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Abstract

Previous studies in our laboratory have demonstrated that microinjection of A-methyl-D-aspartate
NMDA agonist into the nucleus. magnocellularis (NMC) of the medial medulla increases muscle
tone and/ or produces locomotion, while injection of corticotropin-releasing factor (CRF) and
non-NMDA agonists into the same or nearby sites suppresses muscle tone. In the first paper of this
series, we report. that myoclonic twitches or coordinated rhythmic leg movement locomaotion can
be induced by either NMDA or hemorrhagic bilateral. lesion of the ventral mesopontine junction
(VMPJ). In this paper, we report that microinjection of CRF (10 nM) or non-NMDA agonists,
kainic acid (0.1-0.2 mM) and quisqualic acid (1-10 mM), into the NMC block locomotion

and myoclonic twitches. The latency and duration of CRF and non-NMDA agonist-induced
blockade of motor activity were short, at 34 s and 3.6 min, respectively. However, microinjection
of the NMDA antagonists bL-2-amino-5-phosphonovaleric acid (APV; 50 mM) or. bL-2-amino-5-
phosphonopentanoic acid (AP5, 20 mM) block myoclonus at a latency of 0.6-3 min with the block
lasting for a mean of 7 h. Thus, activation of non-NMDA. receptors or inactivation of NMDA
receptors in NMC can block myoclonus. An imbalance between the inputs to these receptor
systems may contribute to the generation of abnormal motor activation in waking and sleep.
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1. Introduction

The nucleus magnocellularis NMC of the medulla has been shown to play an important role
in the control of muscle activity. Electrical stimulation of the NMC in decerebrate animals
produces inhibition of spinal reflexes [1,7,22], suppression of muscle tone [9,20] and
locomotion [3,12]. Intracellular recording has shown that stimulation of the NMC produces
inhibitory (IPSPs). and excitatory postsynaptic potentials (EPSPs). in both forelimb and
hindlimb, back, and neck motoneurons [11,21,26,27].
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We have demonstrated that corticotropin-releasing factor (CRF).[18] and non-NMDA
agonists [17] microinjected into the NMC produce muscle atonia, while A-methyl-Dasparate
NMDA agonists [12,17] produce increased muscle tone andror locomotion. In the first paper
of this series, we reported that lesion of the ventral part of the mesopontine junction (vMPJ).
and retrorubral nucleus (RRN) produced spontaneous or sensory induced locomo-. tion or
muscle twitches [19] We have also demonstrated that the areas of RRN and vMPJ have

very dense projections to the NMC [15] The present study was undertaken to investigate the
pharmacology of NMC control of locomotion and myoclonus.

2. Materials and methods

Fifty-one cats weighing 2.5-4.5 kg, 18 males and 33 females, were used in this experiment.
The protocol for surgical preparation, stimulation and lesion was described in the first
paper of this series [19]. Among these 51 cats, 6 of 7 NMDA lesioned cats and 11 of

40 cats without NMDA injection developed spontaneous or sensory induced locomotion or
myoclonus. The remaining 4 cats received Ringer’s saline injection and did not generate
muscle hyperactivity over the period of the experiment.

The NMC of the ventromedial medulla, which is located at P8-P11, 1 mm from the

midline, and dorsoventral at —8 to —10 [5], was physiologically identified [20] by electrical
stimulation which produced muscle atonia. Stimulation consisted of 500 ms trains with 100
Hz, 0.2 ms, and 20-70 A rectangular cathodal pulses applied through a stainless steel
monopolar microelectrode (A-M Systems, Model 5710) After spontaneous movement or
myoclonus. developed, microinjections into the NMC consisted of 0.5 /4 of one of the
following: CRF, NMDA and non-NMDA agonists, and NMDA antagonists. Microinjections
were delivered through a 1 z4 Hamilton microsyringe with a 25-gauge needle (7001 N). over
a period of 1 min. The injection needle was retained in position for another 5 min after the
injection. At least 1 h elapsed between injections.

2.1. Chemicals

The concentration of the chemicals used in this experiment was based on our previous
studies [17,18], which showed the optimal doses for inducing muscle tone effects in the
NMC. The chemicals and concentration used for microinjection into the NMC were as
follows: kainic acid (KA; 0.1-0.2 mM), quisqualic acid. (QA; 1-10 mM),. NMDA (7 mM),.
pL-2-amino-5-phosphonovaleric acid (APV; 50 mM),. bL-2-amino-5-phosphonopentanoic
acid (AP5; 20 mM), and CRF. (10 nM). All chemicals were. dissolved in Ringer’s saline and
adjusted to a pH of 7.4.

2.2. Histology

Iron was deposited into the injection sites of the medullary reticular formation through a
stainless steel monopolar microelectrode A-M Systems, 50 A anodal DC current for 19 s
at the end of the experiment. The cats. were anesthetized (sodium pentobarbital, 35 mg/rkg,
i.p.). and perfused intra-cardially with saline followed by buffered formalin solution. The
brainstem was removed and stored in 30% sucrose buffered formalin. Then, serial coronal
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sections were cut at 60 gm. Staining with neutral red and counterstaining with ferrocyanide
were done to identify the Prussian blue reaction at the injection site.

3. Results

Fifty-seven microinjections (CRF: 6, KA: 12, QA: 15, NMDA: 8, APV: 11, AP5: 5) in 29
sites within the NMC,. 4 injections APV: 2, AP5: 2) at the border of NMC and. nucleus
paramedianus (NPM), and 3 injections. (KA: 2, QA: 1) at the border of NMC and nucleus
gigantocellularis. (NGC) were performed.

One half microliter of CRF, non-NMDA agonists, or NMDA antagonists injected into the
NMC had a global effect on blocking (42 out of 57 injections) or reducing (15 Injections)
the frequency and magnitude of locomotor ac-. tivity, tonic contractions and myoclonic
events Fig. 1 and Table 1) Such microinjections were effective both in. animals with NMDA
lesions and in those with hemorrhagic lesions in the RRN and vIMPJ as reported in the first
paper of this series 19. As we reported previously [17,18], the concentration of NMC muscle
tone suppressants (CRF: 10 nM, KA: 0.2 mM, QA: 10 mM) used in this study had a. short
latency (20-47 s) and short duration (2.1-7.8 min) suppressive effect (Table 1) on muscle
tone. This suppressive effect coincided with their blockade of myoclonus, locomotor and
phasic muscle contractions. Three non-NMDA agonist injections which were located at the
border of NMC and NGC produced a longer latency (0.8-1.7 min) of blocking effect on
motor activities. The duration of. this blocking effect was not different from those of NMC
injections, with the blockade lasting 1.8—7.5 min.

DL-2-Amino-5-phosphonovaleric acid (50 mM) and AP. 5 (20 mM), which are specific
NMDA antagonists, produced. long lasting (8-11 h) effects on locomotion or myoclonus
(Fig. 1 and Fig. 2) The efficacy of movement blockade for. both APV or AP5 was not
significantly different. The latency of onset of the movement blocking effect for APV

and AP5 microinjected into NMC was 46+22.6 (1=11). and 36+25.8 (/=5).s, respectively.
pL-2-Amino-5-phos-phanopentanoic acid and APV microinjected into the border of NMC
and NPM were also found to block muscle contractions and twitches (Fig. 2). The duration
and magnitude of the effect of injections at the border of NMC and NGC on muscle activity
did not differ from those of NMC injection. However, the latency was longer at 135+48 s
(72-235s).

NMDA agonists, which produced increased muscle tone or locomotion in the normal
decerebrate cat, produced muscle hyperactivity but blocked rhythmic locomotor movement
when injected during locomotor episodes (Fig. 3). As in our prior study 17, the latency and
duration of the NMDA effect was short at 31 s and 3.4 min, respectively.

Serial coronal sections of the brainstem were obtained. All of the sites of chemical
microinjections which blocked hyperactivity were either in the NMC, on the border between
NMC and NGC, or on the border between NMC and NPM (Fig. 4).
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4. Discussion

In the previous paper, we found that after lesion of the RRN and vMPJ, spontaneous or
sensory induced locomotion and myoclonus occurred in the decerebrate cat. The present
paper demonstrates that NMC microinjection of CRF and non-NMDA agonists produces a
short duration blockade of myoclonus and locomotion. APV and AP5 produced the same
effects for a longer duration. NMDA injection in locomoting animals produced increased
muscle tone and also blocked locomotion and muscle twitches.

All microinjections of CRF, NMDA agonists and antagonists, and non-NMDA agonists were
found to block or reduce muscle hyperactivity in this study. However, variations of the
latency and duration of blocking effect were found across the injections. The site of injection
and the areas of chemical diffusion can explain these variations. The latency was longer
when the injection was made at the border of either the NMC and NGC or the NMC and
NPM. These latency data suggest that the NMC is mediating these effects. It is likely that
the neuronal damage caused by multiple needle insertions contributed to some variation in
latency across the injections [17]

The ventral horn of the spinal cord receives a major projection from the NMC
[2,6,10,13,14,29,31] The nucleus magnocellularis receives a major glutamatergic projection
from the RRN and vMPJ [15]. The vMPJ has been found to produce muscle tone
suppression during electrical stimulation and locomotion during inter-stimulus intervals
upon repetitive stimulation [16] Electrophysiological studies have demonstrated that neurons
of the NMC monosynaptically excite and inhibit neck motoneurons [8,25,26] Electrical
stimulation of the NMC produces either locomotion [3,4,24] or inhibitory effects on muscle
activity [20,22] in the decerebrate animal as a function of stimulus parameters. A similar
effect of electrical stimulation in the nucleus gigantocellularis alpha and ventralis on muscle
tone has been also found in the decerebrate rat [9]. Furthermore, microinjection studies

have demonstrated that non-NMDA and CRF agonist injection in the NMC produces muscle
atonia [17,18], while NMDA injection produces locomotion and muscle tone facilitation
[12,17] in the decerebrate cat. We suggest that glutamate release, possibly from RRN and
vMPJ projections, activates NMDA and non-NMDA receptors in the same or different
neuronal populations in the NMC and can produce a phasic muscle activity super-imposed
on muscle atonia.

NMDA receptors may play an important role in involuntary movements in animals.
MK-801, an NMDA antagonist, has been reported to block myoclonic jerks in the neonatal
rat when injected systemically [28]. Systemic injection of the specific NMDA antagonists,
AP5 and AP7, have also been shown to prevent tremors and myoclonus in the high-pressure
neurological syndrome in the rat [30]. In the present studies, we found that microinjection of
NMDA antagonists into the NMC had a potent anti-myoclonic effect.

The level of muscle tone has been reported to modulate locomotor response to brain
stimulation. Both very low and very high levels of muscle tone are incompatible with
locomotor movements [17,23] Thus the anti-myoclonic effect induced by CRF and non-
NMDA agonist injections may be due to the decrease of muscle tone that CRF and
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non-NMDA agonists induce. In contrast, blockade of involuntary movements by NMDA
injection may result from the increase of muscle tone elicited by NMDA agonists. We
hypothesize that the interaction between CRF/non-NMDA and NMDA activity in the NMC
maintains muscle tone at optimal levels and thus controls posture. We hypothesize that

an imbalance of facilitatory and inhibitory mechanism in the NMC may contribute to
involuntary movements in waking and sleep.
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Fig. 1.

Effect of microinjections on muscle activity. Microinjection of corticotropin-releasing factor
(CRF; A), kainic acid (KA, B), quisqualic acid (QA;C) and 2-amino-5-phosphonovaleric
acid (APV; D) into the nucleus magnocellularis NMC of the medulla suppressed motor
hyperactivity. All injection were made into the same site. CRF and KA were injected on day
2, QA was injected on day 3, and APV was injected on day 4 post-decerebration. LTB, left
triceps brachii; RTB, right triceps brachii.
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Fig. 2.
Effect of AP5 on longer duration muscle contractions (A) and twitches (B). Microinjection

of AP5 into the caudal portion of the NMC blocked. movement at latency longer than that of
CRF, KA and QA. Effect was also longer lasting. Injections were made in different animals.
LOS and ROS, left and right occipitoscapularis; LS and RS, left and right splenius.
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Effect of NMDA on mechanically induced locomotion. Needle penetration into the NMC
produced muscle tone suppression intermixed with rhythmic muscle activity on day 2 post-

decerebration in this cat which had hemorrhagic lesion of the ventral part of the mesopontine

junction. NMDA injection into the NMC produced an increase of basal muscle tone and
blocked locomotion. Locomotion recovered when muscle tone returned to the baseline level
(bottom panel). LS, left splenius; RS, right splenius.
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Fig. 4.
Reconstruction of the location of microinjections into the medullary reticular formation. All

sites are plotted on the right side of the brain, although sites were located on both sides.
Corticotropin-releasing factor, non-NMDA agonists and NMDA antagonists microinjected
into the NMC (dot) blocked. locomotion or myoclonus with a short latency. Open circles
shown in the ventral part of the nucleus gigantocellularis represent the sites which when
injected with non-NMDA agonists produced a longer latency (longer than 3 min) blockade
of locomotion and muscle twitches. All sites received multiple injections. NGC, nucleus
gigantocellularis; NMC, nucleus magnocellularis; P, pyramidal tract; RB, restiform body; 7,
facial nucleus; 5ST, spinal trigeminal tract.
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Latency and duration of suppression of motor activity by CRF, non-NMDA agonists, NMDA agonists, and

NMDA antagonists microinjected into the NMC

Chemicals n Latency(s) Duration (min)
CRF (10 nM) 6 29+12.1 3.8£1.42
Kainate (0.2 mM) 12 38+20.7 4 4.7+1.06
Quisqualate (10 mM) 15 364215 & 4.3+0.87
NMDA (6.8 mM) 8 31+104 3.4+0.46
APV (50 mM) 1 yeinng? 624+48.6
APS5 (20 mM) 5 364258 b 586+53.8

a R .
Results from injections at the border of NMC and NGC are not included.

bResuIts from injections at the border of NMC and NPM are not included.
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