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Abstract
To investigate age-related changes in Na* channel kinetics, ventricular cells obtained from chick

embryos of various developmental stages were voltage-clamped with patch pipettes, and the Na* current
(Ixa) together with the membrane potential(V,,) were recorded (16C). The data stored in VTR as PCM
signal was A/D converted and analyzed in terms of Hodgkin-Huxley model. Iy, underwent the activa-

tion/inactivation sequence in response to change in V,. While the activation kinetics little changed

throughout embryogenesis, the inactivation kinetics was altered with embryonic development. Yet, the

density of Na* channel per unit membrane area also was drastically increased with development. We

discuss the present voltage-clamp data in comparison with those obtained from different tissues and/or

animal species.
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Figure 1 Schematic illustration of measurement
and analysis system.
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Figure 2 Pulse protocol.

from V54 (=—90mV) . The duration of pulse was 50 ms.
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(A) Single pulse. The amplitudes of the voltage steps was increased

(B) Double pulse. 150 ms

-prepulses of varying amplitudes were interposed prior to test steps of a fixed voltage

(usually to -30mV) .

The peak of currents in response to test steps were measured.
The holding potential (V,,,4) was —90mV .
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Figure 3 The inward(downward deflection)
sodium current after a subtraction of the
capacitive transient(continuous trace,
Iva) and a presumd current trajectory
(Ixa*) obtained from the extrapolation
of a decaying stage of the current (bro-
ken trace) .
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Figure 4 Increase in Iy, of different ages. (A)
Typical current-voltage relations of 3-,
10- and 17-day-old chick embryonic
heart cells. The peak of currents(or-
dinate) in response to voltage steps(Vp,
abscissa) is plotted. Plotted are the
current values normalized with repeat to
cell membrance capacitance(Cy).
Vioia=—90mV. (B) Increase in Na cur-
rent with development age the current
density (mean+SD ordinate) is plotted
as a function of embryonic stage (abscis-
sa) .
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Figure 5 Representative voltage-dependence of

)

( msec

TIME CONSTANT

the inactivation time constant. Plotted
are the time constant of inactivation
(ordinate) as a function of V,, (abscissa),
obtained from a 3-(circle),10- (triangle),
and 17-(square)-day-old embryonic
heart cells. The earlier the embryonic
stage, the slower the inactivation
proceeded.
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Figure 6 Representative voltage-dependence of

the activation time constant. Plotted are
the time constant of activation(or-
dinate) as a function of V(abscissa),
obtained from a 3-(circle),10- (triangle),
and 17-(square)-day-old embryonic
heart cells.
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Table 1 Developmental changes in h, parame-
ters (mean=+SD)

Age Viare (mV) S (mV) N
3 —82.4+£5.19 11.3 £2.40 3
10 —85.2%6.77 13.3 £2.86 4
17 —97.2+0.94 7.58+0.36 4

Table 2 Developmental changes in M, parame-
ters (mean+SD)

Age Viarr (mV) S (mV) N
3 -51.9+£5.20 —7.18%£1.10 3
10 —45.2+3.33 —8.56+0.55 4
17 —54.8+7.76 —7.46%0.83 4
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Figure 7 Steady-state inactivation (h.;filled
symbols) and activation (m.;open sym-
bols) of Iya of 3-, 10- and 17-day-old
chick embryo.
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Table 3 Relation between Duration-1 and h.
parameters
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Table 4. Bibliographic comparison of voltage-clamp data for Iya obtained from different tissues and/or

animal species

Preparations ~ Temp. [NgJo/[Na), Vi I-Density % 7, TTP h, (mV) m. (mV)
(c 5 (mM) (mV)  (gA/a) ms ms
(mV) (mV) Vhalf S Vhalf S

Frog ventricle 15 113.5/10 - 80 10—-20 7.1/3.1 9.4/1.0 -73 6.3 - -
(—40) (0) (=40) (0

Mouse ventricle 22 52.5/13 -100 180 5/0.8 0.8/0.15 -7 6.3 -—57.9 —4.3
(=500 (0 (=500 (O

Human myoball

Juvenile 24 130/ - -135 - 1.8/0.4 0.6/0.1 —86.0 10.2

channels (—40) (10) (—40) (10) -33.9 -5.7

Adult 24 130/~ -135 - 2.3/0.4 0.6/0.1 —65.9 5.6

channels (—40) (10) (=40) (10

Chick embryo ventricle

Fujii et al.

3 day-old 22 143/15 —-80 114 6.8/0.7 - -791 7.2 -30.0 -6.5
(—40) (0)

7 day-old 22 143/15 —80 219 2.8/0.7 1.6/0.5 —86.4 8.5 -32.8 —6.9
(—40) (00 (=400 (0)

Present studay

3 day-old 16 145/10 -90 25 10.7/1.0 0.7/0.1 —82.4 11.3 -—51.9 —7.2
(—40) (0) (=400 (0)

10 day-old 16 145/10 —90 67 5.1/0.8 1.0/0.2 8.2 13.3 —-45.2 -—8.6
(—40) (0) (—40) ()

17 day-old 16 145/10 -90 102 1.8/0.5 0.5/0.1 -97.2 7.6 -54.8 -T7.5
(—40) (0) (400 (®
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