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Effects of atorvastatin on late sodium current in ventricular myocytes in rats suffering from simulated
ischemia

LI Xiao—long, WAN Zheng

(Department of Cardiology , General Hospital , Tianjin Medical University, Tianjin 300052, China )

Abstract Objective: To observe the changes of late sodium current (/y,) in left ventricular myocytes in rats suffering simulated ischemia
at different time points and the effect of atorvastatin on that process. Methods: Left ventricular myocytes were isolated from forty wistar rats
and randomly divided into normal group, ischemia group, normal—statin group and ischemia—statin group. Firstly, baseline Iy, of all cells
were recorded by whole—cell patch clamp. Secondly, cells were perfused for 3 min. Finally, /5, was recorded once every 2 min.The recording
time was totally 10 min. The changes of Iy, were observed. I/Imax was calculated as the standardized value of I,. Standardized values of I,
of four groups were compared. Results: At the testing potential of =40 mV, (1)normal group, Iy, of baseline and four time points was 1,
0.82+0.24, 1.00+0.36, 0.92+0.32 and 1.03+0.38, respectively; there was no significant difference between baseline and different time points
(P>0.03, respectively);(2 )ischemia group, Iy, of baseline was 1; I, was increased during 3~7 min of simulated ischemia, reaching the peak
at3min (1.79+0.66); (3)normal-statin group, Iy, of baseline and four time points was 1, 0.88+0.28, 1.06+0.23, 1.03+0.27 and 0.94+0.19,
respectively; there was no significant difference between baseline and different time points(P>0.05), respectively);(4 )ischemia—statin group,
compared with the baseline value, Iy, at 3 min of simulated ischemia didn’t change, Iy, at 5 min reduced by 0.43+0.31 (P=0.035), I, at 7
min reduced by 0.48+0.37 (P=0.044);(5 )at 3 min of simulated ischemia: compared with normal group, I, of ischemia group increased (P=
0.001); compared with ischemia group, Iy, of ischemia—statin group decreased(P=0.004), and there was no difference between normal group
and ischemia-statin group (P>0.05). Conclusion: /y,, of ventricular myocytes increases in a time—dependent manner at the early stage of
simulated ischemia (10 min), and 5pmol/L atorvastatin does not change Iy, in normal state but could inhibit the abnormal increase of Iy, in
ischemic state.
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Fug=1.400, P 1419=0.265; F o5y =4.644, P 1c;1=0.011; F 5 ,=10.822;
P 4=0.000 0; 5B ZHAH L, #P<0.05,°P<0.01; 5L 40 L, 7P<0.05

3 g

TEIEHR A, A B Ly, PREAL (S EEL
AAEEIEZE0, BB HOIRAS T SAARMT 1, A2
B[R] FiE A 111 A= W AR A

1T Ly FESRIMAS AR A 10, S
T Ly, AEBR MRS 2 75 QA7 A s T AR P78
B, ARSI XSS T 10 min P 1y, 72510 SRk
AT AR E S5 R LA TR A5G, DS Ly, (1915 ]
AR, PO TRIAIRREN 2 min, ZEASDLBRNL 3 min
I, Ly, B PRI R I ikl o IAEIEFOIRES T L
75 10 min WERFFAE, BB IALRAE 1y, SR AHE
—NER, 35 SRR IE A — 2. 1y, B9 R 5
S I RERE R, 75 5 5 1 I RN T A4 figh
BN 55 —J7 1T, TR A IR A A ] A 22
S, AT RO USRS 2 AH 5 A B A A4S )
PABEI, DATIT S JAT IR A A A, R IMG , HER
SEsR MR E PR O R EZR N Z —

Ly, S RTEBRIMARZS 51RO BTG 3 53 W A2 LAY
AL 22—, il R AN RE R A5 42 2 WA 772 25 1 F
A ZREVERT, Ao JUE FE A 400 1] A 2 9 0 A
A, B RN O LA S i D e
T T A0 5 200 O 2 A7 R I8 | A0S 4 O R A E A, AT

ol PO R T B AT AT — B BT DR
ER, DA DBEE Ly, ST 251 Z 18]
AINTERR R o ASCEarh RS AR 07T L,
Tz, $E7R 5 pmol/L BIFEAALTTH AR Ly, 742
VER . A BFSEHGE 5 pmol/L BTG A& AT AT 400 1
KA 02 UM Ly FBERS S ) BRERL IR Il
PR L, BB AT T 9 K 42 38 R A 80 me/d, T 2~
10 wmol/L A& BEHRAH S F Il R L 10~80 mg/d 14 H
2yl . ARSCA B R PR AT T AR IEH
O UML) Ty, 77 AR o ARSI~ T 4, Ty,
FEREANERIAL 3 min IF A — i PEHERBIRIF K, Bl
5 pmol/L F[FE A7 Tw] LU ALk i P40 1y, S
ORI AR A R TS S RO VE A, T A ) BE
AR Lo I 1 o A B (L, Wi/ HL A A o RSO 2R
F WP FEAARTT B X — AR I 2% Sk sk L0 L
V-0 EN ERINGE & et s = e DL IRy AN T
Pl AN RO A AR A o ATRIESE o, 1S 5tk Y
Ly, PTAEARE A Natif BESEAN , 0 1A U 5 5 46
IR, 2 Ca N TRHT N, 51 k0 3 LA AT 2, )
7RI R ik 2 16 Sl AN S e 1k s M R
FI ALY TS24 ) R dk afA  AY SAARE
S AR N TP R S S A L Kz o AT T I ]
Ly, SRR AR RN o ST, A HREFRAL
VT AT 3BT PI3-kinase/Akt {558 R Lk
LA A ARG, X B RE RS O BRI B E AR
MBTTRSRE Ly, BRARZ —117
S 3k
(1] ESLHE, TR, 4. 2016 T LG I3 T K LR s
TG AR PR 2#,2016,28(12):1059
[2] Ramasubbu K, Estep J, White D L, et al. Experimental and clinical
basis for the use of statins in patients with ischemic and
nonischemic cardiomyopathy[J]. ] Am Coll Cardiol,2008,51(4):415
[3] Venturi E, Lindsay C, Lotteau S, et al. Simvastatin activates single
skeletal RyR1 channels but exerts more complex regulation of the
cardiac RyR2 isoform[J]. Br J Pharmacol, 2018, 175(6):938
[4]  Undrovinas A I, Fleidervish I A, Makielski J C. Inward sodium
current at resting potentials in single cardiac myocytes induced by
the ischemic metabolite lysophosphatidylcholine[J]. Circ Res,1992,
71(5):1231
[5] Justo F, Fuller H, Nearing B D, et al. Inhibition of the cardiac late
sodium current with eleclazine protects against ischemia—induced
vulnerability to atrial fibrillation and reduces atrial and ventricular
repolarization abnormalities in the absence and presence of
concurrent adrenergic stimulation[J]. Heart Rhythm,2016,13(9):1860
[6] ARUbA:, AR, 9%, 45, BFL A TT X R R 2.0 LA AR B i
e T R YA AP LD MRS 450 H AR B 2R R, 2009,
23(5):420

(F#4% 311 )



554 4

25 W, %5 HPV E6/E7 mRNA 5 YAP 785 5 PG 23k 5GBS 311

Bl o pS53 PR — B 1 40 MR 7 1 AR T RN 440 i S
HHAR G AA AR 8 S BT DRI, T 200 ) A s A
SRR R, B ERA R I e
B2 5H  pS3BR BRI L o A R Y
SEENAAFE LR HPV B EH E6 1 E7
L TP pS3 Ik 44 5L I E S04 i AL Rk AR Ak .
YAP i@ :L P85 p53 iR IR 5k . & YAP
5 p73 Fl p63 il ik WW 25 Ky 3 Al PPPY 45 k) A1 45
A, p73 Fl p63 Ay p53 e 0 S MG B B o it
Hh, Xiao SEN FH e ALY T iR Pk R AE A
CIN 4 B3l YAP (335, FHl HPV JE RGN 3t
A2 HPV e 453801, YAP 5 HPV
RrAREE A, v LA B ey S50 A A8 A R AR AL
25 Frd  ARBFSE R YAP I VE B N
Jed 708 FVEY S99 Y TR AR AR . BES AI HPV AN
YAP AT LA 8 B0 A8 A2 W3 ik B0 T DA
T BT B 20008 ) R 2%
S 3HR:
[1] ParkinD M, Bray F, Ferlay J, et al. Estimating the world cancer bur—
den: Globocan 2000[J]. Int J Cancer, 2001, 94(2):153
[2] Martin-Hirsch P P, Paraskevaidis E, Bryant A, et al. Surgery for cer—
vical intraepithelial neoplasia [J]. Cochrane Database Syst Rev,
2013, 12:CD001318
[3] Melsheimer P, Vinokurova S, Wentzensen N, et al. DNA aneuploidy

and integration of human papillomavirus type 16 E6/E7 oncogenes

in Intraepithelial neoplasia and invasive squamous cell carcinoma of

the cervix uteri[]]. Clin Cancer Res, 2004, 10(9):3059

[4] Sudol M. Yes—associated protein (YAP65) is a proline—richphos—
phoprotein that binds to the SH3 domain of the Yes proto—oncogene
product[J]. Oncogene, 1994, 9(8):2145

[5] Overholtzer M, Zhang J, Smolen G A, et al. Transforming properties
of YAP, a candidate oncogene on the chromosome 11¢22 amplicon|]].
Proc Natl Acad Sei U S A, 2006, 103(33):12405

[6] Zhao B, Lei QY, Guan KL. The Hippo—YAP pathway: new connec—
tions between regulation of organ size and cancer[J]. Curr Opin Cell
Biol,2008, 20(6):638

[7] GuoJ, Kleeff J, Zhao Y, et al. Yes—associated protein (YAP65) in re—
lation to Smad7 expression in human pancreatic ductal adenocarci—
nomalJ]. Int ] Mol Med, 2006, 17(5):761

[8] Lam—Himlin D M, Daniels J A,Gayyed M F, et al. The hippo path—
way in human upper gastrointestinal dysplasia and carcinoma: a
novel oncogenic pathwaylJ]. Int ] Gastrointest Cancer, 2006, 37(4):103

[9] Zhao B, Wei X M, Li W Q, et al. Inactivation of YAP oncoprotein by
the Hippo pathway is involved in cell contact inhibition and tissue
growth control[]]. Genes Dev, 2007, 21(21):2747

[10] Wang Y, Dong Q, Zhang Q, et al. Overexpression of yes—associated
protein contributes to progression and poor prognosis of non—small—
cell lung cancer|J]. Cancer Sci, 2010, 101(5):1279

[11] Liu T B, Liu Y D, Gao H Y, et al. Clinical significance of yes—asso—
ciated protein overexpression in cervical carcinoma: the differential
effects based on histotypes|J]. Int ] Gynecol Cancer, 2013, 23(4):735

[12] Xiao H, Wu L A, Zheng H X, et al. Expression of Yes-associated
protein in cervical squamous epithelium lesions[J]. Int J Gynecol
Cancer, 2014, 24(9):1575

(2017-12-24 Witk )

S S GG S GO G G S S G S S G S TG G S O G G OGS SO G S G G S W

(L35 293 W)

[7] Chadda K R, Jeevaratnam K, Lei M, et al. Sodium channel bio—
physics, late sodium current and genetic arrthythmic syndromes|J].
Pflugers Arch, 2017, 469(5/6):629

(8] ARULAL:, J1ipe, TIAE, 5. O m DU L R ZEA IRV BLBH 1t i [RD 7
AR B BT AABTT BRI o DO IR 5 0 F AR B 5
2011, 25(1):61

[9] Song Y, Shryock J C, Wu L, et al. Antagonism by ranolazine of
the pro —arrthythmic effects of increasing late INa in guinea
pig ventricular myocytes[J]. J Cardiovasc Pharmacol, 2004, 44(2):
192

[10] Antzelevitch C, Belardinelli L. The role of sodium channel current
in modulating transmural dispersion of repolarization and arrhythmo—
genesis|J|. ] Cardiovasc Electrophysiol, 2006, 17 Suppl 1:5S79

[11

Morita N, Lee J H, Xie Y, et al. Suppression of re —entrant and
multifocal ventricular fibrillation by the late sodium current blocker
ranolazine[J]. ] Am Coll Cardiol, 2011, 57(3):366

AT UL JTAE S BT A AL T X R RS Bl 7 0 L
ATAEBERS S 1 R 7R F ). TP L R 50 e AR 2R A
2011, 25(5):426

[13] Belardinelli L, Giles W R, Rajamani S, et al. Cardiac late Na(+) cur—

(12

rent: proarrhythmic effects, roles in long QT syndromes, and patho—
logical relationship to CaMKII and oxidative stress[J]. Heart Rhythm,
2015, 12(2):440

[14] Wang X J, Wang L L, Fu C, et al. Ranolazine attenuates the en—
hanced reverse Na(+)-Ca(2)(+) exchange current via inhibiting hy—
poxia—increased late sodium current in ventricular myocytes[J]. J
Pharmacol Sci, 2014, 124(3):365

[15] Liu C W, Yang F, Cheng S Z, et al. Rosuvastatin postconditioning
protects isolated hearts against ischemia —reperfusion injury: The
role of radical oxygen species, PI3K-Akt—-GSK-3beta pathway, and
mitochondrial permeability transition pore[J]. Cardiovasc Ther, 2017,
35(1):3

[16] Wang F, Ma H, Liang W ], et al. Lovastatin upregulates microRNA—
29b to reduce oxidative stress in rats with multiple cardiovascular
risk factors[J]. Oncotarget, 2017, 8(6):9021

[17] Kisvari G, Kovacs M, Seprenyi G, et al. The activation of PI 3-ki-
nase/Akt pathway is involved in the acute effects of simvastatin a—
gainst ischaemia and reperfusion —induced arrhythmias in anaes—
thetised dogs[J]. Eur J Pharmacol, 2015, 769:185

(2018-01-16 Wi )



