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ABSTRACT This study examines the normal synaptic organization of the feline 
spinal trigeminal nucleus pars caudalis (PC). A primary goal of this study is to identify 
and characterize the synaptic complexes within PC based on their specific neurotransmit- 
ter content. Post-embedding immunogold techniques are utilized with electron micros- 
copy to determine the ultrastructural localization of gamma-aminobutyric acid (GABA) 
immunoreactivity within lamina I1 of PC. The colloidal gold particles (10 nm) are ran- 
domly distributed over immunoreactive (IR) profiles without preference toward membra- 
nous or cytoplasmic regions. GABA immunoreactivity occurs on small unmyelinated 
axons, on terminals which form synaptic contacts, and on some vesicle-containing den- 
drites. The GABA-IR terminals form symmetric (type 11) contacts onto unlabeled somata 
and dendrites of various sizes, and onto other unlabeled axon terminals. The GABA-IR 
terminal in axo-axonic complexes is presynaptic to a round vesicle-containing terminal, 
which itself may form a type I asymmetric contact onto an unlabeled dendrite or soma. 
A proportion of vesicle-containing dendrites show GABA-immunoreactivity and are post- 
synaptic to unlabeled terminals with round vesicles. Other, but far fewer, vesicle-con- 
taining dendrites are GABA negative and postsynaptic to GABA-IR terminals. In sum- 
mary, the findings are consistent with the localization of GABA in intrinsic neurons, 
and may be associated with presynaptic and postsynaptic inhibition within nociceptive 
related pathways. 
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INTRODUCTION medullary dorsal horn (PCMDH) and the dorsal horn 

The trigeminal system provides an  excellent model 
to study normal synaptic organization, as well as the 
effects that follow damage to select trigeminal periph- 
eral nerves and the trigeminal central root. We are 
studying the organization of the feline trigeminal nuclei 
a t  both the light and electron microscopic level (Henry 
et  al., 1993, 1994; Johnson et al., 1991; Westrum, 1973; 
Westrum and Henry, 1993). It is well accepted that 
primary afferent activity can be modified by the stimu- 
lation of various areas in both the peripheral and cen- 
tral nervous systems, and this modulation most likely 
involves both presynaptic and postsynaptic mecha- 
nisms (Basbaum et al., 1986; Matthews et al., 1988; 

(DH) (see e.g., Gobel, 1976; Gobel e t  al., 1977, 1980; 
Henry et  al., 1993; Knyihar-Csillik et al., 1982; Ribeiro- 
DaSilva and Coimbra, 1982; Ribeiro-DaSilva et  al., 
1985). 

A primary goal of our ultrastructural studies is to 
more accurately identify and characterize the different 
types of profiles involved in synaptic glomeruli ac- 
cording to their specific neurotransmitters in an  at- 
tempt to delineate the synaptic relationships involved 
in the modulation of sensory information. Conventional 
electron microscopy (EM) techniques have in the past 
produced a considerable amount of data regarding syn- 
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aptic glomerular patterns, however, the EM of the neu- 
rotransmitter features of these complexes have only 
recently received special attention (see e.g., Basbaum, 
1985; Basbaum et  al., 1986; Matthews et al., 1988; 
Miller et al., 1988; Ruda et  al., 1986). The purpose ofthe 
present study is to use high-resolution post-embedding 
immunogold techniques in conjunction with EM to de- 
termine the ultrastructural localization of the inhibi- 
tory neurotransmitter gamma-aminobutyric acid 
(GABA) within synapses of PC. Emphasis will be espe- 
cially on the synaptic glomeruli found in lamina I and 
I1 of PC in the normal adult feline. 

The PC region is discretely laminated and highly or- 
ganized (Gobel et al., 1977) with circumscribed, overlap- 
ping sublaminar foci of orofacial afferent endings 
(Henry and Westrum, 1990; Henry et al., 1986; Shigen- 
aga et al., 1986). Because of this architecture, PC among 
the various spinal trigeminal nuclei (STN) is the easiest 
to consistently identify and study. The superficial lami- 
nae (I and 11) within PC, like the homologous area also 
found in the much studied DH, are also the location 
where many different neurotransmitters, peptides, and 
modulators have a prominent representation (see Lov- 
ick, 1983; Mitchell et al., 1993; Todd and Lochhead, 
1990; see also review in Willis and Coggeshall, 1991). 
It is also well-accepted that the superficial laminae I 
and I1 are intimately involved in processing of nocicep- 
tive related stimuli (Cervero, 1989). Lamina 11, in con- 
trast to lamina I lacks nociceptive projection neurons. 
Thus, lamina I1 is a closed system in which nociceptive 
inputs are highly susceptible to internal modulation 
prior to relay to lamina I projection neurons (Willis and 
Coggeshall, 1991). Therefore, lamina I1 of the feline PC 
is an excellent region, with well established representa- 
tion of orofacial structures, to investigate the normal 
synaptic and neurochemical organization pertinent to 
modulation of nociception. 

MATERIALS AND METHODS 
Five adult female cats weighing between 2.5 and 3.5 

kg, were premedicated with atropine (0.05 mgkg body 
weight, i.m.) and ketamine (15 mgkg body weight, i.m.), 
then deeply anesthetized and maintained with halo- 
thane and oxygen using a respirator. When pain-free 
(as determined by loss of deep tendon reflexes), a thora- 
cotomy was performed, the descending aorta clamped, 
and the perfusion was initiated through the left cardiac 
ventricle. Gravity perfusion (100 cm height) was used 
to deliver a 1.5 liter mixture of 2% paraformaldehyde 
and 2-2.5% glutaraldehyde in a phosphate buffer (PB, 
pH 7.0) a t  15°C over 20 min. Following perfusion, the 
brainstem was removed and 1 mm thick transverse 
wafers were taken from the STN at the level of PC. The 
wafers were rinsed in 0.1M PB then osmicated in 1% 
Os04 in PB, for 1-2 h at 4°C. Following a PB rinse, 
the wafers were dehydrated in ethanol solutions then 
infiltrated with, and embedded in a Medcast-Araldite 

(Ted Pella, Inc., Redding, CA) epoxy resin mixture. Fol- 
lowing polymerization, regions containing PC/MDH 
were isolated. Semi-thin sections (1-2 km) were stained 
with methylene blue and used as  a guide in trimming 
the blocks to isolate regions of laminae I and I1 from 
PC. Ultrathin sections were collected on formvar-coated 
nickel grids. 

The grids with the ultrathin sections were processed 
through the following immunostaining procedure: the 
grids were rinsed on drops of deionized distilled water 
(ddH,O) for 10 min, etched with 1% periodic acid for 10 
min, rinsed in ddHzO, incubated in 1% sodium metaper- 
iodate for 9 min, and finally rinsed in ddH,O followed 
by 0.05M Tris buffer (TB) a t  pH 7.6 for 5 min. For 
blocking, the grids were placed on drops of 10% normal 
goat serum (NGS) with 0.5% bovine serum albumin 
(BSA) in 0.05M TB, pH 7.6, for 60 rnin at room tempera- 
ture and rinsed in 1% NGS with 0.5% BSA in 0.05 
TB. The primary antibody against GABA (rabbit anti- 
GABA, Sigma, St. Louis, MO) was diluted with 3% NGS 
containing 0.5% BSA and 0.01% Triton X (TX) in 0.05M 
TB, pH 7.6. Various dilutions were tried initially rang- 
ing from 1500 to 1:1,000. The most consistent results 
were obtained with a dilution of 1:750 and these results 
report findings with this dilution. The grids were incu- 
bated in primary antibody at room temperature for 2 
h followed by overnight incubation at 4°C. The sections 
on grids were then rinsed in 1% NGS with 0.1% BSA 
and 0.01% TX in 0.05M TB a t  pH 7.6 at room tempera- 
ture. Next the sections were rinsed in 0.05M TB alone 
at pH 8.2 a t  room temperature. The grids were then 
placed on drops of 0.5% polyethylene glycol (PEG) dis- 
solved in 0.05M TB (pH 8.2) for 5 min, followed by 
incubation in a 10 nm gold conjugate (goat anti-rabbit 
IgG; AuroProbe or Biocell Laboratories; Ted Pella, Inc., 
Redding, CA) diluted to 1:25 or 1:50 in PEG with 0.05M 
TB for 2 h. Rinses with 1% NGS, 0.1% BSA and 0.01% 
TX dissolved in 0.05M TB for 5 rnin were followed by 
5 min rinses in 0.05M TB, pH 8.2, and ddH20. The grids 
were then air dried. Prior to viewing with a Philips 300 
or a 410 LS electron microscope, some sections were 
counterstained with 3% uranyl acetate and 0.3% lead 
citrate for 4 min each. Some sections were examined 
unstained. Analysis of these unstained sections showed 
no differences with respect to distribution of gold parti- 
cles. Omission of the primary antibody served as a con- 
trol and was performed on each series of preparations. 
Electron microscopy of these control sections revealed 
a lack of selective label over neuronal profiles in each 
case. 

RESULTS 
The general tissue preservation and membrane struc- 

ture are of good quality throughout all areas of the 
sections (Fig. 1). In contrast to pre-embedding immuno- 
peroxidase material, membranes here are mostly intact 
and extracellular space is not exaggerated. The occur- 
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rence of internal vacuolization, myelin forms, or mito- 
chondrial alteration indicative of artifacts of preserva- 
tion, are rare (Fig. 1). 

Immunocytochemical localization of GABA immuno- 
reactive (IR) structures is clearly identified by the pres- 
ence of the colloidal gold particles over specific struc- 
tural profiles. The profiles which are considered 
definitely GABA-IR include unmyelinated axons, axon 
terminals, and presumed vesicle containing dendrites 
(VCD, Figs. 1-6). Axon terminals are characterized by 
large numbers of synaptic vesicles that are homoge- 
nously distributed throughout the entire terminal (Figs. 
1-3). Comparable sized profiles presumed to be VCDs 
characteristically have smaller aggregates of fewer, 
pleomorphic-shaped vesicles, usually clustered at sites 
away from the synaptic contacts or active zones (Figs. 
4, 6). The particles are non-randomly distributed over 
large areas of tissue in a reproducible pattern sugges- 
tive of specific immunolabeling. Non-specific back- 
ground as  determined by estimates of particles over 
nearby blood vessel lumens is minimal, usually negligi- 
ble, and generally compliant with the distribution de- 
scribed by Merighi and co-workers (1988, 1989). For 
profiles to be identified as “labeled” or positively IR they 
are required to contain more than three times as many 
colloidal gold particles as a comparably sized “unla- 
beled or non-IR profile nearby (Beaulieu and Somogyi, 
1991; Iliakis et al., 1996; Valtshanoff et al., 1994). Non- 
IR terminals with round vesicles and asymmetric con- 
tacts (type I), in the same field as  GABA labeled profiles 
(usually with symmetric, type I1 contacts) have either 
no particles or as few as 1/10 the number seen in the 
GABA-IR profiles (see e.g., Fig. 3). Labeling in astroglial 
processes is occasionally higher than background but 
always far less than the minimum of three or more to 
one used to differentiate labeled from unlabeled axonal 
profiles. Accumulations of particles over mitochondria 
especially, were not considered when identifying GABA- 
IR profiles as  compared to non-GABA-IR processes. 

The GABA-immunoreactivity is especially seen on 
axons and axon terminals (Figs. 1-6). The GABA-IR 
presynaptic terminals form contacts with cell bodies 
and dendrites of various sizes. In  most cases the synap- 
tic specializations are symmetrical in appearance (type 
11; Gray, 1961) (Figs. 1-3). The GABA-IR terminals are 
heavily invested with synaptic vesicles throughout, 
usually of smaller, pleomorphic, ellipsoidal, or irregular 
morphology. In  contrast, other adjacent non-IR termi- 
nals are seen with clearly larger, rounded synaptic vesi- 
cles and with definite asymmetric (type I) specializa- 
tions (see Figs. 1-5). Similar GABA-IR terminals with 
type I1 contacts and pleomorphic vesicles are also seen 
on cell bodies (e.g., Fig. 2). The size of these presynaptic 
axon terminals varies between 0.3 and 1.5 p.m in diame- 
ter and they often possess a small segment of terminal 
axon which is not GABA-IR (Figs. 2, 5). The labeling 
over these terminals is mostly localized over the synap- 

tic vesicles but is also seen to occur over other vesicles, 
smooth endoplasmic reticulum, mitochondria, or the 
surrounding cytoplasm (Figs. 2-6). 

In addition to the rather abundant, simple axo-den- 
dritic and axo-somatic synaptic contacts, GABA-IR ter- 
minals are also seen to form the presynaptic element 
of an axo-axonic, serial synaptic complex (Figs. 4, 5). 
In this situation the GABA-IR terminal forms a type 11, 
symmetric synaptic contact onto other larger, unlabeled 
terminals that resemble primary afferent axon termi- 
nals. The latter usually contain round (R) synaptic vesi- 
cles and form asymmetric, type I contacts onto den- 
drites. The GABA-IR terminals usually have smaller, 
somewhat pleomorphic or ellipsoidal vesicles as com- 
pared to the R terminal which has larger and more 
regularly rounded vesicles. Sometimes these unlabeled 
R terminals are the central element in a more complex 
arrangement (e.g., a glomerulus; Figs. 4,5) .  In the glo- 
merulus, large R vesicle-containing axon terminals of- 
ten form type I, asymmetric contacts onto one or more 
dendritic profiles (sometimes that contain vesicles-see 
below) and are postsynaptic to GABA-IR terminals with 
symmetric, type I1 contacts (Figs. 4-6). Most glomerular 
and serial synaptic complexes receive one or more sym- 
metric contacts from GABA-IR terminals. While these 
glomerular complexes represent only a proportion of the 
total synapses they do occur throughout the superficial 
laminae in all preparations. 

Additional, less frequently occurring synaptic ar- 
rangements involving GABA labeled profiles are also 
seen. Here profiles best identified as  vesicle-containing 
dendrites (VCD) (Ralston, 1971), also referred to as 
presynaptic dendrites, are involved. GABA labeling, of- 
ten of only moderate intensity or enrichment, occurs 
over these profiles (Figs. 4, 6). Such GABA-IR, VCD 
profiles are postsynaptic (with a type I contact) to a 
central (R) terminal in a glomerular complex (Fig. 4) 
or in a more simple serial arrangement (Fig. 61, again 
with a clear type I asymmetric contact from the R termi- 
nal onto the GABA-IR profile. The vesicle morphology in 
these VCDs is usually pleomorphic rather than strictly 
flattened and the vesicles occur either few in number 
(Fig. 4), or aggregated in a region away from the post- 
synaptic contact (Fig. 6). GABA-IR profiles that may 
be VCDs have not been seen to be presynaptic to the 
unlabeled R terminal in simple or in glomerular syn- 
apses but always seem to be postsynaptic to an R 
terminal. 

DISCUSSION 
The post-embedding immunogold technique used in 

this study selectively identified specific types and 
classes of axons, dendrites, and terminals. A particular 
structure was considered immunoreactive or “labeled 
according to the number of gold particles found within 
a given structure when compared to the number of gold 
particles found in adjacent profiles of the same approxi- 
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Figs. 1-3 
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mate area (Beaulieu and Somogyi, 1991; Merighi et al., 
1989; Phend et al., 1992). Since the concentration ofgold 
particles varied somewhat between individual subjects 
even when the same concentration of immunoreagents 
were used, identification of a profile as immunoreactive 
depends on a comparison with adjacent regions of the 
section rather than an  absolute number of gold parti- 
cles. Recommended values suggested by previous inves- 
tigators (see above) and used by ourselves indicate that 
an IR profile has to contain more than three times the 
number of gold particles than over adjacent non-IR pro- 
files (Merighi e t  al., 1989). The “background labeling” 
was seen throughout the entire section, and it appeared 
to be random and usually negligible, when compared 
to actual labeled structures (Merighi et al., 1988, 1989; 
Phend et  al., 1992). However, as noted by these authors, 
there was a tendency for particles to occur over mito- 
chondria in various profiles. Thus, although mitochon- 
drial labeling occurred over presumed GABA-IR axons, 
this was considered in the analysis and mi- 
tochondrial labeling was not solely used to identify 
GABA-IR processes. Further detailed analyses using 
Otterson’s recommendations (Otterson, 1989) are un- 
derway in our laboratory (Iliakis et al., 1996). 

A common glomerular synaptic arrangement in spi- 
nal trigeminal nuclei involves a R vesicle-containing 
terminaI that contacts a dendrite at an  asymmetric 
(Gray, type I) synaptic specialization and an  axon termi- 
nal with flattened (F) vesicles that is presynaptic to 
the R vesicle-containing terminal at a type I1 contact 
(Ribeiro-DaSilva et al., 1985; Westrum and Black, 

Fig. 1. An electron micrograph at a low magnification from outer 
lamina I1 of PC to show the overall distribution of immunoreactivity 
with 10 nm colloidal gold. Profiles IR for GABA(G) are seen, sometimes 
with type I1 synaptic contacts (arrowheads) onto dendrites (D). Nearby 
round vesicle-containing terminals (R) are unlabeled and have asym- 
metric type I contacts (short arrow). Background or non-specific label- 
ing is exceedingly low (see inset). V is vacuole. These and all subse- 
quent sections were stained with lead citrate and uranyl acetate as  
detailed in the Materials and Methods section. Scale bar in this and 
subsequent figures = 1.0 pm (X22,OOO). Inset is a higher magnifica- 
tion of portions of the G and R terminals, upper middle of figure 
(long arrow) to illustrate numerous particles (circle) in the labeled (G 
terminal) and paucity of particles in the unlabeled R terminal 
( X 40,000). 

Fig. 2. An electron micrograph of lamina I1 taken from the same 
preparation as  Figure 1, to show a GABA-IR terminal (G) forming a 
symmetric, type I1 contact (arrowhead) onto a cell body (S). Gold 
particles are identified by a circle. The preterminal axon (taf is not 
IR. One GABA-IR (G) contact is seen at bottom, adjacent to a non-IR 
terminal that has round vesicles (R) and a type I contact (arrow). ?tyo 
small unmyelinated axons (A) are seen to the right and are GABA- 
IR (X27,OOO). 

Fig. 3. An electron micrograph from the same preparation and adja- 
cent area to  that in Figure 1, but at a higher magnification to show 
two terminals IR for GABA (G) with 10 nm colloidal gold (circles). 
These GABA-IR terminals have smaller, pleomorphic vesicles and 
form symmetric, type I1 contacts (arrowheads) onto a dendrite (D). A 
non-IR terminal (upper right) with larger, round vesicles (R) forms an  
asymmetric, type I contact (arrow) onto another dendrite (D). A nearby 
glial profile (g) is non-IR (X30,500). 

1971). This class of R vesicle-containing terminal in 
glomeruli, has been shown to be the primary afferent 
in the feline spinal trigeminal nucleus by degeneration 
following trigeminal root rhizotomy (Westrum, 1973) 
and by transport of HRP from either a peripheral tri- 
geminal nerve (Henry et al., 1985) or from the ganglion 
(Westrum et al., 1994; see Valtschanoff et al., 1994 for 
dorsal horn of spinal cord). Although the fixation tech- 
nique used in the present study has not allowed an 
unequivocal distinction of flattened from round synap- 
tic vesicles, i t  has clearly demonstrated CABA-IR ter- 
minals with smaller, somewhat elliptical vesicles that 
contact large central terminals at symmetric specializa- 
tions (Gobel et al., 1980; Ribeiro-DaSilva and Coimbra, 
1982; Westrum and Black, 1971). Despite the variations 
in vesicle morphology, the consistent occurrence of the 
specific type of synaptic specialization suggests that the 
terminals with GABA-immunoreactivity seen in this 
study are type I1 (see Henry et  al., 1993, 1994). Thus, 
i t  seems clear that this synaptic arrangement corres- 
ponds to the axo-axonic synaptic complex in conven- 
tional preparations and may form the basis for presyn- 
aptic inhibition of primary afferents. Until now, a 
description of the GABA localization in the trigeminal 
nuclei has been unavailable. 

Several previous studies in spinal cord or trigeminal 
nuclei used EM with either pre-embedding or post-em- 
bedding techniques to characterize the GABAergic ele- 
ments in synaptic complexes of rat, cat, or monkey (Bas- 
baum et al., 1986; Carlton and Hayes, 1991; Matthews 
et al., 1988; Todd and Lochhead, 1990). In earlier stud- 
ies, antisera against glutamic acid decarboxylase (GAD) 
was used (Basbaum et al., 1986; Matthews et  al., 1988) 
whereas more recent studies used antisera against 
GABA (e.g., Todd and Lochhead, 1990; Valtschanoff et 
a1.,1994). The usual situation was that the GABAergic 
axon terminal (usually with pleomorphic vesicles) was 
presynaptic to the primary (scalloped) afferent (through 
a type I1 contact) in an  axo-axonic or glomerular ar- 
rangement (Basbaum et al., 1986; Matthews et al., 
1988; Todd and Lochhead, 1990; however, see Carlton 
and Hayes, 1990, for primates). Our finding here of 
commonly occurring immunogold GABA-labeled pre- 
synaptic terminals in axo-axonic, and glomerular syn- 
apses corresponds well with these previous reports in 
similar regions, especially those studies in cat (Bas- 
baum et al., 1986; Matthews et  al., 1988). These com- 
bined observations add strength to the supposition that 
GABA is involved in presynaptic modulation of primary 
afferent activity in PC laminae I and I1 (Kangrga et 
al., 1991; Lovick, 1983; Matthews et al., 1988), as pre- 
dicted in earlier conventional EM studies (Gray, 1961, 
1964; Ralston, 1971). 

Additional studies within superficial laminae of dor- 
sal horn utilizing EM of post-embedding immunogold 
preparations reacted for GABA showed that GABA-la- 
beling was localized not only to axons, but to VCD as 
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Figs. 4-6 
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well. These GABA-IR VCDs were presynaptic to central 
or primary afferent axons and formed dendroaxonic 
synapses (in rat, Todd and Lochhead, 1990), postsynap- 
tic to primary afferents (in primate, Carlton and Hayes, 
1990; and mouse, Hiura et al., 1991) or formed recipro- 
cal synapses (Carlton and Hayes, 1990, 1991). The 
GABA-IR VCDs were also involved in synaptic contacts 
with other unlabeled dendrites and VCDs (Carlton and 
Hayes, 1990). An elegant EM study by Spike and Todd 
( 1992) in rat involved examination of Golgi-stained cells 
in conjunction with post-embedding immunogold prepa- 
rations reacted for GABA. They not only identified islet 
cells as  GABAergic but showed that these same cells 
were the origin of presynaptic dendrites that form den- 
drodendritic synapses. They also found that  all of the 
islet cells that lacked GABA immunoreactivity also 
lacked presynaptic dendrites. The present study did 
confirm the existence of GABAergic VCDs postsynaptic 
to primary afferent-like terminals but despite extensive 
examination, failed to identify any obvious dendroden- 
dritic or dendroaxonic, GABAergic synapses even 
though such synapses have been described previously 
in PCNDH of cat using conventional EM without anti- 
sera to GABA (Gobel et al., 1980). Although an  earlier 
study using anti-GAD in cat could not identify labeled 
VCDs, they did report labeled profiles with features 
reminiscent of VCDs that  were postsynaptic to central 
terminals (Basbaum et  al., 1986). 

The complex arrangements of dendrodendritic and 
reciprocal synapses that are GABAergic in the primate 
studies by Carlton and Hayes (1990, 1991) have led 
them to implicate VCDs as an  important source of 
GABA in the dorsal horn synaptic circuits of primates. 
In contrast, in rat dorsal horn, Todd and co-workers 
(1990, 1992a,b) indicated not only GABA in axo-axonic 
presynaptic inhibition, but that VCDs also may be in- 
volved in release of GABA at presynaptic contacts onto 
primary afferents (Todd and Lochhead, 1990). In con- 
trast to the conclusions of Hayes and Carlton (1992) 

Fig. 4. An electron micrograph from lamina I1 to show a glomerulus 
with a GABA-IR terminal (G) at the top, in contact with a non-IR 
terminal with larger, round vesicles (R). The latter forms a type I 
contact (arrow) with a dendrite (D). At lower left, a profile with vesicles, 
presumably a vesicle-containing (vl dendrite (VCD) is GABA-IR and 
in contact with the same non-IR R terminal. Some IR labeling occurs 
on unmyelinated axons (A) to the upper left but a glial profile (g, lower 
right) is non-IR (X41,500). 

Fig. 5. An electron micrograph from lamina I1 to show a GABA-IR 
terminal (G) forming a presynaptic contact (arrowhead) onto a non- 
IR terminal which contains round vesicles (R). The latter forms a 
contact (arrow) onto a dendrite (D). A few unmyelinated axons (A) 
above are GABA-IR. A segment of the GABA-IR terminal axon (ta) is 
non-IR (X33,250). 

Fig. 6. An electron micrograph from lamina I1 to show a non-IR 
terminal (R) with one gold particle, forming a type I contact (arrow) 
onto a presumed vesicle-containing (v) dendrite (VCD) which is GABA- 
IR with at least 20 gold particles other than over the mitochondria. 
Another nearby terminal is also GABA-IR (G) (X36,500). 

and partially supporting the work of Todd and co-work- 
ers, the results of the present study in cat suggest that 
axo-axonic contacts commonly seen in lamina I1 are the 
primary arrangement for direct GABAergic influence 
of primary afferents in the feline PC/MDH, but that the 
GABAergic VCDs postsynaptic to the primary afferent 
may be involved in postsynatic inhibitory modulation 
(see Basbaum et al., 1986). Possible reciprocal or den- 
droaxonic synapses are rare in the present study, and 
in these cases the VCDs do not appear to be GABAergic. 

The preferential labeling of synapses with type I1 
contacts is consistent with the localization of GABA in 
intrinsic neurons (see e.g., Basbaum, 1985; Basbaum 
et al., 1986; DiFiglia and Aronin, 1990; Ruda et al., 
1986). Previous studies of GABA-immunoreactivity 
have identified local interneurons as one possible source 
of cells for this immunoreactivity in spinal cord (Bas- 
baum et al., 1986; Hiura et  al., 1991; Powell and Todd, 
1992; Todd and McKenzie, 1989). Light microscopic im- 
munolabeling studies have shown GABAergic neurons 
in superficial PC/MDH (Ginestal and Matute, 1993; 
Todd et al., 1992a). Light microscopic examination of 
Golgi-stained preparations in conjunction with pre-em- 
bedding GABA immunocytochemistry have identified 
islet cells with GABA immunoreactivity in the dorsal 
horn and also found that 33% of the total neurons lo- 
cated in laminae 1-111 were GABA-IR (Powell and Todd, 
1992; Todd, 1991; Todd and McKenzie, 1989). Other 
origins for the intrinsic source of GABAergic terxninals 
observed here include supraspinal, descending and as- 
cending pathways (reviewed by Basbaum et al., 1986; 
Willis and Coggeshall, 1991). 

This frequent localization of GABA in the terminals 
with type I1 synaptic contacts suggests a major role for 
this transmitter in this area and in the modulation of 
nociception (Fields et al., 1991). The physiologic inhibi- 
tory effect of GABA and the presence of GABA-B recep- 
tors has been demonstrated in the rat trigeminal system 
(Fromm, 1992; Lovick, 1983). In  these studies, the ionto- 
phoretic application of GABA in the rat trigeminal nu- 
cleus resulted in the depression of excitatory transmis- 
sion and also increased segmental inhibition. Both of 
these effects are also seen following the administration 
of GABA-A and GABA-B receptors agonists thus impli- 
cating both types of receptor in inhibitory processes in 
the trigeminal nucleus PC (Bowery, 1989; Fromm et al., 
1992; Nakata et al., 1991). 

This same type of GABAergic terminal has been 
shown to contain other neurotransmitters and modula- 
tors such as glycine and various peptides and may, 
therefore, have multiple functions. Colocalization stud- 
ies in PC are, therefore, necessary to determine if other 
neurotransmitters, such as glycine or enkephalin, are 
used by the same GABA profiles. Todd and co-workers 
using colocalization studies have shown that GABA co- 
exists with met-enkephalin in some lamina I1 islet cells, 
while met-enkephalin alone may be found in some 



46 J.R. ALMOND ET AL. 

stalked cells of dorsal horn (Todd et  al., 199213). Another 
study has shown that neurotensin is found in cells that 
do not have GABA-IR (Todd et  al., 1992a), and since 
neurotensin is thought to be in islet cells (Todd et al., 
1992a), this finding suggests that there may be two 
different populations of islet cells. A more recent inves- 
tigation showed that all of the neurons in laminae 1-111 
of dorsal horn with neuropeptide Y-immunoreactivity 
also showed GABA-immunoreactivity, but generally 
these same neurons did not contain glycine-immunore- 
activity (Rowan et al., 1993; Todd et al., 1992b). These 
authors further suggested that the neurons that show 
both neuropeptide-immunoreactivity and GABA-im- 
munoreactivity form a subpopulation of interneurons 
that is different than those that contain both met-en- 
kephalin- and GABA-immunoreactivities. 

Finally, Todd and co-workers studied GABA and gly- 
cine-immunoreactivities in superficial DH of rat and 
demonstrated colocalization in the GABA-IR terminal 
and its postsynaptic specialization (Mitchell et al., 
1993). Thus, GABAergic terminals and possibly VCDs 
in PC also may well use other transmitters to accom- 
plish the very complex internal interactions during 
modulation of nociceptive input. The possible colocaliza- 
tion of multiple neurotransmitters in PC of cat requires 
further in-depth studies with combined labeling tech- 
niques now possible using post-embedding protocols 
alone or in combination with pre-embedding procedures 
(see e.g., Merighi et al., 1988; Valtschanoff et al., 1994). 
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