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Abstract

The antennae, ocelli and compound eyes are all important sensors in the head of American cockroaches. Ocelli and compound
eyes both react to illumination, but the ocelli are more sensitive than the compound eyes. Antennae are the main structures
reacting to the stimulation of touch and smell, and there are many sensilla distributed on the surface of the antennae.
When the ocellus is being illuminated, it will induce a hyperpolarized membrane potential in the L-neuron of the ocellar nerves and
sends a message from the ocellus to the brain. A swing of the antennae at that moment will induce another obviously depolarized
membrane potential in the L-neurons. This depolarization will be inhibited by the perfusion of picrotoxin, and will be even more
effective if perfused with a high concentration of picrotoxin. In addition, the delay in response time is prolonged according to the
increase in concentration of the perfusion with picrotoxin. The depolarization will also be inhibited by perfusion with a high
concentration of strychnine, but it is less effective than perfusion with picrotoxin and has no effect on the delaying time. There are
no effects on the depolarization of the membrane potentials in the L-neurons induced by swinging the antennae after perfusion
with other chemicals such as bicucullin, bicucullin methiodide, beclofen and phaclofen.
We conclude that besides sending messages to the brain, it induces another reaction to inhibit the message derived from the ocelli
after the antennae are stimulated. This inhibited depolarization of the membrane potential might be induced by activating the
GABA receptors in the ocellar L-neurons. The characters of these GABA receptors are similar to those of the GABAA receptors in
vertebrates, but both of them are not exactly the same. These GABA receptors might be peculiar to insects.
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Fig. 1. The membrane potential recorded from the L-neurons in the right ocellus of the American cockroach by
intracellular recording. A. It induces a hyperpolarized potential in the L-neuron after the ocellus is stimulated by
illumination. B. It records a combined membrane potential to swing the antenna during the process of
stimulating the ocellus when illuminated. C. It only induces a depolarized potential in the L-neuron to swing the
antenna and not to illuminate the ocellus. The horizontal bars below the kymogram indicate the continuous
stimulation time. The longer bars indicate the ocellar illumination, and the shorter ones indicate the swing of

the antenna.
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Fig. 4. The effects of perfusion with picrotoxin on the variation of membrane potentials in the ocellar L-neurons
induced by swinging the antenna. The perfused concentrations of picrotoxin were: A. 10 M, B. 10° M, and C.
10°° M. The horizontal bars below the kymogram indicate the continuous stimulation time (200 msec).
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Fig. 5. The effects of perfusion with picrotoxin on the variation of membrane potentials induced by swinging the

antenna. The perfused concentrations of picrotoxin were: A. 107 M, B.10° M, and C. 10° M. (*: p<0.05, *: p

<0.01, ***: p < 0.001).
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Table 1. Effects of perfusion with chemicals on the membrane potentials of L-neurons

Chemicals Specificity Membrane potential Delaying time
Picrotoxin GABA, antagonist inhibited increased
Strychnine Glycine antagonist inhibited
Bicuculline GABA, antagonist
Bicuculline methiodide GABA, antagonist
Beclofen GABAg agonist
Phaclofen GABAg antagonist
--: no effects
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Effects on the Transmission of Ocellar L-neurons by Swinging
the Antennae of American Cockroach Periplaneta americana

Ming-Chung Lee', Chi-Mei Lee', Meng-Chang Ko, Jin-Tun Lin', and Li-Chu Tung"’

! Department of Life Science, National Taiwan Normal University, 88 section 4, Ting Chou Road, Taipei, Taiwan 11617, ROC

ABSTRACT

The antennae, ocelli and compound eyes are all important sensors in the
head of American cockroaches. Ocelli and compound eyes both react to
illumination, but the ocelli are more sensitive than the compound eyes.
Antennae are the main structures reacting to the stimulation of touch and
smell, and there are many sensilla distributed on the surface of the antennae.

When the ocellus is being illuminated, it will induce a hyperpolarized
membrane potential in the L-neuron of the ocellar nerves and sends a message
from the ocellus to the brain. A swing of the antennae at that moment will
induce another obviously depolarized membrane potential in the L-neurons.
This depolarization will be inhibited by the perfusion of picrotoxin, and will be
even more effective if perfused with a high concentration of picrotoxin. In
addition, the delay in response time is prolonged according to the increase in
concentration of the perfusion with picrotoxin. The depolarization will also be
inhibited by perfusion with a high concentration of strychnine, but it is less
effective than perfusion with picrotoxin and has no effect on the delaying time.
There are no effects on the depolarization of the membrane potentials in the
L-neurons induced by swinging the antennae after perfusion with other
chemicals such as bicucullin, bicucullin methiodide, beclofen and phaclofen.

We conclude that besides sending messages to the brain, it induces another
reaction to inhibit the message derived from the ocelli after the antennae are
stimulated. This inhibited depolarization of the membrane potential might be
induced by activating the GABA receptors in the ocellar L-neurons. The
characters of these GABA receptors are similar to those of the GABA, receptors
in vertebrates, but both of them are not exactly the same. These GABA
receptors might be peculiar to insects.

Key words: antenna, ocellus, picrotoxin, strychnine, GABA receptor
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