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Effect of endoplasmic reticulum stress on eicosapentaenoic
acid resisting myocardial apoptosis induced by palimitate
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Objective: To investigate the functional role of endoplasmic reticulum stress (ERS) in eicosapentaenoic acid

(EPA) attenuating myocardial apoptosis induced by palimitate (PAL). Methods: Cells were divided randomly into
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six groups: the blank control group, the PAL stimulated group, the EPA + PAL stimulated group, the thapsigargin +
EPA + PAL-stimulated group, thapsigargin group, thapsigargin + EPA stimulated group. CCK-8 was used to
test the cell viability, TUNEL staining was used to detect the apoptosis, and Western blot method was used to
detect the expression of glucose-regulated protein 78 (GRP78), calreticulin (CRT), C/EBP homologous protein
(CHOP), JNK and caspase-12. Results: PAL treatment resulted in a decrease of cell viability and an increase
of cell apoptotic rates and led to a significant up-regulation of the expression of GRP78, CRT, CHOP, p-JNK
and cleaved caspase-12 proteins. Compared with PAL treatment, pretreatment with EPA + PAL resulted in a
significant decrease of the expression of GRP78, CRT, cleaved caspase-12, p-JNK and CHOP proteins (P<0.05),
and decreased PAL-induced cardiomyocytes apoptosis from 43.9% to 24.07% (P<0.05). Cells were treated with
thapsigargin, a specific activator of ERS; compared with EPA+PAL treatment, thapsigargin + EPA + PAL showed
increased significantly of the expression of GRP78, cleaved caspase-12, p-JNK and CHOP proteins (P<0.05),
down-regulated of cell viability, and enhanced apoptosis of cardiomyocyte cell. Furthermore, thapsigargin
pretreatment obviously decreased cell viability and increase cell apoptosis compared with the control
group, pretreatment with thapsigargin + EPA decreased thapsigargin-induced cardiomyocytes apoptosis.
Conclusion: EPA could prevent from PAL-induced cardiomyocytes apoptosis through a restraining ERS

and caspase dependent apoptotic pathway.

Keywords

I AR 56 %% B w -34S 1t 1 I M R 4 1 b Y
Wk IR (eicosapentaenoic acid, EPA)REF 4L
RYTONVESE . O Iy . B . SRR SCTS
RPN, HEPATTZ YL IIE S HE 1 35 B oet 0o 1Y
WAL, BA WE O IR ER, BT 51
BLHIMSAS B o P9 T I 7 38 (endoplasmic reticulum
stress, ERS) g 45 4 Mg 4 1 (% 55 22 715 T HL
Hil, ZEEiME . SRR B UL S 2 R
O I A5 6 B e A R SR B A et O L 4
O MRS 22 P 1) R A= s Fvp . ERSHEBLTE , IR
2P 1o FH C/EBPIH]JE K 1 (C/EBP homologous
protein, CHOP)\ ¥ﬂﬁ:’§k@§%é‘§&@§%ﬁ%
12(caspase-12) FIJNK#E A, LU 40 i 117
B LAAEAR A BF 58 i 38 FR B R (palimitate,
PAL)Z M Al if5 7O N A MUERS LTS , Y #RERS
NL A G A A M T 78 (glucose-
regulated protein 78, GRP78). M & H
(calreticulin, CRT)F{EHMT-H 1CHOP, JNK
Kocaspase-121 3K 3k ; H & A W5 LB EPAFKAL
PALIE .0 WLAH ML 04 T i /E T S ERS A B #2 5%
o AW RHPALE IR O ML, o7
PALE S0 JULZR L o T A7, S FJEERS 5 PAL
P FL O LA M JR T B AR OC M, JF R ERSTE
PALA 5 A9 FL B0 LAR 0 6 75 e o 9 7 R
TR E S L

endoplasmic reticulum stress; eicosapentaenoic acid; palimitate; apoptosis

1 MR EFE

1.1 Y 5iF

AR 1~3 A R IR AR L BRI A5 U A R
KELBHY PO, PAL, EPA, #E &K
(thapsigargin) 4 [] 32 & Sigma/\ Al . Western E[l b
—9JiGRP78, JNK, p-JNK, caspase-12, CRT X
CHOPI H £ [ Proteintech/y Al » HRPHRE Y FE
Prhe S AP/ R B F P9 % R A YR A R
Nl 4% 2 R EEN H G2 TR EY R A RA
Al o TunelZ M Jd T-R M AT & . e o iR
WUALES & F T (cardiac troponin T, ¢TnT) . afffAILZ)l
M (a-actinin) . “FHHIgG H&L(Alexa Fluor 488)
A 1gG H&L(Cy3) M [ 35 E Abcam A A .
PVDFE M ECL A G A 35 E Millipore A 7 o
RIPA G R U S Sx b FE G2 vl W) B PG ¢ i % A
PHEABR AT . 47,6- k3 -2- 05|k (DAPT) Yt
) & . MR iR (bicinchoninic acid, BCA)
B s R S A iRy B iR & W B
WE = RAEVWRHEARAF . B4 Uk [ 3
EIBD A Al o HAh R0 ¥ 2k B 3 B 25

1.2 ik
1.2.1 SRRy 320
B Az 1~3 d g 3L B I SE AT o B 3R AS 0



PR P REE — i R TR TR R R 5 S LA B T PR 30K, 46 689

WLAH B, SR FH SR 2 92 O e 0 E 17 40 i B AR 22 4
P, BT 10% 06 4 LW 9 m B DMEM B 37
f£37 °C, 50 mL/L CO, ¥iFRMi 4535 Y 20 it
80% G FR LAY, FFEIGFRIE, INASFIey Y THi. 55
SIS . 1) AN [RIPAL YK B AL PRSI PAL
0, 100, 200, 400, 800, 1 000 umol/L AbFHZH,
JeAb P24 by 2) AN[RIEPAYK FEAL BESCES . EEPA O,
10, 20, 50, 100 pmol/LAbFHZ, AbFH24 h; 3)4)
AL BRSEYS . X BR 4] (Control4]) T AAH R AR FIPBS
AbFR; PAL#H, 457400 pmol/LAYPALALFE24 h;
EPA+PALH, %3400 umol/LAYPALALER, [A]H s
fnso umol/L EPALL #1124 h; thapsigargin+EPA+PAL
2, ERS#%%‘@Y}%‘E‘Jjﬂjthapsigargin 1 pmol/LFiAb ¥
DALAIEL b, #R)5 550 umol/L EPA+400 pmol/L
PALI AN PRI 24 b thapsigarginéﬂ y
thapsigargin 1 pmol/LFIALHLLALANMIL h, Hfk
e B IR S AL HE 24 b thapsigargin+EPA§ﬂ y
thapsigargin 1 pmol/LTANHL.LALANMEL h, 55
50 pmol/L EPAILAN P LA HE24 he
1.2.2 CCK-8 #& il fLém it & 5

BoNMEEEEMTo6flikt, &
(4~6)x10*/1/fL. BET37°C, 50 mL/L CO,K55%46
hREIR24 b, HEATZYWAL BRI, AL PRES RS SR
FEHE I JCHEPBSTH VEA M3 YK, K200 pLJC I TF
DMEM (& Wi 35 2 3 40 A& S8 L, P20 uL
CCK-8¥ N 2= 45 S 0w L, o AT 240 Bf 1 LA
FZS AR 37 °C, S0 mL/L CO 55546 th 1 %
40 min, HCHS 5 TEEE G g5 A I A SR I W ' B
WK H450 nm.,
1.2.3 ZERKE

PLSx 10" /mL 40 il 2 B2 5 0 LA 422 7 22 2411
M b, HigR48 WG, MA40 g/LEZRHEE, Eil
[ %10 min, PBSPEMA3IK, 10 g/L Trixon-100%
MR E10 min, FEPE3K, 50 g/L BSAZ iR £ 4]
30 min, JIA—#(cTnT Mla-actinin) T4 CIFH
o 45 min, PBSPEIRIK, —Pr(488F1Cy3)
A F 45 min, PBSYES, DAPI(1:1 000)FH
10 min, {55{%%3{7\, EHhH, Xﬂ%‘go
1.2.4 Western Ff i A& & & & ik

PO R BE S .0 LAR a5 SR 0L, B T oK b,
PBSYEY 33, M AGERIPAZLA# I (100 uL/10° 2
) vk b2 f#20 min, ARG ANME T 2R, BRI IR
FI3~SUR o Bt 5 (5 FH 440 ) A o O o L 40 e )
T, IWEFTELET, 12 000 r/minE 15 min,
WegE BiE TR R B AE T, S uL BT TBCA
EEEE, FREALHBRTIA L 4R sx -

P, R2E TEKIEMATE10 min, =
M HSRBEN, T-80 CIRFF. M4 SDS-PEGEH K
JE, Phso ug/fLIB MY FFEATHIK, T 55
M, S0 g/LINAR Y Ky IR EHA3 h, TBSTIEVE,
—Pi4 CHG B L (—Picleaved caspase-12,
Drpl, p-AMPK, AMPKAHB-actin: TBST=
1:1 000(f&FR L), =4S min, TBSTIEPE, HRP
PRI FEP R i (1:6 000), FIRIEGIHEE2 h,
TBSTIEVE, ECLA G,
1.2.5 Tunel 3480 20 f6L 8 —

il & O LA AL 288% 7, A5 A i ib 324 h)
W 35 A 40 MR 3R, PBSTEYES min, HE 3K,
Z: B Tunel 20 Jf /] T A6 I 4 7] &5 5 56 25 Rtk A7 28
Sy, Yl a 45 05 SR F BB DO U SR 40
M8, Image Plus# 40 #7 .

1.3 it F b

K H GraphPad Prism SERIFIEAT /08T, B4
AR EE IR L, DIIEbrifE 22 (x2s) R, £
18] L BCR FH B R R 7 22508, PRI LU R FH tAG:
5. P<0.0SHZEFAGI R L,

2 R

21 ERONAREE

JEAR D LA T AL S R FEE , WiEERE 324 h
Ja BRIE SO FLI R, B8 T AT DL Bl A
PSRN, 180, BERE. Ki9R48 h
J5 AN A2 R, B R & S 40 )2 T 4 i
W, WshRE, STARERER S, YrotrEsE, Xk
T O WA EE A cTnT/a-actinin B IE o G YL 5, 2%
RE/R: JLTIA QM %E Y cTaT (L1 A 5),
HLT A T BHE 40 Al [R5 5 Y a-actinin (48 (75€
ot K1)

2.2 EPA Xt PAL ¥ SH9:0 AIL4H AR i 1 B 22 i

O JULAH B 28 A [ vk BE PALAL FH24 b5, CCK-8
Ry 45 5 58 5% . B 25 PAL T Tk B (3, o0 L4
LT ) B AR, H.200~1 000 wmol /LAY PAL A i
FREAR O WU ML S Ty, O WL TS J1 N 79.67%
AR 67.2%, Z5AHGIT¥E X (P<0.05),
DAL 2 AR EEPAR AL 24 h5
CCK-87F KM &5 7R : 10~100 pmol/L EPA
X0 LA B 0% 71 TG 35 5 W (P>0.05) o HEG T
400 umol/L PALALFRJS, ¥/N10~100 pmol/LY
EPAMG & Rl ¥ 24 h, 40805 PE A DU 45 2R 8o .



690

I R i 2 i, 2018, 38(4)  http://Icbl.amegroups.com

S5PALAAMEL, 10 umol/L EPAT i J 40 M %
FIRg I W E B X, H20~100 pmol/L EPA
A PALREAR A0 LA ML VE 1, 2R A 5
TH L (P<0.0S) o M FHERSHE 5 7 ¥ 20
1 pmol/L thapsigarginTALBLOALARL h, K5
550 pumol/L EPA + 400 pmol/L PALILAZEFLC LR
Ji24 h, SEPA+PALAIAHLL, O HLAHNRMLTE J) 3
FEAG . T B0 H thapsigarginfE BH M X BEAF 5%
XA L, thapsigargin4i MG 1 T B, M
thapsigargin+EPALL HL ¥ % | thapsigargin FE LAY L
WLAMYE S, 2R A 5024 X (P<0.05, K2).

2.3 ERS HHXHHFRMEREEANTHK
55X H A PALéﬁﬂlthapsigarginéﬂ/J\Eﬂ
L LA L ER SAH G 1Y 4 53 M 6 1K 85 I GRP78 I
CRTHEH KK E T ; SPALMILL, EPA+PAL
410 L4 T GRP78 M CRT K [ £ ik B % %
1% chapsigarginﬁﬁfﬁtt, thapsigargin+EPA2ﬁ

a-actinin

B R e L E ONAEm

Figure 1 Myocardial cells identified by fluorescence immunoassay

GRP78FICRT# [ KL W W FEL; SEPA+PAL
AN, thapsigargin+EPA+PALZ GRP78F1CRT
HEARKUEI S, ZREA%ITYE L (Y
P<0.05, K3).

2.4 EPA Xt PAL % 51 ERS R A T-%&H CHOP,
JNK % caspase-12 RiXHI M0

YR H CHOP, cleaved caspase-12 K p-JNK
EHRBKFERDERE ., SHEHAMIL,
PALZ MithapsigarginZ.0 LA G -F CHOP,
cleaved caspase-12 K p-JNKE 1 ik B & T+ ;
H5PALMI L, EPA+PALZL L LA T CHOP,
cleaved caspase-12 M p-JNK&E HREAH BIEIK; 5
thapsigarginZH A [, thapsigargin+EPAZ{CHOP,
cleaved caspase-12 p-JNKZE [ % ik B 2 [ AL ;
S5EPA+PALAIAH I, thapsigargin+EPA+PALZ
CHOP, cleaved caspase—lZ*ﬂp—]NK%E?@iﬁﬁ%ﬂ
#, ZESFRA SRR L (HP<0.05, [Kl4).

120 120 120 120
100{ vl gy + P . =
B g -~ 210019 ppr - W e 21001 P P £ 00| % ,
=z N * = f Yy = o
g 60 haa v o £ 80 g 80 * _&v‘ Rl > 80 e s x g
3 5 = g - o] * o
g % S 60 S 60 B © -~
20 60
o 401— : . . . 40 T
0 100 200 400 800 1000 0 10 20 50 100 PAL - + + + o+ 1 & PSS
PAL/(umol-L™") EPA/(pmol-L™") = & & X
EPA/(molL™) _  _ 10 20 50 100 F &S
RS
X N
&
o% <
Q@Q

B2 CCK-8#& Ml AL ZEBRE 1
Figure 2 Viability of myocardial cells assayed by CCK-8

SControlZ ML, *P<0.05; SPALZIAMLL, "P<0.05; SEPA+PALAIAHLL, “P<0.05; LthapsigarginZlAHLL, "P<0.05.
Compared with the Control group, *P<0.05; compared with the PAL group, "P<0.05; compared with the EPA + PAL group, “P<0.05;

compared with the thapsigargin group, "P<0.05.
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Figure 5 Myocardial cell apoptosis detected by Tunel assay

SControlZlA L, *P<0.05; SPALAIMILL, “P<0.05; SEPA+PALAIMILL, “P<0.05; SHthapsigarginZI#t, "P<0.05.
Compared with the Control group, *P<0.05; compared with the PAL group, "P<0.05; compared with the EPA + PAL group, “P<0.05;

compared with the thapsigargin group, P<0.05.
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