HA) WL, WA Eik: (-)
TORAE 5 (+) R AR 5 (++4) F BB AS 5 (+++) il
BERAR 5 (++++) KEHORIFAS
1.2.4 TUNEL k4w Mg i 8 = 40K Bub
WELH 2R 25 4% 22 SR W [ 2 , A s )5 U0 L (8
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R k3R 7] & (Roche) HEAT TUNEL M 5 , LA PEAL A [A]
HAR O T-FEE . Fluorescein-dUTP 5 4,
R T AR, B 2R A 5 47, 6-diamidino-2-phenylin-
dole (DAPI) %5 {8k S MO EL, S t0 . it o L
S R TR 2 B ML B 6 BT (x200) , f
Image Pro Plus 6.0 1155 41 Jitl 4 T~ 45 %X (apoptotic in-
dex, Al) , AI=0 T 4H Ma ks 540 i %k
1.2.5 SMARMEMIR B REOIEHS,
FHWE PR 2% i (0.1 mol/L, pH 7.4) 76, T4 °C
8 T 2% v W P 1% DU S A B o 2 he
Araldite CY212 B3 J5 , 38 & 8 i U] 7 AL (Ultracut
E, Reichert, B F] ) ] £5 70 ~ 80 nm # Y] Ao
FH TR B EFN 2 TR Yt 7632 5 FL T 0 UBE (Mor-
gagni 268D, FeiCo, fif = ) T WL Z< 10 55 #5210 UL 4
TEARC R, SR AR TN AN A% S50 , LA K 18 4 7. 26784k
1.2.6 ELISA #&a  $2z B0 & vl i A5 22k, fili
PI3K 1 Akt ELISA 127 &5 46 £ 2H K Bl ILZH 21
PI3K Al Akt 235 7KF .
1.2.7 & &G A %P ik 3% (Western blotting)  Ab%E K KR
S TV i BRUHE O, R B Z4 200 mg Oy HEAL 2, B %
FHWE IR 8 2% w8 (0.1 mol/L, pH 7.4) ¥ ¥E . FANA
TV RIPA 24 22 th iR P2 BUR B3E 11 B4R AE 4 °CL
12 000 r/min &> 5 min, ] BCA & (& 5=l &
DU SR VR B O S 0 B 1R b JE ek SDS-
PAGE HLYk 4> &, TR 2 PVDF 8 ¥l 5% i
B Tris 2P b 4 CHF R i B ] . B AT
J& , 5 HT MDAS . SOD1, TNF-a , 1L-6 , IL-1B | Cas-
pase-3 . Cleaved caspase-3. PI3K . p-Akt (Ser 473) .
Akt eNOS, p-eNOS (Ser1177) . p-mTOR (Ser2448 ) Fll
B-actin —PLMF F L o HI TBST ¥k 3 W, 15 B
HR ek S8 ALy Bt BB 11 TgG 23R 9F & 1 he i FH ECL-
PLUS R G A4 8 (1 i b /K AR i o i3 Tm-
age Pro Plus 6.0 {47 K FE 5347 -
1.3 SitEFRZE AT ESIESRR Ny s f
FH SPSS 16.0 F A0 47 848 53 Bt 5 22 LA LE SR
HUH ZE T 25001, Z 4L P S SNK-g 75 . P<
0.05INH2ZE R A GiT2EE L.
2 #R
21 MEREBTHARERE VR KR OEARRES
T IR ARE -G X R 5 S 0 AT AR
iR T T R RO I 20 80400 3 R B R AT b . e
SER R M T ARY, VR 4K Bl F
o B S 0 5 1 T B IR 40 T A0 L AN i IR BE D
T . HE Fer+ /R 4K B, O WLARMEIRFE R VE20
J s, K 20 B K s 22 41 R AT VR 41, Hoo WL

£ 2205 -
YL R M e R (1 AR 1) .
E-3 BV NGIER v N R e EAUrsp e a4
2H 5] AL WIE K i JAE
i FALH 12 - - _
/R4 12 +++ +++ o+t
Fer+I/R 41 12 - - +

= N TCIRAE  + R R RN A+ N T RS, +++
TERGAS | -+ KA HUR AR

22 PIERERTHINE VR XROMNMEMAET TU-
NEL/DAPI XL & % {8, 25 /x| UR 41 [ (55.45+
1.14) % | R BUAFAE 7™ 3 0 0 WLAL 2451477 , Fer+1/R 41
[(18.73+1.01)% ] K 5L TUNEL BH O WLZH I 7 43 e
M AR T IR 40 (P <0.001) ; Fer+LY+I/R 21 [ (46.81+
1.56)% ] 94 1= 45 20 W W & T Fer+l/R 41 (P<
0.01)(El2),

Western blotting 73 #1455 22 1, 5 /R 41 (3.98+
0.28) A Lt , Fer+I/R 2H (2.01+0.14) K FLi% 4 Cleaved
caspase-3 £ [1 15 7K - ik Z FE AL (P<0.05) , 1] Fer+
LY+I/R 21 (3.76+0.25) K F Cleaved caspase-3 5 [1 4
ik T Fer+l/R 41 (P<0.05) (E13) .

3 4 5 6

2
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1 : 1—B-actin; 2—Cleaved caspase-3;3— & F AR ;4—1/R 41;5
—Fer+I/R 41 ;6—Fer+LY+I/R 41 .
B3 BB W /R 5 R RO LA M A T i
Cleaved caspase-3 fit i EP I 45 22

23 MEBRTHMEZHEPBK/AKt FSERE O
WLZHZE PI3K A1 Akt 2 4 ELISA K 45 5 B 7, /R 4
[PI3K: (14.58+0.96 ) ng/L; Akt: (0.27+0.07) pg/L] K
FLC LA 21 PI3K il Akt 25 11 28 38 7K S B4 T
F AR 41 [PI3K: (21.32+1.26) ng/L; Akt: (0.38+0.08)
pe/L] ; Fer+l/R 4 [PI3K: (27.52+2.73) ng/L; Akt:
(0.72+0.15) we/L 1K B PI3K Fl Akt 2K [ ik K P-4
B @ T /R 4H(P<0.05) .

PI3K/Akt {538 % 4% 25 1 Western blotting 5l
R BN, 5ERFARLAME, UR 41K B PI3K  p-Akt
HT Akt 2 (1235 7KF- B 5 T 98, PI3K/AKt {5 538 1
T ¥R AR p-eNOS (Ser1177) Fl p-mTOR (Ser2448 ) 75
F 2B K I 2 AR T AR 41 (P<0.05) 5 1Mif Fer+
VR A bR 8 1 587K 8 T IR 21 (P<0.05) ([
4FFE2),
24 MEBRTHAIMRP VR BGEAROINEHT
B TEM.OAUEMESH g R Eos, S5HFAR
ZHAH EL, /R 2R B B0 B i LD 2 A A e R Ak
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## : 1—mTOR ;2—p-mTOR ;3—eNOS ; 4—p-eNOS; 5—Akt; 6—p-
Akt;7—B-actin; 8—PI3K; 9— R F- AR ; 10—I/R4; 11—Fer+I/R 4,
4 PI3K/AK (R 53 % AH O 2 1119 2 15 B s

FR2  PIBK/Akt 5510 A AR A 1 287K

p-eNOS/ p-mTOR/
2151 PI3K/B-actin  p-Akt/Akt

eNOS mTOR
BFARH  048+0.13  1.23x0.14  0.49+0.07 0.53+0.07
I/R#H 0.19£0.077  0.54+0.08"  0.3620.09"  0.33+0.04"
Fer+I/R - o .
A 1.21£0.177% 1.38+0.18"% 0.90£0.13"? 1.35+0.167%
FA 201.56 123.34 113.32 317.31
PA <0.001 <0.05 <0.001 <0.001

OS5 MTFARA I, P<0.05. @5 UR4UILE,P<0.01,

Jib K ASREIIZA , LR LA B 1) 45 2 R Al o 7
Fer+I/R 2 U, O LA A B LR A 2544 1 £
Frog sk WA W B 0 WUR L 428, 5T AR 4K
SO L ZUEE R AT o 1] Fer+LY+I/R 2 K B0 L
N M HES 2L, A I O JULEF 4k W7 24, 4 il A
PE SR BE ™ F, 0 JILEE 1345 A 9% A8 5 VR 41 A
I S).

2.5 PUERER T A& VR KBRS M B0 R E X
W Western blotting 73 #7145 3 B~ , 58 F AR 44
L6, VR 41K B MDAS 25 11 3R 3K 7KF-, 412 48 240 il A
TNF-a, [L-6 1 [L-1B 2 [ 2 15 /K °F 18 2 T & (P<
0.05),SOD1 £ 1R A7KF-W] i B AR (P<0.05) . 51/
RZ1AH I, Fer+I/R 21 K il MDAS | TNF-a  IL-6 il 1L-
1B 2 1 3R IA K V-1 1 3 F 98 (P<0.05) , SOD1 85 M
FRKFEIH B EI(P<0.05) . 5 Fer+I/R A1 EL
Fer+LY+I/R 41 K L SOD1 & & W & F 14 , MDAS .

5 BB A GE VR R RO UB B A SRR 4L B T/
R ;C l Fer+I/R#H ;D A Fer+LY+I/R #H .
T MR N AT s F A WUSER 4 5 1k (—) FR LR EF
iSRRI d

TNF-o IL-6 Fl1 1L-1B 2 [ A A K B3 L (P
<0.05) (Kl 6 F13).

7 8 9 10

6 — e |
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21— B -actin; 2—SOD1; 3—IL-18; 4—11-6; 5—TNF-a; 6—
MDAS5 ; 7— R F AR ;8—T/R 21 ;9—Fer+I/R £ ; 10—Fer+LY+I/R 4 .
B 6 B b A /R R B4 N ORI 98 RE F W 7K

3 g

/R & — A5 2% 110 L AE BT R 90 R A4 i 1
T VHRE RV AV B R WY R 1S UR
Jei o RO LA B3 405 B S, 300 TR %) A4 i o
FERI 5 5 7 BRI R BRURE LY, P R RO L

R3 VR KRAPLHAIAE KA S H 128K

4151 %k SOD1/B-actin MDAS5/B-actin TNF-a/B-actin 1L-6/B-actin IL-1B/B-actin
BFAL 12 0.500.14 0.22+0.03 0.530.09 0.33+0.07 0.1520.02
/R4 12 0.2020.04" 0.45+0.12" 1.22+0.20" 1.30+0.18" 0.52+0.12"
Fer+I/R 4 12 0.4120.09"2 0.310.07"% 0.3720.04"2 0.24+0.03"% 0.2620.06"%
FertLY+I/R#H 12 0.28+0.07"% 0.410.08"% 1.15£0.09"% 0.78+0.09"% 0.48+0.06"%
FAE 26.19 20.54 159.20 253.19 49.09
P1E <0.001 <0.001 <0.001 <0.001 <0.001

T OS5 BT ARA L, P<0.05, @5 URALE,P<0.01. @5 Fer+I/R 4 L4, P<0.05,
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