Noradrenergic Modulation in Electrical Activities
of the Locus Coeruleus-Cerebral Cortex System
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Fig.1. A: Schematic diagram of methods for recording the electrical activity of

locus coeruleus neurons and for testing terminal excitability.

Bipolar

stimulating electrodes were implanted into the dorsal noradrenergic bundle
(DNB) and into the terminal field of locus coeruleus neurons in the frontal

cortex.

Single unit activity was recorded extracellularly in the locus

coeruleus. Drugs were infused into the frontal cortex through an infusion
cannula connected to an infusion pump. B, C: The field potential and action
potential of an locus coeruleus neuron evoked antidromically by electrical
stimulation of the DNB. The placement of a recording electrode in the locus
coeruleus was verified by appearance of the field response.
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Fig. 2. Photomicrographs of the stimulating
site in the dorsal noradrenergic bundle (A)
and recording site in the locus coeruleus (B,
C). The recording site was marked with
pontamine skyblue delivered from the tip of a
recording electrode.
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Fig. 3. The effects of iontophoretically applied
indeloxazine (IND) upon spontaneous activity
of LC neurons. A: IND caused a marked
inhibition of LC neuronal firing. B: IND
caused inhibition of an LC neuronal firing at
low rate, and the IND-induced inhibition was
antagonized by adrenoceptor antagonist
piperoxane (PIP). C: Glutamate-induced
excitation of LC neuron was markedly atten-
uated IND.
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Fig.4. The biphasic action of IND. A: The
spontaneous firing of an LC neuron was
reduced during application, while the firing
increased immediately after stopping applica-
tion of IND. Reapplication of IND again
produced inhibition of firing. B: The inhibit-
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or antagonist piperoxane, while the excitation
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Fig.5. The effects of iontophoretically applied amantadine (AMA) upon locus
coeruleus neuronal firing. A: AMA failed to cause any notable change in

spontaneous firing of an LC neuron.

firing rate of an LC neuron.

B: AMA produced a small increase in
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Fig.6. The effects of intravenous. injection of indeloxazine (10mg/kg) on
spontaneous discharge of a locus coeruleus neuron, and a simultaneous
recording of electroencephalogram (EEG). The black arrow indicates the start

of the intravenous injection.

The firing rate of the neuron transiently

increased immediately after the injection of indeloxazine, and then gradually
decreased. The EEG pattern became desynchronized approximately lmin after

the injection.
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Fig.7. Antidromic response to electrical stimulation of the terminal field of a
locus coeruleus neuron in the frontal cortex prior to (A, B) and following(C, D,
E) local infusion of indeloxazine. Prior to the infusion of indeloxazine, a
stimulus current of 3.7 mA was sufficient to induce antidromic responses on all
of the non-collision trials (A), whreas following the infusion, a current of 3.7
mA became inneffective in activating antidromic response (E) and 4.3 mA was

required to produce 100% activation (C). The black triangles indicate the
stimulus artifacts and the white triangles indicate the antidtomic response.
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Table 1. The effects of the local infusion of indeloxazine and amantadine on the
terminal excitability of locus coeruleus neurons

Agent N Terminal excitability
Decrease Increase No change
Indeloxazine 10 8 0 2
(21.6£7.9%)**

Piperoxane

+ 4 0 0 4
Indeloxazine
Amantadine 9 8 1 2

(23.8£6.8%)

* N indicates the total number of cells tested
** Numbers in parentheses represent the mean increase in threshold current as per
cent of control values = S. E. M.
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Fig.8. The antagonizing effects of the alpharadrenoceptor antagonist piperoxane upon the
indeloxazine-induced inhibition. Before the infusion of piperoxane, a stimulus current of 5.3 mA
was sufficient to produce 100% of antidromic response (A) and 4.7 mA was far below threshold (B).
Following pre-infusion of piperoxane, threshold current necessary to produce 100% activation was
41 mA (C) and a stimulus current of 3.6 mA was subthreshold (D). When local infusion of
indeloxazine followed immediately after piperoxane infusion, 4.1 mA was still threshold (E). A
stimulus current of 3.5 mA was subthreshold (F) and 3.3 mA was totally ineffective in activating
antidromic response (G). The black triangles indicate the stimulus artifacts and the white triangles
indicate the antidromic response.
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Fig.9. The effects of local infusion of amantadine upon terminal excitability of
LC neurons. Prior to the local infusion of amantadine, a stimulus current of
1.0 mA was sufficient for activating 100% of antidromic response (A), whereas
following the infusion, 1.0 mA became totally ineffective (B) and 1.2 mA was
required to produce 100% activation (C). The black triangles indicate the
stimulus artifacts and the white triangles indicate the antidromic response.
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Fig. 10. Relationship of stimulus current and percent antidromic response before
and after local infusion of amantadine and indeloxazine. A : Local infusion of
1 mM amantadine (0.33 4 1) produced a decreased terminal excitability of LC
neuron, as revealed by the insrease in stimulus currents necessary to produce

antidromic invasion.

B: Local infusion of 0.1 mM indeloxazine (0.2x 1)

produced a decreased terminal excitability of a LC neuron as revealed by the
uniform increase in stimulus currents as necessary to produce antidromic

activation.
infusion.

(O—-Q) before the drug infusion, (@——®) after the drug
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Abstract

Locus coeruleus neurons possess an auto-inhibitory mechanism mediated by an alpha,
receptor in the cell body and a nerve terminal for spontaneous activity and for the release
of noradrenaline. The present experiments were designed to determine if the auto-inhibiti-
on would be modulated uniformly by drugs possessing an ability to inhibit reuptake of
noradrenaline and/or to release noradrenaline from the terminals of central noradrenergic
neurons. In rats anesthetized with urethane, single unit activity was recorded extracellularly
from the neurons of the locus coeruleus, the largest nucleus of the noradrenergic system in
the rat brain. Iontophoretic application of indeloxazine caused a biphasic effect on the
spontaneous firing of locus coeruleus neurons so that the firing was inhibited during
application of indeloxazine, followed by a marked increase in firing after the termination
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of application. The indeloxazine-induced inhibition was attenuated by iontophoretic
application of the specific alpha,-antagonist, piperoxane. A similar but opposite biphasic
effect was noted following an intravenous injection of indeloxazine: the injection of the
drug resulted in a transient increase followed by a decrease in firing rate. Iontophoretic
application of amantadine produced no notable change in the spontaneous firing of locus
coeruleus neurons, though some neurons showed a small increase in firing. To assess the
effects of the drugs upon the terminal excitability of locus coeruleus neurons, threshold
currents to produce antidromic responses to 100% of stimulation of the frontal cortex were
measured before and after local infusion of the drugs into the stimulus sites. Both
indeloxazine and amantadine were found to decrease the terminal excitability. Indeloxazine
did not produce the decreased terminal excitability, when piperoxane was infused prior to
the infusion of indeloxazine. These results indicate that the auto-inhibitory effects of two
drugs on the activity of locus coeruleus-cerebral cortex system are not common in terms of
mode and site of action.




