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Protective Effect of Empagliflozin and Dapagliflozin on Palmitic Acid-induced Cardiomyocytes Injury and
Its Underlying Mechanism

WEI Yudi', LUO Shenhe!, JIN Honghua®'(I.College of Pharmacy, Yanbian University, Yanji 133002, China;
2.Department of Pharmacy, Affiliated Hospital of Yanbian University, Yanji 133002, China)

ABSTRACT: OBJECTIVE To investigate the protective effect of sodium-glucose cotransporter 2 inhibitors empagliflozin
(EMPA) and dapagliflozin(DAPA) on palmitic acid(PA)-induced injury of rat H9c2 cardiomyocytes and its possible mechanism.
METHODS H9c2 myocardial cell injury was induced by PA. CCK-8 method was used to screen the optimal dosage of PA,
EMPA and DAPA. The protein expression levels of TLR4, p-AKT, p-mTOR, Nrf2 and HO-1 were detected by Western blotting.
The expressions of IL-1B, IL-6, TNF-a were detected by ELISA. ROS levels in PA-induced H9c2 cardiomyocytes were
determined by fluorescence microscopy and flow cytometry. RESULTS The survival rate of H9¢c2 cardiomyocytes decreased
significantly after treatment of PA 100 pumol-L™! for 24 h(P<0.01), the expression of IL-1B, IL-6, TNF-a, TLR4, p-mTOR and
ROS were significantly increased(P<0.01), and the protein expression of p-AKT, Nrf2 and HO-1 was significantly
decreased(P<0.01). Compared with the model group, the cell survival rate was significantly increased after EMPA and DAPA
treatment(P<0.01), the expression of IL-1p, IL-6, TNF-a, TLR4, p-mTOR and ROS levels were significantly decreased(P<0.05
or P<0.01), and the protein expression of p-AKT, Nrf2 and HO-1 was significantly up-regulated(P<0.05 or P<0.01).
CONCLUSION EMPA and DAPA have protective effects on PA-induced cardiomyocyte injury, and the mechanism may be
related to down-regulation of TLR4 and p-mTOR protein expression, enhancement of AKT protein phosphorylation, activation of
Nrf2/HO-1 pathway, and inhibition of ROS generation.

KEYWORDS: empagliflozin; dapagliflozin; palmitic acid; cardiomyocytes
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FAR AL 507 S E 20N 240 1A U

B - 5 A OBE 3L % 92 2R A -2(sodium-glucose
cotransporter 2, SGLT2)#P il H AT 32 KM
— KRB ZG , M| SGLT2 & (A REML {7 45 b
HIRWBHES , R SR R4, i+ SGLT2
FEAETRE, IFARBTO, LRI
RS IR E I E 5 DR T2 6 . R
FEBH, SGLT2 il 77) =32 230 ek i 35 O ik e A1
B NLAEML ATP Rt AEAE . IHLOAE Na'/H™5E
e P B AKCE ST RO ERS, BHETE
bl SGLT2 1 il 77 3 22 4 45 B A% 1) i
(empagliflozin, EMPA). ik#% %15+ (dapagliflozin,
DAPA) . HKHE 515 MRAKFN AT 55 4 . Horp,
EMPA 5 DAPA £} SGLT2 IR 254,
C A KA o 4 HEA B 2 O S R E
DAPA 7] DL it i/ 48 A i IR T AL S R E
R0 IR LA D) RE SR e 4 PRovs O LT, EMPA
A3 A I SRR [ I 3 A el 2O P a0 a8
#5518, (B4 5 EMPA 2 DAPA g 240 L A%
PRI VE AL AR 58 2 A . ASTFSE3E L PA 2
SEARERE ORI, #59 EMPA & DAPA X
PA 5 (1.0 LA A5 43 B DR VR T S CECAIL L
1 MR5E%

1.1 Bk

1.1.1 4 HOc2 A bR [ _E i & A A
AIRAF . & 10%864 M35 1Y m i sR w17
WIS, 2-3 dfE0 1 Ik

1.1.2 29 5i8%  EMPA(SE[E APEXBIO /A,

195 . A4601 ; 405 : 99.77%) ; DAPA(Z E APEXBIO
ANHE, $85 . A5854; ZlFE. 99.77%); PA(EH
Sigma /A #), $8%5: P5585-10G; 4l =99%); i
A 1L 7 (32 [E Gemini 24 F], $2°5: 900-108); DMEM
R e 3L a %) Bioind 22 H], 525 : 01-052-1ACS);
1574 (reactive oxygen species, ROS)Killi 5] &
(LA REYEARARAF, 125 ZP328-3);
ELISA if5fl & IL-18(5%5: YJ037373). ELISA ik
| & IL-6( %% 5 . YJ102828) . ELISA ik #| &
TNF-a(t8 %5 : YJ002859)¥04 H i A= A KR
/vAl; TLR4 ZifEHiiR(5T% . AF7017). Nrf2(1%
7 : AF06339) HO-1(%"5 : AF5393)¥l4 [ Affinity
INHE); AKT(585: CST 9272S). p-AKT(55%5: CST
4060S). mTOR(%¢ 5 : CST 2983S). p-mTOR(%% 5
CST 55368)¥I [ 35 [E CST A #]; B-actin(Jt 5T 1H

P E AR F 252 2023 4 10 FI 58 40 4545 20

R HAARAT, 55 bs-0295G); HRP
PRIC L =EHT e 1gG PUR R 28 se AR YR
AIRAFH, 5% AS014),

1.1.3 X8 AR IS FRAE Ok EFE B RF)
Foovwl); IS RO BB (3 E EchoLab 24
Fl); WA (GEE BD /A F]); Western EJikH,
VK B B R Ge (o 35 v R A IR 7)o

1.2 Jrik

1.2.1 PA #FWAECH]  FREC 25.7 mg 19 PA JiA
15 mL () Tube &, A 1 mL ¥ 0.1 mol-L™!
S EALENIA I, TN 75 CHIZBFE I 2 h,
RIE PA AR BEJSINA 9mL & 451
0.1 g'mL ™' BSA I, AWl 2250, i
UEBRT, P AEIRAFT-20 C,

1.2.2 4 AL FAb B RS FIR B PA X
HO9c2 (L NLAEML R FEE , K HOc2 L WLAH I BEHL 73
SR AEH AL (LR IR ) RS [R] MR BE PA 4125, 50, 100,
200 pumol-L "), 3% 24 h,

RS Al EE EMPA B DAPA Xf PA {EHIF
H9c2 L WLARMLAFIE 520, B HOe2 (O LAt bt
BLAT M IE R AL (L FR) . BBIZH (100 pmol L' /Y
PA H3# 24 h) .EMPA £1(0.1,1, 10 umol-L™" ) EMPA
TRALEE2 h i, FHIA 100 pmol-L" 1) PA §i]3# 24 h) .,
DAPA Z4(0.1, 1, 10 umol-L™' ) DAPA FiibFf 2 h
J&, FA 100 pmol-L™" ) PA H3# 24 h).

J9#R+ EMPA K2 DAPA %t PA /I F H9c2 .0
WLARAIH TLR4, AKT. mTOR & ARk L K 4
i T IL-1B. IL-6. TNF-a & & 19520, # H9c2
O LN A B ML 43 A 1 4 (R B ES 37) . A A
(100 umol-L™" 9 PA ¥ 24 h). EMPA #i(1,
10 pmol-L™" ) EMPA AL 2h J5, HMA
100 pmol'L™" ) PA Hil¥# 24 h). DAPA #(1,
10 pmol-L™" ) DAPA W4t ¥ 2h 5, HMA
100 pmol-L™" 4 PA H3# 24 h).

J#T EMPA K DAPA X PA E I H9c2 >
WL ROS A K Nrf2, HO-1 FHFAFEIAR)
S, K H9e2 O WLAHMEBEAL 53 A 1 8 41 (F A5
3% BRI (200 umol-L" 4 PA #1i# 12 h) . EMPA
ZH(10 umol-L™' ff§ EMPA TALEE 2 h J5, HAIA
200 umol-L™" 9 PA M| # 12h) . DAPA 4
(10 pmol'L™" B DAPA WiAibPE 2h J5, HINA
200 pmol-L™" ) PA H3# 12 h).

1.2.3  CCK-8 A8 HOc2 LLAMIAETR % #
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YR LLREAL 1 10* AR R ZE 96 FLAR, 4HM
I BE S I NS AL B 24 h, HRSCE0 R T 25 Ak
B, b3 52 B S AR LN CCK8 R85 10 L, 5535 3 h
J5i PSR XAE 450 nm A0 & G238 FE(H. .
1.2.4 Western blotting £l &5 FIEE  K4h2han
YL, 522 SCRROI v T A R, R
M)A T BCA &R vk BRI & 2 ik B T
e, WRHEFTHYK . FEIE . B0 PR E Rt
AKT(1 : 1000). p-AKT(I : 2 000). p-mTOR(1I :
1 000) . mTOR(1 : 1 000) . TLR4(1 : 1000) Nrf2(1 :
1 000), HO-1(1 : 1 000), B-actin(1 : 2 500)i &7,
FIREE AV EPRCH P 2500), ECL &6
Ab¥E . F FluorChemFC3 #4434 BV WO FEE
1.2.5 ELISA kail.CofILAH M F 3 1L-18. IL-6 LA
K TNF-o W8 # “1.2.27 R kil is o
Yiffe, WEE 24 h 5, BANMERE SR LIEW, 4 C,
1000 xg #5.0> 15 min, HEiE& M. # I ELISA
TR 6 U0 BH A5 20 TR AG A A v A8 1k R 1) 5 i
1.2.6 FOERMEEMEE HOc2 L IL4REH ROS 7K
S RN LRI 4% 103410 25 BE 3R T 6 em 557
MLH, SR P AL BE, S535 72200, n
A 10 umol-L' DCFH-DA # Y% & 20 min, PBS ¥
Uk 3, 7RI HIEEOE i AL e O A AR
1.2.7 R AHAAG HOc2 O WLAHAE 1 ROS 7K F
P LLEEIL 6x10° A% BE AT 6 em H53R11L
o, RS AL R, S5RE SRR, TR
AL 4R L, A 10 pmol-L ' DCFH-DA #60
B 20 min, PBS JEVE 3, FHCAMEA R,
WO R 488 nm, K FTEK K 525 nm, kil 4
HAMMET- ORI, ] FlowJo S FE 1 T4
G307 o
1.2.8 it Hr  REU Graphpad Prism8 #1744
WG, HERERE Y £ 5 FoR, 2 4l0A] el
FARSIAEAS ¢ K i ik, 241 LB s =
Z0HT . P<0.05 FnZRHAGIHE L,
2 %R
2.1 R[AHESE PA Xt HOC2 /0 JILAH A7 R Al 5 i)
B PA YRIEMTHE, HOC2 L UL A7 R
BT T S v B RO, e 50, 100,
200 umol-L~! ¥ B 20 5 1E 5 A AH Fb Y 5o e it
X (P<0.01), MGz 5 SCikifaE, A
WFFT % 100 umol-L™' PA /EFH 24 h /E N #E ST IE TR
PR R R A S0 25, S5 2R LI 1,
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HIEWHLILE, YP<0.01.

Fig. 1 Effect of PA on the viability of H9¢c2 cardiomyocytes
(xts, n=6)

Compared with normal group, VP<0.01.

2.2 AR E EMPA & DAPA X} PA %551 HOc2
O JLZAH BELAF 176 6 )5 T

SIE#HAH, 100 pmol-L ' Y PA 4bFH H9c2
O NLANAE 24 h J5, 4HHEAATE 220 I FEAIR(P<0.01);
SERHA L, AR 1 umol-L! 5 10 umol-L!
) EMPA & DAPA 7] L1 238 i HO¢2 O L4
L A7 R(P<0.01), Z5H LK 2,

2.3 EMPA JZ DAPA X PA 5 5% HOc2 .U LAY
Ht TLR4 . p-AKT. p-mTOR 7 [k i 54

Western blotting Z5 R i/~ , SIEF AL, #il
AIZH TLR4 I p-mTOR & 335 /KF- 340 & 13
(P<0.01), p-AKT #HHFRIAWBFEIREP<0.01); 5
FERIZH L%, EMPA Y DAPA 4bHiJ5, TLR4 Fi
p-mTOR £ [ 3R ik 7K °F- 3 b 2 % AIK (P<0.01) ,
p-AKT R IA W E FHP<0.01), Z5RILK 3,
2.4 ELISA EEARGM.Co U403 TL-1B . 1L-6 DL K&
TNF-a F) 75 &

SIEWALE, HOc2 LAt PA BS:
FEAERY TL-1B. TL-6 LA K TNF-o 7% & W F+ 5
(P<0.01), 5H#ERI4] b %5 , EMPA 5 DAPA AbFf)
RIEHTF IL-1B, IL-6 DL S TNF-a & & i F A%
(P<0.01), ZERWE 1.

2.5 EMPA 2 DAPA % PA 551 H9c2 .0 ILAH i
H1 ROS 5 51521

2.5.1 BOCRMEIWES EMPA K DAPA %I PA 75
K H9C2 LA R ROS /KSR SIEH
N Hed, AR AL AN A S B R e O S
B b4, EMPA(10 umol-L )4l DAPA

P AR FH 252 2023 4R 10 A4 40 B4 20 1
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Fig. 2 Effects of different concentrations of EMPA and DAPA on the survival rate of H9¢2 cardiomyocytes( x £ s, n=4)

A-Effect of EMPA concentration on survival rate of H9¢2 cardiomyocytes; B—effect of DAPA concentration on survival rate of H9¢2 cardiomyocytes.
Compared with normal group, "P<0.01; compared with model group, 2P<0.01.
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3 EMPA % DAPA xt PA ¥ 5 # H9c2 /U L8 i + TLR4. p-AKT & p-mTOR #9%& @ £k A F(Xts, n=6)

A. B-Western blotting #;{l] TLR4 Y& [ #£i5; C. D-Western blotting K] p-AKT DL}z AKT [y# 151k ; E. F-Western blotting #:ill p-mTOR
P& mTOR HYEH R 1-1EH 4 258141 ; 3-EMPA(1 umol-L)4; 4-EMPA(10 umol-L )41 ; 5-DAPA(1 umol-L™)4; 6-DAPA(10 umol-L™)
Ho FIEWHILE, DP<0.01; SKAIHLE, 2P<0.01,

Fig. 3 Effects of EMPA and DAPA on protein expression of TLR4, p-AKT and p-mTOR of PA induced H9c2
cardiomyocytes( x £ s, n=6)

A and B—expression of TLR4 protein by Western blotting; C and D—expression of p-AKT and AKT protein by Western blotting; E and F—expression of
p-mTOR and mTOR protein by Western blotting; 1-normal group; 2-model group; 3-EMPA(1 pmol-L™") group; 4-EMPA(10 umol-L™") group;

5-DAPA(1 umol-L") group; 6-DAPA(10 umol-L") group. Compared with normal group, "P<0.01; compared with model group, ?P<0.01.

%=1 EMPA & DAPA *f PA %% /5 4 ff b & IL-1B. IL-6
AR TNF-o RIZW & H(Xts, n=6)

Tab. 1 Effect of EMPA and DAPA on the expression of
IL-1B, IL-6 and TNF-a in cell supernatant induced by

PA(X *s, n=6) pg'mL™!
5 IL-1B IL-6 TNF-a
EHA 29.49+2.94 19.5742.16  40.39+4.01
FRRIZH 64.73+4.58)  46.84+2.62)  73.96+3.68"
EMPA(l pmol- L4 43.10£2.632  30.80+2.112  52.65+4.23?
EMPA(10 umol L) 38.95£2.612  29.91+2.322  49.62+3.722
DAPA(I pmol-L™)2H  38.19+2.122  27.62+1.48?  50.69+3.50?
DAPA(10 pmol- L™H)2H  36.06+2.45)  25.81+2.022 48.41+3.21?

e HIEFAAML, YP<0.01; SHEBAML, 2P<0.01,

Note: Compared with the normal group, "P<0.01; compared with model

group, 2P<0.01.

P E AR F 252 2023 4 10 FI 58 40 4545 20

(10 pmol-L") ZH 40 Afd & (5 2¢O W W sl 55 , & W
EMPA 5 DAPA + 5 o] i 3 30 PA 755 1) H9c2
L AL ROS #9774, H DAPA &K ROS %
REHE, RLE 4,

2,52 ALK EMPA K DAPA %t PA i
S HOc2 L L4RAEH ROS KM S5IEH
bR, BRI SR B W] T 5 (P<0.01), i
AW ; SHERY L, EMPA(10 pmol-L 141
F1 DAPA(10 pumol-L- Y21 i i [m) £ A%, 2 nim &
1 42 P AR (P<0.05 5% P<0.01), %8 EMPA 5 DAPA
AT DL AR AR ROS &, i DAPA &%
ROS BURTE R . 45 ILKE 5,
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B4 EMPA X DAPA %t PA % 5 89 H9c2 & AL 4 fE, # ROS
GEWNW

A-1E 4 ; B-#i 8 4 ; C-EMPA(10 umol-L™") 41 ; D-DAPA
(10 pmol-L™H4H .

Fig. 4 Effects of EMPA and DAPA on ROS level in

PA-induced H9c2 cardiomyocytes
A-normal group; B-model group; C-EMPA(10 umol-L™") group;
D-DAPA(10 pmol-L™") group.
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B 5 EMPA % DAPA *f PA % & #7 H9c2 2 Il 48 i - ROS

GBI (Xts, n=4)

A4l ROS My FEAEL; B-IEW 4l; C-HIM4l; D-EMPA

(10 pmol-L™ )4 ; E-DAPA(10 pmol-L-Y)4H, HIEH# 4114, VP<0.01;

SRONA B, 2P<0.05, YP<0.01; 5 EMPA(10 umol-L N4 Fe#sz,

9P<0.01,

Fig. 5 Effects of EMPA and DAPA on ROS level in

PA-induced H9¢2 cardiomyocytes( x £ s, n=4)

A-ROS expression changes between groups; B—normal group; C—model

group; D-EMPA(10 pmol-L™") group; E-DAPA(10 umol-L™") group.

Compared with normal group, YP<0.01; compared with model group,

2pP<0.05, ¥P<0.01; compared with EMPA(10 pmol-L") group, ¥P<0.01.
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2.6 EMPA % DAPA % PA iS4 H9c2 .U JL4H it
H1 Nrf2 Al HO-1 25 1 #3552

Western blotting 458 i, HSIER AL LR, &
RIZH Nrf2 F1l HO-1 2K Rk K34 % F %
(P<0.01); S51ERIZH 47, EMPA Y DAPA ZbFHJ5 ,
Nrf2 #l HO-1 % [ %35 7K FH B i 7185 (P<0.05),
H DAPA 411t EMPA 41 % 4 It} 2 (P<0.05) . Z5 5 UL
6.

N2 G- G e 68 LDa
HO-1 WD ss S S 33 D2

B-actin NS S S WP ) Do

1.5
T m T »
5 1.0- L €L
X 2
; )
: :
¥ 0.5
O T T T T T T T T
1 2 3 4 1 2 3 4
Nrf2 HO-1

6 EMPA % DAPA %I PA if 5 &8 HOc2 /& L 48 i ' Nrf2
1 HO-1 & B kB AKF(Xts, n=3)

1-1E % 20 2457802 ; 3-EMPA(10 pmol-L")2H ; 4-DAPA(10 umol-L1)
M, HSEFAILE, "P<001; SHEEHILE, 2P<005; 5
EMPA(10 umol-L Y4 Lb#%, 9P<0.05,

Fig. 6 Effects of EMPA and DAPA on protein expression of
Nrf2 and HO-1 of PA induced H9c2 cardiomyocytes( X s,

n=3)

I-normal group; 2-model group; 3-EMPA(10 umol-L™") group;
4-DAPA(10 pmol-L™") group. Compared with normal group, VP<0.01;
compared with model group, ?»P<0.05; compared with EMPA
(10 pmol-L™") group, ¥P<0.05.
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i PA ST R EEPECONU TR, 200 e 3 1 S
SEREM, SIEW AR, MR LA AT R
TR, 22— E WA EMPA K DAPA AbFE 5 20
A7 16 SR A X — &5 R B AR SCRR R I &5
SEA—2, $28 EMPA }2 DAPA X PA %5 S %) HOc2
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O WL B 2 YER 4 . AKT/mTOR 15 5 18 % T
TLR4 1) R, HE P 0 el A8 7 2 9 s g Al 15 Bl
R B A e e EZMME U1, Rk
B, EMPA A DIl 36 AKT {5538 B s £
IO 5S8R mTOR
A VR N RS S O I T BE R PR
TLR4/AKT/mTOR {5538 [ i 4E k PA 15 0 R
E | AT QI AL RO LR 47 1) S R T

KRBTSR, EMPA K DAPA ] LA
TLR4. mTOR {55 %, #49% AKT MImkmft, b
i IL-1B. IL-6 1 TNF-o 484 HF-A9 &4, dhimifs
P PA 0 O LA R 7 o AL O IR B
PR WU A B R AL, Y G I R AE O
WL R EE RS, S30E TLR4/AKT/mTOR %54
FEAH OG5S0, (EANME N RAEH Fad Fik, W
VEPEBT AT B 18 2R 52 2 [B) 1 ~F- i 32 2] T4, ROS
SEIE, FECAHN M EE . ORI
s ThRERERRTT, Nrf2 & F IR 8Lt A Ak Ry
PR PE RO Y R, Al LR AL
D5 O D S S i, HO-1 & Nrf2 i
F1%) PR it 15 2 R, Nrf2/HO- 1 3R 4 B0 0% 7T LA
R AR 20 B S AR D KT, Al e B g o0 AR
FEsN, HIc2 ODNLAIAIZ: PA ZbHEJS, ROS # i
WETHE, Nrf2 fl HO-1 (8 Rk B IEE, &
EMPA }2 DAPA AbBHJ5 , ROS &+ B i T %, Nrf2
il HO-1 W HRIA R ER T, U EMPA J
DAPA W] LU i 380 Nrf2/HO-1 18 B 8i4% PA 52
AR, SRR Skl — 02, DL g
RFEW, EMPA & DAPA X}F PA iS40 JUL40 g

P E AR F 252 2023 4 10 FI 58 40 4545 20

BGEAEDR . BUEARTER

EMPA 5 DAPA ¥°) SGLT2 il #, — &%
WEAE FBLHIAE R, (ARG RIGTT ROk LA 2557,
DAPA 1% IR AE A =5 T EMPA, H g s 471
FEAIC 2 UM PRI R O 1 I I &R . A B
R, FEIERN T, DAPA Fil EMPA YJRE%
ST RN TR LR 2 RO R R BRER
7, [ATERS R . FRA BMI K RRAIG IR 55 1% 2
J7 T, DAPA Ft EMPA B {E#M22, A5rghsk
B, EMPA & DAPA 0] L3 35 sk /048 Ak o7
5 RAENF Ik A D LTI E R, Horp
DAPA [HHTE AN RE /1 B B 5% T EMPA, 2%
5 REAE I R FE 4518 — 2

25 ik, EMPA & DAPA @i TLR4
il mTOR fF*5i@ i, Wik AKT TG fL, W&
Nrf2/HO-1 {55 %, FEK ROS MZERL, M
FLOHURSER, s~ EELIE 7. AN
EMPA 5 DAPA 7E.0x U489 H (4 FH R AL 5 56
WA

PA$ PR

e

TLR4

\\ >
A iL-1B
IL-6
INF-o

ROS Nif2 ) —— (AKT ) —> @IOR
* I\ -
] ‘\ J- \\ NG
\ ~
ﬁHO'l / ~_ #EvrA
Z DAPA,
EMPA B /

DAPAN —

7 EMPA % DAPA %f PA ¥ % #7 H9c2 & fll 48 AL 473 47 8
PR3 1E AL

Fig. 7 Protective mechanism of EMPA and DAPA against
PA-induced H9¢2 cardiomyocytes cell injury
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