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Abstract : We have shown that conditioning electrical stimulation of the amygdala has an
inhibitory effect on the nociceptive neurons in the medullary dorsal horn of the rat. The purpose
of this study is to investigate whether the inhibitory effect depends on the activation of cell bodies
or passing fibers by the glutamate microinjection into the amygdala.

The animals were anesthetized with N,O-O; (2:1) and 0.5%-halothane, and immobilized with
pancuronium bromide. The peripheral test stimulus (a single rectangular pulse of 2.0 msec in
duration) was applied to the facial skin in the receptive field of nociceptive neurons, and the
ipsilateral amygdaloid conditioning stimuli to the recording site were trains of 33 pulses (0.5 msec
in duration, 100-300 A) delivered at 330 Hz. Thirty-five wide dynamic range (WDR) neurons and 11
nociceptive specific (NS) neurons were recorded. Both neurons were distributed in the superficial
layers of the caudal nucleus and diffusely throughout the dorsal part of the reticular subnucleus.
The conditioning stimulation in the central nucleus, basomedial and basolateral nuclei markedly
inhibited the activities in 13 of 17 nociceptive neurons (10 WDR and 3 NS neurons). The inhibitory
effect was 68.0£15.3% (mean=+S.D.) at maximum. Microinjection of 0.5 M monosodium glutamate
(5 ¢1) into the amygdala resulted in inhibition of medullary nociceptive neurons (5 WDR and 2
NS neurons). These findings suggest that the excitation of cell bodies in the amygdala contribute
to the inhibitory effects on the 2 nd order nociceptive neurons. Because it has been known that the
amygdala is a key structure for mediating stress responses, the antinociceptive effect may provide
one of the neurophysiological basis for the stress-induced analgesia (SIA).

Key words : amygdala, antinociception, glutamate injection, conditioning stimulation, caudal
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Fig. 1. Responses of wide dynamic range (A) and nociceptive specific (B) neurons to a series of graded
mechanical stimuli, including brush, pressure and pinch stimuli, to the receptive field. Upper
traces show raw extracellular recording of responses, and lower traces show peri-stimulus time
histograms of corresponding responses shown in the upper traces. bin width: 1 sec. The bars on
the upper traces indicate a 10 sec stimulus application.
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neuron
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Fig. 2. Frontal-section drawings showing
recording sites of 35 WDR and 11 NS
neurons. The recording points were
reconstructed from histological sections
of marking spots. Closed circles represent
WDR neurons and open triangles
represent NS neurons. The sections are
taken from the atlas of Palkovits and
Jacobowitz (1974)®. The number in each
section indicates the AP level from the
obex. Abbreviations: XII, hypoglossal
nucleus; Cu, cuneate nucleus; DP,
decussation of pyramidal tract; Gr, gracil
nucleus; IO, inferior olive; LR, lateral
reticular nucleus; NTS, solitary tract
nucleus; P, pyramidal tract; SRD, dorsal
part of reticular subnucleus; SRV, ventral
part of reticular subnucleus; TSV, spinal
trigeminal tract; V caud, trigeminal
caudal nucleus.
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Inhibitory effect of amygdaloid conditioning stimulation on the WDR neurons (A) and the NS
neurons (B). Right: effect of the responses to test stimulation of a representative WDR neuron or
NS neuron. Records in upper row show control responses to electrical skin stimulation of its
receptive field. The inhibitory effect on these responses of amygdaloid conditioning stimulation
(conditioning-test interval of 50 msec) is shown in the middle row. The bottom traces show the
recovery of the neuron’s responsiveness to control level after cessation of the conditioning
stimulation. Time 0 indicates the time when the test stimulus was applied. Twenty trials were
performed for construction of each histogram. The ordinates show the number of spikes/bin and
the abscissa shows the time course in msec (bin width: 1 msec). Left: inhibitory effect of
conditioning stimulation was expressed as the percentage of the control value. Each symbol
represents the result from an individual neuron.
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-3.14 mm

Fig. 4. Histological locations of the tips of 12 stimulating electrodes in coronal sections. Closed circles
indicate stimulating sites that produced inhibition of the nociceptive response. Diagrams were
adapted from the atlas of Paxinos and Watson (1986)”. The number in each section indicates the
AP level (mm) from the bregma. Abbreviations: BL, basolateral amygdaloid nucleus; BM,
basomedial amygdaloid nucleus; CE, central amygdaloid nucleus; CO, cortical amygdaloid
nucleus; CP, caudate putamen; GP, globus pallidus; IC, internal capsule; ME, medial amygdaloid
nucleus; VPL, nucleus ventralis posterolateralis; VPM, nucleus ventralis posteromedialis.
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Fig. 5. Effect of glutamate microinjection into the amygdala on the responses of nociceptive neurons.
Left: The responses of a WDR neuron (latency: 10 msec) was almost completely inhibited at 10
min after start of injection. The photomicrograph indicates the injection site (arrow) in the
central amygdaloid nucleus.
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Inhibitory effect of 0.6 M glutamate microinjection (5 ¢l) into the amygdala on 7 nociceptive
neurons. Filled circles represent the modulation of responses of 5 WDR neurons and 2 NS
neurons by injection into the amygdala. Note that the most potent inhibition occurred at 5 min
after start of injection, and the recovery of inhibition to 50% took place around 25 min. The
ordinate shows relative responses to control response, and the abscissa shows the time in minutes
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after glutamate injection. Time 0 indicates the start of glutamate injection.
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) AEEERIC & 2 RkiE o MR~ OEH b
BEWTH S LERRT 5, —F, RERT
FUMEND 7V 5 2 A b EFEARERIE %
FHFE L 7203, Rodgers (1978) % Al-Rodhan et

al. (1990) ZRAkiA.LEZ~ D morphine #5-
% enkephalinase inhibitor ¢ 5.3 5 1 )V 7
Doy JBBICEELEVIEEZRELTL
550, JufE M U LRI o
DIZITIZEE A U4 A4 FEZEIEOFLEDH S
NTVBETEDL, Th 5D
fais4 €44 Fickt U Tl EERd &
HExNnd, BHES, LA FEFUEOM
fazBE X 572 518, AEEEFEKICERY
RVEEINETHAD,

4. RWRkiRIC X 2 SERIEH OREN SR

EFEETEWER P LRICREINE SR
LOBRFEIRA b L RARIE KRBT 5, B
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