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Effects of pitavastatin on lipopolysaccharide — induced rat cardiomyocytes via
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ik ¥ HOC2 ARy yoxt BRA (IE K5 9%) T?:i?ﬂ(lo pg - mL~" LPS fhH) |
FLHA (1 pmol « L™ VEARAITALFRJS 10 pg - mL™" LPS Lb3H) Rk £ 20 [ 75
KA IER 2 | A 1. 28 pmol « L™'NLR %% Pyrin 4% (1 3 (NLRP3) #3h24 ]
FHZE 1 J5T B 38 9 A NLRP3/2f bt 2 B2 25 1 i — 1 (caspase — 1)/ L& H
( GSDMD) {553 & AH G B (1 238 /KT, S5 I o S 7 S R 5 Tl S o Ak il 478
i R T REAH DGR (A MAZ IR (mRNA) AR RIAIKF, SR XA A
2H 55 55 41 R0 BE A 41/ NLRP3 2 [ AH X 3% 3K K °F- 438 3y 1.00 = 0.15,
2.56 £0.38.1.35 £0. 19 F12. 15 £0. 31, caspase — 1 & [ H % & 35 7K 743 51 Ky
1.00 0. 18 1. 88 +0.22 1. 22 0. 2071 1. 75 +0. 22, GSDMD & [ i X} =ik K -
A¥RI1.00 £0. 14 .2.12 £0.32.1.55 £0.21 F11.99 0. 23, [ HRIEH F - o
mRNA # X} B K FE 4% F 1.00 £ 0.15,.4.12 + 0.65,2. 11 + 0.29 #1
3.54+0.48, [ 4 H A R - 18 mRNA A Xf 3% 3k K7 430y 1.00 + 0. 18,
3.33 £0.39 1.42 +0.25 f12.23 £0. 33, (A 4014~ 2 - 18 mRNA Af %t 5 1k /K F
43R4 1.00 £0. 14 2.28 £0.28.1.33 +0.26 FI 1.98 +0.22, PPARy LBEE F - la
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Abstract; Objective
lipopolysaccharide ( LPS) — induced H9¢2 cells and its mechanism.

To investigate the effects of pitavastatin on

Methods H9c¢2 cells were divided into control group, model group
(treated with 10 pg - mL.™" LPS), experimental group (after 1 pmol « L™
pitavastatin treatment, 10 ug - mL ™" LPS treatment) , and combination

-1

group | treated with 1.28 wmol -+ L~ NLR family pyrin domain

containing protein 3 ( NLRP3) agonist on the basis of experimental
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group |. The NLRP3/cysteine — requiring aspartate protease 1 ( caspase — 1)/gasdermin D ( GSDMD ) signaling
pathway related protein levels were detected by Western blot. The messenger ribonucleic acid ( mRNA) relative
expression levels related to inflammation and mitochondrial function were detected by quantitative real time polymerase
chain reaction. Results The relative expression levels of NLRP3 protein in control group, model group, experimental
group and combination group were 1.00 +0.15, 2.56 +0.38, 1.35 £0.19 and 2.15 £ 0. 31, respectively; the
relative expression levels of caspase — 1 protein were 1.00 £0. 18, 1.88 £0.22, 1.22 +0.20 and 1.75 £0.22,
respectively ; the relative expression levels of GSDMD protein were 1.00 +0.14, 2.12 +0.32, 1.55 £0.21 and
1.99 +0. 23, respectively; the relative expression levels of tumor necrosis factor — o« mRNA were 1.00 + 0. 15,
4.12£0.65, 2. 11 £0.29 and 3.54 +0.48, respectively; the relative expression levels of interleukin — 13 mRNA
were 1.00 +0.18, 3.33 £0.39, 1.42 £ 0.25 and 2.23 £ 0.33, respectively; the relative expression levels of
interleukin — 18 mRNA were 1.00 0. 14, 2.28 £0.28, 1.33 £0.26 and 1. 98 +0. 22, respectively; the relative
expression levels of PPAR -+ coactivator 1 alpha (PGC — 1a) mRNA were 1.00 £0. 14, 0.45 £0.07, 0. 89 £0. 12
and 0. 61 + 0.08, respectively; the relative expression levels of mitochondrial transcription factor A mRNA were
1.00+£0.19, 0.53 +£0.07, 0.77 £0.09 and 0.58 = 0.08, respectively; the relative expression levels of nuclear
respiratory factor — 1 mRNA were 1. 00 £0. 17, 0. 62 0. 08, 0. 85 £0. 13 and 0. 65 £0. 08, respectively; the relative
expression levels of uncoupling protein 2 mRNA were 1.00 £0.15, 0.34 £0.05, 0.92 +0. 16 and 0.48 +0.07,
respectively. The above indexes in model group were compared with those in control group, those in experimental group
were compared with those in model group, and those in combination group were compared with those in experimental
group, the differences were statistically significant (all P <0.05). Conclusion Pitavastatin can inhibit inflammation ,
reduce pyroptosis of H9¢2 cells, and protect mitochondrial function, which may be achieved by inhibiting the NLRP3/
caspase — 1/GSDMD signaling pathway.

Key words: pitavastatin; mitochondria; pyroptosis; cardiomyocyte; NLR family pyrin domain containing protein 3/

cysteine — requiring aspartate protease 1/gasdermin D signaling pathway
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BEAT . oI T BE FRE Ao 2 I B E b a5 B LAY O A E
Ji&Z ¥ (lipopolysaccharide , LPS) H. & 1 3 1) 2 Ji 7
PE, AN T RV S E SO 55 22 b 40 i
W DT AT B A I R DT RO I
AN SR A B A T, DT A BT T80 A0 i 9 B R
' WTAER,NLR 0% Pyrin J87E (4 3 (NLR family
pyrin domain containing protein 3, NLRP3) /4 it & iz &
H# — 1 ( cysteine — requiring aspartate protease 1,
caspase — 1) /% L5 H ( gasdermin D, GSDMD ) g JiF 5
A S A AR T R S BEPIL AR, BE 1S 40 i B 0 1 i
ik B 24, 3 R B RAE R . AR ST ST
NLRP3/caspase — 1/GSDMD{E 53 Iff;, B 7ER T VC 1k
B T3F LPS 3755 By K B WL H9e2 AIHAR T RAEPE
0 S AR RE R Ema AL, LA I & B A R0
TR R AL S50 S 4

MHE5TE

1 ##
HpE KBGO LGN HOC2 4, Wy [ [ i %

YRR R A
o SF  VCARATTES A, A% B 2 mg, it

5 :SP387691 , It i 35« [E 25 1 : H20193061 , TR
G B2 By A BR S W) A 7 s LPS A - B 5 mg,
165: 150797, £ |8 Sigma 23 @) Az 7 s NLRP3 Ji 5h 2
(BMS 986299 ) , KiLHs : )i 5 mg, #t5:25741T, %[
SelleckChemicals 2 &) 4= 7=, — H 3V oK, &
BioFroxx/\ 5] A2 7= s A0 M 114057 & - 8 (cell counting
kit -8,CCK - 8) , I i A& BR A WL A BRZA 7] A2 775
5 - LRIk =27 — AR MEBERZ AT (S — ethynyl -2" —
deoxyuridine , EAU ) {57 &, L HE S A PR A R A
A4 6 — —KIE 2 — HEILIE (4.6 — diamidi-
no —2 — phenylindole dihydrochloride , DAPI) , | ¥ 5
P B R 2 7 K B caspase - 1,
NLRP3 .GSDMD . H Jii & -3 — # g it = ( glyceralde-
hyde —3 — phosphate dehydrogenase , GAPDH) HiiA& f —
P, ¥ R 9 [ Abcam 2% W) A2 77 5 FLRR &L (lactate
dehydrogenase , LDH ) [if§ B¢ 7 58 W (42 58 ( enzyme —
linked immunosorbent assay, ELISA ) ik5] &, Lz &
AR AT BR A F A 5 O UL 25 11 ( cardiac tropo-
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nin, ¢TnT) ELISA 12 & , J& 125 AR W RHCA TR A 7
HrEs LR 3 B[R] T B ( creatine kinase — MB,
CK - MB) ELISA 28 & , sWUAE R A YR IR A )
A2 s i A A ( catalase, CAT) 18050) &, b 13 Ji 7% 4
YIRS BRAA ) A2 77 s SEIN S 1 S Bt s 5 Tl % S
( quantitative real time polymerase chain reaction,
qRT - PCR) 151 &, | M AL H AL W RO IR A R R
7 A AL Y B AL T (superoxide dismutase, SOD ) {257
&, BRI A YR A BRAS W AR 7 GORL IR AT (558
e &, BT W AR YRR BR A R A2 52,
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LPS JLA0 B HOe2 4] 12 h, BEA4H: 1 wmol « L'
DCARAh T AL FE 1 h, B 5 R 10 pg - mL™" LPS 4k
FHH9c2 4HAf 12 h, F LPS FiiAb B 2 h 5, A 1.28
pmol » L~" NLRP3 {#5h245, kb B 24 h,

2.3 CCK -8 il ZafmiE 4

B4 2 AN 5500, #% CCK - 8 a7 & i A 4548
YE, T 450 nm ALIGRE FEAE, TH25 2 A0 MY 1 o
2.4 EdU LB & AMMmgmEiER "
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W 2 h 4% H R 52 30 min 0. 5% TritonX — 100
#EAE 10 min, DAPT QeA%, fE 50 AT T W&

2.5 FEARENTEQNIEREXEARKKES

NS AL PP SR IR AR 1, D0 Lk B O R AT
BECHRTK BE S B B B 5% m IR 4
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TE4 CRBFEE . VEBE A Z 5T, I e % il T
F 1 h, HoALEAOGERTT R, I ] Tmage J 10
M AE SR K M, LA GAPDH 1 NS, 1B &

H AT IR K
2.6 ELISA i%# il LDH . cTnT 1 CK — MB 7k ¢
I EEALHANM, DL 1.2 x 10* ¢« min ™' B0 7 min, Y
AR BRI, e ELISA 2GR & DA E SR TR
2.7 qRT -PCR #&il R EE AR T BE 4 A 55 T 4H
X {5 {F #% #E 1% B ( messenger ribonucleic acid,
mRNA ) 18 3F 535 7k T
SR ZH AL S RNA | S5 553145 cDNA 4%
£ 3R AT gRT - PCR, L GAPDH Jypy %, Jf 27 44¢
AT AT Rk K
2.8 XF &M CAT Fn SOD EgiE Kk E™
WA, L 1.2 x10* ¢ - min ™' B> 7 min,
W L3 W, 43 A5 R S B W R I CAT A1 SOD Jifg
K
2.9 DCFH - DA 83547 ROS #8335 3mE""
B iz 4L 5 x 10T 6 fLARH , 4425 T
TG, 4% B8 121 000 7 BE DCFH — DA 56 HRE!, fifi H:
Y 10 pmol + L' AFFLINA TAER | mL,37 °C
WEGIFEE 30 min, MR TAE W T VR 40, A BT e
JCVER I 7 R, FESEOE WA B W EZ 40 B, FH Tmage
AFH5E ROS AHXTHE G
2.10 Mitotracker Red 7% SE3R §1#& i & 24H 40 e 2% fu
kg e i
il 5 #5 2 4 B E J, Mitotracker Red 2¢ 4R 5T i
BEEWE N 10 wmol - L™, BUAMMIIE A, i A AR
PENCIRE R TAEW | mL, A 5246 37 C
A 30 min, PRI ST S S0 W45 4 i A 1R 119 ¢
IR
3 GritEacE
FH SPSS 24. 0 #1741t ot iH R BB
x xRN A LR TS, FEAS ¢ K

# R

1 EEMTS LPS 568 H9c2 4117 iE %0

of BELZHL 240 L TF 6 0 97 BT 4 10 pg - mL!
LPS 4b 3 H9c2 4Hifd 12 hiy 5256 20 7E A A 4 Fe i b 1]
1 wmol « L™'UCARAMYT AR 1 h; Ik A 21 75 5256 4H FE Rl
Z F LA 1. 28 wmol « L”'NLRP3 #4325, 403 24 h,

CCK -8 2% 5L I /s o Xof HELZH] 455 75 241 01 S 56 24 40 it
48 WFTE Z 455k (100. 00 £4.99)% . (52.99 £3.02) %
(76,32 £ 4.12)%, 4 ML K FH R 4 Hl K
(54.85+7.02)% (12.22 +2.11)% F1(26.25 +3.32)% .,
FEERUZH 5500 HRZEAH L, 20 A0 28 A A0 B s 5 3 08 (2%
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W] 2 T (¥ P <0.001)
2 E&MITX LPS S/ HI2 4 NLRP3/
caspase —1/GSDMD {5 5i# I 22

T 2] 5 XF B2 AH Lk, NLRP3 | caspase — 1 Fll
GSDMD 45 [ AH X} R B K F W B T & (1
P <0.001) ;525620 5820 45 e, NLRP3 | caspase — 1
1 GSDMD Z [ AH Xf 4 35 K ~F- 24 B & B I (3
P <0.001) ; B4 2H 55556 2H A kb, NLRP3 | caspase — 1
1 GSDMD # [ A XF 3 ik K F B 8] 8 T &
(P<0.001,P<0.01), A1 iz 1,
3 [E{kfthiTiE1Z NLRP3/caspase —1/GSDMD {5
B 0 ) R B

BRI 5 %] FEZH AH L, LDH ¢ TnT 1 CK - MB 7K
SFEH TR (4 P <0.001) 5 SEBG4H SACRLH AR L,
LDH, ¢TnT F1 CK - MB /K % # B & F& 1% (¥
P <0.001); Bk & 41 5 52 40 20 48 [, LDH . ¢TnT F
CK - MB/KEH] 27185 (P <0.05,P <0.001) , i3 2.
4 [C{kfhiTiEiE NLRP3/caspase —1/GSDMD {55
BRI MRS T

X AL B AR ZE | S50 4 FEC A5 4 NLRP3 mRNA
FIXT 26 3K 7K 43 2 1.00 £ 0.15.1.65 + 0.21,
1.15 0. 1741 1. 55 £0. 19, caspase — 1 mRNA Ff %} £

1 p) 3 4
- _ o

B 1 A440H NLR 0% Pyrin B 11 3 (NLRP3) /2 it 1R
HHEE — 1 (caspase — 1)/ LI H (GSDMD) {5538 % AH K K
HKF
Figure 1 NLR family pyrin domain containing protein 3
(NLRP3) /cysteine — requiring aspartate protease 1 ( caspase — 1)/
gasdermin D ( GSDMD) signaling pathway related protein levels in
each group of cells

1: Control group, H9¢2 cells were cultured normally; 2: Model group,
H92 cells were treated with 10 g + mL =" TPS for 12 h; 3. Experimental
group, on the basis of the model group, 1 wmol + L ™! pitavastatin was trea-

ted for 1 h;4; Combination group, on the basis of experimental group, 1.28
pmol - L.~" NLRP3 agonist was added and treated for 24 h.

£1 KA NLRP3/ caspase — 1/GSDMD {5538 P& A ¢ &
FIRFH HE8 (2 £ 5)
Table 1 Comparison of the levels of NLRP3/caspase — 1/GSDMD

signaling pathway related proteins in each group (x +s)

Group n NLRP3 caspase — 1 GSDMD
Control 8 1.00=0.15 1.00 +0. 18 1.00 +0. 14
Model 8 2.56+0.38*** 1.88+0.22*** 2.12£0.32%**
Experimental 8  1.35£0. 19"  1.22 +0.20"  1.55+0.21%*
Combination 8  2.15+0.312%2 1.75£0.22444 1.99 +0, 2344

Compared with control group, *** P <0.001; Compared with model

group, P < 0.001; Compared with experimental group, “%P <0.01,
L85 <0.001.

R2 AAFRINEE(LDH) (CUILESEE (ToT) FPLER
it ) T ( CK — MB) ZK-F- A LA (£ 5)

Table 2 Comparison of the lactate dehydrogenase (ILDH), cardiac
troponin (¢TnT) and creatine kinase — MB ( CK — MB) levels in

each group (x +5s)

LDH ¢TnT CK - MB
Group » 4 4
(U-L7Y) (pg-mL™") (pg-mL™")
Control 243,65 +33.22 114. 65 +18. 02 1.08 +0.15
Model 812.25+98.25% * * 248.12+30.23* ** 2.58+0,33* **
Experimental ~ 402.55 £50, 25" 186.32 +22, 22%#*  1.52 +0, 21"
Combination  662.45 +73. 132444 223,56 +29.35%4 2,18 +(0.31444

Dose and n refer to table 1;Compared with control group, * ** P <0.001;
Compared with model group, ** P <0.001; Compared with experimental
group, 2P <0.05, 224P <0.001.

EAKE4> 52k 1.00 £0. 13 1. 88 £0.23 . 1.22 +0. 19
F11.66 +0.20, #5725 X%F B8 2H AH Lt , NLRP3 Fi
caspase — 1 mRNA A XJ 3% 3k 7K °F 2 B 1 7 & (1
P <0.001) ; ST SR AH b, NLRP3 FlI caspase — 1
mRNA A FRACE H I R (34 P <0.001) s B 54H
SIXBZHAH HE, NLRP3 Hl caspase — 1 mRNA AHXJ £k 7K
PRI T (1 P <0.001)
5 [C{kfh;Ti®EiZ NLRP3/caspase —1/GSDMD 15 &
168 B 10 1) 48 P 8 iE 7K T

PRI 55 BELH AR L, TNF — o« JIL — 18 Fl1 IL - 18
mRNA A3 3K K- S4B 8 (34 P <0.001) 5 5%
BdH SRRILHAR LG, TNF - o AL — 18 F1 IL — 18 mRNA
FHXFFIRACE B W] B REAR (3 P <0.001) ;MK A 415
SEEGLAAR LG, TNF — o IL — 18 F1 IL — 18 mRNA FHX} %
IRKSE- W 5 T (4P <0.001) , L3R 3,
6 [DT{%{th;T1@ 1t NLRP3/caspase —1/GSDMD {5 &
18 BEHD I AL B

R 4 5 % BEZH A FE, CAT i SOD il i 241 ]
B (35 P <0.001) ; SE 96 20 5 BB 20 A1 [, CAT Al
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SOD it B8 @ Fh 5 (45 P <0.001) s BR5 20 5 52 5
ZHARLE , CAT F1 SOD Jiff 1% W] &t B AR (34 P < 0. 001)
ZEIR R 4, B 5 X REALAE L, ROS AH XS 28 5%
FEW i T8 (P < 0.001) 5250 20 5 B8 41 4 Lt , ROS
AHXT 38 BE B i I (P < 0.001 ) BK 5 2H 5 92 3 41
FA L, ROS AHXT 258 B 24 0 g T s (P < 0..001 ) , L
#*4,
7 %37 i@ T NLRP3/ caspase —1/GSDMD {5 &
168 [ Xt £ AL 14 T B 22 M

RERIH 5% AL A L, PGC — 1o, TFAM (NRF - 1

x3 SUAMBKRIEHE T -« (TNF - o) HAMAFE - 18
(IL - 1B) Fl IL — 18 {5 (AL AZ IR (mRNA) FXF 2k /K1 1 LA
(xxs)

Table 3 Comparion of the relative expression levels of tumor nec-
rosis factor — a (TNF — «), interleukin - 18 (IL - 1B) and
IL — 18 messenger ribonucleic acid (mRNA) in each group (x £s)

Group TNF -« IL-1B IL -18
Control 1.00 +0. 15 1.00 0. 18 1.00 0. 14
Model 4.12+0.65"* " 3.33£0.39""" 2.28+0.28"""
Experimental 2. 11 £0. 297 1.42 +0. 25%# 1.33 0. 26"

3.54 £0.48444 2,23 £(. 33444 1,98 £(0. 22404

Combination

Dose and n refer to table 1;Compared with control group, *** P <0.001;
Compared with model group, **P <0.001; Compared with experimental
group, 224 P <0.001.

I UCP2 mRNA #H X 3% ik 7K °F ¥ B & FE AR (33
P <0.001) ;5250 4] SR A L, PGC - 1o, TFAM |
NRF -1 F1 UCP2 mRNA A%} &3k 7K 73 ] 8 7t &
(¥ P<0.001); Bk A 5LmAMLEL, PGC - 1o,
TFAM NRF -1 F1 UCP2 mRNA #f %} 3% % /K -+ 85 5.
FEA (P <0.01,P <0.001) , .35,

X REZE AR 2 | S 06 2] TR 5 21 40 b 4 e 14 s
FL 37 A X6 58 S i B 435 4 1,00 +0.22.0. 34 +0. 05,
0.94 £0. 16 F10. 56 £0. 07, YL 5% R AH HE , 2%
KA R A B EREAIR (P <0. 001 ) 5 S840 SRR ZH AR
L, 2RI A B B T (P < 0.001) 5 Bk 20 5 5
YRR EE , 2R AR AR Ha 437 B B R AIG (P < 0. 001)

R4 AN S E R (CAT) Y B AL (SOD) F
ROS /KAy LU (x £5)

Table 4 Comparison of the levels of catalase ( CAT) , superoxide
dismutase (SOD) and ROS in each group (x *s)

Group CAT(U-L~') SOD(U-mL™") ROS
Control 31.58 3. 89 14.86 1. 88 1.00 +0.23
Model 11.56 £1.81*** 5.32+0.78*** 6.68+0.89**
Experimental ~ 21.23 2,95 12.32 +1. 71" 3,33 +0. 66**

13.71 +1.68%44%  8.01 £1.1222%4  5.81 +£0.752442

Combination

Dose and n refer to table 1; Compared with the control group, *** P <0.001;
Compared with the model group, **P <0.001; Compared with experimen-

tal group, 244 P <0.001.

RS AN ALY AR B A MG S2 R y WS N T 1 (PGC - o) ERRLIREE N1 A (TFAM) IR I 1 - 1
(NRF - 1) M A8 4 H 2 (UCP2) mRNA A A KF I LR (% £ 5)

Table 5

Comparison of the relative mRNA expression levels of peroxisome proliferator — activated receptor vy coactivator — la

(PGC - 1) , mitochondrial transcription factor A (TFAM) , nuclear respiratory factor —1 ( NRF — 1) and uncoupling protein 2 (UCP2) in

all groups (x +s)

Group PGC -1a TFAM NRF -1 ucrP2
Control 1.00 £0. 14 1.00 0. 19 1.00 +0. 17 1.00 0. 15
Model 0.45+0.07*** 0.53£0.07*** 0.62+0.08* " * 0.34£0.05* " *
Experimental 0. 89 0. 12" 0. 77 £0. 09*## 0.85 0. 13*# 0.92 0. 16"#

Combination 0.61 £0.08224

0.58 +0. 08244

0.65 0. 0822 0.48 +0. 07444

Compared with control group, ***P < 0.001; Compared with model group, ™ P < 0.001; Compared with experimental group, ““P < 0.01,

ABAP £0.001.

U R MRS O REREAT ) T 2R P
HZ—, WA AL ARAE SN, PEARARTT RERE A
AR MR UL P9 B D RE , o SO LR AL JE B
HBWRANRS IS o AT LB, DEAR AT T AL LS HOc2
AN MDA TR, R DO ARA T T RERS (e

LPS 53 WU R B HOC2 AHMIHE A1

MMM TR R FIEIET, 25 Z R
PRI , 9 WRTEAE SR AT S 8 VAT 5%, I AT BE AE IR 7 A
WU A 1 B A o AE SN B DR R
RFLCH  NLRP3 i , 575 caspase — 1 AT B4 AE
/A JIE JE 1Y caspase — 1 4 GSDMD £ £ i | JE
AL fE ik IL - 18 A1 1L - 18 1 i fLiA B, S8k
TEMTERL " o TR DRI R B, WUR A 1o
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il NLRP3/caspase — 1/GSDMD {Z5- 3@ J§ 8 5200 115
VR B O LR RE Vo A BIF 5, DE AR A 7T Ak B8 )5
NLRP3 ,caspase — 1 Fl1 GSDMD Z& [H 7K 534 B Ik B AI% .
PN 5 B 9T & B, L R R BE A AR cTnT A
CK — MB/K -, Y e 75 1 AH 560 LS S8 & 10 LA
o A WF5¢ H, VAR fth 7T 4k #E J5 LDH, ¢TnT #I
CK — MB/K-F-347 B S RAIG, 76 b I fitkk b NLRP3 33
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