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RESFARCH OBJECTIVES AFOSR-TR. 88-0696

The neural substrates of mammalian bioreactivity are undoubtedly very
complex. Nevertheless, a large body of research points to the system of
brain noradrenergic (NE) neurons as playing a central role in biore-
activity. Much of this evidence, however, remains indirect, largely
because of the inherent difficulties involved in examining brain activity
in a precise fashion, under physiological conditions, and without simul-
taneously perturbing the system under study. One means of accomplishing
such analyses is to examine single unit activity (extracellularly recorded
action potentials) of NE neurons in behaving animals. For the past four
years, largely through funding from the AFOSR, we have been studying the
single unit activity of brain NE neurons in the area of the locus coeruleus
(LC) in unanesthetized and unrestrained cats. The results of our work, in
conjunction with that of other investigators in this field, provide strong
support for the role of NE neurons in various aspects of bioreactivity,
including stress. This work constitutes a significant and necessary step
in research directed at wunderstanding the neural substrates of bio-
reactivity, but it is limited in two important ways. First, studies of
single unit activity in conjunction with physiology and behavior are only
correlative. Second, the degree to which single unit activity is related
directly and linearly to the amount of synaptic release of neurotransmitter
is an open question.

Experiments in this grant are aimed at two issues. First, we propose
to examine the cause and effect relationship between NE and bioreactivity,
as reflected in changes in the masseteric reflex. This system is an ideal
one for such analyses because it is a simple reflex (monosynaptic) whose
motor component receives a dense noradrenergic input. (It also receives a
dense serotonergic (5-HT) input and we propose to compare and contrast its
functional influence with that of NE.) Second, we propose to measure
directly neurotransmitter release in behaving animals through the use of in
vivo dialysis probes. These measures will be carried out in the motor
nucleus component (motor V; Mo V) of the masseteric reflex arc, and will be
related quantitatively to simultaneous changes in the single unit activity
of NE (or 5-HT) neurons innervating Mo V and to simultaneous changes in the
magnitude of the elicited masseteric reflex response. (:

R
The primary dependent variable in these studies, ~.the masseteric
reflex, is not simply a randomly chosen piece of behavior. “Jaw closing (or
clenching) is a well known response to stress and a component of the
anxiety syndrome. Experimental evidence from studies in humans directly
demonstrates that the masseteric reflex response is augmented by fear or
anxiety. Thus, the masseteric reflex represents a simple behavior having

direct relevance to bioreactivity.(_F{uf;,l

A series of four groups of studies are proposed which will elucidate
the functional role of NE (and to some extent 5-HT) in modulating bio-
reactivity, as reflected in changes in the amplitude of the masseteric
reflex response, in unrestrained and unanesthetized cats. 1. Examine the
direct effects of NE or 5-HT upon the masseteric reflex through the use of
local injections of NE, 5-HT and their agonists or antagonists (in some
cases the antagonists will be administered systemically). We also plan to
manipulate the NE and 5-HT inputs to Mo V by locally infusing drugs known
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to directly affect the activity of the neurons that give rise to these
inputs. By combining these latter studies with specific neurotoxin induced
denervation, we will also attempt to demonstrate that there is a cause and
effect relationship between changes in NE or 5-HT unit activity and changes
in the masseteric reflex. Finally, by local administration of NE or 5-HT
drugs in combination with local administration of drugs affecting the
"other" system, we hope to get some indication of the interaction between
these two neurochemical systems which influence the masseteric reflex. 2.
By examining the jaw opening response (digastric reflex) under the same
experimental conditions as the jaw closure response (masseteric reflex) we
will address the question of whether NE produces global or selective
response facilitation. 3. Under conditions presumed to influence NE
neurotransmission (e.g. white noise presentation), simultaneously measure
NE single unit activity, in vivo release of NE in Mo V, and the amplitude
of the masseteric reflex. If time allows, we also propose to do a parallel
series of studies for 5-HT. 4., Determine, through double labelling studies
employing retrograde tracers and immunocytochemistry, the site of origin of
the dense NE and 5-HT inputs to Mo V in the cat.

STATUS OF THE RESEARCH

Work has begun on all four of the aforementioned objectives. Objec-
tives 2 and 4 are in very early stages and there are no substantive data to

report, therefore, I will focus on objectives 1 and 3.

The heart of this proposal was an attempt to examine directly the role
of NE or 5-HT on the masseteric reflex. When NE (0.125 - 0.5 pg in 0.5 pl)
is injected directly into Mo V of the cat, we see a consistent, dose-
dependent facilitation of the reflex. Pharmacologic analyses have shown
that this 1s an action at an alpha-l adrenergic receptor., When we examine
the effects of a number of manipulations known to activate the brain NE
system, such as exposure to loud white noise, confrontation with a dog, and
phasic presentation of a click, we see facilitation or augmentation of the
reflex response. This relationship 1is, however, only correlative. There-
fore, in the culmination of this experiment, we repeated these studies in
animals that had received unilateral denervation of the NE input to Mo V.
The reflex response on the denervated side of the brain was then compared
to the reflex response on the intact side of the brain. In strong support
of our hypothesis, local NE denervation with the catecholamine selective
neurotoxin 6-OHDA, either markedly attenuated or blocked the environ-
mentally-induced activation of the reflex. We believe this is the first
direct evidence of a facilitatory role for NE in brain, examined under
"physiologically relevant" conditions in an intact and behaving animal.

The pharmacologic results for 5-HT are similar to those for NE,
although we have not yet specified the receptor subtype where 5-HT acts
upon the reflex. Activating the brain 5-HT system under physiological
conditions 1s something that we have not yet accomplished because our
electrophysiological studies have not yet uncovered the conditions for
doing this.

Our third objective was to examine the release of NE and/or 5-HT in Mo
V using in vivo dialysis. The objective would be to relate directly the
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release of neurotransmitter to changes in the reflex response. To date, we
have been successful in measuring brain 5-HT using in vivo brain micro-
dialysis, but we have not yet examined this directly in Mo V,

3.  PUBLICATIONS

In addition to the work on the masseteric reflex, a portion of the
AFOSR funds has been used for supporting our single unit studies of LC-NE
neurons. To date, our masseteric reflex work has appeared only in abstract
form.
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