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HEE: HREIE (melatonin, Mel) A i 72 3% B H B A O BE RS E T, (E0 B F I8 E 1R AN IS 2 . RSLIR R
FL T Mel X/ 0o 5= L4 B I B B3 (late-sodium current, 1) 3045 F 26 28 B /K 7 B R PL O B 5 8 4 1 e
BUH o SR P TBE Py 4 A 4 it A e S 8 7 F R A B0 /E HB A7 (action potential, AP), FI| Fl £ 38 38 K& 70 i R 41 R
i/ R0 B (electrocardiogram, ECG) Al A B 1 HLAL (monophasic action potential, MAP). 55 iE 7R, Mel #1]
5% ] Y FRLUAL (transient-sodium current, 1, ) FAE 51 1, FF A5 2 nmol L™ #§ 2% 5 % 11 (anemone toxins 11, ATX II) i
SR, FL1C, 185 5N 686.615 Fi17.37 umol-L™, H. Mel A5 L B4 45 HL i (L-type calcium current, T, )« B
AR 1A B B (transient outward current, 1) fT AP, Jt4b, 16 pmol-L" Mel 1 45 %5 ATX 11 3E K (1) ) /F B ALIT #2 (action
potential duration, APD), 3 & Tt ATX 1115 5 /11 5. & J5 B # (early afterdepolarizations, EADs). 7E Langendorff i
PN R BT, 16 pmol-L™ Mel & 3% F1K T = & (ventricular tachycardia, VT) 1= il (ventricular fibrillation, VF)
WIRAEZR . g% b TR, Mel 32 B 3d 5 FELINT I, R FEHTO AR5 VR F, Dy Mel 191 PROBT S2 I $2 i 7 3 22 00 300 R Al
AT T BP0 S 06 ik 2 1 O DURE R R 5 SE 8 B A6 B 2E 01 2 L E (L HE S 2023130).

SCHRIA]: B RUOE; MBI AR AL, O R IR

FE 52 S: R66 RRFRINED: A X E RS 0513-4870(2024)01-0143-09

Melatonin inhibits arrhythmias induced by increased late sodium
currents in ventricular myocytes
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Abstract: Melatonin (Mel) has been shown to have cardioprotective effects, but its action on ion channels is
unclear. In this experiment, we investigated the inhibitory effect of Mel on late sodium currents (I,,) in mouse
ventricular myocytes and the anti-arrhythmic effect at the organ level as well as its mechanism. The whole-cell
patch clamp technique was applied to record the ionic currents and action potential (AP) in mouse ventricular
myocytes while the electrocardiogram (ECG) and monophasic action potential (MAP) were recorded
simultaneously in mouse hearts using a multichannel acquisition and analysis system. The results demonstrated that
the half maximal inhibitory concentration (IC,,) values of Mel on transient sodium current (I, ;) and specific I,
were 686.615 and 7.37 umol-L", respectively. Mel
), and AP. In addition, 16 pmol-L" Mel
shortened ATX Il-prolonged action potential duration (APD), suppressed ATX Il-induced early afterdepolarizations

opener 2 nmol-L"' sea anemone toxins Il (ATX II) increased L,

did not affect L-type calcium current (I, ), transient outward current (I

to

(EADs), and significantly reduced the incidence of ventricular tachycardia (VT) and ventricular fibrillation (VF) in
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Langendorff-perfused mouse hearts. In conclusion, Mel exerted its antiarrhythmic effects principally by blocking

I..» thus providing a significant theoretical basis for new clinical applications of Mel. Animal welfare and

experimental process are in accordance with the regulations of the Experimental Animal Ethics Committee of

Wuhan University of Science and Technology (2023130).
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AR, E R O M R W (cardiovascular
diseases, CVDs) B K AL T Hr4: E T B, 2019 24k
TS 3T RO L 0 20 il o A T TR TR ) 46.74% Al
44.26%, HT HE N CZ B AL H 8 HACH fa
W6 DRI 2R 5 B AT, O I 14 1597 SRAEL AT o 2 4
It 0 I A B G AL G 0 ) 32 9 (heart failure,
HF) 768 R 3 ik 2 73 A O Foft 2 5 45, L rp o A 2R 72 e
Pl AL B I P Bl A T AN R Bl 2 ST A 51k
(1, G 1) 2 OV R 2 R B ORI, R R
PR MO A A TS A O IR 1) 1 R
AEFr s = M0 B i 3 (ventricular tachycardia, VT)
T 2 R SR DR 3 T R PR 5 ol ) R 8 1 = 3
A I 3 )7 % 5 v 11 FE 42 VT 5% 8l (ventricular
fibrillation, VF)o U I 4F S 78 S AR5 fil R AR N AL O
ST BRI S A NIRIT T TS 1 EORE R, R 2
YT TR R IGIT DR I R BT B,

H A, ST P00 2 H 25 32 S i 7T Nas
Kl Ca® & Dy Re K K EAEH . G PTOE R E 2
AR 6T O JIE B AR FAL A [ Js 43 B VR FHEAT T 23
W, 12825 i ik PH BT Na™Ji 18 M PR T 0 3R
HUER S, 340 gk /D> BR4E FF 7 B B AL I 2 (action
potential duration, APD) F1H %A M AT, HERIRF 2
MAEFZREEJET & KLY R A E
G AR, IR RE A ORISR RFEAER- . AR
1M, W6 28 24 Wt W] 3o 52 410 ] B I 49 F L (transient-
sodium current, L ;) 115 Z00 WLAH KL B0 1E H A7 (action
potential, AP) ¥ 0 S 1 fE A8 /N H b FHA8 18, AT A8 %
AL ARG, 1E O R SRR, A FEOLER
WK BT IR R A AR A R,
H TG R b A7 75 22 & 30— Fh 0 i e 84 (late-sodium
current, L, ) FCRALT 1, I 254, BB AL ik £ 4% |
A L, I . AW TR B, O UL R i R A
NO #8273 A A & B 0o LR K O 77 368 38 55 % Ff
A 3 DR 22 3 AT 5k o0 = VLA A T, 3O, 1T R R Y
T, o P BSCAH P 4 28k, B2 385 J 7] Na'-Ca® 228 462
T EUAH M A Ca® R ER, T 51RO R A B YA T
Re i A4 B P . A, AP R I, fE3 K
QT %A1 (long QT syndrome, LQTS3) # B & AR

FH, R G BELIKT L, © B 25000 97 O 2R 8 1Y) 2 25T
B R,

fif BB 25 (melatonin, Mel) J2& #2544 43 WA 1) — Fib
WG| WP 22 PN 23 WA TR, A 44 O N- Bk -5- P AU R
i, SR BE M TR R o5 A WA R 1) R B A
TEHEZMRRETH IR . Hl Mel #b 78 756 H 7 &
0 [ 9 2~ 10 mg, i AR A B 5T AR IE ML Mel AT 3 Bl
FEE AN RRB, ZatEEE. BT 2wz,
Mel A] 5200 2 B AE W) 2 12, 4R B BT B VPR N o0
Wh o0 ML R G 5 Ty R BB R BB AR T Bk
Z IR W], Mel B AT O I ORIP 4 H, i =15 40 i 9
A5 5, WO WL SR A P R . EREEAE LT,
Mel AT 7 1ECJLAE S, AT 842 HF 19K &« Mel {E N
PUEALT P DA R sl 25 0 3 o st |
T, B A AR 9T Mel X/ B oG 2 JULAH i 3 1F 7 J 29
T IEAE F R SE BT T LD, AR SR R R R L
(anemone toxins II, ATX IT) % 37 41 i 7K *F- F1 8% B 7K °F
T SR 7 b Al b DU SE i 4 v M T f# Mel X
JULAH M F AR B AR L 98 Mel H TR 97 O R )
It R N FH B2 A 9% R 37 Y 245 W T A AR A e S g % B8
FERil o

MR 57EE

Y ARHE T TR B S e 38 4 IR E 5K AR
AT 52 5% L R (S 56 50 ) 1 4 BRI F FR R D) (Hi RS
85-23 1996 FFA2 IEJR) #EAT, sl BURHE K2 3h ) 52
W BT B B, AR R VR AT IE 4w 5 SCXK (56) 2020-
0018, F 22 BCIURHB K 2% 3 W BRI FH 25 02 2 e
#E, 1R R T BB K 2 B2 2 B O L AT 9 P, SIE56 #.
RrAd FHYF AT E SR 5 4 SYXK (5F) 2018-0045, 5256 5h %)
N SPF 4%, R AP E ELBH /N B, R S 28~30 g.

NRIDERLEREFIE /N RIE T (180 U)
YLt 5~10 min J5 A FEH R 4 B8 (0.1 mL-g") FREF .
TGHE I J5 B O T, BT 37 °C e 4 A & IR i
17365, I8 %€ T Langendorff ¥R 25 E L. e LG
PRI AL o e 0o U L 2R TR IR I, R 5 T 1 mge-mL! 1T
A iR B A 1 mg-mL” F fiL S (B 25 B (bovine serum
albumin, BSA) [ 745 & IRWETH AL 12 min 240 5 HUR
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OJJE, BT R A2 0= I E T 54 1 mg'mL”' BSA KB K
o IR RS A A, — U I S T 78 WA i S e
Wt e R E 1 h, Fr(E 40 B T 4 °CHR BT o DLAR 7
e

SR A SHICRER  H EPCY IR UK
% (TE[E HEKA 2 7)) 6 54O % LA i AT 10 5% .
1 FF Al FL AR 37 71l {X (PP-100, H A< Narishige 5 4]) K A
P 5 o ) 3 S o ) B B T A o a2k NG B R E AL
TEMT AT B AR R A O =LA T
SLE . W =4 R MR AE (MP285, 3£ [ Sutter 24
CIDEGLIESE L Gt SR & K N SR ) e
¥ B Giga-Ohm (GO) $: 4%, #A i £ FH ik e =X 47 < e I
5T 20 e PR 2R, AT 3R A4S HR K F BHL R 2~ 5 MQ 1 4 4
JRORSE AR A 72 H B R B AU R D AR, 7R
TR A L 2, IR HR K A BE AT 2 2D 60%~
80 %6 I HME

BRECE

T 55 4 W (mmol-L™") 135 NaCl. 5.4 KCI.
1 MgCl,. 0.33 NaH,PO,. 10 HEPES. 10 glucose (f#
NaOH ¥ pH i %5 7.4).

A5 6 U (mmol- L) 7E 4 & A 2 fik b
BN 1.8 CaCl,, HAh R /3 A48

YR AE (KB W, mmol-L™") 85 KOH.30 KCl.
15 KH,PO,.6 MgSO,.20 taurine- 10 glucose.0.5 EGTA .
10 HEPES. 50 L-glutamic acid (ff f§ KOH ¥ pH i
27.4).

AP H ) N (mmol-L") 5 NaCl. 30 KCI. 110
K-aspartate. 5 Mg-ATP.1 EGTA. 10 HEPES.5 creatine
phosphate.0.5 CAMP (ff i KOH ¥4 pH i %2 7.4) »

AP 41 i 4b ¥ (mmol-L") 145 NaCl. 5.6 KCl.
1.8 CaCl,- 1.2 MgCl,.5 HEPES. 10 glucose (ff Fi NaOH
HpH A 7.4),

I, LM% AN (mmol-L") 135 NaCl. 5.4 CsCl.
1 MgCl,» 10 glucose. 0.33 NaH,PO,. 0.3 BaCl,.
10 HEPES. 1.8 CaCl, ({f F{ NaOH ¥ pH 1 %% 7.4).

I, 240 M 4h ¥ (mmol-L") 135 NaCl. 5.4 CsCl,
1 MgCl,» 10 glucose. 0.33 NaH,PO,. 0.3 BaCl,.
10 HEPES. 1.8 CaCl, (ff i NaOH ¥ pH 1 %% 7.4).

T, FELA P T, FEL AR P (mmol-L™") - 3 NaCl.
133 CsCl. 2 MgCl,~ 2 Na,ATP. 2 TEACI. 2 EGTA.
5 HEPES (fi | CsOH ¥ pH i % 7.4).

L, 20 Mg #F ¥ (mmol-L") 15 NaCl. 1 CaCl,.
125 CsCl. 1.2 MgCl,. 5 HEPES. 11 glucose. 1.8 CaCl,
(fiH CsOH ¥4 pH 1 %2 7.4)

I, 04N (mmol-L")  7E 1., HEVW A SEAE

JI 10 pmol-L™" nifedipine LABELWT I, , FoAb e sr A48

I, LB ¥ (mmol L") 20 KCI1.110 K-aspartate-
5 Na,-phosphocreatine. 5 Mg,ATP. 0.1 GTP.5 EGTA.
10 HEPES .1 MgCl, (fi /] KOH #f pH i} £ 7.2)..

I, 40 fg #F ¥ (mmol-L") 137 NaCl. 5.4 KCI.
1.8 CaCl,» I MgCl,.0.33 NaH,PO,. 10 HEPES. 10 glu-
cose (ffi il NaOH # pH i1 £ 7.4).

Btz b, S RUE 5258 i LA e SR TR R P, #E T,
Y0 B AN N 10 pumol- L7 Al 2 # P (1, , B 7))
0.2 mmol-L"' BaCl, (P4 [ % it 4 H i BHAAT 7)) 1 pmol- L™
BT (2 T R A e L A BEL BT 7)) DA ik 2 At
HLR 2 5 51 I &R 2

BRI E (A > 98%) ¥ T LT, T K H R R4
JUER MR AR A R AR . ATX IR K FE & (tetrodo-
toxin, TTX) 4 3% B PL .51 Alomone 2~ &) » 1174 i Ji B
I 3% H 3 [ Worthington Biochemical 24 & . CsCl 1
KH,PO, 14 % H 3£ [/ Amresco /A @ . EGTA Fll HEPES
W H BN A EEMFBHA R AR . N-(2-38 £ 55)-4-
FH 420 TR T O B 1 2 (KN-93) 5 A 24 i 24 0 S |5
5% [ Sigma-Aldrich 2 5]« NHERR I, A8 S5
(1) A ALY TR 41 B A0 T Hp i B X 5 I 7E 1%0 DAY, R
CERF IR UL VA R ) 24 i 28 R = 280K, 29I B
2 AR ER .

BRORIZE il APE, R MR )E, &
BRI A B U] e 2 R B AR I
BB 1.2~ 1.5 % FF4E 7 ms AN 1 Hz 1) HL i fik
M2 Ag-AgClHLIR 22 2 il P A M LA 5 5 AP ()77 4.
3R L, I, R e A (R FFE-40 mVe BAAR I,
LK B M-40 mV & 0 mV, FF4E 300 ms 1192 A4k Bk
gl B -HEE ) KRR ML, Ml R
M=40 mV E+60 mV. LL 5 mV KR (95 1) 2 18]
i B ST PR AR AAB) 7 48 300 ms 1 2= B AL kb 51 . ig
S ML, B, B ER i AL R EFTE-90 mV. HAR I,
T, FAESR 2 5 B -90 mV & -30 mV f1%E-20 mV.
22300 ms B B ALK RG] o Dk Iy, -V R B 4R
i, & FE 9 -90 mV, i@ i A-70 mV £+40 mV, LA
5mV AR RFEE 2 s A ik sl e Il kT, [V
ith 2k 55 A, @it M —-80 mV E+60 mV. LA 10 mV
BRVHFREE2 s B MACIK I 51 H o ad s 1 B, R R
PR FFTE-80 mV, £ Ak £ -40 mV, FE4E 100 ms, Ff
H1-40 mV [ L2 +50 mV .

B/ RO B & (electrocardiogram, ECG) F1 5
B 1/EE {iL (monophasic action potential, MAP) i2
FOBAROIEERSE, BTESGRMEF . 17E30kK
WATHG S [8] %2 T LangendorffEVR 2% B F Pyt 1%, 2R
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Ja# O IE B T E O R, I 25 mL & R G AT
FHEGZE (D 100B, FigH I A ) SRR EEE .
fii ) 2 8 E (5 R T RS0 (BL-420F, [l 2 3K
AR AT #H47 ECG Mid s . MR i 32 3 AN i,
I3 BT AR A7 0 55 A0 B KR 5 BT LIS 3
0 EECG. 3% 42 3 3 G 48U Sk B A i, # il B T
O ALK MAP. ASLES 1 ECG fl MAP id 5%
Sy R4 ATX 1L ZH FT ATX 11 + Mel 20, 7 2H 3590 5%
60 min. ATX IT41K 62.5 pL KA 2 pmol-L™ ATX 11
TN E #1125 mL & O, 24K E N S nmol L,
SRJE REW O IF, ECG 5 MAP [A 2592 3% 60 min. ATX 11
+ Mel 4 ECG 5 MAP 4 [A] 2P 1d 3% 10 min J&, ££ 25 mL
& 2 F I 62.5 LR FE A 2 pmol- L ATX TTH1
8 UL ¥ JE > 50 mmol-L™ Mel, 2 4379 5 nmol-L™
F16 pwmol L, 4 A4V &) FAE W A4 78 70 EVE O IUE, 2R
J6 ECG 5 MAP Zk 4347 [F] 25108 5% 50 min.

FitZE oM @R # A Fitmaster.Excel.Origin2021
B G S0 oF S B8 10 3 3R AT 50N DU B R L A3 b AN L
PG o S0 AT I R AR G I AR A (R A
PG S5 R R . AL A S AR 50 I A 56
HEAT P 40.18] Bonferroni Lb % v%, % 40 8] 2 Hoka 16 43 H
LR R TT 22 0 Bt (ANOVA) 47 2 B LR, S 36 H i
DAL = e ZRoR . AESEUG 301 Fisherﬁﬁtﬂwi
RIEHAT I, P < 0.05 B v E 7 A Fiith 2
fd FH Hill 5 R G IR EE BRI Y = B,/ [(ICSO/D) 'l
b YO TIIE] R, n O Hill 23, B, N H T ECKHT

A B

Control

250 pmol'L"! Mel

%, Dy Mel iRk FE, 1C, g~ B il ik B

n“ﬁ

HR
1 MelX/NROEMMMAMI,  ATX I1iFSHEKHY
I, HI

£ 250,500,750+ 1 000 pmol-L" A~ [A] ¥ & Mel T,
Mel ff I, 735 P& T 12.5%-35.3%54.1%+67.7% (&
1A) H H0F I, o B 400 1) £ FH Bk 52 189 i 18 5 (&
1B). i 1C.D Fii7~, Mel B HiI4E FH 52 0 B Ak,
B Hill 77 A2 A R B - RN ¢ R M 42 v BAS 1, Y
IC,, i v 686.615 pmol-L". ﬁﬁINaT,HﬂHMM@U%/ﬁ, Nt
WA 2 25T TRT K 16 79.5%, 1% 3R B Mel X I, )
AR 2 T8 (B 1E).

TEASZEG 25 R IRTE 2.4.8 umol - L AN R &
T, Mel fif {1 ATX T134 K1 L, 98/, H A0 AE FH Bl 94
FEBG I G 58 (K1 2A), G151V 2600 &R K R
s Mel X L, | BRI £ FH 52 0k B2 AR e (1 2B). A1)
Hill 77 B 40L& W B - ROV o6 Rl & v A5 1, T IC,,
5N 7.37 pmol- L (B2C)o 2.4.8.16 pmol-L " A A
JEZ i) Mel f ATX 1T 58 K 89 1y, 70 30 98 /N 1 10.3%.
27.8%-63.6%+77.8% (& 2D). 2 umol-L"' TTX 7] H %L
0 ATX 15 5 38 K10 1, 18 T, MO8 B B ARG T
68.2% (K1 2EF). 16 umol-L" Mel A {fi ATX I1i% 51
KT, WP PG 65.6%.  7E F K & O 2 nmol-L!
ATX 11 B 5, B Mel #HI] 1) 1, Pk & 2 5T T A0 1)
89.8% (12G.H).

500 pmol-L-! Mel 750 pmol-L-! Mel 1000 umolL 1 Mel

1nA|
0ms 1000 umolLl‘l Mel
750 umol-L-! Mel 300 i
-30 mV 300 ms 1o mV
-2ty ~< 500 pmol L1 Mel InA|_
- 250 pmol'L-1 Mel 10 ms
-« Control 290 mV
C 5 D E *
0 70 100{ sk

Ina.T (PA/PF)
5

—0=—250 pmol-L™" Mel

INat inhibition / %
S
[ o

80

I, 1 control / %
N
=

30 —a— 500 pmol-L"" Mel
235 —=—750 pmol-L"' Mel 10
40 —— 1000 umol:L" Mel
-80 -60 -40 -20 0 20 40 200 400
Membrane potential / mV
Figure 1

0
600 800 1000 Control Mel Wash out

Mel / umoLL'1

The effects of melatonin (Mel) on late sodium current (I, ) in mouse ventricular myocytes. A: Example records of the single

I, ;of control group and Mel (250, 500, 750 and 1 000 umol-L") groups; B: Transient-sodium current (I, ,)in the control group and at

different concentrations (250, 500, 750, 1 000 pmol-L™") under the effect of Mel; C: The /-V relationship curves of melatonin action on I .

n=6,x=+s. "P<0.05 vs control; D: The concentration-effect curves fitted by Hill's equation using the percentage inhibition of I

by Mel;

Na.T

E: The comparison of I ; percentile values among the control, 1 000 pmol-L" Mel, wash out group. n=10,x £ s. ‘P <0.05, “P<0.01
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A 0 Control ATX II ATX 11+ 2 pmol-L™! Mel ATX 11+ 4 pmol-L"! Mel ATX 11+ 8 umol-L"! Mel
S200f [ s0my e ! 80my
S % -60 mV
= -50 mV
<-400- -90 mV
- " -40 mV
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Time / ms Time / ms Time / ms Time / ms Time / ms
B C D ojwew
2 80
1 . S N
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& -l 9] <
< 2 =] g
S 3 S 40 T, -400 ontrol
5. ool = 2 ATX T+ 16 pmol 1 Mel
= s —— ATX II+ 2 pmol L~ Mel 4,20 600 ATX 1+ 8 pmol-L~] Mel
6 —— ATX I+ 4 pmol "] Mel 3 ATX 1+ 4 pmol L} Mel
7 —e— ATX II+ 8 pmol-L™' Mel =0 12\TX 1{1_2] pi{flro)l(lfl Mel
-100.80-60-40-20 0 20 40 0 80 03 3 6 s oMo o W 2o s
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r 100 r" @mo
S 200 B
< 200 S < = 80
o = [=5 Y
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2, -400 E 60 ~ e g 60
z < 5 -600 ontro = 40
= %0 = ATX I+ Mel =
220 800 Wash out £ 20
200 o ATX 11 .
™ - {3 B ” \
0T 100 200 300 ATXIL  ATX I+ TTX 0100 200 300 ATX \}\ T 1 ML g ot
Time / ms Time / ms

Figure 2 The effects of Mel on I | in mouse ventricular myocytes. A: Example records of anemone toxins II (ATX II) increased-1 , at
membrane potentials of =80, —60, =50, —40, and —20 mV from the same cell for the control group, ATX II group, and Mel groups (2, 4, and
n=11,x+s "P<0.05 vs control; C: The
concentration-response relationship curve of Mel on the single basal ATX Il-increased I ;; D: Example plots of the inhibitory effect of Mel
at different concentrations (2, 4, 8, 16 umol-L™") on ATX Il-increased I f
control, 2 nmol-L"" ATX II, and 2 pmol-L"" TTX group; F: The comparison of I, percentile values among the 2 nmol-L"" ATX 1, and
2 nmol-L" ATX II + 2 pmol-L" TTX group. n = 8, ¥ + 5. G: Example plots of 16 umol-L" Mel on 2 nmol-L" ATX Il-increased

I, before and after intervention and reperfusion; H: The comparison of I, percentile values among the 2 nmol-L" ATX II, 2 nmol-L"

8 umol-L™"); B: The I-V relationships curves for the effects of Mel on ATX Il-increased I

Na.L®

in the same ventricular myocytes; E: Example records of [

Na.L Na.L o

ATX II + 16 pmol-L™" Mel, wash out group. n=9,x+s. P <0.05; P <0.001

gk LTIk, Mel X L, B9 1C,, B R AR T 5% 1, . 11
IC,, Mel/E H T 1,  FI I, B IC,, LU B 4 93.16, BRI W]
Mel % 1, | FHMHIBCR AR, HBOR A I, 19316 i
2 Melx/MNROCEAAI,, L, AP BISM0

FEZS T BE 5 50 umol-L™ Mel i J&, 5 %t 18 4 41
bb, 1o, T, IR AR R A ) B 20 (BI3AB). M5l T
20.50 pmol-L" Mel J7, B 1E AL FLIE &L 56 & A
(K130), TEA AR EE Mel T, 715 BRC = JULE i 3 1 AL
1% 50% I #% (action potential duration at 50%, APD,)
AL AL % 90% B FE (action potential duration at 90%,
APD,)) ¥R B2 (K 3D.E).
3 Mel Xt ATX IE S B R HFFRIR (early afterde-
polarizations, EADs) B0

EARSEG 1, 45T 2 nmol- L ATX 11 S APD (1]
4K FIEADs [ & 4= . Wi B 4AB AT 7K, 2 nmol-L”!
ATX 11 A %L & APD 15| & EADs. 453 EoR, 4
T 16 umol-L" Mel A 2 46 %5 t ATX 11 ZE K [¥] APD
H EADs 2% (14C). b4, F A 2 nmol- L ATX 11
(20 i A1 78 4 S, WP 4D FTs, APD B HT e K H

EADs B IR A, 45 3L 578 Mel X 7= 42 EADs 14 B/
FZATT ). 16 pmol-L" Mel ] f# APD,, 4 %5 95.1%
Hi4F EADs. fEE# 2 nmol- L' ATX 11 Ji5, Tk & & 4%
2T 71.5%, EADs 531 UL (K] 4E.F).
4 MelXf ATX IIEFSHNR B A O IR OB K ER RN

BB NP, 43l v ATX ILZH A ATX I +
Mel 4, B0 410 H . £ ATX T4 (& 5A), /NG
JIE 5 BT AN S, RS H AR S BE Y, B S A
PRI, AN VT JFE Gl R4 T VF. 76 ATX 1T +
Mel 204, /s B O IEAS HE B T A0 22 (&1 5B). £E 10 ]
ATX I EAROAEF, BT O HIL VT #VE. £ ATX
11+ Mel A (EI5C), 561 &4 VT, 34 K4 VF. iE
i EEEPIAL VT A VE (073 8 R TR, 5 ATX 114
L, ATX 1T + Mel 4 &7 OR AR TR 2E 5 (K] SD).
5  Mel 3@ 3Z ] CaMKII B35 14 &R [Ca®'], 5 5]
L, 1858

1E 4> 4t ic s 5 b, o 45 R R B B I
(calmodulin-dependent protein kinases II, CaMKII) #fI
(10 pmol L' KN-93) fin N4 4 H o 7E 7 — />4
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A Control 50 pmol L' Mel

50 mVv 300 ms
-40 mV

B
2nA
200 ms
C D
3 50
g gv
6
20 mvV 2. ¥
—_— [a]
Wms £ g
2 10
) o x S il TS
Comt g yomol o0 ot g yomot

Figure 3  The effects of Mel on L-type calcium current (I, ),
transient outward current (I)) and action potential (AP) in mouse
ventricular myocytes. A, B: The representative traces of I, I in
the absence and presence of Mel 50 pmol-L"'; C: Example records
of APs from the control group, Mel group, and wash out group in
the same ventricular myocyte; D, E: The comparisons of the
average action potential duration at 50% (APD,)) and action
potential duration at 90% (APD,) percentage values of the control

group, Mel group at 20 and 50 pmol-L". n=7,x£s
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Figure 4 The effects of Mel on the prolonged APD and early afterdepolarizations (EADs) in mouse ventricular myocytes. A—D: Example

records of APs from the control group, 2 nmol-L™" ATX II group, 16 umol-L™" Mel treated group, and wash out group in the same ventricular

myocyte, respectively; E: The comparison of average APD, values of the control, 2 nmol-L" ATX II, 2 nmol-L™" ATX II+ 16 pmol-L" Mel,

wash out group. n = 10, x + 5. ~ P < 0.001; F: Example records of single APs at a frequency of 1 Hz on the control, 2 nmol-L" ATX II,

2 nmol-L" ATX IT + 16 umol-L" Mel, wash out group
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Figure 5 The effect of Mel on ATX Il-induced arrhythmia in isolated mouse hearts. Representative recordings of monophasic action

potential (MAP) and electrocardiogram (ECG) of the isolated hearts in the 5 nmol-L"" ATX TI group (A) and 5 nmol-L"' ATX 1T + 16 umol-L"

Mel group (B); C: The comparison of the incidence of ventricular fibrillation (VF) and ventricular tachycardia (VT) in the 5 nmol-L™" ATX II

group and the 5 nmol-L" ATX II + 16 umol-L" Mel group. n =10, x £s. "P < 0.05, P < 0.01; D: The comparison of average duration of VF

and VT after reperfusion in the 5 nmol-L™" ATX II group and the 5 nmol-L™" ATX II + 16 pmol-L"' Mel group
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Figure 6 Effect of inhibitors of calmodulin-dependent protein
kinases II (CaMKII) (KN-93) and Mel on I, in mouse ventricular
myocytes. A: I, in cells treated with Mel (16 pmol-L") first and
then treated with KN-93 (10 umol-L™") and Mel (16 pmol-L") at
1 pmol-L™ [Ca“]]; B: I, in cells treated with KN-93 (10 pumol-L™)
first and then treated with Mel (16 pmol-L™") at 1 umol-L" [Ca”]];
at 1 pmol-L" [Ca®™ ],
before and after drug treatment. n = 8, x £ 5. P < 0.05. KN-93: N-

C, D: The mean current densities of I .

[2- (N-(4-Chlorine cinnamon)-N-methyl amino methyl)phenyl]-N-
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