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In the present study it was determined whether glycine was present in the descending brainstem projections to spinal motoneurons in the
rat. For this purpose injections of wheatgerm agglutinin-horseradish peroxidase (WGA-HRP) were made in the ventromedial part of the
lower brainstem at the levels of the rostral inferior olive and the caudal facial nucleus. After perfusion, WGA-HRP histochemistry was
performed, fcllowed by the postembedding immunogold technique with an antibody against glycine. Electron microscopical examination of
the lumbar motoneuronal cell groups showed that 15% of the WGA-HRP labeled terminals, derived from the ventromedial reticular forma-
tion, were also labeled for glycine. The majority (91%) of these double labeled terminals were of the F-type (containing many flattened
vesicles), while the remaining 9% were of the S-type (containing mostly spherical vesicles). Many of the double labeled terminals established
a synapse, mostly with proximal and distal dendrites. The present data, combined with our previous findings that 40% of the projections from
the same ventromedial brainstem area to lumbar motoneurons contained y-aminobutyric acid (GABA), indicate that over 50% of these
brainstem projections contain GABA and/or glycine, exerting a direct inhibitory effect on spinal motoneurons. The possibility that the gly-
cinergic fibers within these projections play an important role in producing muscle atonia during rapid eye movement (REM) sleep is dis-

cussed.

The projections from the lower brainstem to the spi-
nal cord have been extensively investigated, both with
retrograde and anterograde tracing techniques (for a re-
view see ref. 14). It was demonstrated that the projec-
tion fibers from the ventromedial reticular formation and
the adjacent raphe nuclei of the caudal brainstem termi-
nated in all laminae, including the spinal motoneuronal
cell groups, throughout the spinal cord. Ultrastructural
studies on these projections'®!? showed that their termi-
nals within the motoneuronal cell groups could be sub-
divided in morphologically different types: F-type termi-
nals (containing many flattened vesicles), S-type ter-
minals (containing many spherical vesicles) and G-type
terminals (containing many dense cored (granular) ves-
icles). In addition it was found"?, by combining the an-
terograde transport of [*H]leucine from the ventro-me-
dial reticular formation with the retrograde transport of
horseradish peroxidase (HRP) from the hindleg muscles,
that over 50% of the radioactively labeled terminals de-
rived from the lower brainstem actually contacted HRP
labeled dendrites of motoneurons in the lumbar spinal
cord.

Recently we have started to investigate whether the
different types of terminals, which were labeled from the

ventromedial brainstem, could be correlated with differ-
ent transmitters. Dahlstrdm and Fuxe® showed that there
exists a prominent serotonergic projection from the ven-
tromedial brainstem to the spinal cord, including the mo-
toneuronal cell groups. These findings were confirmed in
studies®?® combining retrograde tracing from the spinal
cord with immunocytochemistry for serotonin. These
studies also showed the existence of a prominent non-
serotonergic spinal projection from the ventromedial
brainstem, suggesting that, apart from serotonin, one or
more other transmitters were present in those projec-
tions. In the motoneuronal cell groups, serotonin is con-
tained within G-type terminals® which originate mainly
in the raphe nuclei of the lower brainstem and to a much
lesser extent in the adjacent ventromedial reticular for-
mation'®. The latter area gives rise mainly to (non-sero-
tonergic) F-type terminals'®"3, By using the combination
of wheat- germ agglutinin coupled to HRP (WGA-HRP)
anterograde tracing with the postembedding immunogold
technique for y-aminobutyric acid (GABA)’, we have
recently established'' that GABA is present in many of
the F-type terminals derived from the ventro-medial retic-
ular formation at the level of the rostral inferior olive and
the caudal facial nucleus. However, it was also found that
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some of the F-type terminals derived from the ventro-
medial reticular formation were not labeled for GABA,
suggesting that they contained another transmitter. In
the motoneuronal cell groups, F-type terminals were
found to contain either GABA'>'®? or glycine'®?2,
We have initiated the present study to determine whether
glycine was present in the non-GABAergic F-type ter-
minals derived from the ventromedial reticular forma-
tion. The findings presented in this paper show that in
lumbar motoneuronal cell groups approximately 15% of
the terminals labeled with WGA-HRP from the ventro-
medial reticular formation contained glycine.

Three rats were used for ultrastructural analysis. In
short the following steps were taken (for details of the
procedure see ref. 11). The rats were deeply anaesthe-
tized with pentobarbital (60 mg/kg) and injected with
0.15 ul WGA-HRP (5% in saline) in the ventromedial
part of the reticular formation at the level of the rostral
inferior olive and the caudal part of the facial nucleus.
After 3 days survival, the animals were re-anaesthetized
with pentobarbital and perfused transcardially with 40 ml
saline in phosphate buffer (0.1 M, pH 7.3) immediately
followed by 11 of 5% glutaraldehyde in phosphate buffer
(0.1 M, pH 7.3). After perfusion, the brainstem and
lumbar spinal cord were dissected. From the brainstem
injection sites, frozen sections were cut, incubated with
diaminobenzidine (DAB)°, counterstained with Cresyl
violet and coverslipped. The 5th and 6th lumbar seg-
ments were cut in slabs (75 #m) on a vibratome slicer.
These slabs were then reacted for WGA-HRP using tet-
ramethylbenzidine (TMB) as a chromogen® and the re-
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action product was stabilized with DAB-Cobalt'®, The
slabs were postfixed with osmium tetroxide (1.5% in
phosphate buffer (pH 7.3) containing 8% glucose), chem-
ically dehydrated?® and flat-embedded in Araldite. The
plastic embedded vibratome sections were examined in
the light microscope and from each rat the two sections
with the highest amount of WGA-HRP labeling were
selected. They were glued to plastic blocks and pyramids
were made, containing the entire lateral motoneuronal
cell group. Ultrathin sections were cut and collected on
formvar coated nickel one hole grids. These were incu-
bated overnight at 4 °C with a polyclonal glycine anti-
body (kindly provided by Dr. R.J. Wenthold, for spec-
ificity tests, see ref. 33), diluted 1:250 in Tris buffered
saline (0.05 M, pH 7.6), containing 0.1% Triton X-100,
followed by a 2 h incubation with a goat anti-rabbit an-
tibody, labeled with 15 nm gold particles (Amersham).
The sections were counterstained with lead citrate and
uranyl acetate and examined in a Philips 300 electron
microscope. From each rat two blocks were used for
analysis and from each block two sections (at least 1 um
apart) were analyzed, i.e. a total of 12 sections. The data
obtained in the various sections were grouped together
and the results were expressed as percentages.

The light microscopic sections of the lower brainstem
showed that the WGA-HRP injection site was located in
the ventromedial reticular formation at the level of the
rostral inferior olive and the caudal part of the facial
nucleus (Fig. 1). This area included the gigantocellular
reticular nucleus pars ventralis and pars o and part of
the paragigantocellular reticular nucleus'. The injection

Fig. 1. Light micrograph of the wheat germ agglutinin-horseradish peroxidase (WGA-HRP) injection site in the ventromedial part of the rat
lower brainstem at the level of the caudal facial nucleus. Bar = 0.5 mm.
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site also included part uf the rostral inferior olive and
the nucleus raphe magnus.

Light microscopic examination of the semithin sec-
tions from the 5th and 6th lumbar segments showed an-
terograde WGA-HRP labeling bilaterally, with a clear
ipsilateral predominance. Most labeling was seen in the
motoneuronal cell groups in the ventral horn (c.f. refs.
10,11). Several retrogradely labeled cells were present,
mostly in the contralateral intermediate zone, and only
a few on the ipsilateral side, but not in the direct vicin-
ity of the lateral motoneuronal cell groups. A more de-
tailed description of the light microscopic findings has
been given previously'!. In the ultrathin sections several
WGA-HRP labeled structures were present in addition
to profiles which carried several gold particles, indicat-
ing the presence of glycine. A structure was considered
to be labeled for glycine if the number of gold particles
overlying the terminal was at least 8 times the number
of gold particles overlying nearby unlabeled structures
(terminals and dendrites). Although a detailed study of
the glycinergic structures was not performed, it was noted
that most of the glycinergic terminals were of the F-type
and that (mostly myelinated) axonal profiles were often
labeled with a larger number of gold particles than the
terminal profiles. Axo-axonic (presynaptic) terminal ar-
rangements involving glycinergic terminals were not en-
countered. The latter finding emphasizes the specificity
of the glycine antibody, since presynaptic terminals in
the motoneuronal cell groups are strongly immunoreac-
tive for GABA'2, In this study, attention was focused
on WGA-HRP labeled terminals, therefore other WGA-
HRP labeled structures were discarded. A total of 448
WGA-HRP labeled terminal profiles were encountered.
Three types of terminals were labeled with the WGA-
HRP reaction product: F-type terminals (70%), S-type
terminals (19%) and G-type terminals (11%). These re-
sults are in general agreement with the findings of pre-
vious studies'”'""!3, For each WGA-HRP labeled termi-
nal profile it was determined whether it was also labeled
for glycine (double labeled). It was found that 15% of
the WGA-HRP labeled terminals were double labeled
for glycine (Fig. 2). When considering the different types
of terminals it was found that 19% of the WGA-HRP
labeled F-type terminals and 7% of the S-type terminals
were double labeled. G-type terminal, were never dou-
ble labeled. When considering only the douole labeled
terminal profiles, it was found that 91% were F-type
(Figs. 3-5) and 9% were S-type. The double labeled ter-
minals established a synapse in 68% of the cases. These
synapses were made with proximal dendrites (containing
ribosomes) (44%) and with distal dendrites (36%) (Figs.
3 and 5) and to a lesser extent (20%) with cell somata
(Fig. 4C). Axo-axonic (pre-synaptic) contacts were never

established by any of the labeled terminals.

The present experiment showed that in the lumbar
motoneuronal cell groups approximately 15% of the ter-
minals, which were labeled with WGA-HRP from the
ventromedial reticular formation, contained glycine. In
a similar experiment'’ in which WGA-HRP anterograde
tracing was combined with postembedding immunocy-
tochemistry for GABA, it was found that 40% of the
descending brainstem projections to lumbar motoneu-
rons contained GABA. This percentage was considered
as rather accurate since the same technique applied to
other systems resulted in nearly 100% double labeling”
34, Whether such a high yield can also be obtained with
the glycine antibody is not known. However, it seems
likely that the properties of the glycine antibody are sim-
ilar to those of the GABA antibody since (1) glycine and
GABA are both small amino acid transmitters, (2) the
glycine and GABA antibodies were raised in a similar
manner (conjugated to glutaraldehyde) and in the same
species (rabbit) and (3) both antibodies were used in a
similar postembedding procedure. This would mean that
the 15% double labeling should also be considered as a
rather accurate figure. If the glycine antibody would be
less sensitive as compared to the GABA antibody, the
15% of double labeling found in the present experiment
should be regarded as an underestimate.

In a previous study'® we have shown that the major-
ity of the terminals, autoradiographically labeled from
the ventromedial reticular formation, contacted HRP-la-

WGA-HRP

WGA;HRP
Glycine

Fig. 2. Histogram showing the percentages uf all terminals, labeled
with WGA-HRP from the ventromedial lower brainstem, which
were glycinergic (right column) or non-glycinergic (left column).
The frequency of the F-, G- and S-types of terminals is indicated.



Fig. 3. Electronmicrographs of two adjacent sections from the rat Ly

lateral motoneuronal cell groups, showing F-type terminal profiles which

were double labeled with a small amount of WGA-HRP reaction product (large arrows) and many gold particles, indicating that the termi-

nals originated from the ventromedial reticular formation and contained glycine as a transntter. Small arrows indicate a possible synaptic
junction with part of a proximal dendrite. Asterisks indicate unlabeled terminal profiles. Bar = 0.5 um.

beled motoneurons in the lumbar spinal cord. It is as-
sumed, therefore, that also in the present study on the
same system, the majority of the WGA-HRP labeled
terminals, including the glycinergic ones, contacted mo-
toneurons (for a more detailed discussion, see ref. 11).
When the present finding on the glycinergic brainstem
projections to lumbar motoneurons are combined with
the previous finding!! that 40% of these projections con-
tained GABA, it may be concluded that over 50% of the
descending brainstem projections to spinal motoneurons
contain either GABA or glycine. Since glycine and

GABA are the main inhibitory transmitters in the spinal
cord (for review see ref. 16), it seems likely that over
50% of the projections descending from the ventrome-
dial brainstem exert an inhibitory effect on spinal mo-
toneurons. A further comparison of the data obtained in
the two experiments show that 55% of the F-type termi-
nals originating in the ventromedial reticular formation
contained GABA, while the present data showed that
19% contained glycine. Thus 74% (55% + 19%) of the
F-type terminals contain either glycine or GABA, leav-
ing approximately 26% still unaccounted for. Since F-type



312

- A
- w4
-t gy o -
3 PR R S RS0
R TR BRI Sy

. .

W~
e

"i?;;.g' o

#

&




313

Fig. 4. Electronmicrographs from the rat Ls (a,b) and Lg (c) lateral motoneuronal cell groups. The terminal profiles were labeled with
WGA-HRP reaction product from the ventro-medial reticular formation and contained glycine as indicated by the many gold particles over-
lying the terminals. Bar = 0.5 um. a,b: two sections taken from a row of 5 serial sections. The WGA-HRP reaction product is clearly visible
on the left and at the bottom of the terminal. An unlabeled terminal is situated very close to the double labeled terminal (top right). The
electron dense material in the areas of contact (arrowheads in a) show the characteristics of puncta adhaerentia rather than synaptic junc-
tions. ¢: a double labeled terminal of the F-type, establishing a symmetrical synapse with a cell soma, containing a Golgi apparatus (aster-

isks). Large arrows indicate the WGA-HRP reaction product.
<

terminals are generally associated with an inhibitory
transmitter>®, it is difficult to suggest which transmitter,
apart from GABA and glycine would be present in the
remaining 26% of the F-type terminals. However, it
should be kept in mind that it is increasingly difficult to
reliably categorize a terminal, when the tissue has been
extensively processed as in the present experiment.
Moreover, the various data were obtained from separate
studies and should not be treated as one experiment.
Therefore final conclusions cannot be drawn at this point
and additional experiments, combining GABA and gly-
cine immunocytochemistry within the same experiment
are needed to resolve these problems and to determine
whether co-existence of GABA and glycine may occur
in the descending brainstem projections.

An important indication of the functional significance

of the descending brainstem projections was provided by
Magoun and Rhines®! in 1946. They were the first to
show that electrical stimulation of the cat medial lower
brainstem resulted in inhibition of spinal reflexes, a find-
ing confirmed in later studies'>?°. This electrophysiolog-
ically identified ‘inhibitory center of Magoun’ in the cat
may well correspond to the area in the rat from which
the GABA- and glycinergic spinal projections, which we
have identified anatomically, are derived. In this respect
it is interesting to note the differential effects obtained
after electrical or chemical stimulation of neurons in dif-
ferent parts of the cat lower brainstem®. Stimulation of
the ventromedial reticular formation resulted in inhibi-
tion of spinal reflexes, which is in agreement with fore-
mentioned studies. However, after stimulation of the ad-
jacent raphe, spinal reflexes were mainly facilitated (c.f.

ol

Fig. 5. Electronmicrograph from the rat L lateral motoneuronal cell groups, showing an F-type termina! with WGA-HRP rg,a.ctioq product
(large arrows) and mnany gold particles. Small arrows indicate a symmetrical synaptic junction with a proximal dendrite, containing ribosomes

(not visible on this part of the micrograph). Bar = 0.5 um.
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refs. 3, 8, 27). This difference can be explained by our
anatomical data: the majority of the terminals in the spi-
nal motoneuronal cell groups, which are derived from
the raphe nuclei, are of the G-type and contain seroto-
nin*' (for review see ref. 14), which has been shown to
exert a facilitatory effect on spinal motoneurons®. In
contrast the majority of the terminals on spinal motoneu-
rons, which are derived from the adjacent ventro-medial
reticular formation are of the F-type and contain the in-
hibitory transmitters GABA and glycine. Thus it seems
likely that the descending facilitory and inhibitory pro-
jections from the lower brainstem to spinal motoneurons
are, at least in part, mediated through direct monosyn-
aptic connections with those motoneurons.

It is still unclear under which circumstances the pro-
jections from the ventromedial lower brainstem to spi-
nal motoneurons are functionally active. In respect to
the glycinergic fibers within these projections, it is tempt-
ing to assume that they are involved in producing mus-
cle atonia during rapid eye movement (REM)sleep. The
main reasons for this assumption are that (1) muscle ato-
nia can be produced by chemically stimulating the area
in the lower brainstem from which the descending gly-
cinergic projections originate!’ and (2) glycine was
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