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Abstract: To verify the direct effects of the thyroid hormone (Ts) on the rabbit heart, T;-
Tyrode solution in vitro was perfused on the normal atrial muscles and enzymatically isolated
ventricular myocytes of the rabbit. All the experimental procedures were conducted at 35°C and
the same procedures were repeated after Ca. 120 minutes from the beginning of Ty-Tyrode per-
fusion, Compared to the state between the normal Tyrode solution and Ts-Tyrode solution, re-
sults were observed on the same cells by electrophysiological methods (conventional intracellular
recording and whole cell patch clamping) as soon as possible.

The results obtained were as follows :

1. Action potential duration (APD) on the left atrial muscle was reduced under the perfusion
of T;~Tyrade,

2. Absolute refractory period was shortened by Ts-Tyrode perfusion. (117 msec. /114 msec.,
90 msec, /78 msec, )

3. Maximal Ca currents (ic,) were decreased in single ventricular myocytes under the Ty-Tyrode
(2.98 nA) than under the normal Tyrode (6,65 nA).

4. On I-V relation, reversal potential was shifted to lower membrane potential and membrane
potential showing maximal ic, was lowered from +10mV to —20mV by T, effect.

5. Above results were likely to explain that tachycardia in the hyperthyroid state was caused
in part by the reduced repolarization phase and the reduced refractory period due to the decrease
of the Ca current,
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Table 1. Composition of Experimental Solution
(mM/liter)
?g?;]ael Ts-Tyrode
NaCl 140 140
KCl 5.4 5.4
*CaCl, 1.8 1.8
MgCl, 1.0 1.0
Na-1-triiodothyronine — 5mg
HEPES 5.0 5.0
Glucose 10.0 10.0
pH(at 37°C) 7.4 7.4

* Concentration of CaCl, was elevated from 1.8mM
to 5.0mM on measuring the Ca Current.

Table 2. Composition of Pipette Solution
(mM/liter)
K-aspartate 80
KCl1 50
KH,PO, 10
MgSO, 1
Na,ATP 3
HEPES 5
EGTA 1
pH(at 37°C) 7.2

* Normal and Ts-Tyrode solution were perfused into the
experimental chamber.

* Abhove solution was applied to cell interior for seperation
of calcium current (ica).

Table 3. Comparison of Parameters on Atrial Ac-
tion Potentials between Perfusion of No-
rmal Tyrode and of Ty~Tyrode

(unit;msec. )
Normal Tyrode Ty-Tyrode
v (2 (1)-(2)
75% 101. 8 73.2
APD (n=20) (n=20)
Absolute 117 114 3
Refractory period 90 78 12

Overlapping of 20 action potentials was measured as one
unit on the storage oscilloscope.
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Fig. 1.
PCM : pulse code modulator
DVM : digital volt meter
VTR : video tape recorder
Osc. : oscilloscope
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Circuit diagram for the conventional intracellular recordings.
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Fig. 2. Circuit diagram for the whole-cell patch recordings.

WCR : whole-cell patch recordings
DVM : digital volt meter
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: oscilloscope
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PCM : pulse code modulator
VTR : video tape recorder
Mic. : microphone
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Fig. 3. Modified diagrams of cell-electrode units, The giga-ohm seal forms between the polishing-tipped
pipette and the single cell, After membrane was ruptured, internal pipette solution was equilibrated with

the cell interior,
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Fig. 4. Onset of arrythmia at the same condition of stimulus by T;-Tyrode on the same cell,
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Fig. 5. Decreased action potential duration by Ty-Tyrode.
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Fig. 6. Effect of Ts on the refractory period. When second stimulus (80 msec, later after Ist stimulus)

was applicated, small action potential was occurred under T;-Tyrode.



HP —40mV

D ———
100 msec

40msec

80 MINS, teter

Fig. 7. Calcium currents of the single ventricular myocyte. 80 minutes after the perfusion of Ts-Tyrode,
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Fig. 8. Calcium currents of the same cell (with that of Fig. 7). 130 minutes later after the perfusion of
T,-Tyrode,
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Fig. 9. Current-voltage (I-V) relation curve of
Ca currents,
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of YAHEN & A A= FFAL 2F o Te-Ty-
rodeZ in vitro el A A H A< T; £3F B 43
=t Hyperthyroid Zeiel A vehte FE534d dF
Z9] 31}q] tachycardia’: sinoatrial(SA) node, atrial
muscle, Purkinje fibere]] A 23 =] ¢] v} (Jaeger, 1981).
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dAE & JEge Fx Etzz A4dAel Ca current
(is) 9 4t & A3z 9o} (Carmeliet,
1977). Hyperthyroid A}e]$] rabbit SA node F#A4-&
A Ao u]éle] Ca-blockergl MnClyel o &te] =l 7H3}A|
¥lo3l= S 338t thyroid hormoneo] 7+ A4 o &

inactivation-g

}i rlr

%3] hyper-

HEE

Ca ion?] o] §el AAz &g AAAH(EAE
%, 1986). BA &4 maximal inward Ca Current3-

w438l gul I-V relation curve®} o] i) ic.o &
AjE Za, 80 F9 -V curved] s FAA AZ
o} 9} v %A 0 mVE A F-3te] ebd ubd, 130
B Fo)i —20mVo)A] Hge ¥ ii) maximal Ca
current threshold®] =&},
potential (E,ey.)0] %-& SFAG o2 o] FIFHFE 2o
el 725 (Lees, 1985; Matsuda®} Noma, 1984;
Lee$} Tsien, 1982; Hagiwaras} Ohmori, 1982)2] 2
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