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Tanshinone Il A Reduces Palmitic Acid—Induced Cardiomyocyte

Apoptosis and Endoplasmic Reticulum Stress
WANG Ya—Dan, Al Jing—Xue, GAO Rui, LI Yun—Li, ZHANG Hai—Bo
(Dept. 3 of Cardiology, the First Affiliated Hospital of Henan University, Kaifeng 475000 Henan, China)
Abstract: Objective To explore the effects of tanshinone II A on endoplasmic reticulum stress— apoptosis in
palmitic acid induced myocardial cell injury model. Methods The H9¢2 cells at logarithmic phase were divided into
control group, palmitic acid (400 wmol/L.) group, tanshinone Il A 20 pmol/L. group, and palmitic acid plus
tanshinone I A (5, 10, 20 wmol/L) groups, moreover palmitic acid plus CCT020312 group and palmitic acid
plus CCT020312 plus tanshinone II A group were added for exploring the activation situation of pathway. The
viability of H9¢c2 cells was detected by cell count kit 8 (CCK-8) assay. The apoptosis of H9¢2 cells was detected by
flow cytometry. The mRNA expression levels of endoplasmic reticulum stress—related molecule glucose—regulated
protein 78 (GRP78) , activating transcription factor 4 (ATF4) , CCAAT/enhancer binding protein homologues
protein (CHOP) were determined by real—time quantitative polymerase chain reaction (RT—qPCR). The protein
expression levels of molecules GRP78, ATF4, CHOP, Caspase—3, Caspase—9, Caspase—12, protein kinase
R- like endoplasmic reticulum kinase (PERK) , phosphorylated PERK (p— PERK) . eukaryotic translation
initiation factor alpha two (elF2a), phosphorylated elF2a (p—elF2a) were determined by Western blotting assay.
Results Compared with the control group, H9c2 cell survival rate of palmitic acid group was decreased
significantly (P < 0.01), mRNA and protein expression levels of GRP78, ATF4 and CHOP in H9¢2 cells were
significantly increased (P < 0.01), H9c2 cell apoptosis rate was increased significantly (P < 0.01), p—PERK/
PERK and p-elF2a/elF2a ratios also were increased significantly (P < 0.01), and protein expression levels of
Caspase—3, Caspase—9 and Caspase—12 were significantly increased (P < 0.01). After treatment with tanshinone
Il A at different concentrations, compared with the palmitic acid group, the H9¢2 cell survival rate of the palmitic
acid plus tanshinone II A (5, 10, 20 pmol/L) groups were increased, mRNA and protein expression levels of
GRP78, ATF4 and CHOP were decreased, apoptosis rate of H9¢2 cells was decreased, ratios of p~PERK/PERK
and p-ellF2a/elF2a were decreased, and protein expression levels of Caspase—3, Caspase—9 and Caspase—12
were decreased, all the trends being in dose—dependent mode, the differences being significant in palmitic acid
plus tanshinone I A 10 pwmol/L group (P < 0.05) and palmitic acid plus tanshinone Il A 20 wmol/L group (P <
0.05). After treatment with PERK pathway activator CCT020312, compared with the palmitic acid (400 wmol/L.)
group, the ratios of p~PERK/PERK and p—elF2o/elF2a, the apoptosis rate and the mRNA and protein expression
levels of GRP78, ATF4 and CHOP were significantly increased in the palmitic acid plus CCT020312 group (P <
0.05). After tanshinone II A treatment, compared with the palmitic acid plus CCT020312 group, the ratios of p—
PERK/PERK and p-elF2a/elF2a, the apoptosis rate and the mRNA and protein expression levels of GRP78,
ATF4 and CHOP in the palmitic acid plus CCT020312 plus tanshinone II A group were significantly decreased
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(P < 0.05). Conclusion Tanshinone I A is effective for alleviating lipotoxic myocardial cell injury, and it

mechanism is related with reducing palmitic acid— induced H9¢2 cell apoptosis and controlling endoplasmic

reticulum stress response by inhibiting activation of PERK signaling pathway.

Keywords: tanshinone Il A; lipotoxic injury; apoptosis; endoplasmic reticulum (ER) stress; PERK signaling

pathway; palmitic acid; myocardial cells
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Caspase—3. Caspase—9, Caspase—12. & ¥ R
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Thermo Fisher 23 7 ; FACSCalibur Ji 28 21 i {3 )
3 [H Becton Dickinson Y] ; ABI Prism 7000 PCR %
i 1 Applied Biosystems /A 7] 5 ChemiDoc XRS+5
R RIS R S0 A 55 [E Bio-Rad A Fl .

1.3 CCK-8:EMEMPFE S BN x4
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“1.37 T, RTS8 70% 2.1 4 °Cid 1% [ 2 H9e2
4iAf, SRS RNaseA F1PI 4 CY (0%, 4%
B8 Annexin V=FITC 20 fitd 5 T 48003875 & 1 BH 5 10
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TGAGCCGTTCATTCTC-3"; GAPDH IE [m 5| #1731
45" ~GGGTGTGAACCACGAGAAAT-3", [ 5l
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40 MIEIR . REANFE A AR ERR £, PTIRCR
H190% ~ 100% . L BE L, e FE R SRR 1)
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1.6 FEHBA%EENIE(Western Blotting) % #& il 1Ls Al
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S 07 v . R e AR N 2 B R A A
FFE VK IR A 20 min, UKHEZEW, L4 CU
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% IgG-HRP ¥ H 1 ho )5, R ECLALF KL
R R &, P R AU RO RIS ¢
VK 4k o ATF4, CHOP, Caspase— 3. Caspase— 9,
Caspase— 12, PERK, p—PERK. elF2a. p-elF2a,
GAPDH AN J5 ¥4 [ | .

1.7 Stk RHAISPSS 19.0 G T4
0T, TR TR ORI DIEL £ AR (v £ 5) 3R
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ZRAGIFE L,
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0.05) FIEERE AR+ F 20 1T A 20 pmol/L4H (P < 0.01)
AT R A G2 8

2.2 S AZRETIREERESH HC2 4Aa
ABRMRE E2-AZ5RE xR SXTRA R,
FFZ 0 A 20 wmol/L £ 41 it () GRP78 . ATF4 Al
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Figure 1  Effects of tanshinone Il A on survival rate of
palmitic acid—induced H9c2 cells
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e HO2 NI A, Kt IRALEE, A. RT-qPCR &KL GRP78. ATF4 F1 CHOP [ mRNA Rk HZE R (n =3) ;
B. % S EEC I GRPT8 . ATF4 I CHOP 25 12635125 9 (n = 3)
LA 2. PFZ R T A 20 pmol/L 40 5 3. 55H R (400 wmol/L)#H 5 4. BetARR+ /1281 A 5 pmol/L 415 5. ¥R+ 5
Bl LA 10 pmol/L4H ; 6. AFHARR+PFZS0 1T A 20 pmol/L 41
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Figure 2 Effects of tanshinone |l A on endoplasmic reticulum stress in palmitic acid—induced H9c2 cells
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KB 3-B&i RN SRR E, P A T AZE AR R (400 pmol/L) 2H 2 i p— PERK/PERK Fl p—
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Figure 3 Effects of tanshinone |l A on apoptosis of palmitic acid—induced H9c2 cells
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Figure 4 Effects of tanshinone Il A on phosphorylation of PERK signaling pathway in palmitic acid—induced H9c2 cells

FEMRR+PFZ i LA 10 wmol/L 26 (P < 0.05) FlAZ A
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Figure 5 Effects of tanshinone |l A on apoptosis and endoplasmic reticulum stress in palmitic acid—induced H9c2 cells

by modulating the PERK signaling pathway

it ZHR AR, 5200 i T RE R A RN 40 i AT
T2, WRARTEME LR, FER R R WL TR
KRG WL, 7450 JULYN M 7E P 014 22 4 i 2
R R AE fih 2 AN PH T2 WA 9 ok BR AR R R
400 pmol/L 13 HOc2 .0 LA A4 2.0 LA A A 25
PEROIA T AR e 20 BAR Y |, 3 A R AR
R, SRR, PR 400 wmol/L 4.0 L
TG . WT R BT (P <0.01), BT
PR AN IR 5T v R A 1R T 38 e 35 S O UL 8 T
FERRREVEVE

DAL P 2 i A 2 DA G B 0 2, P I Y
o 2 P B Aol Ak e Rl AR AT 2 B 1 B PN
W SR A VTS AR AR S aE B, SR — R
YA, RPN TR . — 7T, PN SR N
AL IR T S 5 R A B T G i Y 2R Tk KT
s B A s 59— 7, PSRN B S
20 6 9080 T A A L ) S A BT A S0 LA
MRS . AR KB, LARSIR AR R
OWUETEPES St B rh, R AR B P 5T 90 1 8
T A BRIV (1 78 (GRPT8) . EL AWy R

Ih B F 2o (elF2a0) . 25 F1 3B R AE P 5 3%
fitt (PERK) . CCAAT/AY 3% T 45 & & (1 A F &
1 (CHOP) 1 Caspase & [ A5 AHCIH T BE™, H
HEM PR BT P I SR 3 B R U B A G B
(14) 3 15 18 97 T 8O WL B Bl 2 P 3 403 A ML =2
— U LA PR PN 5 R 0L R B A 7 e R O
WU I KA R Je . AR Es R B, SXTIR4
A, R R R 4 A0 A P I T N 3 AH G B 1T GRPT8 .
ATF4, CHOP mRNA FlfE HEIAAKF BETE (P <
0.01), p—PERK/PERK Fl p—elF2a/elF2a Fb il
FEHIR (P <001), #8740 [ Caspase— 3.
Caspase— 9 Fll Caspase— 12 & H 3 ik /K F & & T+
(P <0.01), ARVEEPFZE TAERE, HOe2
0 M B 7735 SR TE i, H9C2 4L By PR T3 R,
5 TR S 385 9 T A O 2R Y R A KRR (B P <
0.01) . fin A PERK i % % 1% 7] CCT020312 1 H
o, SRR LR, ARHRER +CCT020312 4 1Y
p—PERK/PERK Hl p—elF2a/elF2a LA, £ H 98 7=
%, GRP78. ATF4, CHOP fiy mRNA Fl#E 13 ik
KB ETHE (P <0.05); FE£85dPHS0 1A Ab



1692 PP

2021 455 38 4

PE, 5 kA R + CCT020312 2H Fb %, i A 1R +
CCT020312+ F+ Z il T A 41 i) p- PERK/PERK Al
p—elF2a/elF2a LA, HHIJHT-2, GRP78. ATF4,
CHOP 1 mRNA F1 45 [ 3R 1K 7K P2 1 25 Ml B (P <
0.05) . HE/RFFZHR I A 3 1= 400 P S R 1 3840 1%
1 PERK Fl elF2o IOERR LT 0 T AR R 15 S 11
HOc2 4 L P4 Jox 9 137 80AH 5C 25 1 CRP78. ATF4 Fll
CHOP 13k, e B0 il B B2 175 5 19 HOe2 4 it
FTRIMER . S5RERW, P20 A B AR R
O LA B A A7, AR AL S IR A iR R
5 R A P T S E R T G

ZE LT, AIREUASMIF G 45 FUE B T A A
FRAEEIS S MR, 3405 PERKAR S B, 155
O LA T, 1RO LA MRS 2 e s, ikt
Z: 11 A W] BH W28 B, 304600 L2 6 RS 22 1 i
Pio AW E RSN SEIHET T PSR 1A BT
O WL MR B PEVE T, A4 5 7R N A Sl ) 552 B
IS PSR A X B3O WU 0+ AL 1
PR T AT SR SEIRARDE

S E Wk

[1] CIRULLI ET, GUO L, LEON SWISHER C, et al. Profound
perturbation of the metabolome in obesity is associated with health
risk[J]. Cell Metab, 2019, 29(2): 488-500.

[2] ZOUL, LIX, WUN, et al. Palmitate induces myocardial lipotoxic

injury via the endoplasmic reticulum stress mediated apoptosis

pathway[J]. Mol Med Rep, 2017, 16(5): 6934-6939.

HAFFAR T, AKOUMI A, BOUSETTE N. Lipotoxic palmitate

—
(98]
[l

impairs the rate of beta—oxidation and citric acid cycle flux in rat
neonatal cardiomyocytes[J]. Cell Physiol Biochem, 2016, 40(5):
969-981.

[4] WANG L, MA R, LIUC, et al. Salvia miltiorrhiza: a potential
red light to the development of cardiovascular diseases [J]. Curr
Pharm Des, 2017, 23(7): 1077-1097.

(5] Jrpeise, Exise, JKAE, 4. P2 E0r b H 25 AR TIoE
FEHEREL). ThEEZ, 2020, 51(3): 788-798.

[6] YANGG L, JIALQ, WUJ, etal. Effect of tanshinone II A on
oxidative stress and apoptosis in a rat model of fatty liver [J]. Exp

Ther Med, 2017, 14(5): 4639-4646.

[7] YUANX, JINGS, WUL, etal. Pharmacological postconditioning
with tanshinone I A attenuates myocardial ischemia—reperfusion
injury in rats by activating the phosphatidylinositol 3- kinase
pathway[J . Exp Ther Med, 2014, 8(3): 973-977.

[8] ZHANG Z, HE H, QIAO Y, et al. Tanshinone Il A pretreatment
protects H9c2 cells against anoxia/reoxygenation injury:
involvement of the translocation of Bcl-2 to mitochondria mediated
by 14— 3- 3eta [J]. Oxid Med Cell Longev, 2018, 2018:
3583921.

[9] JINHJ, LI C G. Tanshinone Il A and cryptotanshinone prevent
mitochondrial dysfunction in hypoxia= induced H9c2 cells:
association to mitochondrial ROS, intracellular nitric oxide, and
calcium levels[]]. Evid Based Complement Alternat Med, 2013,
2013: 610694.

[10] GU Y, LIANG Z, WANG H, et al. Tanshinone II A protects
H9¢2 cells from oxidative stress— induced cell death via
microRNA- 133 upregulation and Akt activation [J]. Exp Ther
Med, 2016, 12(2): 1147-1152.

[11] ZHANG X, WANG Q, WANG X, et al. Tanshinone II A
protects against heart failure post— myocardial infarction via
AMPKs/mTOR- dependent autophagy pathway [J]. Biomed
Pharmacother, 2019, 112: 108599.

[12] HUH, ZHAIC, QIAN G, et al. Protective effects of tanshinone I A
on myocardial ischemia reperfusion injury by reducing oxidative
stress, HMGBI expression, and inflammatory reaction [ J]. Pharm
Biol, 2015, 53(12): 1752-1758.

[13] FENGJ, LIS, CHEN H. Tanshinone Il A ameliorates apoptosis
of cardiomyocytes induced by endoplasmic reticulum stress [J].
Exp Biol Med (Maywood), 2016, 241(18): 2042-2048.

[14] SLETTEN A C, PETERSON LR, SCHAFFER J E. Manifestations
and mechanisms of myocardial lipotoxicity in obesity [J]. J Tntern
Med, 2018, 284(5): 478-491.

[15] PARK M, SABETSKI A, KWAN CHAN Y, et al. Palmitate
induces ER stress and autophagy in H9¢2 cells: implications for
apoptosis and adiponectin resistance [J]. J Cell Physiol, 2015,
230(3): 630-639.

[16] HANJ, KAUFMAN R J. The role of ER stress in lipid metabolism
and lipotoxicity [J]. Journal of Lipid Research, 2016, 57(8):
1329-1338.

[ 4E2m 4. A& ]



