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ABSTRACT
Background: Recent studies conducted on the rat have
demonstrated that the mesencephalic trigeminal nucleus (MTN) neurons,
involved in the proprioceptive transmission, contain some neuroactive substances, including classical and amino acid neurotransmitters. In addition,
there is evidence that serotonin could not act as a neurotransmitter at the
first synaptic relay in the cat MTN. In the present study, we aimed to examine two other possible neurotransmitter systems, i.e., catecholamines
and gamma-aminobutyric acid (GABA), and the relationships between
GABA-immunoreactive(IR) neurons and tyrosine hydroxylase (TH)-IRaxonal varicosities in the MTN of the cat.
Methods: To ensure the localization of immunoreactive structures, the
experiments were carried out at the light and electron microscopic level
using single immunostaining for TH and GABA alone. The correlation between GABA-IR cell bodies and TH-IR fibers was investigated by means of
double-labelingimmunogold and peroxidase technique for GABA and TH.
Results: Light microscopically, a few GABA-IR neurons were observed in
the cat MTN. These small-size,labeled cells, most likely interneurons, were
apposed to unstained large mesencephalic trigeminal cells. Most of the
large nonreactive MTN neurons were closely surrounded by fine TH-IR
varicose or nonvaricose fibers and dot-like structures, presumably nerve
terminals. Under the electron microscope, TH-IR fibers were not seen in
synaptic contact and only rarely appeared to be in close proximity to neuronal profiles of small GABAergic cells, which contained gold particles.
Conclusions: Taken together with earlier studies from other laboratories,
the present findings suggest that GABAergic system might play an indirect
role in the proprioceptive information processing in the cat MTN by interactions of GABA-immunoreactive neurons with the systems that control
the transmission of selected sensory information. In contrast, the presence
of TH-IR fibers in direct apposition to the majority of MTN neurons provide
further evidence that presumed GABAergic interneurons have extensive
interactions with catecholamine varicosities and raise the possibility that
catecholamines could modify the transmission on these neurons.
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The mesencephalic trigeminal nucleus (MTN) is a
column of nerve cells in the central nervous system
(CNS) that are morphologically equivalent to primary
sensory neurons in the cranio-spinal ganglia.
Whereas
- the mijority Of trigemina1 primary sensory somata are
situated Outside
the CNS in the trigemina1 ganglion,
the MTN neurons lie within the CNS. The cell bodies of
MTN neurons are located within the rostra1 pons and
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along the entire caudorostral length of the midbrain a t
the lateral edge of the periaqueductal gray.
MTN neurons cannot be regarded as a homogeneous
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population. For example, three classes of cells have
been described in the nucleus of the cat. The first two
types, namely, the large (35-65 pm) and small (up to
30 pm) spherical or oval (pseudo)unipolar cells were
first demonstrated by Ramon y Cajal (1909), and their
morphology has been elucidated light microscopically
by Hinrichsen and Larramendi (1969). The third type,
namely, small multipolar cells (30-50 pm), was reported by Ramon y Cajal (1909) and their presence in
the cat MTN confirmed in the mid-1980s by means of
retrograde tracer studies (Gottlieb et al., 1984; Walberg, 1984; Nomura et al., 1985).
The mesencephalic neurons give rise to central and
peripheral branches. The peripherally directed processes of the large cells in the cat MTN innervate the
jaw-closing muscles, tooth mechanoreceptors, periodontal ligament, and extraocular muscles (AlvaradoMallart et al., 1975; Byers and Holland, 1977; Capra et
al., 1985; Shigenaga et al., 1988a,b; Byers and Dong,
1989). Their central projections have been studied by
autoradiography (Luschei, 1987) and using the retrograde horseradish peroxidase technique (Nomura and
Mizuno, 1985). These central axons terminate on several groups of neurons in the brainstem, mainly in the
supratrigeminal nucleus and project, in part, also to
the trigeminaI motor nucleus and intertrigeminal regions.
The functional response characteristics of MTN neurons have now been studied in considerable detail in
cats (Cody et al., 1972, 1975; Inoue et al., 1981). On the
basis of these studies, it is now generally accepted that
the MTN neurons transmit sensory information from
proprioceptors in the muscles of mastication and periodontal mechanoreceptors. Nothing is yet known, however, about the neurochemical organization within this
critical relay in the cat as well as which neurotransmitters are utilized by primary MTN afferents.
Recently, several studies have considered the neurotransmitter content of the MTN neurons in the rat (Copray et al., 1990a, 1991; Liem et al., 1992, 1993) and in
the rabbit (Kolta et al., 19931, but considerably less is
known about the existence of some neuroactive substances in the cat MTN. The identification of transmitters within the MTN of the rat has been studied by
Copray and his co-workers (1990b), who reported that
only glutamate and aspartate act as transmitters in
the primary afferent neurons of the MTN. These transmitters have been interpreted as excitatory. Additionally, the only relevant description of a n inhibitory
transmitter in the rat MTN (Ginestal and Matute,
1993) showed the presence of gamma-aminobutyric
acid (GABA)ergic cell bodies.
During the last decade, it is generally accepted that
GABA is the major inhibitory amino acid neurotransmitter in the brain (Roberts, 1984). It and its precursor,
glutamic acid decarboxylase (GAD), have a widespread, highly selective distribution in the CNS (for
reviews, see Mugnaini and Oertel, 1985; Ottersen and
Storm-Mathisen, 1985). However, for many years the
monoamines dopamine (DA), noradrenaline (NA), and
serotonin (SER) have been considered as one of the
most important neurotransmitters or neuromodulators
that have a ubiquitous distribution throughout the
CNS. Relevant to this, our previous investigations
have shown that SER, originating mainly from neu-

rons of the raphe-nuclei, may play a modulatory role in
MTN transmission of proprioceptive sensory information (Chouchkov and Lazarov, 1993; Lazarov and
Chouchkov, 1995). In the present study, we have aimed
to examine the other two major putative neurotransmitter systems, i.e., GABA and catecholamines (CA) in
the cat MTN regarding the possible involvement in
transmission across this relay. For that reason, singleand double-labeling immunostaining for GABA and
the rate-limiting enzyme of catecholamine synthesis,
tyrosine hydroxylase (TH), have been developed. Some
of these data have been presented in abstract form
(Chouchkov and Lazarov, 1994).
MATERIALS AND METHODS

Experiments were performed on 16 adult cats of both
sexes weighing from 2.0 to 3.5 kg. Twelve of these animals were used in the single immunostaining for
GABA and TH, and the other four were processed for
double-labeling immunostaining for GABA and TH.
Cats were deeply anesthetized with sodium pentobarbital(50 mg/kg, i.p.1 and perfused through the left ventricle first with phosphate-buffered saline (PBS, 0.9%
saline in 0.1 M phosphate buffer, pH 7.41, followed by
-3 liters of fixative. Different fixative solutions were
applied: 2% paraformaldehyde and 1-2% glutaraldehyde in 0.1 M sodium phosphate buffer (PB),pH 7.4 for
light microscopical single immunostaining, and a modified fresh Zamboni’s fixative (Zamboni and De Martino, 1967) containing 4% paraformaldehyde and 0.2%
picric acid in 0.1 M PB, pH 7.4 for electron microscopical double labeling. Brains were excised, cut at the
level of the brainstem, and then postfixed in the same
fixative for 2-5 h. Transverse sections (20 pm thick) of
the MTN were cut on a cryostat and collected in a freefloating state. These specimens were subjected to light
microscope (LM) immunohistochemistry. For “on grid’
immunomarking, the specimens without postosmification were embedded in resin (Durcupan ACM, Fluka)
after dehydration by ethanol and propylene oxide. Serial ultrathin sections were collected on Formvarcoated nickel grids and processed for silver-intensified
immunogold staining as described below. For double
preembedding immunostaining, tissue blocks were frozen with liquid nitrogen and sections (30 km thick)
were cut with a Vibratome. Colchicine was not used in
any of these studies.
Single lmmunostaining for GABA and TH

The GABA- and TH-immunoreactivities were visualized by the avidin-biotin-peroxidase method. Briefly,
serial sections were rinsed for 3 x 5 min in PBS and
placed in methanolic 0.3% hydrogen peroxide (H,O?) to
eliminate nonspecific peroxidase staining. The sections
were preincubated in 2% normal goat serum (NGS) and
then incubated overnight at 4°C in a humid atmosphere with anti-GABA antiserum (purchased from
Chemicon, Temecula, CAI, and monoclonal antibody
against TH (lot no. 10968624, Boehringer-Mannheim,
Mannheim, Germany), respectively, diluted 1:1,000
with PBS containing 0.5% bovine serum albumin
(BSA; Sigma, St. Louis, MO) and 0.05% NaN,. In some
experiments, 0.1% Triton X-100 was added to the primary antibody solutions.
The secondary serum, biotinylated goat antirabbit
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immunoglobulin G (IgG; Vector Laboratories, Burlingame, CA) was used at a 1:500 dilution for 2 h at room
temperature in a humid chamber. Following additional
washes, the sections were incubated for 2 h in avidinbiotin-peroxidase complex (ABC; Vectastain, Vector
Labs) a t 1:250. Finally, the peroxidase activity was visualized by 3,3’-diaminobenzidine (DAB, Sigma) in
0.05 M Tris-HC1 buffer containing 0.01% H202for 10
min. After the immunoreaction, the sections were
mounted onto gelatin-coated glass slides, air-dried, dehydrated in a graded series of alcohol and xylene, and
coverslipped with Entellan. Sections were observed
and photographed with an OPTON research microscope.
Immunogold electron microscopy (EM) on ultrathin
sections was performed as follows. Rinsed with freshly
prepared 1% sodium borohydride solution, grids were
placed in 5% NGS for 30 min. They were then incubated with drops of specific primary antibody (antiGABA at 1:3,000) overnight at 4°C in a humid chamber. After washing in Tris-buffered saline (TBS), pH
7.2, the grids were incubated in AuroProbe EM G10
(Amersham, Buckinghamshire, UK) diluted 1:lO for 2
h. Grids were washed with buffer for 6 x 5 min. Dilutions and washing were done in TBS containing 0.1%
BSA and 0.01% NaN,. The grids were then rinsed
twice with double-distilled water and postfixed in 2%
glutaraldehyde in PBS. In the end, the grids were airdried and the sections were lightly contrasted with uranyl acetate and lead citrate and examined under an
OPTON EM-109 electron microscope at 50 kV.
Immunocytochemical controls included omission of
either the primary or secondary serum, or substitution
of primary antiserum with normal, nonimmune rabbit
serum at the same dilution. Both of these procedures
resulted in a complete elimination of immunoreactivity. No significant crossreactivity was observed with
these antisera. To check the antiserum specificity and
crossreactivity, preabsorbtion control experiments
with the native antigen were performed.
Double-labeling Experiments
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250) were carried out a t room temperature for 1 h in a
shaker table. After washing with TBS, the samples
were processed in a solution of DAB (Sigma) in 0.05 M
Tris buffer, pH 7.6, containing 0.01%H202for 10 min.
After the immunoreaction, the sections were fixed
again, this time with 1% glutaraldehyde in 0.1 M PB
for 10 min followed by 1% OsO, in 0.1 M PB for 1 h.
Finally, the samples were dehydrated and flat-embedded in Durcupan, and ultrathin sections were cut on a
Reichert-Jung Ultracut E ultramicrotome.
In order to ensure a specific gold label, part of the
sections were controlled by incubating in fluorescein
isothiocyanate (F1TC)-conjugated rabbit antigoat IgG.
The specificities of the antisera in the present procedures were examined by the preabsorbtion test as described above. For details about the specificity test see
also Hodgson et al. (1985).
RESULTS

Initially, light microscopy was used to determine
whether TH and GABA are localized in the MTN neurons. Using the ABC method, the immunoreactivity
(IR) for TH and GABA was observed in all animals
examined in the present study. In the MTN, however,
whereas nerve fibers and presumed terminals showed
TH-IR, no TH-immunostained cell bodies were observed in the nucleus (Fig. 1). The TH-IR fibers were in
most cases very thin, and sometimes varicosities along
their course could be seen. TH-IR nonvaricose fibers
often formed bundles and ran throughout the nucleus.
However, in addition, we found TH-IR present in the
fiber bundles that extended into the neighboring locus
coeruleus and nucleus parabrachialis where TH-IR labeled cells could be seen (Fig. 2). TH-IR varicosities
were sparse among the cell bodies of MTN neurons.
Nevertheless, numerous TH-IR axonal varicosities surrounded large immunonegative MTN neurons in a basket-like manner (Fig. 3). Labeled fibers were occasionally observed in the immediate vicinity of MTN
perikarya as illustrated in Figure 3.
A few MTN neurons showed GABA-IR as demonstrated by both light and electron microscopic single
stainings (Figs. 4, 5). Light microscopically, the intensity of staining was very high. Immunostained cells
were small and located in close proximity to large MTN
neurons (Fig. 4).In some cases, they appeared to be in
close contact with their perikarya. The large neurons
did not exhibit any GABA-IR but were covered on their
surface by basket-like networks of thin fibers and varicosities forming contacts around the perimeter of the
cell. The remaining IR-fibers were unevenly distributed within the MTN.
By incubating ultrathin sections with a GABA-an-

The relationship of GABA and TH in MTN was examined using tissue processed sequentially first for
GABA immunogold and then for TH immunocytochemistry. Sections were preincubated in 0.01% PBS containing 5% NGS before being incubated with the primary antibodies. For double marking, the samples
were subsequently incubated overnight at 4°C with the
GABA antibody at 1:3,000.After washing in TBS
3 x 10 min and further rinsing in TBS and 1%BSA for
20 min, incubation was carried out for 1 h at room
temperature in goat antirabbit IgG conjugated on 10
nm gold particles (Amersham) at a dilution of 1:lOO.
Following an additional silver-intensification step for
5-10 min, the sections were fixed a second time by
immersion in 2.5%aqueous sodium thiosulfate for 2-3
min and washed three times in TBS for 5 min each. The Aq
samples were placed in 5% normal horse serum in TBS CG
CGP
and then incubated with second primary antibody DPB
(anti-TH, diluted 1:1,000 in 0.01 M PBS containing LC
0.5% BSA and 0.05% NaN,). Biotinylated secondary MTN
antibody, goat antirabbit IgG was used at a dilution of PAG
SCP
1:250.
VPB
Incubations with secondary antibody and ABC (1: 4 v

Abbreviations
cerebral aqueduct
central gray
central gray pons
dorsal parabrachial nucleus
locus coeruleus
mesencephalic trigeminal nucleus
periaqueductal gray
superior cerebellar peduncle
ventral parabrachial nucleus
fourth ventricle
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Fig. 1. Low-power photomicrograph illustrating the distribution of
TH-immunoreactivity in the caudal portion of the cat MTN. Immunoreactive cell bodies are not present. Only sparse TH-IR axons are
visible in the neuropil in the MTN. TH-containing varicosities can be
seen in contact with neuronal cell bodies (arrows) and without any
apparent contacts in the neuropil. TH-IR nerve fibers forming perisomatic arborization around the cell bodies of immunonegative MTN
neurons. x 100.
Fig. 2. Distribution of intensively TH-IR axons and terminals that
pass between columns of MTN large cells. Nerve bundles emerge from
the neighboring locus coeruleus and nucleus parabrachialis. Immunoreactive perikarya can be seen in the LC and VPB. x 100.
Fig. 3. TH-IR nerve fibers in the MTN of the cat at the level of
mesencephalon. The fibers posses small varicosities. TH-IR fibers

are present throughout the nucleus but are most dense inbetween the
perikarya of unstained neurons. The labelled axonal varicosities contacting a few large immunonegative MTN neurons. Note the pericelMar networks around some cell bodies of large immunonegative
MTN neurons (arrows). x 160.
Fig. 4. Pattern of GABA-immunoreactivity in the cat MTN. Examples of large GABA-immunonegative MTN neurons are indicated by
arrows. A small group of small neurons located in the vicinity of the
large ones contains characteristic GABA-positive granules in their
perikarya (indicated by open arrows). Note that the latter are covered
by thin positive fibers in a basket-like manner. x 200.
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tiserum followed by a colloidal gold-labeled secondary
antibody, GABA-IR was visualized in the cytoplasm of
the neurons with silver intensified large granule precipitates detected as black granulations. The gold
grains were confined to cell bodies of small neurons
(Fig. 5) and, occasionally, to the proximal dendrites.
Gold particles seemed to be located preferentially in
the region surrounding the cell nucleus. GABAergic
axons were not heavily labeled with gold particles. In
contrast to small MTN cells, large ones were completely unstained, even after silver intensification.
A direct way to study the morphological relationship
between GABA- and TH-IR was to visualize the
GABA- and THergic structures simultaneously in the
same tissue section at ultrastructural level. All features of both IR systems were observed in both singleand double-labeled sections. As shown in Figures 6 and
7, electron microscopical double staining indicated almost identical results with respect to the location and
intensity of specific staining. Densely packed gold
marker particles labeled a number of small MTN cells
displayed GABA-IR (Fig. 6). GABAergic neuronal somata showed a high density of 10 nm gold grains in the
cytoplasm distributed randomly around the nucleus as
well as in the nearby cytoplasm. Additionally, several
particles occurred scattered in the nucleus. Axonal profiles also showed low gold particle densities. The dendritic morphology of the GABAergic cells could not be
completely seen.
On the one hand, in electron microscopical double
labeling, a large number of nerve fibers and terminals
containing TH-IR were found (Fig. 7). The immunoreactive material was present in the abundant small
round clear vesicles and around a few small mitochondria. No immunoreaction was seen within the large
granular vesicles. Moreover, flattened vesicles were
not found in TH-labeled terminals. The immunoreactive varicosities formed direct apposition to immunonegative large cell perikarya (Fig. 8). However, no synaptic contacts between TH-IR axon varicosities and
large neuronal somata were observed. On the other
hand, TH-IR axonal profiles did not make synapses
with small neurons exhibiting GABA-IR and only
rarely appeared to be in close contact with their perikarya. At the same time, the GABA-IR perikarya were
surrounded by numerous nonimmunoreactive terminals that formed synapses with adjacent structures in
the neuropil rather than with the GABA-positive neurons. It should also be noted that only a minority of the
immunonegative neurons were surrounded by networks of GABA-IR nerve fibers.
DISCUSSION

The results obtained in the present work provide immunocytochemical evidence for the heterogeneous nature of the population of neurons in the MTN. In this
respect, it is noteworthy that whereas GABA was infrequently observed over small somata, presumably interneurons, TH-IR neurons were not observed. It
should also be noted that only a minority of the immunonegative neurons were surrounded by networks of
GABA-IR nerve fibers.
These findings suggest that MTN contain a definite
concentration of GABA as a Dossible neurotransmitter.
To date, the distribution of GABAergic neurons has
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been described in detail in the mouse and rat brain
(Ottersen and Storm-Mathisen, 1984; Mugnaini and
Oertel, 1985; Chu et al., 1990). In addition, some reports have pointed out the GABAergic innervation of
the trigeminal mesencephalic and motor nuclei in rabbits (Kolta et al., 1991a,b). At the same time, the localization of GABA in the cat trigeminal sensory nuclei
has not been studied. It has to be noticed that in a
previous work on the primary trigeminal afferent neuron of the cat, we failed to examine this neurotransmitter system (Lazarov, 1994). In earlier studies reported by Maley and Newton (1985), GABA-IR cell
bodies and fibers have been established in the cat nucleus solitarius. Likewise, Copray et al. (1990b) have
also shown neurons in the ventrocaudal and to a lesser
extent, in the rostral MTN of the rat that lay embedded
in a dense granular network of fine GABA-IR fibers.
Our present results are consistent with the studies of
Ginestal and Matute (1993) performed on rats. In the
cat, as could be seen from the results of our study, the
distribution of GABA-IR does not differ as a whole from
that found in the rat, but there exist some differences
in regard to the extension of certain GABAergic cell
groups. However, conclusions for the cat drawn from
the above-cited studies on the rat at a light microscopic
level may not be totally accurate, because in rodents
the characteristic “punctate” pattern of trigeminal peripheral target fields is replicated in the brainstem by
similar and functionally corresponding arrays of multineuronal units, whereas a parcellated pattern of organization has been perceived in the brainstem of cats.
Moreover, the light microscopic immunohistochemical
technique is not sensitive enough to distinguish very
low levels of the antigen from nonspecific background
staining.
Our preembedding staining study has described immunostaining associated exclusively with small MTN
neurons and nerve fibers. This is consistent with the
present light microscopic immunohistochemical observations. These results have demonstrated that a population of smaller cells in the cat MTN may be of a
GABAergic nature. Such a localization is in agreement
with previous studies on other animal species, providing further support for the data that small GABAergic
interneurons may modulate the functions of large neurons in the MTN. The localization of the perisomatic
GABAergic terminals suggested that GABA is also involved in controlling the discharge of large MTN neurons. Therefore GABA, the predominant inhibitory
neurotransmitter in the rostral parts of the CNS, also
mediates some of the inhibitory responses in the brainstem.
TH-IR was present in varicose and nonvaricose nerve
fibers and terminals, which were mostly apposed to
large unlabeled MTN cell bodies and sometimes contacted small GABA-IR neurons. The heterogeneous
distribution of TH-IR nerve fibers and their varicosities in the cat MTN was compared to that observed in
sensory ganglia (Kummer et al., 1990; Marfurt and
Ellis, 1993). Most of the TH-IR nerve fibers were arranged in pericellular basket-like arrays around large
unlabeled neurons. TH-IR cell bodies were not established. These findings could be interpreted to mean
that MTN neurons did not utilize a catecholamine as a
possible neurotransmitter. In the sensory ganglia, an
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Figs. 5-0.
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extensive immunocytochemical study by Kummer et
al. (1990) revealed that most TH-IR sensory neurons
lack additional catecholamine- or dopamine-synthesizing enzymes. According to Katz et al. (1983),the TH-IR
primary sensory neurons are dopaminergic in nature,
but irrefutable evidence requires staining with antibodies against dopamine.
Another question emerging from the present study
refers to the origin of the THergic fibers to the MTN.
Since we detected no TH-IR cell bodies in the MTN, the
possibility of an occasional intrinsic TH innervation
must be excluded, a t least in cats. Dahlstrom and Fuxe
(1964) distinctly demonstrated many varicose fibers
emitting catecholamine fluorescence that originate
from the amine neurons of the locus coeruleus and form
a network around neurons of the MTN. Similarly, in
the present study, TH-IR cells were also found in these
areas, including the locus coeruleus and the parabrachial pontine complex (see Fig. 2) as well as in the pars
compacta of the substantia nigra and the ventromedial
tegmental area (not shown). From data available, it
may be assumed that MTN receive TH-IR fibers arising from the mesencephalic dopaminergic neurons,
equivalent to the A8, A9, and A10 cell groups of the rat
(i.e., retrorubral field, substantia nigra, and ventral
tegmental area, respectively) and the noradrenergic
perikarya in the neighboring locus coeruleus, corresponding to the A6 CA cell group (Wiklund et al., 1981;
Jones and Friedman, 1983; Copray et al., 1990a,b; Fort
et al., 1990; Maley et al., 1990) as well as in the nuclei
parabrachialis medialis and lateralis in the cat (Poitras and Parent, 1978).
An additional question to answer was whether TH
and GABA co-localized in the nerve fibers in the cat
MTN. In this context, the appearance and distribution
of GABA-IR and TH-IR fibers exhibited several similarities. Immunoreactivities for both substances were
found in thin and beaded nerve fibers, forming pericellular networks of variable density around the cell bodies of some large MTN neurons. However, the origin of
these immunopositive fibers was different, i.e., intrinsic for GABA and extrinsic for TH. The results of single-labeling indicated that TH- and GABA-IR were

Fig. 5. Electron micrograph of MTN neurons stained for GABA by
the postembedding immunogold method. Only small cells are labeled
(M 2). The large MTN ones (M 1) are unstained. Arrows indicate
immunostaining surrounding the nucleus. x 3,000.
Fig. 6. Low-magnification electron micrograph showing double immunostaining for TH and GABA in the MTN using preembedding
immunohistochemistry. The gold particle location and density over
the small MTN cell bodies are not significantly different from that in
single-labeled sections as shown in Figure 5. Note that the axonal
profiles (Ax) also show low gold particle densities. x 4,400.
Fig. 7. Electron micrograph showing double labeling with TH and
GABA immunohistochemistry. TH-IR terminals with abundant small
clear vesicles mixed with a few mitochondria are seen in close proximity to MTN cell somata, revealed by postembedding immunogold
staining (10 nm gold particles). x 7,000.
Fig. 8. The electron microscopic appearance of TH-IR axon varicosities in direct apposition (arrows) to the cell bodies of large immunonegative MTN neurons (M 1); M 2, perikaryon of a small GABA-IR
neuron. x 12,000.

129

located in different populations of nerve fibers. Further, double-labeling immunocytochemistry for both
antigens did not support the coexistence of these
substances. Interpreting the results of the present experiment, it is important to point out that small
GABA-containing MTN neurons receive input from
catecholaminergic afferents. Whether the combined
GABAergicITHergic input to the MTN affects primary
sensory neurons, interneurons or both is, at present,
unclear.
Electron microscopically, we were unable to find any
direct synaptic contact between these catecholaminergic fibers of presumed sympathetic origin and profiles
of large MTN unstained neurons. Thus the targets of
sympathetic fibers arborizing within the MTN in close
apposition to profiles of neuronal cell bodies of MTN
neurons remain uncertain. On the one hand, it is
tempting to suggest that the vast majority of TH-IR
fibers are of sympathetic origin; on the other hand, the
lack of synaptic contacts underestimated their direct
effects on the MTN neurons. The presence of nerve fibers forming pericellular baskets around some of the
primary sensory neurons has first been reported at the
beginning of the our century and various, often contradictory interpretations of their nature and origin have
been proposed. The destination of these pericellular
terminal arborizations as well as the presence of synaptic contacts within sensory ganglia has long been a
subject of controversy (see Lieberman, 1976). Some ultrastructural observation demonstrated that cell bodies of some MTN neurons in the cat received synaptic
terminals (Hinrichsen and Larramendi, 1968, 1970;
Alley, 1973). Even with the double-labeling EM immunocytochemical approach, it has not been possible to
distinguish synaptic specializations associated with
the GABA-IR neuronal profiles. Several lines of evidence suggest that these contacts may be functional,
but nonsynaptic in nature. A first line of evidence in
support of catecholaminergic axonal varicosities forming functional appositions with GABA-IR neurons
comes from the high frequency of such nonrandom contacts and the location throughout the nucleus. Second,
it was observed that these appositions typically involved varicose regions of the catecholaminergic fibers,
rather than intervaricose segments. Finally, this suggestion is in parallel with an ultrastructural study that
demonstrated that such contacts were found to be nonsynaptic in nature, although some axosomatic synapses were observed (Nomura et al., 1985). Thus this
would suggest a potential interaction between fibers
containing the catecholamine-synthesizing enzyme tyrosine hydroxylase and GABAergic interneurons. Although this interaction is not unique to GABAergic
cells, it suggests that inhibitory interneurons can play
a major role in mediating the effect of CA afferents in
the cat MTN. Such mechanisms elsewhere in the CNS
have also been reported (Benes et al., 1993).It has been
suggested that the observed appositions were functional.
The functional importance of these other neurotransmitters in the modulation of proprioceptive transmission has not been elucidated. Until recently, glutamate
and, less likely, aspartate were considered to be the
only primary neurotransmitter candidates of cells in
the MTN (Wanaka et al., 1987; Tracey et al., 1991;
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Azerad et al. 1992; Tallaksen-Green et al., 1992). Initial studies failed to detect any significant action on
MTN neurons of GABA, noradrenaline, and dopamine
(De Montigny and Lund, 1980). Curtis and Johnston
(1974) found that GABA, which was not a transmitter
candidate for the sensory ganglion cells, was the transmitter responsible for depolarizing the terminals of
sensory neurons in the brainstem. At the same time,
there was strong evidence for the view that the neuronal population in the MTN was not functionally homogeneous and different types of MTN neurons may
use a different neurotransmitter. In the rat, De Montigny and Lund (1980) denied the neurotransmitter
role of amino acids in the MTN since they were without
effect on stretch-evoked activity. However, in view of
the present findings, discussed previously, and in the
light of recent electrophysiological findings (Kolta et
al., 1991b), GABA remains another possible transmitter candidate of cells that are presumed interneurons
as, indeed, it is present in some small MTN neurons
that are probably inhibitory and contain the GABAsynthesizing enzyme GAD. However, another possibility, i.e., GABAergic neurons to be projection neurons,
the reader should also bear in mind. Unfortunately,
using neuronal morphology and cell size as the only
criteria, it is difficult to distinguish interneurons and
the projection neurons (Mugnaini and Oertel, 1985).
The afferent and efferent projections of GABAergic
cells have not been studied yet in this nucleus and
further double-labeling experiments using immunocytochemistry and retrograde transport are necessary to
establish the set of afferents that specifically influence
neurons projecting to the MTN.
At present, the functional significance of TH/GABA
interactions in the MTN may be related to their different reflex connections. In this context, it may be relevant to note that the specific distribution patterns of
the TH-IR and GABA-IR structures suggest that both
substances may have specific functions in the cat MTN.
As has been proposed by Levy (19771, GABA is probably the neurotransmitter released at axo-axonal synapse onto the primary afferent terminals. Although
several questions remained obscure, Levy concluded
that primary afferent depolarization resulted from activation of these synapses onto the primary afferent
terminals, and this effect might lead to a depression of
transmitter release. Moreover, Appenteng et al. (1978)
suggested that the disynaptic stretch reflex was strong
in the jaw-closing muscles and MTN hyperpolarization
could be a way of blocking this pathway during jaw
opening. Unfortunately, we have not yet observed any
TH-IR processes synapsing directly onto GABA labeled
processes. Nevertheless, the presented existence of
TH-IR terminals in close apposition to cat MTN neurons supports the concept of a complex relationship between excitatory and inhibitory neurotransmitters.
The direct apposition observed in the present study can
be tentatively regarded as functional synapses. Therefore, our results suggest that both TH and GABA can
be realized consequently and if TH influences GABA
release, it is not a frequent event. It may be assumed
that the fast amino acid neurotransmitter action is continued by the slow catecholamine action. However, future work with molecular cloning of GABA receptors

and assays of released material will help u s clarify the
nature of the relationship.
In conclusion, combining the results from the single
and double-immunoprocessed material, we can say
that in addition to glutamate, another amino acid neurotransmitter as GABA is likely to affect the MTN neurons and that apart from the excitatory transmission
a n inhibitory GABAergic one exists in the cat MTN.
An important task of future studies will be to check
whether any neuropeptide is responsible for the production of a functional proprioception. The studies on
neuropeptides are extended and discussed in detail in
the third report of this series.
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