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Dynamic changes in depolarization of action potentials by
high frequency stimulation in guinea pig papillary muscles
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ABSTRACT The effect of high frequency F. WMBIEN L B sHe 5, AP Vo, TRS
HASEHKER. TREXRTIXOLE mEEHR

stimulation on rate-dependent depression of
pe P WA RIER .

depolarization of action potentizls waa
studied with computer and standard micro-
electrode techniques in guinea pig papillary RMM PhiEdEl, HEEF ARHEIL W

muscles. After increasing driving frequency Bk
from 0.5 to 6 Hz. dectreases in V... APA :
and OS were found. Changes of upstroke D EHEEMERENT S, EELAL

velecity during phase 0 between driving ﬂmﬁfﬁﬁﬁ‘f’ﬁlﬁﬂiﬂ}mg B <Rk

frequency 6 and 0.5 Hz could be described _
) = V-Il g > N.+ "U)- AP
as a parabola. The rate—dependent depres— *( MRy HEE P B 3Rk

sion of depolarization was cxaggcrated by B Vaue BERIB SN THD. #2 IR
tetrodotoxin (TTX). particularly during MOBREES H V. BIER L EE 53X
the accclerating period of phase 0. A B ERBEECY., RINLIENTERY,
proﬂl’mive decline in le.xl which eould %ﬁﬁ Na* Wﬁﬁﬁgﬂfﬂixﬁﬁ“ﬁl Vntxpﬁﬁﬂﬁ
be fitted by a power function curve, was o 5 )
observed after changing driving frequency %ﬁ#*ﬂ%&lﬁﬁ{ﬁﬁ$ﬁé&?§{t‘ oAbk, &
from 1 to 5Hz. TTX significantly influen- SRR B F i HELMB SR BEOR, HKE
ced the decline in V... and the regression L ZE AL LI AP fESCR i BFEID R, #—
coefficients in fitted equations. H o BH KN AP ZH2BRRR EFEZNDY
AT, AR YRR Na* 855 B v K
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MATERIALS AND METHODS

ME AFRHEADNNEBOEF SRR, S
BLAP Eims) &% ., s Hz gk o s Hz ik B3 BE19R, F5# A, {H 412+5D43

{EAP M V., APATOS, RDB % -20217%, B g, HBFHN, HL2LARIEZTIER,
ﬁﬁﬁﬁ*&fﬁ%ﬁﬁ%ﬂﬂ(:@ BIroE L Fﬁ 95%02 +5%C‘D= ‘tﬂiﬁ] Tyrode ﬁ#’fﬁ?ﬁﬁﬁ.
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JEFy 36.5+0.5C, EFH F 10ml/min, ¥F
2% B AL AR 2 As-AgCl AL AR Il BT 7 B R
1 ms, SRFE & ok ey 2 5. ¥A7E 0.5Hz
WML AHE I ) T 1-2 h, R FTEW
SC Ry M,

AP Mg  FRima ik &L AL R
AR EREEY, #BafAIE#E KC 3 mol/L
P, Moo P 10-15MQA, B {5 5 H
Ag-ApCl Hiff 515 A ¥ B WK Xk #& (MEZ-
7101, BB BR{E S 4 WM B,
—RiE S HEM A TBY(APPLE-T ), {F#&
¥EMRS T APCREEH S 8 bit/1 ms) 1 AP
T sy CREE#EE 8bit/16 us); H—iK
ES5H Tty #(BIM-1, rE HH#20us)
SEEEMATEN, 02 APSTHEHRESE
25 REE A 2 8 bit/16 us),

HMMETLR AP RS E MR
IR Fp

1 £FLHES 0.5 70 6 Hz &1 7 #55)
Wahtrd, HEVREBREETLHETSEE
EARER AP BB B %, EH .G

Tab 1.

sy
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EHN, %F-25mV iR BE Y, APER
=25 mV B S &M, 8 35 % S AP
F i pFE.

2 41 1 Hz @i #E 5454, FH id Rk
B AP R &¥BEFR, RARSES BEES
Hz, {1 HYLRE 30 1% &89 AP R HET #Hi
Wk ghek, 951 Hz B EsIRNBE 10 Tk
fn s Hz &4 20 e,

S35 4k Wi 1£A 35 (rate—dependent block,
RDB)MYME LIEHMESRNBE Vo B9

{E 5 RN Ve HE%, EHUEHAER
38 4 I FE A BO TR T
TTX fE A AW TTX GRHbAK /™= SFFuRT il

dh) BYER £ @ Ht 4275 15 min [T ii{T B,
TTX dE®xER 1.5, 3, 6, 9pmol/L, i
R —4mia 15 2 5 % B th 3.

RESULTS

NN TTX 31 AP RHEMHER 55|
fE7E 0.5 %06 HZRIWMTF T SBREERS
BY AP, g Tab 1 7] I, B4R BUFTHE AP 5R18

Effects of driving frequency and tetrodotoxin (TTX) on depolerization of action potentials,
x+S8D, *P>0,05, **P<{0.05, *"*P<{0.01 vs 0.5 Hz,

Frequency Tetrodotoxin (pmol/L)

Parameter ] 3 [ 9

(Hz) (n=13) (n=g) (n=7) (n=5)
APA(mV) t.5 11049 10748 106 =7 g4+7

6 gg 14 g3 11 B9 Lgr*" 72+16%*"
OS(mV) 0.5 288 2546 20+7 1710

6 22 L12%"* 14 £g**" 12 g ~1+10"**
Vol V/5) 0.5 282 +48 248 +97 239+83 18997

§ 221 465%°* 183 =827+ 166 £ 63*"* 120 +68"**
RDB{ %) — -20£17 -24%24 ~284+18 - 29118
Vear{mV) 0.5 -22+12 ~ 22449 - 23455 -26+8

6 -23+12* ~-26L9" -25+g* -31+7*
Ppoerl %) 0.5 58+ 7 605 6015 61138

6 607" 617" 61+3* 58 =107
RP(mV} 0.5 -8246 -82+6 -83+6 — 805

6 ~ 778 -79£7" ~ 77T —- 747

n: cell number, APA: action potential amplitude, OS: overshoot, V

.t maximum velocity of depolarization:

ma

RDD: rate-dependent block, Vy,,,: membrane potential at which V. occurred, Proexi Vimge €Xpressed as

% of depolarization, RP: resting potentinl.
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(APA) 3 S (OS) R 18, Voo R¥ M 18.RDB
H—-20+17%, FBEAA(BRPEFE N, Vo
Fab B Btk A2, HILE R T AP fRie
MEHEBEDHRE.

BT TTX &, ibEEMARSHRIET
APA, OS B Va... BIBFH T (P<0.05), #
HTTX & 8%, RPXE FE K, Vau By
REEIERAK T AR FEA, IR TRE
APA, OS K V. 898 3 R4 40 %] IR (Tab
1). #FEFEE TTX X AP F48 B R0 KM
MR ERE BREFR .

HMWEN mfo TTX Xt AP ¥ # BRE
ENEN . BRI AP T8 BiER
Higk A5 (LAY thie R, 7F B ORE B BRE 5
S5 EEEE N, SHBIMTE AP TEkE
MR RERBE<0.05), EEERnR
1BREE, SehE MR SR i, & Vo
MEIEEERREE, URBNXEWEDN. RS
FFEHMEREF A n B (Fig 1 A),

TTX {EAfE, &. BRI AP 48
Pet T b Ra, P EF am Bt ki,
EHgEEFENBEEEMIN(Fig 1 A) &%
B AR A R A AR A S, XE, EH
RIBE AP iR EEE XN R K FHEE
feEgEIHLIE ML, SRE5, E2EEk
Whnseiith, XFARM TTX Z24W wEEHE
el R FREFEF(P<0.05,Fig 1 B, [
REHNEL R FE &, HiE 33 #R,
TTX 7 AP T4 48 o 2 003 6 AR RE 4 46l 26
I, FEIE AP ZHEBREAINEES.

MWEFEAWEE Vo BT LK TTX
W HIEEEE WEHER Vo E5 15T
@R, U PEH 1 He g gk F A s Hz
J5 s Vmaw RSB T By Voo X H SO
AEBEMEy =a x ") RHE(Fig ). HFE
BE,Va: BB ERE REFTSE 15—20 4 AP,

£F TTX 1.5pumol/L, HiHHBHERG
B Ve TLRBIIFEE, H Ve TR
%, MR ML, WRTRERrERb &

lacity

1
i
=

Upatroke ve

Fig 7. Effectof TTX on rate-dependent depression
of depolarization of action potentials (A) and
thal during the acceleration period (B), Changes of
upstroke velocity between driving frequency g and
0.5 Hz were fitted by regression equations,

(o) Conirel (A) ¥y=36.52-3.41 x+ 0,032 x?,
r=0,85 (B) y=3.84-1.11x, r= -0.87

(o) 3 pmol/L (A) ¥y=33.88-3.95 x+0.037 x?,
r=90.81, (B) ¥y=2.15-1.49x, r= - (.97
(x) 8 pmol/L (A) y=41.84-4.27 x4+ (0.047 %3,
r=90.29% (B y=6.43-1.52 %, r= —0.98
(0> 8 pmol/L (A) ¥=49.36 - 4.43 x+0.047 x?,
r=0.900 (B)¥=11.51~1.64 x, r= - 0.97

P ¥ I {k(Tab 2, Fig 2), £% R %M,
TTX 3 AP 0 551 35 (0l i ) 2 i 7 930 o 008 e
B HBE, kT EPHHEE b ZHE Va.,
T — EESK,

DISCUSSION

LR R e AP BY Voo 5 #1E ) Na*
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Tab 7. Eftect of TTX 1.5 umol/L on V...
sfter chenging driving frequency from 1 to 5 Hz,
n=g, XtSD. "P>0.05, **F< 0.01 vs before

Before TTX
1Hz sHz 1Hz 5 Hz

Voa{V/3) 277269 251472 2233 73%" 178+68*"

RDB(% ) -9.82x5.74 ~20.93=5.41**
b —0.03+0.02 ~0.08+0.03"*
cc 0.89:£0.03 0.86£ 0,09
CI 0,99 0.01 0.99:40,01*

b: b value in the eguation of power function
curve, CC: correlation coefficient of fitting egqua-
tion. CI: correlation index of fitting equation.

Driving frequensy
1 Hyg 5 Hz

Upatroke rate (V/4)

1 3 & 7 9111515i!1;!1

Boat nombsr
Fig 2, Effect of TTX on V,.,. sfier changing
driving frequency from 1 to 5 Hz, Power func-
fion curve eguations,
(o) Confrol ¥ =1798.28 x~ ™%, r=0.85
(e) TTX 1.5 pwol/L y=180.45 x %865, r=0.94
(Data from the ] st cell in the 30th gZuinea pig)

R 40 M b Na* KB A i, A N2t ik
fEEF, Na* P HEETE, FE Na® Ans
BLFRE Ay B—FE, @WEAK X
B4, 7 ERESAS R, RPN, SRR
RS K Na* BEHEER/LV . XBHRRE
AP THAW) Viax T, RELT R RBIMEITH
fEM. RIge SRS Vo BETE,
HXmik EW—F. BB CEM, S w e
AP MO BRI M T (8 A8, 251
A R ER R AKSE, Na© 1R i 5o B 30 il 5
VEEALH.

FRRa, TTX X AP FH R R %M H
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FERBAE I HIFEE B W, SR,
TTX SERARET B2 JTE B8 1 Na® il 57
TS, TR R R PGSRy Nat i
i EEER, HEIBES TTX 3T Na® @i
HIHP ] 18 A 2 .

B TIX 2% R 44 Na* @ g B &
O, HEREASTRY, TTX X AP T3k
AR 590 2 (% o T 4 ) B R ) 3 B R AR FE F R AR
R, SEUEMECORL, #FT APE
FHERR 0 AT PR 2 (L2 E S Na® i1,
K. £ Ve FREREE Birh, TTX B8
FRE, TEREHTINNETFRERGERN
Bl TTX W REGEMMRR Ed MER R
.

REFERENCES

1 Grant AO, Starmer CF, Strauss HC. Anti-

arrhythmic drug action, bleckade of the inward

sodium current. Circ Res 1984, 55 : 427

Chen CM, Gettes LS. Combined effects of

rate, membrane potential, and drugs on maxi-

mum rate of rise (V) of gction potential

upsircke of guinea pig papillary muscle. Ihid

1876y 38 - 464

3 Campbell TI. Importance of physico-chemical
properties in determining the Kkinetics of the
effects of Class I antiarthythmic drugs on
maximum rate of depolarization in guinea-pig
veniricle, Br J Pharmacol 108%, 80 :@ 33

4 Courtney KR, Quantitative structure/activity
relations based on use-dependent block and
repriming kinetics in myocardium. J Mol Cell
Cardiol 1987, 19 : 319

3 Yu XM, Shen WQ. A kinetic analysiz of the
effects of TTX on depolarization of ventricular
muscles in guinea pigs. Chin J Pharmacol
Toxicol 1588, 2 - 11

6 Reuter H, Baer M, Best PM. Voliage depend-
ent of tetrodetioxin action in mammalian
cardiac muscle. In: Morad M, ed. Biophysical
aspects of cardise muscle. London: Academic
Press, 1978 :© 129-42

7 Marshashi T. Chemicals as tools in the study
of excitable membranes. Physicl Rev 1974,
54 & 813

[$

N l 34


http://www.cqvip.com

