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The apphication of postembedding immunocytochemistry on serial semithin plastic sections, revealed
the presence of y-aminobutyric acid (GABA)-positive and aspartate-positive ncurons in cultured neocor-
lex explants. GABA-positive ncurons were found n all layers of the cultured cortex, whereas aspartate-
positive neurons were mainly restricted to layer 6. Although exact quantification was not carried out be-
cause of the variability in aspartate immunorcactivity, colocalization ol GABA and aspartate immuno-
rcactivity could unambiguously be observed in a few neurons.

In the cerebral cortex, y-aminobutyric acid (GABA) 1s the main inhibitory neuro-
transmitter [7], whereas, glutamate and aspartate are the major excitatory neuro-
transmitter candidates [15]. Recently, GABA-positive neurons have been demon-
strated 1n rat neocortex tissue culture by means of postembedding immunocyto-
chemistry (ICC) [3]. using a specific antibody against GABA [, 14]. In the present
study. this postembedding staining protocol was used to label adjacent sections of
the same tissue with antibodies against GABA and aspartate.

Eighteen neocortex explants were obtained from the visual cortices of three 6-day-
old Wistar rat pups, and grown on carrier-grids in a serum-free nutrient medium [13].
This culturing protocol has been shown to result in tissue in which distinct histiotypic
characteristics are preserved [4]. After 14 days in vitro, explants were fixed in 5% glu-
taraldehyde in sodium cacodylate buftfer (300 mOsm; pH 7.4) for 2 h, kept overnight
in 0.05 M Tris 0.99% NaCl buffer, and subsequently postfixed in 1% OsOy4 and 1.5%
K Fe(CN), in sodium cadodylate buffer (1 h). The explants were dehydrated in a
oraded ethanol series and embedded in Epon. Epon was polymerized at 45°C (24 h),
[ollowed by at least 24 h at 60 C.

Series of adjacent 1 um thick sections were cut along the pia-ventricular axis of
the explant, perpendicular to the carrier-grid, and mounted on different chrome-alum
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oelatine coated shides. Sections were either stained with Toluidine blue, processed for
anu-GABA [CC (first antibody rabbit anti-GABA: diluted 1:1000), or processed for
anti-aspartate [CC (first antibody rabbit anti-aspartate; diluted 1:3000). The specih-
city of the employed antibodies has been described elsewhere [1, 2, 14]. The postem-
bedding ICC procedures were carried out according to an etching and labeling proto-
col which has been described previously [3]. An adaptation of this protocol formed
he addition of 5% normal goat serum to each antibody solution, instead of preincu-

bating sections with 20% normal goat serum. Sections were examined light microsco-
pically.

Labeling with anti-GABA resulted in clearly distinguishable populations of
GABA-positive and GABA-negative neuronal profiles. GABA-positive profiles were
found throughout all neuronal layers of the explant, whereas aspartate-positive neu-
rons were mainly restricted to layer 6. This location of immunoreactivity corresponds
with the location of these neurotransmitters in the visual cortex 1n vivo [7. 15]. The
intensity of aspartate labeling varied, and in many cases, immunoreactivity hardly
exceeded background staining. Although the majority of the neurons were aspartate-
negative, the variable intensity of staining hampered the consistent discrimination of
aspartate-positive and aspartate-negative structures. In cases where aspartate-posi-
tive neurons were darkly stained, heavy labeling could be observed in different sec-
tions of the same neuron (Figs. 3.5: arrow). This indicated that the observed variation
of immunoreactivity was probably caused by variations in the concentration of

.y

aspartate in different ncurons. The weak staining of several aspartate-positive neu-
rons might easily have been caused by the fixation procedure, as aspartate has been
demonstrated to have a low afhinity for glutaraldehyde [12]. This would likely result

in fixation of only a small fraction of the aspartate available in the tissue. and there-

fore explain the weakness in 1ts staining as compared to GABA.

Comparison ol profiles of the same neuron in series of adjacent sections, revealed
that neurons could be exclusively GABA-positive (Figs. 1-4: arowhead), exclusively
aspartate-positive (Figs. 6-8: arrow). or both GABA and aspartate positive (Figs.
|-4: arrow). A majority of neurons were neither GABA- nor aspartate-positive. A
total number of 1750 neuronal profiles could roughly be counted in 6 Toluidine blue-
stained sections, cut from the middle of different explants. In the adjacent sections,
225 GABA-positive and 48 undoubtedly aspartate-positive profiles were 1identified.
Prohles of 4 neurons appeared to be immunocytochemically labeled for GABA as
well as asparate. thus indicating a colocalization of GABA with aspartate.

——

['he presence of both GABA and aspartate immunoreactivity in the same neuron

—-h-

Figs. | 5. Adjacent sections stained for GABA (1), Toluidine blue (2), aspartate (3), Toluidine blue (4)
and aspartate (5). respectively. The neuron which is both GABA-positive and aspartate-positive (arrow),
is present in all S sections. The arrowhead points at a GABA-positive neuron which is not labeled lor
aspartate. The asterisk marks an aspartate-positive neuron, which is cut only in the sections shown in Figs.
4 and 5. Bar= 20 um.

Figs. 6 8. Adjacent sections stained for GABA (6), Toluidine blue (7) and aspartate (8), respectively,
demonstrate the presence ol a neuron which is exclusively aspartate-positive (arrow). Bar =20 gm.
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IS not caused by cross-reactivity between the GABA antibody and aspartate, or
between the aspartate antibody and GABA. Previously, specificity tests have demon-
strated the mability of glutaraldehyde-conjugated aspartate to displace glutaralde-
hyde-conjugated GABA from binding to the GABA antibody, resulting in a cross-
reactivity ratio of less than 1:50.000 [14]. Testing the displacement of glutaraldehyde-
conjugated aspartate from the aspartate antibody by a similar GABA complex. has
been reported to result in a cross-reactivity ratio of 1:6320 [3]. Moreover, the absence
of stamning of identihed GABA positive neurons in aspartate labeled sections. and
Lhe absence of GABA staining of identified aspartate-positive neurons, as was found

in the present study. tllustrates that there was no cross-reactivity between the antibo-
dies used.

GABA has been identified in neocortical neurons, together with a broad range of
ncuropeptides [8]. Reports on neuronal colocalization of GABA with serotonin.
dopamine, histamine. glycine or acetylcholine [6. 9, 11] have been published. Mor-
phological studies concerning the colocalization of GABA and aspartate have not
been reported before. Biochemical findings, however, have pointed at the presence
ol glutamate and aspartate in GABAergic synaptosomes [5]. Ottersen and Storm-

Mathisen have previously been speculating on the co-localization of GABA and
aspartate, alter they had observed a similar distribution of these two populations of
immunoreactive cells in the area dentata of the guinea pig hippocampus [10]. The
20 gm thick sections they examined, were not suitable for the demonstration of cellu-
lar colocahization.

Double labeling Tor aspartate and GABA might be due to the presence of a high
concentration of metabolic aspartate in GABAergic neurons, although aspartate is
not a direct precursor ol GABA. Since aspartate could only be detected in a small
minority ol the GABA-positive neurons (2%), the present results suggest that the
concentration of aspartate remained below the detection limit in most cases. Whether

the high concentration of aspartate detected in some of the GABA-positive neurons
indicates. that in these neurons both GABA and aspartate might function as neuro-
transmutters, cannot be concluded from this study. The colocalization of these two
neurotransmitters would then indicate the presence of neurons with excitatory as well
as inhibitory properties. Further morphological support for such a hypothesis would

need ultrastructural localhization of both neurotransmitters. either in the same nerve

ending, or in different endings belonging to the same neuron. The application of
immunogold labeling [1, 3] of adjacent ultrathin sections for GABA and aspartate.

might be worthwhile to get an answer to this question.

We would like to thank Mr. G. Van der Meulen for his photographic assistance.
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