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The genioglossus muscle plays an important role in maintaining upper airway patency during inspira-
tion; if this muscle does not contract normally, breathing disorders occur due to closing of the upper
airway. These occur because of disorders of synaptic input to the genioglossus motoneurons, however,
little is known about it. In this study, the distribution of GABA-, glycine-, and glutamate-like im-
munoreactivity in axon terminals on dendrites of the rat genioglossus motoneurons, stained intra-
cellularly with horseradish peroxidase (HRP), was examined by using postembedding immunogold
histochemistry in serial ultrathin sections. The motoneurons were divided into four compartments: the
soma, and primary (Pd), intermediate (Id), and distal dendrites (Dd). Quantitative analysis of 157, 188,
181, and 96 boutons synapsing on 3 soma, 14 Pd, 35 Id, and 28 Dd, respectively, was performed.
71.9% of the total number of studied boutons had immunoreactivity for at least one of the three ami-
no acids. 32.8% of the total number of studied boutons were immunopositive for GABA and/or gly-
cine and 39.1% for glutamate. Among the former, 14.2% showed glycine immunoreactivity only and
13.3% were immunoreactive to both glycine and GABA. The remainder (5.3%) showed immunor-
eactivity for GABA only. Most boutons immunoreactive to inhibitory amino acids contained a mixture
of flattened, oval, and round synaptic vesicles. Most boutons immunoreactive to excitatory amino
acids contained clear and spherical synaptic vesicles with a few dense-cored vesicles. When compar-
isons of the inhibitory and excitatory boutons were made between the soma and three dendritic seg-
ments, the proportion of the inhibitory to the excitatory boutons was high in the Dd (23.9% vs. 43.8%)
but somewhat low in the soma (35.7% vs. 38.2%), Pd (34.6% vs. 37.8%) and Id (33.1% vs. 38.7%). The
percentage of synaptic covering of the inhibitory synaptic boutons decreased in the order of soma,
Pd, Id, and Dd, but this trend was not applicable to the excitatory boutons. The present study pro-
vides possible evidence that the spatial distribution patterns of inhibitory and excitatory synapses are
different in the soma and dendritic tree of the rat genioglussus motoneurons.
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Fig. 1. Light micrograph showing labeled genioglossus
motoneurons. Dendrites within the boxes and the soma
were examined at the electron microscopic level. Pd, Id,
and Dd indicate primary, intermediate, and distal seg-
ments, respectively. Scale bar=50 pm.
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Fig. 2. Light micrograph showing genioglossus motoneurons la-
beled with horseradish peroxidase and apposing boutons
in the ventral subdivision of the hypoglossal nucleus
(12N). AP; area postrema, CC; central canal, x4.
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Fig. 3. Electron micrograph showing labeled genioglossus
motoneuron. Somata of labeled genioglossus moto-
neuron shows electron dense crystalline or rod like
tungstate/ tetramethylbenzidine reaction products of
horseradish peroxidase (arrow heads). Note the vacuo-
lated nucleolus (arrow) which is one of the morpho-
logical features of alpha motoneuron. Scale bar=5 pm.



Fig. 4. Electron micrographs of adjacent ultrathin sections of the
primary dendrite incubated with GABA (A), glycine (B),
glutamate (C) antisera and positive control (D). A, B: The
bouton 1 is immunopositive for both GABA and glycine.
C: The bouton 2 is immunopositive for glutamate only.
D: The bouton 1 contains mixture of flattened, oval and
round synaptic vesicles, i.e. pleomorphic vesicles and
makes symmetrical synaptic contact (arrows) with the
dendrite. The bouton 2 contains mixture of clear and
spherical synaptic vesicles and makes asymmetrical syn-
aptic contact (arrowhead) with the dendrite. Scale bar=1
um.
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Table 1. Quantitative data on boutons covering genioglossus alpha motoneurons
P " S Dendrites
rameters m
aramere oma Pd id Dd All
Number of somata and dendrites 14 35 28 77
Total membrane length (im) 288.4 346.6 378.3 203.7
Number of boutons 188 181 9% 465
Total length of boutons (im) 189.9 221.8 202.7 98.9
Mean length of boutons (im) 12 11 1.0
Percentage of synaptic covering 65.8 04.0 53.6 48.5

"Dendrites of genioglossus alpha motoneurons are divided into three segments: primary (Pd), intermediate (Id), and distal (Dd)
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Table 2. Quantitative data on boutons immunoreactive for GABA and/or glycine or glutamate or immunonegative for amino acids
apposing the soma or dendrites of genioglossus alpha motoneurons

Parameters Soma Dendrites
Pd Id Dd All
GABA only
Number of boutons 9 12 7 5 24
% Boutons 57 6.4 39 52 52
Mean bouton length (1im) 12 12 12 11
% Synaptic covering 3.8 41 22 28
Glycine only
Number of boutons 24 29 27 8 04
% Boutons 153 154 14.9 83 12.8
Mean bouton length (um) 1.2 11 11 1.0
% Synaptic covering 9.8 9.3 7.7 4.0
GABA and glycine
Number of boutons 23 24 26 10 60
% Boutons 14.7 12.8 14.3 104 125
Mean bouton length (1m) 11 12 11 11
% Synaptic covering 91 8.2 74 54
GABA and/or glycine
Number of boutons 56 65 60 23 148
% Boutons 35.7 34.6 331 239 30.5
Mean bouton length (um) 12 12 12 1.0
% Synaptic covering 241 22.5 18.7 11.5
Glutamate alone
Number of boutons 60 71 70 42 183
% Boutons 38.2 37.8 38.7 43.8 40.1
Mean bouton length (1im) 13 12 12 1.0
% Synaptic covering 27.7 254 226 233
Immunonegative
Number of boutons 4 52 51 31 134
% Boutons 26.1 27.6 282 323 29.4
Mean bouton length (yum) 1.2 11 11 09
% Synaptic covering 16.6 16.5 14.6 143
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