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The Augmenting Effect of Serotonin on the Depolarization-Induced
Outward Currents Recorded from the Ganglion Cells of Aplysia.

Satoshi KAWASAKI and Kazuhiko SASAKI

Abstract

In Aplysia abdominal ganglion cells, application of 5-hydroxytriptamine (5HT) prolongs the
spike duration evoked by artificial depolarizing pulses in the presence of tetraethylammonium
chloride (TEA). In contrast, it does not alter the spike duration in normal perfusing media.
In attempt to clarify this lack of effect of 5HT in the normal media, voltage clamp method was
used. Application of 5HT induced slow voltage-dependent inward current carried by Na* in
the cells clamped at resting level. Furthermore, 5HT augmented a transient inward current
followed by slow outward current response elicited by depolarizing pulse from resting level to
+10mV. Application of 10mM TEA markedly depressed the outward current component
without affecting the fast inward component, indicating the outward current component
sensitive to TEA to be mainly Ca?"-activated K*—current. In the presence of TEA, 5HT rather
depressed the remaining outward current component and shifted the maximum level to inward.
The apparent inward shift of the outward current by 5HT was inhibited by Cd?*, a typical Ca?*
—channel blocker, suggesting the inward shift was due to increase in Ca?"—current. Further-
more, SHT-induced augmentation of the outward current was not observed in the presence of
Cd?* alone dissolved in normal media. These results suggested that 5HT facilitate the opening
of voltage-dependent Ca’*—channel, causing an increase in Ca’"—current, and subsequently
enhancing the TEA-sensitive Ca?*-activated K*—current. Our model explains why 5HT in
normal media lacks the prolonging effect on the spike duration.
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Fig. 1 5HT-induced responses of a neuron in the Rc cluster of Aplysia abdominal ganglion.
A : Slowly depolarizing response with spike firings was recorded under current clamp
(top). Periodic downward defrections in the voltage record (V) show the erectronic
potentials induced by constant 800 ms inward current pulses (/) delivered every 5 s,
indicating the changes in effective membrane resistance. Slow inward current response
(D) of the same cell to 5HT was recorded under the voltage clamp at —55 mV (bottom).
The mode of voltage clamp is shown above. B: In the presence of 10 mM TEA,
stimulation of 5HT receptor on the same cell prolonged the spike duration. Spikes were
artificially evoked by depolarizing current pulses with a duration of 2 ms applied every
5 s under current clamp. C: In normal perfusing media, the spike duration was not

affected by 5HT significantly.
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Fig. 2 Effect of 5HT on outward current response to depolarizing pulse. The outward current elicited
by 300 ms voltage steps from —60 to 0 mV was augmented by application of 0.1 mM 5HT in
normal perfusing media (NR) as shown in Aa. In the presence of 10 mM TEA, the outward
current induced by depolarizing pulse was markedly blocked (Ab), and the remaining outward
current was depressed by 5HT (Ac). Following the addition of 0.3 mM Cd?®' increased the
outward current (Ad) and blocked the 5HT-induced augmenting effect (Ae). Continuous
chart recording of the depolarization-induced outward-currents is shown in B.
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Fig. 3 I(current)-V(voltage) curves of the outward currents measured 150 ms after onset of the
depolarizing pulses from -60 mV to various membrane potentials indicated. A: I-V curves
obtained in normal media in the absence and in the presence of 0.1 mM 5HT. 5HT augmented
the N shape portion of the curve. B: I-V curves taken in the presence of 0.3 mM Cd?".
Application of 5HT did not influence the I~V curve. Three top traces are example of the
outward currrent recorded in the perfusing media indicated.
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Fig. 4 Effect of 53HT on the I-V curves in 10 mM TEA media (A) and in 0.3 mM Cd?" + 10 mM TEA
media (B). A: TEA markedly reduced the N shape portion of the I-V cuve. At potentials
below about +60 mV, 5HT rather changed the I-V curve inwardly. B: The addition of Cd?* to
TEA increased the current at potentials below about +60 mV as compared with TEA alone.
Application of bHT influenced the curve very little. Three top traces are example of the
outward currrent recorded in the perfusing media indicated.
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