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Demonstration of GABAergic and noradrenergic neurons in the Ab region receiving GABAergic afferent
fibers from the substantia nigra and projecting to the trigeminal motor nucleus in the rat

Yun-Qing Li* *, Noboru Mizunc?, Takeshi Kaneko*
({Department of Morphokogical Brain Science, Graduate Schod of Medidine, Kyoto University, Kyoto 606-8501, Japan; 2
National Institute for Physiclogical Scenoes, Okazaki 444-8585, Japan)

Orofacial movements, such as mastication, deglutition, suck, pronundation, are complex functions. They are controlled by
motor neurans in the brainstem, while the activities of the motor neurans in the brainstem are regulated by cerebral motor
aartex through the corticobulbar tract. In recent years, it has been also found that the magiarity of the descending fibersin the
aartioooutbar tract do not terminate directly anto the motor neurans within the motor nuded, but to the regions contatning
pre-motar neurons, such as lateral partion (parvicelular part) of the reticular formation in the brainstem, parabrachial nuded,
trigeminal sensary nuds, raphe nudeus, substantia nigra (SN), efc, These regions are also called pre-motar neuron pool.

Anatomical studies have demonstrated that neurons in the lateral part of the substantia nigra (SNI) prgect to the reticular
formation around the trigeminal motor nudeus (Vmo), espedally to the region between the Vmo and darsal and medial to the
superiar dlive oamplex, this area is also called Ab region. Ab region belongs to the pontine parvicelular reticular formation and
oontains pre-motor neuron and is occupied by a few sparsely distributed medium to lange noradrenalin (NA»-oontaining
neurons and many small GABAergic neurons, Whether GARAergic neurans in the SNI send their descending fibers to the A5
region and GABAergic and NAergic neurons in the A5 region, in tum, praect to the Vimo are still uncovered. In arder to
investigate the contrd mechanisms for the arofacial movements, in the present study, the neural tract tracing methods
cambined with immunchistochemical staining for GABA and dopamine beta-hydrolase (DBH), a chemical marker for
naoradrenergic neurons, were used in the rat, The main results were as fallows:
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(1) Immunchistochemical staining for GABRA and DBH revealed that: @ there were GABA-ike immunoreactive ¢-L0)
neurars in the SN and A5 region; @ DBH-LI neurons were also seen in the A5 region, locus cceruleus (LC) and sublocus
coeruleus regian; (3) GABA-LI terminals were dense found in the Vimo, while DBH-LI terminals were scattered in the Vimo.

() After injecting tetramethyl rhodamine-dextran amine (IMR-DA) into the unilateral A5 region, a few TMR-DA
retrogradely lbeled neurans were coserved chiefly in the ipsilateral side of the SNL Of the TMR-DA retrogradely labeled
neurans, 21.2% (68/321) of them showed GABA-like immunoreactivity.

(3) Injecting TMR-DA into the unilateral Vimo, we encountered same TMR-DA retrogradely lbeled neurons prindpally in
the ipsilateral side of the parviceliular reticular formation, trigeminal sensory nuck], parabrachial nucls], raphe nudeus, superior
trigeminal nudeus, SN, paratrigeminal region, LC, sublocus coeruleus region, A5 region, etc. Among the TMR-DA
retrogradely bbeled neurans in the Ab region, 32.8% (42/128) or 16.1% (18/112) of them exhibited GABA- ar DBH-lke

@ After injecting bictinylated dextranaine (BDA) into the SNI and wheat germ agglutinin-harseradish peraxidase
(WGA-HRP) into the Vmo, respectively, the fallowing connections were observed in the A region under the laser scanning
confocal microsoope (LSCM) and electron microsoope (EM): D BDA anteragradely labeled fibers and terminals, same of them
also showed GABA-tike immunareactivity, contacted with WGA-HRP retrogradely labeled neuronal cell bodies and dendritic
processes; @BDA anterogradely labeled fibers and terminals oontacted with WGA-HRP retrogradely labeled neuranal cell
bodies and dendritic processes, same of the WGA-HRP lhbeled newrons also exhibited GABA- a DBH-like
immunoreactivities; @ BDA anterogradely bbeled fibers and terminak, some of them ako showed GABA-fke
immunareactivity, made symmetric axo-samatic and axo-dendritic synapses with WGA-HRP retrogradely labeled neuronal
cell bodies and dendritic processes; @ BDA anterogradely labeled fibers and terminak formed symmetric or asymmetric
axo-samatic and axo-dendritic synapses with WGA-HRP retrogradely labeled netronal cell bodies and dendritic processes,
same of the WGA-HRP labeled neurans also exhibited GABA- ar DBH-like immunoreactivities.

(6) After iontophoretic injecting phasealis vulgarisagglutinin-L subunit (PHA-L) into the A5 region and pressure injecting
WGA-HRP into the masticatory muscles, such as masseter, termnporalis, etc., respectively, the following connections were
ocbserved in the Vmo under the LSCM and EM: D PHA-L antercgradely kbeled fibers and terminals, somme of them also
showed GABA- ar DBHHiike immunareactivity, contacted with WGA-HRP retragradely labeled neuronal cell bodies and
derdritic processes; @ PHA-L anterogradely labeled fibers and terminals, same of them also showed GABA-ike
immunoreactivity, constituted symmetric synapses with WGA-HRP retrogradely lbeled neurans; @) PHA-L antercgradely
labeled fibers and terminals, same of them also showed DBH-like immuncreactivity, made asymmetric axo-samatic and
axo-dendritic synapses with WGA-HRP retragradely labeled neuronal cell bodies and dendritic processes.

These results indicate that: @ GARAergic neurons in the SN send descending prgection fibers to the A5 region; @
GARAergic and noradrenergic neurors in the A5 region prgect to the Vmo; @) GARAergic descending fibers fram the SNI
make symmetric or asymmetric synapses, respectively, with GABA- or NA-containing pre-motor neurons in the A5 region
that send praection fibers to the motor neurons in the Vmo innervating the masticatory muscles.

Functional aonsideration: @ GARAergic neurons in the SNI might exert inhihitary influence upon the activities of
GABAergic and noradrenergic pre-motor neurans in the A5 region through the descending prfection fibers from SNito the
A5 region; @ GARAergic and noradrenergic neurans in the A5 region might exert the inhibitary and excitatory effects upon
the activities of the Vimo motor neurons, respectively; ) GABAergic descending fibers fram the SNI might disinhibit the
inhihitory influence of the GABAergic neurans in the A5 regian upon the activities of Vimo motor neurans. These inhibitory
and exditatary regulatory effects upon Vmo motor neurans might be very important for the modulatory mechanisims on the
orofacial movements.



Vesicular glutamate transparter 1 (VGIUTL) immunoreactivity in  the central and petipheral endings in mesencephalic
trigeminal nudeus of the rat

Jinfian Li**, Nobaru Mizune?, Takeshi Kaneko #

Department of Morphological Brain Sdenoe, Graduate Schoal of Medicine, Kyoto University, Kyoto 606-8501, Japary;

The amino add glutamate is a magjor excitatory neurctransmitter in the central nervous system (CNS) of mammak. In
particular, sensory neurotransmission from primary afferents anto spinal ar trigeminal neurons appears to be langely mediated
by elutamate. Glutamate transpart into synaptic vesicks is a prerequisite for the quantal release of glutamate at synapses.
Recently, two vesicular glutamate transparters, VGLUTI and VGLUT2, have been identified and shown that they can
selectively accumulate glutamate and oonfer ghutamate release properties to transfected cells or neurons. Varoqui et al. (2002)
and Todd et al. (2003) reparted that all low-threshold cutaneous and propricceptive myelinated afferents fibers express
VGLUTI, whereas same cutaneous afferents (which arborize in laminae II-VD in the spinal oord akso oontain a Jow level of
VGLUT2 and was assodated with nodiceptive afferents, Wu et al. (2004) have further been indicated that that VGLUT1 is
expressed not only in the central axon terminals in the spinal cord but ako in peripheral sensary endings of musde-spindle
afferents.

The mesencephalic trigeminal nudeus (Vimes) is composed of primary afferent neurans, sensary peripheral terminals of
which are assodated mainly with musde spindles of the jaw—ccsing musdes and with periodontal mechanoreceptars of both
maxillary and mandibular teeth, while the central terminals of which extend mainly the trigeminal motor neurons(Vmo) and
superatrigminal nudeus(Vsup). Though our previous studies have also showed that VGLIUT] is expressed inprimary afferent
neurons of the dorsal root ganglion (L et al, 2003a) as well as in those of the trigeminal ganglion (L et al, 2003b), however, no
VGLUTI immunareactivity has so far been demanstrated in the cell bodies of neurans, and peripheral and central terminals of
the Vmes. In arder to investigate the above questians, in the present study, in situ hybridization histochemnistry for VGLUTI,
the tract tracing methods combined with immunofiucrecence histochemicat staining for VGUT1 and cholera taxin B subunit
(CTb, transganglionic transpart tracer, which has been shown to be taken up selectively by these axons when injected into
masseter nerves) were used in the newbam rat, young rat and aduilt rat. The main results were as following:

1. VGLUTI immunareactiviy in Vmes-neuron sama was detected in newbom rats (within 24 hours after birth)
throughout the whoke rostrocaudal extent of the Vimes. It was mare intense in 3-day-dld rats, then decreased gradually. In
11-day-old rats, VGLUT1 immunoreactivity still remained, but was very week at the caudal kevels of the Vimes. No
VGLUTI1-immunareactivity was detected in the Vimes of rats dder than 11-day—ald.

2. VGLUT1 mRNA signals were detected in all Vmes-neurons sama throughout the whole rostrocaudal extent of the
Vmes of newborn, young and adult rats, The hybridization with the sense RNA probe for VGLIUTI showed no hybridization
signak.

3. In the longitudinal secticns of the masseter musdes of adult rats, VGLUTI-immunopcsitive fibers ran through the
capsuke of musde-spindke to form endings of ribbon-like spirals, which appeared to endircle the equatarial region of the
intrafusal muscle fibers. Same VGLUTI- immunopasitive fibers also formed knob-like endings on the equatarial regions of
the intrafusal muscle fibers, VGLUT1-
immunareactivity in the peripheral endings on the intrafusal muscle fibers was also detected in newbom rats; its intensity
increased in dlder rats.

4. After injection CTbinto the masseter nerve of the adilt rats, the connections of CTb-labeled terminals and CTo-beled
neuronal cell bodies were observed in the Vimo and Vsup regions under the laser scanning microsooped .SCM) and electron
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microscope(EM).

(1) Cansiderable number of CTb anterogradely labeled fibers and terminals (the central process of Vimes) were observed
in the Vmo and Vsup regions after injecting CTb into the masseter nerve of the adult rats. At the same time, many of CTb
refrogradely labeled neuronal cell bodies and dendtites were also found in the Vmoand Vsup regions.

@ Under the laser scanning microsoope, many terminaks and varioose structures with CTb-labeled were scattered
throughout the Vsup and Vmo. Varioose structures with CTb-lbeled were seen frequently to be in dose appasition to the
CTb-tabeled contours of cell bodies and dendrites, and the dersity of distribution of CTb-Hbeled varioosities on CTo-labeled
contours did seem to be high. Almost all of CTb-labeled terminals showed VGuT1-like immuneoreactivity1D). Same
colocalizated terminaks of VGIUT1-LI and CTb-abeling were frequently to be in close apposition to the CTb-labeled contours of
cellbodies and dendrites.

(Under electron microsoope, the following connection of the CTb-labeled terminals and CTb-kbeled neuronal cell

bodies or dendrites with VGLUTI-lke immunoreactive terminals in the motar trigeminal nudeus (Vmo) were observed:
synapses with the dendrites of the no-labeled neurans;

@VGLUTl-mmunareactive terminals containing small dear and spherical synaptic vesides predaminantly formed
asymmetric synapses with the dendrites of CTb-labeled ar no-abeled neurcrs;

@Some terminak of no-lbeled neurons make the asymmetric or symmetric synapses with the dendrites of
CTb-abeled neurans;

@CTb-abeled terminals predaminantly formed asymmetric synapses with the dendrites ar sama of the CTb-labeled
Vmoneurans;

GCTbabeled terminals showing VGLUTIHmmuncoreactivity (CTb/VGIUTD) caming fram Vimes predominantly
formed asymmetric synapses with the dendrites or sama of the CTb-labeled Vimo neurans.

The present results indicate that: @VGLUTL is expressed in the peripheral endings supplying intrafusal musdes of
muscle-spindies of the masseter muscle in both neonatal and adult rats; @No VGLUT1-immunoreactivity was detected in
the Vimes neuronal soma in rats dlder than 11-day-0ld, although VGLIUT1 mRNA signalks were detected in Vmes—neurons of
adult rats. These results might be attributable to slower synthesis of VGLIUT1 in the sama and/ar faster transport of VGLUTL
from the soma to the peripheral and central endiings in Vimes-neurans of older rats; @ VGIUTI isalsoexpressed in the central
endings of the Vmes-neurans of adult rats and mainly distributed in the motor trigeminal nudeus and supratrigeminal
nuceus; @Most of VGIUT1-positive terminals fram Vimes neurons make asymmetric synapse contact with the cellbodies o
dendrites of Vmo neurans innerveting the masticatory musdles.

Founctional considerations: @ The trigeminal proprioceptive sensory signals fram the musde-spindles of the masseter
musce might be transparted to the Vimo neurans by the central terminals of the primary afferent neurons in the Vimes using
exditatory ghutamatergic transporters-VGLUTI; @There are direct synapses contact between the VGLUT1-positive axonal
terminals coming fram the Vmes and the trigeminal motoneurons, suggesting that partly Vmo neurons might directly
receive input propriooeptive sensary signals from the musde-spindles of the masseter muscle, then produce masticatary
muscles activities although there are lots of the GARAergic premotor interneurons neurans existing in the Vsup involved in
the modulation of the masticatory muscdes movements.
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