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Abstract-The lateral cervical nucleus receives input from the spinocervical tract and projects to the 
thalamus and mesencephalon. The organization of this nucleus was examined using two immunocyto
chemical methods. Pre-embedding immunolabelling was performed using an antibody against glutamate 
decarboxylase, and post-embedding immunogold-reaction was performed with an antibody to glutaralde
hyde-fixed GABA. Light microscopic analysis of material reacted for glutamate decarboxylase revealed 
that punctate structures were present throughout the nucleus and were associated with large cells in the 
dorsolateral region of the nucleus. Electron microscopy demonstrated that the punctate structures were 
synaptic boutons which formed symmetrical synaptic junctions with dendrites and somata of cells in the 
nucleus. The ultrastructural preservation of material prepared for the post-embedding immunogold 
technique was superior to that prepared for pre-embedding immunostaining. Positively labelled synaptic 
boutons exhibited high colloidal gold density and, like those prepared for the pre-embedding method, 
formed symmetrical synaptic junctions with dendrites and somata of neurons. Labelled boutons were 
densely packed with irregularly-shaped synaptic vesicles. They displayed characteristics which were 
distinct from those unlabelled boutons. Boutons, revealed by both immunolabelling methods, were not 
observed to form synaptic associations with other axon terminals and were presynaptic to dendrites and 
somata only. 

Therefore, it is probable that such boutons are responsible for postsynaptic inhibition of cells in the 
nucleus. In view of this evidence, it is concluded that the lateral cervical nucleus is not simply a relay but 
is actively involved in processing sensory information. 

The lateral cervical nucleus (LCN) in the cat forms a 
synaptic stage in the spino-cervico-thalamic pathway 
(see Ref. 3 for a review). The LCN is present on both 
sides of the spinal cord in the first two cervical 
segments and consists of an elongated column of gray 
matter in the dorsolateral funiculus, just lateral to the 
dorsal horn of the spinal gray matter. In the cat, it has 
been estimated that the nucleus contains approxi
mately 5000 neurons.]']O However, Flink and West
man l6 recently concluded that this was probably an 
underestimate and the figure was closer to 8300. 
Neurons of the LCN may be classified arbitrarily into 
three groups on the basis of their projections. (1) 
Neurons which project to the thalamus and/or the 
mesencephalon. IO,16 These cells are situated through
out the nucleus and vary considerably in 94% of 
the cells of the LCN fall into this category. (2) Cells 
which project to the spinal cord 15,40 and tend to be 

Abbreviations: GAD, glutamate decarboxylase; LCN, lat
eral cervical nucleus; NDS, normal donkey serum; NGS, 
normal goat serum; PBS, phosphate-buffered saline; 
PEG, polyethylene glycol; SCT, spinocervical tract; 
TPBS, Tris-phosphate buffered saline. 
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located in the ventromedial part of the LCN. (3) 
Small cells (soma diameter about 15 11 m) which also 
tend to be located in the ventromedial region and do 
not appear to project from the nucleus. 10,16 A propor
tion of these cells contain GABA and therefore may 
be regarded as putative local circuit neurons.4 The 
principal projection to the LCN comes from the 
spinocervical tract (SCT),3,7,9.J2,4],42 however further 
afferent projections from the dorsal column nuclei, 
reticular formation, and spinal trigeminal nuclei may 
be present. 3,9.11,18 In addition to these sources, some 
axon terminals in the LCN probably originate also 
from recurrent collateral axons of ascending projec
tion neurons 16,46 and from local axon arbors of small 
interneurons,4,46 but this remains to be demonstrated 
conclusively. Several morphological classes of bouton 
have been described in the nucleus.47 Some of these 
have been positively identified as terminals originat
ing from the SCT,41,48 

Anatomical and physiological studies indicate that 
the LCN is somatotopically organized. 11.12,42,45 Recep
tive fields of LCN neurons which project through the 
medial lemniscus have similar properties to SCT 
neurons; Le. most of them are excited by gentle 
brushing of the hair and noxious stimulation.5 The 
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majority of receptive fields of LCN neurons are 
similar in size to those of the SCT although a 
minority may be considerably larger.8,1I.24,26,27 LCN 
neurons also have inhibitory receptive fields and there 
is evidence for both pre- and postsynaptic inhibitory 
mechanisms. 14 

In view of the complex organization and physiol
ogy of the LCN, it seems unlikely that this nucleus is 
simply a relay in the spino-cervico-thalamic pathway. 
We embarked upon the present study with a view to 
improving our understanding of the inhibitory mech
anisms that occur in the LCN by examining the 
morphology and synaptic organization of GABA
containing terminals in the nucleus. There were three 
principal aims of the study. (1) To examine the 
distribution of GABA-containing terminals in the 
LCN and, in particular, consider the relationship of 
such terminals with putative projection neurons in 
the dorsolateral region of the nucleus. (2) To examine 
the morphology of GABA-containing terminals 
and determine if such terminals have characteristic 
features which may differentiate them from the other 
terminals of the nucleus. (3) In view of the evidence 
for presynaptic inhibitory mechanisms in this nu
cleus, to establish if GABA-containing terminals 
form axoaxonic relationships with other terminals. 
To date there is no evidence for the existence of 
axoaxonic synapses in the LCN.4,41,47 

In order to achieve these aims we have employed 
two different immunocytochemical techniques in con
junction with electron microscopy. The post-embed
ding immunogold technique35 was used with an 
antibody raised against GABA conjugated to a car
rier protein.23 This technique has several advantages 
over the pre-embedding method (see below). Pre
embedding immunocytochemistry was accomplished 
using an antibody raised against glutamate decar
boxylase (GAD),32 the enzyme responsible for the 
synthesis of GABA. The pre-embedding method en
abled us to examine the light microscopic distribution 
of labelled structures and also to compare the fine 
structure of labelled profiles with those revealed by 
the post-embedding technique. We also examined 
LCN tissue that was fixed and processed under 
standard conditions in order to compare it with tissue 
processed for immunostaining. 

A short report previously described some aspects 
of GAD-immunoreactive terminals in the LCN. 2 

However, during the course of our study a larger 
report was published by Broman and Westman4 

describing details of GABA-labelled terminals which 
were identified using pre-embedding immunocyto
chemistry. We felt that it was still appropriate to 
continue with our study since the post-embedding 
immunogold technique has two considerable advan
tages over the pre-embedding technique. Firstly, it 
may be performed on well fixed tissue with good 
ultrastructural preservation and, secondly, the gold 
particles do not obscure internal details of labelled 
structures. Therefore the post-embedding approach 

reveals greater details of labelled structures and en
ables them to be assessed more accurately. 

EXPERIMENTAL PROCEDURES 

Pre-embedding immunocytochemistry 
Two adult cats were anaesthetized with sodium pentobar

bitone (40 mg/kg Lp.). Animals were artificially ventilated 
during the early stages of transcardial perfusion. Initially, 
they were per fused with 500 ml of 0.9% saline with heparin 
(100 units/ml) and sodium nitrite (0.01 %) at 37°C, and then 
with fixative. The fixative solution consisted of 4% 
paraformaldehyde, 0.1 % glutaraldehyde, 150 ml/l saturated 
picric acid in 0.1 M phosphate buffer at pH 7.4.37 One litre 
of this solution was given at 37°C and subsequently, 21 at 
4°C. Blocks of spinal segments Cl and C2 were kept for 8 h 
in the same fixative. Transverse sections (40,um) were cut 
from blocks with a Vibratome and washed several times in 
0.1 M phosphate-buffered saline (PBS). Sections were placed 
in PBS containing 10% normal donkey serum (NDS) for 
30 min prior to incubation in a PBS solution containing the 
primary antiserum (diluted to 1: 1000) and 1 % NOS for 
18 h. The primary antiserum (which was generously donated 
by Dr M. L. Tappaz) was raised in sheep using a GAD-anti
GAD complex isolated from rat brain.32 Characteristics and 
specificity of this antiserum have been documented else
where. 32.43 Sections were next placed in donkey anti-sheep 
biotinylated whole antibody (l: lOO) (Amersham) for 45 min 
and finally in streptavidin-peroxidase complex (1: 300) 
(Amersham) for 15 min. Both dilutions were made in PBS 
containing 1 % NDS and sections were washed six times in 
PBS between each stage of processing. The presence of 
peroxidase was revealed using pyrocathecholjp-phenylene
diamine as a chromogen22 with cobalt intensification. 
Sections were then placed in a I % solution of osmium 
tetroxide, dehydrated through a series of ethanol solutions 
and cleared in propylene oxide. They were subsequently 
flat-embedded in Araldite between cellulose acetate foils 
and, once polymerization was complete, they were examined 
with a light microscope, drawn and photographed prior to 
resectioning on an ultramicrotome. Series of thin sections 
were collected on single slot copper grids coated with 
Formvar. Contrasting was achieved using uranyl acetate 
and lead citrate according to standard procedures. Control 
sections were processed similarly except that the primary 
antiserum was omitted from the incubation medium. 

Post -embedding immunocytochemistry 
Spinal material was examined from cats which were fixed 

and prepared in a number of ways. The most successful 
method is outlined below and is similar to that described by 
Somogyi and Hodgson.35 

Adult cats of either sex were anaesthetized with sodium 
pentobarbitone (40 mg/kg, Lp.). A cannula was inserted into 
the trachea and animals were artificially ventilated with the 
aid of a pump during the initial stages of perfusion. 
Transcardial perfusion was performed with the following 
solutions: (1) 500 ml 0.9% saline, with heparin (lOO 
units/ml) and sodium nitrite (0.01 %) at 37"C; (2) 11 of2.5% 
glutaraldehyde and 1 % paraformaldehyde in 0.1 M phos
phate buffer (PH 7.4) at 37°C; and (3) 21 of solution 2 at 
4°C. Spinal segments Cl and C2 were identified, cut into 
blocks and placed in the fixative solution for 8 h at 4°C. The 
following day blocks of tissue were washed in phosphate 
buffer (PH 7.4) and 40-,um transverse sections were cut with 
a Vibratome. Sections were placed in I % osmium tetroxide 
in phosphate buffer for 1 h, were dehydrated through a 
series of alcohol solutions, stained "en bloc" with uranyl 
acetate for 1 h (a 1 % solution in 70% ethanol), and cleared 
in propylene oxide. The sections were flat-embedded in 
Durcupan between foils of cellulose acetate. 

When polymerization was complete, sections were exam
ined with a light microscope, the LCN was identified and 
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attached to blocks for sectioning on an ultramicrotome. 
Serial sections were collected on single slot gold grids coated 
with Formvar. Electron microscope sections were etched by 
floating grids on a solution containing 1 % periodic acid 
which was followed by 1 % sodium periodate. Grids re
mained in these solutions for 7 min each and were washed 
in distilled water between changes. The sections were next 
floated on drops of Tris (10 mM)-phosphate (10 mM) 
buffered saline (TPBS; pH 7.4) for two periods of 10 min 
and then transferred to TPBS containing 5% normal goat 
serum (NGS) for 30 min. They were transferred to TPBS 
containing 1 % NGS for a period of 10 min prior to 
incubation in primary antiserum. Details of the anti-GABA 
(GABA-9) serum have been published in depth else
where. 23,35,38 Grids were floated on droplets of the primary 
antiserum for 2 h. Dilutions of GABA-9 in TPBS with 1 % 
NGS ranged from I: 1000 to I: 10,000 and the optimal 
dilution (i.e. that which gave the best signal to background 
ratio) was found to be 1 : 6000. To test method specificity the 
antiserum was also used at the same dilution on some 
electrom microscope sections following its solid phase 
preadsorption to GABA coupled to polyacrylamide beads 
(see Ref. 38). Grids were subsequently washed in 0.05 M 
Tris-HCl buffer (PH 7.5) containing 0.05% polyethylene 
glycol (PEG) for four periods of 5 min and then placed in 
a similar solution containing goat anti-rabbit IgG coupled 
to 15 nm gold spheres (Janssen Pharmaceutica) for 1.5 h. 
Finally, the grids were washed several times in distilled 
water and stained with Reynolds' lead citrate. 34 

Standard procedure for electron microscopy 

A further cat was prepared according to our standard 
electron microscope technique (e.g. see Ref. 30) to provide 
a comparison with tissue processed for immunocytochem
istry. The animal was anaesthetized and fixed in the same 
manner as those prepared for immunostaining, however the 
fixative consisted of 2% glutaraldehyde and 2% 
paraformaldehyde in 0.1 M sodium cacodylate buffer at 
pH 7.4 with 0.025 M calcium glycerophosphate. Initially 11 
of this was given at 37°C and subsequently 2 1 at 4°C. Blocks 
were stored in fixative for 8 hand 40-jlm transverse sections 
were cut on a Vibratome. The sections were then prepared 
for combined light and electron microscopy in an identical 
manner to that described in the pre-embedding immunocy
tochemistry method. 

Electron microscopy and quantitative analysis 

Material was examined from rostral (Cl) and caudal (C2) 
regions of the nucleus. 

Terminals examined in the post-embedding immuno
staining study were followed through serial sections (up to 
10) to determine consistency of staining (i.e. that the same 
terminal was consistently labelled or unlabelled through the 
series). Although a random sampling procedure was not 
adopted, thin sections of the nucleus were systematically 
scanned with the microscope and all GABA-positive termi
nals encountered were photographed at high and low mag
nifications. The sample of unlabelled boutons came from the 
same photographic fields as that of the labelled terminals. 
In some experiments, single sections were collected on grids 
in a series and alternate sections were treated with GABA-9 
or serum that had been preadsorbed with conjugated 
GABA. Terminals were viewed through the series of sec
tions for staining consistency. GAD-immunoreactive 
boutons were similarly viewed through series of sections. 

Several parameters were measured in this study. Maxi
mum diameters of boutons, diameters of dendrites in con
tact with them and lengths of synaptic appositions were 
measured directly from micrographs with the aid of a 
Reichert Videoplan measuring system. Vesicle densities and 
densities of gold grains were calculated as a function of unit 
area with the assistance of a Magiscan image analysis system 
(Joyce Lobel). The program (written by Dr R. J. Houchin) 

enabled a profile to be defined and the number of structures 
contained within it to be counted. Estimates of background 
labelling were obtained by dropping a card of unit area on 
micrographs from a standard height and measuring the 
numbers of gold grains contained within these randomly 
defined areas. 

RESULTS 

Light microscopy of the lateral cervical nucleus 

Light microscopic analysis of thick (40/lm) sec
tions established that GAD-immunoreactive struc
tures are present throughout the nucleus (Figs lA, B, 
2A, Band 3A). The immunoreactive structures were 
punctate in form and corresponded to boutons (see 
below). Some boutons were observed to be associated 
with somata in the LCN, including somata of large 
cells which were 30/lm or greater in diameter (Figs 
2C and 3B). However, the majority of labelled termi
nals were not associated with cell bodies but were 
found dispersed within the neuropil. 

Immunoreactive neurons were not observed in the 
present material; reasons for this are discussed below. 
Staining was lacking in sections incubated in the 
absence of the primary antiserum. 

A B 
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Fig. 1. Distribution of GAD immunoreactivity in rostral 
(Cl) regions of the LCN. A and B. Camera lucida drawings 
of the LCN. The dashed line demarcates the nucleus and 
shaded structures represent LCN neurons. Numerous punc
tate structures are present throughout the nucleus. The inset 
illustrates the position of the LCN shown in A relative to 
the dorsal horn (DH). Note that the nucleus is continuous 

with the horn at this level. 
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Fig. 2. Distribution of GAD immunoreactivity in caudal 
regions (C2) of the LCN. A and B. Camera lucida drawings 
of the LCN in transverse section. The dashed line demar
cates the extent of the nucleus. Note the numerous punctate 
immunoreactive structures dispersed throughout the nu
cleus. Shaded structures are LCN neurons. Inset in A 
illustrates the position of the nucleus relative to the dorsal 
horn (OH) of the spinal grey matter. C. Associations 
between immunoreactive structures and three large LCN 

cells. 

Ultrastructure of glutamate decarboxylase -labelled 
structures 

GAD-immunoreactive structures were examined 
with the electron microscope and were found invari
ably to be synaptic boutons (diameter = 1.21 ± 0.36 
S.D. ,um; n = 95). The majority of boutons formed 
symmetrical (Gray20 type 2) synapses with dendritic 
profiles which varied considerably in diameter 
(Fig. 4A and B). Usually each bouton formed a single 
synapse with one postsynaptic structure. On some 
occasions, several boutons were presynaptic to a 
single large dendritic profile (Fig. 4A). As predicted 
by the light microscopic analysis, some of them 
also were presynaptic to somata of LCN neurons 
(Fig. 4C) . The labelled boutons appeared to contain 
irregularly-shaped vesicles which were densely packed 

but it was difficult to determine this with any degree 
of certainty because of the density of the reaction 
product. No examples ofaxoaxonic synapses were 
observed although labelled boutons were often 
closely apposed to unlabelled and labelled axon 
terminals. Also, no evidence of GAD-immunostain
ing was observed in dendrites or somata in the 
nucleus. 

Ultrastructure of GABA -containing structures 
identified by post -embedding immunostaining 

The ultrastructural preservation of material pre
pared by post-embedding staining was found to be far 
superior than that prepared for pre-embedding and 
was of a similar quality to the tissue processed by our 
standard procedure for electron microscopy (see be
low). Using dilutions of the antiserum at 1: 6000 it 
was fairly obvious that some axon terminals were 
more densely labelled with gold grains than the 
background (e.g. see Fig. 6A). This became evident as 
serial sections were examined; some terminals were 
consistently heavily labelled whereas others were 
consistently unlabelled (i.e. displayed the same den
sity of grains as the background) (see Fig. 8). In order 
to test this in a quantitative manner, 10 micrographs 
illustrating labelled boutons at relatively low magnifi
cations ( x 16,500-21,500) were chosen at random 
and the grain density of labelled profiles was assessed. 
A standard 1-,um square of card was dropped from 
a height of 60 cm onto the same 10 micrographs and 
the number of grains contained within this area was 
assessed to estimate the density of background la
belling. Labelled profiles had an average density of 
60.7 grains/,um2 (range 29.9-113.7 grains/,um2) and 
the average background was estimated to be 15.2 
grains/,um2 (range 5.4-30.7 grains/,um2). Therefore at 
dilutions of 1: 6000 boutons deemed to be positively 
labelled for GABA contain approximately four times 
the number of grains as the background. 

In some experiments alternate serial sections were 
treated with anti-GABA or preadsorbed anti-GABA 
to test the specificity of the immunoreaction. Axon 
terminals in sections treated with the primary anti
serum were consistently labelled with grains and 
could be followed through the series; however, the 
same terminals in adjacent sections treated with 
control serum were devoid of gold grains (Fig. 5). 
Therefore the antiserum is likely to recognize GABA 
fixed in the tissue. 

In total 151 labelled boutons were examined with 
the electron microscope and photographed. These 
boutons had an average maximum diameter of 
1.43 ± 0.37 (S.D.),um and, characteristically, were 
densely packed with irregularly shaped vesicles (see 

Fig. 3. A. A light-micrograph of the LCN (in transverse section at C2) illustrating punctate GAD
immunoreactive structures. The dotted line demarcates the extent of the nucleus which is located in the 
dorsolateral funiculus (DLF). A large neuron (*) is shown at greater magnification in B. Note the punctate 

immunoreactive structures which surround it. 
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Fig. 3. 



Fig. 4. 
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Fig. 5. Specificity of the immunoreaction used in the post-embedding immunogold technique. The same 
synaptic bouton is illustrated in A-D in a series of adjacent sections A and C were treated with antiserum 
to GABA whereas Band D were treated with the antiserum after adsorption to GABA coupled to 
polyacrylamide beads. Gold particles label the bouton in sections A and C but are absent in Band D, 

thus indicating that the antibodies recognize conjugated GABA. 

Fig. 4. Electron micrographs of GAD-immunoreactive structures. A. A large dendrite (Den) is surrounded 
by immunoreactive boutons. Three of them form synaptic junctions with it (arrows). B. An immunore
active terminal which is presynaptic to a small dendritic profile (Den). Note the symmetrical synaptic 
junction. C. Two immunoreactive boutons which form synapses with the perikaryon (P) of an LCN 

neuron . An unlabelled terminal (*) is also presynaptic to the cell. 

175 
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5-9). The average vesicle density of labelled 
boutons was 172.2/l1m2 (range 82.7-287.1), whereas 
the average density of vesicles in unlabelled terminals 
was 62.6/l1m2 (range 40.5-89.5). Unlabelled boutons 
were similar, or slightly larger in size to labelled ones, 
but generally had the appearance of containing fewer 
vesicles (Figs 6A, 8 and 9). Vesicles in unlabelled 
boutons were often circular in profile although a 
SUb-population of them contained irregular or flat
tened vesicles. Labelled boutons invariably formed 
symmetrical (type 220) synaptic junctions with den
drites or somata (see Figs 5-9). The average length of 
the synaptic contacts was 0.77 ± 0.27 (S.D.)l1m. 
Careful examination of serial sections revealed that 
labelled boutons formed synapses with only one 
post-synaptic structure. Some unlabelled boutons 
formed symmetrical junctions whereas others formed 
asymmetrical junctions. 

A high proportion (75%) of labelled boutons ex
amined were presynaptic to dendrites which varied 
considerably in size (Fig. 6); the average maximum 
diameter of dendritic profiles was 2.2911m and the 
range was 0.43-6.07I1m. Often several labelled 
boutons were presynaptic to a large dendritic profile 
(Fig. 6A). Only 25% of labelled boutons were pre
synaptic to somata (Figs 7 and 8). These had the same 
morphological characteristics as terminals in contact 
with dendrites. The majority of cells contacted were 
large and situated in the dorsolateral region of the 
nucleus. As in the GAD study, axoaxonic synapses 
were not observed, although labelled profiles were 
periodically seen to be closely apposed to unlabelled 
boutons (see Fig. 9) and occasionally also to labelled 
axon terminals. 

Occasionally a dendrite or a soma was observed 
which, on visual inspection, seemed to be associated 
with a greater density of gold particles when com
pared with the background. Such profiles were few in 
number and were never as densely labelled as 
boutons. 

Comparison with standard electron -microscopic 
material 

Material prepared according to our standard pro
cedure for electron microscopy was identical in every 
respect to that prepared for the post-embedding 
study. Morphological classes of bouton were ob
served which corresponded to those described above; 
this included a class with similar characteristics to the 
GABA-labelled group. Although a careful search was 
made, unequivocal examples ofaxoaxonic synapses 
were not observed. 

DISCUSSION 

The post-embedding immunostaining method 

The superior ultrastructural preservation of tissue 
prepared for the post-embedding immunostaining 
technique and the use of small gold grains as markers 
enabled details of labelled structures to be described 
and quantified with the same ease as material pre
pared for standard electron microscope studies. 

A variety of dilutions of the GABA antibody was 
tested on LCN tissue to determine the dilution of 
serum that produced consistent and obvious la
belling. Quantitative analysis demonstrated that 
profiles which were classified as labelled by visual 
inspection usually contained four times as many 
grains of gold as the background. In addition, indi
vidual labelled profiles were followed through series 
of sections and were invariably found to be densely 
labelled in each section. Therefore we are confident 
that labelled structures were identified correctly. 

Characteristics of the GABA antibody have been 
described in a number of published accounts and 
evidence from several regions of the CNS indicates 
that it reacts with GABA conjugated to protein in 
glutaraldehyde-fixed tissue.25,35,36,38 However, the spe
cificity of the procedure in spinal material has not 
been documented. We observed that preadsorption of 
the primary antiserum with GABA coupled to poly
acrylamide beads with glutaraldehyde abolished 
staining in profiles which could be demonstrated to 
be positively labelled with the original antiserum. The 
antiserum thus appears to react with aldehyde-fixed 
GABA in the LCN. 

Comparison of glutamate decarboxylase- and GABA
containing terminals in the lateral cervical nucleus 

Boutons in the LCN were labelled with the GAD 
and GABA antibodies. There was a small difference 
between the diameters of the two populations; the 
average diameter of GAD boutons was 1.2111m 
(±0.36 S.D.) and GABA labelled boutons was 
1.4311m (±0.37 S.D.). Caution is required in the 
interpretation of this observation as variations in 
fixation methods could account for the difference. 
Both populations of boutons formed symmetrical 
synaptic junctions with dendrites and were organized 
in a similar fashion. For example, labelled boutons 
from both groups were seen to be clustered around 
large dendritic profiles and terminals were associated 
with large LCN cells. Boutons identified by both 
methods formed synaptic associations with single 
post-synaptic structures. In GABA-Iabelled boutons 

Fig. 6. Synaptic associations between GABA-Iabelled boutons and dendrites. A. Two labelled boutons 
(*) are presynaptic to a large dendrite. Several unlabelled boutons are also in synaptic contact with the 
same dendrite. These contain vesicles which vary in shape and packing density and form symmetrical and 
asymmetrical junctions with the dendrite. Note the low background staining. Band C. Labelled boutons 
in contact with small dendritic profiles. Note the symmetrical synaptic junctions and the densely-packed 

irregular vesicles. 





Fig. 7. A large LCN neuron. The area enclosed within the box designated I is shown at greater 
magnification in the inset. The other box is illustrated in Fig. 8. Inset: note the bouton which is heavily 
labelled with gold and forms a symmetrical synaptic junction with the perikaryon of the LCN neuron. 



Fig. 8. Serial sections through a labelled bouton (*) and an unlabelled bouton (A x) which are both 
presynaptic to the LCN neuron illustrated in Fig. 7. Note the differences in vesicle packing density and 
shape, the symmetrical junction formed by the labelled bouton and the asymmetrical junction formed by 

Ax in A. 
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Fig. 9. Appositions between labelled and unlabelled boutons. A. A labelled bouton (*) is closely apposed 
to an unlabelled bouton containing circular vesicles. B. A labelled bouton (*) is closely apposed to an 
unlabelled bouton containing flattened vesicles. In both examples criteria for the identification of 

axoaxonic synapses are not fully satisfied. 
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it was obvious that vesicles were densely packed and 
irregular in shape; this seemed to be the case also with 
GAD although the density of reaction product ob
scured much of the detail. Broman and Westman4 

have described a population of GABA-containing 
boutons in the LCN which were identified by pre
embedding immunoreaction; this popUlation had 
features in common with our GAD- and GABA
containing boutons. In studies by Somogyi et al. 38 of 
the cerebellar cortex, neocortex and hippocampus, 
staining properties of the GABA and GAD antisera 
were assessed. The authors concluded that both 
antibodies labelled identical populations of neurons 
and their terminals. The presence of GAD and 
GABA immunoreactivity has also been demonstrated 
in the same neurons of the hippocampus. 39 It seems 
probable, therefore, that the same popUlation of 
boutons is labelled by the GAD and GABA antibody 
methods in the LCN. 

Comparison of GABA -labelled terminals with 
unlabelled terminals 

Boutons containing GABA appeared to form a 
distinct and homogeneous population within the 
LCN, regardless of their location in the nucleus; they 
were densely packed with irregular vesicles 
(172.2/ Jlm2), formed symmetrical synaptic junctions 
and were generally rather small (less than 2 Jlm in 
diameter). Boutons displaying these characteristics 
were invariably observed to be labelled. In the study 
by Broman and Westman4 of GABA labelled termi
nals in the LCN, they estimated that the average 
vesicle density was 82.5/ Jlm2 in labelled boutons and 
61.1/ Jlm2 in unlabelled boutons. This latter figure 
corresponds well with our estimate of 62.6/Jlm2 

for unlabelled boutons but our figure for GABA
containing boutons is considerably This prob
ably reflects a difference in the methods employed; the 
post-embedding method used in the present study is 
free from the encumbrance of dense reaction product 
which obscures much of the intracellular detail of 
labelled structures. Unlabelled boutons contained 
circular or irregular vesicles and formed symmetrical 
or asymmetrical synaptic junctions with dendrites or 
somata but, in general, the most obvious difference 
between them and boutons containing GABA was 
the density of vesicle packing. 

Clearly, the unlabelled boutons form a heteroge
neous population and probably originate from a 
variety of sources. Some of them are similar to the 
terminations of SCT cells described by Svensson et 
al.,4! others may originate from the dorsal column 
nuclei, spinal trigeminal nucleus, reticular formation9 

or (in the ventromedial region) collateral axons of 
neurons projecting to the thalamus. 16 A proportion of 
the GABA terminals could arise from small cells in 
the ventromedial region of the nucleus which are 
known to contain GABA,4 however, it is by no means 
certain if this is the only source of GAB A in the LCN. 
At present little is known about the neurotransmitter 

content of the LCN; there is evidence for substance 
P-containing fibres in the medial portion of the 
nucleus,2,17 therefore a small proportion of unlabelled 
boutons may contain this substance. 

Postsynaptic targets of GABA -containing boutons 

Terminals labelled with GABA and GAD were 
presynaptic to single dendrites or somata in the LCN 
and therefore probably are responsible for postsynap
tic inhibition in the nucleus. It is probable that a 
proportion of the neurons contacted are thalamic 
projection neurons. Inhibitory receptive fields for 
such neurons have been described8,1l,19,26 but the 
nature of the inhibition and where it occurs in the 
pathway has not been investigated in any detail (but 
see the recent report by Brown et at} discussed 
below). Fedina et al. 14 reported that inhibitory post
synaptic potentials could be elicited in LCN neurons 
by stimulating appropriate receptive fields which are 
generally outside excitatory fields and are not of the 
"surround" type encountered in the dorsal column 
nuclei. 19 The presence of inhibitory postsynaptic po
tentials in LCN neurons therefore is consistent with 
our observations of synaptic associations between 
GABA-containing boutons and neurons in the nu
cleus. 

The study by Fedina et al. 14 also produced evidence 
for presynaptic inhibition in the LCN. They observed 
that stimulation of contralateral cutaneous nerves 
and skin areas resulted in depolarization of SCT 
terminals and that the monosynaptic excitatory post
synaptic potentials from the SCT to the LCN could 
be reduced without depressing the resting membrane 
potential of LCN cells. No evidence for axoaxonic 
synapses involving GABA-containing terminals or 
indeed any other category of terminal was found in 
this study. Previous electron microscope studies of 
the LCN by Westman and colleagues4,41,47 (including 
one of SCT terminals) also failed to demonstrate the 
presence of such synaptic arrangements. It is gener
ally accepted that axoaxonic synapses are the mor
phological correlates of presynaptic inhibition;21 
therefore we would have expected to find such ar
rangements in the LCN. It is difficult to reconcile 
these apparently contradictory observations; the re
duction of excitatory postsynaptic potentials ob
served by Fedina et al. 14 could be accounted for by a 
postsynaptic mechanism such as shunting inhibition, 
but the absence ofaxoaxonic contacts indicates that 
the changes in excitability of SCT terminals were not 
mediated by a chemical neurotransmitter but oc
curred as a consequence of some other process such 
as an accumulation of potassium ions in the extracel
lular space or even the generation of electrical fields 
within the nucleus (for a discussion see Ref. 13). This 
is an area which requires clarification. 

The absence ofaxoaxonic synapses has also been 
noted for boutons which are presynaptic to identified 
SCT neurons;28,29 therefore this may be a feature of 
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the organization of the spino-cervico-thalamic path
way. 

Recurrent inhibition has been demonstrated in 
LCN neurons l9 following stimulation of the con
tralateral medial lemniscus and is thought to be 
mediated through collateral axons of projection cells 
which terminate in the nucleus. Flink and Westmanl6 

have suggested, on the basis of anatomical studies, 
that these collateral axons may terminate in the 
ventromedial part of the nucleus, possibly on GABA
containing putative local circuit neurons.4 Therefore 
some GABA terminals in the LCN could participate 
in such a circuit. Pet033 has shown that electrical 
stimulation of the facial of cortical area 3a 
causes profound inhibition in LCN neurons which 
project via the medial lemniscus, but the organization 
of this, and other inhibitory circuits which may utilize 
GABA as a transmitter in the nucleus, is at present 
obscure. 

G ABA -containing neurons in the lateral cervical 
nucleus 

In the present study, we were unable to demon
strate the existence of GABA-immunoreactive neu
rons in the LCN. However, the study of Broman and 
Westman4 indicated that GABA-immunoreactive 
neurons were present in the ventromedial part of the 
nucleus. This apparent discrepancy betwe.en our 
study and that of Broman and Westman4 is best 
explained by differences in the methods employed. 
For example, it is probable that omission of pretreat
ment with colchicine resulted in the absence of la
belled neurons in the pre-embedding study. A similar 
finding was reported by Blomqvist et al.,2 who also 
used antiserum raised against GAD. Although the 
occasional neuron in the post-embedding study ap
peared to be positively labelled for GABA, the 
labelling was always equivocal; the density of gold 
particles associated with such structures was never as 
great as that associated with boutons. Thus our study 
neither refutes or confirms the claim that GABA
containing neurons are present in the LCN. 

Function of the lateral cervical nucleus 

The lateral cervical nucleus exists in a number of 
species including cats, dogs and several species of 
monkey (see Ref. 3 for a review) but its existence 
in man is still a matter of some controversy. 
The function of the LCN and, indeed, the spino
cervico-thalamic pathway, remains uncertain. It is 
one of the most rapidly conducting pathways in the 
CNS5 and thus could be a rapid and general arousal 
system. The existence of very large receptive fields for 
some LCN neurons8,11,24,26,27 lends support to this 
hypothesis. Information from receptors responding 
to light tactile and noxious stimuli is conveyed 

through the pathway8,26 and so it probably con
tributes to the awareness of the external environment 
and the perception of pain. The LCN is somatotopi
cally organized, hence spatial representation of 
this information appears to be important. It is prob
able that this pathway sub serves several functions. 

Recently a series of experiments investigated sen
sory processing mechanisms in the LCN8 and at
tempted to determine if information conveyed 
through the spino-cervico-thalamic pathway was 
modified by the nucleus. A similar series was per
formed on the SCT3 which revealed new details of the 
organization of fields. In particular, two 
types of inhibitory process could be demonstrated to 
depress excitation in the SCT. The first type of 
inhibition could be elicited by stimulating receptive 
fields which were adjacent to the excitatory fields of 
the SCT. This "out of field" inhibition had a short 
time course which appeared to correspond to a 
postsynaptic mechanism. The second type of inhibi
tion came from within the excitatory field itself and 
had a long time course which appeared to correspond 
to presynaptic inhibition. Both "in field" and "out of 
field" inhibition could also be detected in the LCN 
but it was concluded that the LCN was simply 
relaying this pattern of organization which had al
ready been laid down by the input circuitry of the 
SCT. LCN and SCT fields had similar 
properties; the only difference was that some LCN 
fields were considerably than those of the SCT 
thus suggesting a degree of convergence onto LCN 
neurons. In the cat it is estimated that 3000 SCT 
axons enter the LCN44 and that approximately 8000 
LCN neurons project to the thalamus,16 therefore 
divergence of SCT input would also be expected. The 
concept of a relay nucleus has largely been discredited 

see review by Brown and Gordon6
) and yet, at 

present, there is scant physiological evidence to sug
gest that the LCN performs any other function. 
Nevertheless, the present study clearly demonstrates 
that the LCN receives dense innervation from 
GABAergic neurons. The large numbers of GABA
containing terminals on LCN neurons indicates that 
information is not simply relayed through the nucleus 
but may be modified by postsynaptic inhibitory 
mechanisms, but the circuitry responsible for this 
inhibition and its effects upon the physiology of the 
LCN remain to be determined. 

Acknowledgements-This work was supported by a Medical 
Research Council Programme Grant. We wish to thank Dr 
M. L. for the generous gift of GAD antiserum and 
Dr C. for advice and discussion on the post-
embedding technique, Mr D. Roberts and Miss J. Ellis 
assisted with some of the immunoreactions. Further techni
cal assistance was provided by Mrs H. A. Anderson, Mrs A. 
Corbett and Mrs J. Wood. We are to Professor 
A. G. Brown and Dc C. A. Ingham their constructive 
comments on the manuscript. 



Inhibitory boutons in the lateral cervical nucleus 183 

REFERENCES 

1. Blomqvist A., Flink R., Bowsher D., Griph S. and Westman J. (1978) Tectal and thalamic projections of dorsal column 
and lateral cervical nuclei: a quantitative study in the cat. Brain Res. 202, 273-290. 

2. Blomqvist A., Westman l., Kohler C. and Wu l.-Y. (1985) Immunocytochemical localization of glutamic acid 
decarboxylase and substance P in the lateral cervical nucleus: a light and electron microscopic study in the cat. Neurosci. 
Lett. 56, 229-233. 

3. Bovie l. (1983) Anatomic and physiologic features of the spino-cervico-thalamic pathway. In Somatosensory Integration 
in the Thalamus (eds Macchi G., Rustioni A. and Spreafico R.), pp. 63-106. Elsevier, Amsterdam. 

4. Broman J. and Westman J. (1988) GABA-immunoreactive neurons and terminals in the lateral cervical nucleus of the 
cat. J. camp. Neurol. 274, 467-482. 

5. Brown A. G. (1981) The spinocervical tract. Prog. NeuroNol. 17, 59-96. 
6. Brown A. G. and Gordon G. (1977) Subcortical mechanisms concerned in somatic sensation. Br. med. Bull. 33,121-128. 
7. Brown A. G., Fyffe R. E. W., Noble R., Rose P. K. and Snow P. J. (1980) The density, distribution and topographical 

distribution of spinocervical tract neurons in the cat. J. Physioi. 300, 385-400. 
8. Brown A. G., Maxwel1 D. J. and Short A. D. (1989) Receptive fields and in-field afferent inhibition of neurons in the 

cat's lateral cervical nucleus. J. Physiol. 413, 119-137. 
9. Craig A. D. (1978) Spinal and medullary input to the lateral cervical nucleus. J. comp. Neurol. 181, 729-743. 

10. Craig A. D. and Burton H. (1979) The lateral cervical nucleus in the cat: anatomic organization of cervicothalamic 
neurons. J. comp. Neurol. 185, 329-346. 

11. Craig A. D. and Tapper D. N. (1978) Lateral cervical nucleus in the cat: functional organization and characteristics. 
J. Neurophysiol. 41, 1511-1534. 

12. Craig A. D., Sailer S. and Kniffki K.-D. (1987) Organization of anterogradely labelled spinocervical tract terminations 
in the lateral cervical nucleus of the cat. J. comp. Neurol. 263, 214-222. 

13. Davidoff R. A. and Hackman J. C. (1984) Spinal inhibition. In Handbook o/the Spinal Cord, Vols 2 and 3 (ed. Davidoff 
R. A.), pp. 385-459. Marcel Dekker, New York. 

14. Fedina L., Gordon G. and Lundberg A. (I968) The source and mechanisms of inhibition in the lateral cervical nucleus 
of the cat. Brain Res. 11, 694-696. 

15. Flink R. and Svensson B. A. (1986) Fluorescent double-labelling study of ascending and descending neurons in the 
feline lateral cervical nucleus. Expl Brain Res. 62, 479-485. 

16. Flink R. and Westman J. (1986) Different neuron populations in the feline lateral cervical nucleus: a light and electron 
microscopic study with retrograde axonal transport technique. J. comp. Neurol. 250, 265-281. 

17. Giesler G. J. and Elde R. P. (1985) Immunocytochemical studies of the peptidergic content offibers and terminals within 
the lateral spinal and lateral cervical nuclei. J. Neurosci. 5, 1833-1841. 

18. Giesler G. J., Urca G., Cannon J. T. and Liebskind J. C. (1979) Response properties of neurons in the lateral cervical 
nucleus of the rat. J. comp. Neurol. 186, 65-78. 

19. Gordon G. and Jukes M. G. M. (1963) An investigation of cells in the lateral cervical nucleus of the cat which respond 
to stimulation of the skin. J. Physiol. 169, 28-29. 

20. Gray E. G. (1959) Axo-somatic and axo-dendritic synapses of the cerebral cortex: an electron microscopic study. 
J. Anal. 93, 420-433. 

21. Gray E. G. (1962) A morphological basis for presynaptic inhibition? Nature, Lond. 193, 82-83. 
22. Hanker J. S., Yates P. E., Metz C. B. and Rustioni A. (1977) A new, specific, sensitive and non-carcinogenic reagent 

for the demonstration of horseradish peroxidase. Histochem. J. 9, 789-792. 
23. Hodgson A. J., Penke B., Erdei A., Chubb I. W. and Somogyi P. (1985) Antisera to y-aminobutyric acid. I. Production 

characterization using a new model system. J. Histochem. Cylochem. 33, 229-239. 
24. Horrobin D. F. (1966) The lateral cervical nucleus of the cat; an electrophysiological study. Q. J. expo Physiol. 51, 

351-371. 
25. Ingham C. A., Bolam J. P. and Smith A. D. (1988) GABA-immunoreactive boutons in the rat basal forebrain: 

comparison of neurons that project to the neocortex with pallidosubthalamic neurons. J. comp. Neurol. 273, 263-282. 
26. Kajander K. C. and Giesler G. J. (1987) Responses to neurons in the lateral cervical nucleus of the cat to noxious 

cutaneous stimulation. J. Neurophysiol. 57, 1686--1704. 
27. Kitai S. T., Ha H. and Morin F. (1965) Lateral cervical nucleus of the dog: anatomical and microelectrode studies. 

Am. J. Physiol. 209, 307--312. 
28. Maxwell D. J., Fyffe R. E. W. and Brown A. G. (1982) Fine structure of spinocervical tract boutons and the boutons 

in contact with them. Brain Res. 233, 394-399. 
29. Maxwell D. J., Fyffe R. E. W. and Brown A. G. (1984) Fine structure of normal and degenerating primary afferent 

boutons associated with characterized spinocervical tract neurons in the cat. Neuroscience 12, 151-163. 
30. Maxwell D. J., Koerber H. R. and Bannatyne B. A. (1985) Light and electron microscopy of contacts between primary 

afferent fibes and neurons with axons ascending the dorsal columns of the feline spinal cord. Neuroscience 16, 375-394. 
31. Noble R. and Short A. D. (1989) Spatial spread of in-field afferent inhibition in the cat's spinocervical tract. J. Physioi. 

413, 107-118. 
32. Oertel W. H., Schmechel D. E., Tappaz M. L. and Kopin I. J. (1981) Production of a specific antiserum to rat brain 

glutamic acid decarboxylase (GAD) by injection of an antigen-antibody complex. Neuroscience 6, 2689-2700. 
33. Peto T. E. A. (1980) Corticofugal actions on the lateral cervical nucleus of the cat. Expl Neurol. 68, 532-547. 
34. Reynolds E. S. (1963) The use of lead citrate at high pH as electron-opaque stain in electron microscopy. J. Cell Bioi. 

17, 208-212. 
35. Somogyi P. and Hodgson A. J. (1985) Antisera to y-aminobutyric acid. Ill. Demonstration of GAB A in Golgi-impreg

nated neurons and in conventional electron microscopic sections of cat striate cortex. J. Histochem. Cytochem. 33, 
249-257. 

36. Somogyi P. and Soltez I. (1986) Immunogold demonstration of GAB A in synaptic terminals ofintracellularly recorded, 
horseradish peroxidase-filled basket cells and clutch cells in the eat's visual cortex. Neuroscience 19, 1051-1065. 

37. Somogyi P. and Takagi H. (1982) A note on the use of picric acid-paraformaldehyde-glutaraldehyde fixative for 
correlated light and electron microscopic immunocytochemistry. Neuroscience 7, 1779-1783. 



184 D. J. MAXWELL et al. 

38. Somogyi P., Hodgson A. J., Chubb I. W., Penke B. and Erdei A. (1985) Antisera to y-aminobutyric acid. 11. 
Immunocytochemical application to the central nervous system. J. Histochem. Cytochem. 33, 240-248. 

39. Somogyi P., Hodgson A. J., Smith A. D., Garcia Ninzi M., Gorio A. and Wu J.-Y. (1984) Different populations of 
GABAergic neurones in the visual cortex and hippocampus of the cat contain somatostatin- or cholecystokinin-im
munoreactive material. J. Neurosci. 4, 2590-2603. 

40. Svensson B. A., Westman J. and Rastad J. (1985) Light and electron microscopic study of neurons in the feline lateral 
cervical nucleus with a descending projection. Brain Res. 361, 114-124. 

41. Svensson B. A., Griph S., Rastad J. and Westman J. (1987) Quantative ultrastructural study of boutons of ascending 
afferents to the feline lateral cervical nucleus. Brain Res. 423, 229-236. 

42. Svensson B. A., Rastad J., Westman J. and Wiberg M. (1985) Somatotopic termination of spinal afferents to the feline 
lateral cervical nucleus. Exp/ Brain Res. 57, 576-584. 

43. Tappaz M. L., Wassef M., Oertel W. H., Paut L. and Pujol J. F. (1983) Light- and electron-microscopic 
immunocytochemistry of glutamic acid decarboxylase (GAD) in the basal hypothalamus: morphological evidence for 
neuroendocrine-amino butyrate (GABA). Neuroscience 9, 271-287. 

44. van Beusekom G. T. (1955) Fiber analysis of the anterior and lateral funiculi of the cord in the cat. Doctoral Thesis, 
University of Leiden. 

45. Wall P. D. and Taub A. (1962) Four aspects of trigeminal nucleus and a paradox. J. Neurophysiol. 25, 110-126. 
46. Westman J. (1968) The lateral cervical nucleus in the cat. I. A Golgi study. Brain Res. 10, 352-368. 
47. Westman J. (1968) The lateral cervical nucleus of the cat. n. An electron microscopical study of the normal structure. 

Brain Res. 11, 107-123. 
48. Westman J. (1969) The lateral cervical nucleus of the cat. Ill. An electron microscopical study after transection of spinal 

afferents. Expl Brain Res. 7, 32-50. 

(Accepted 8 June 1989) 




