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Two methods are described for the immunocytochemical 
demonstration of immunoreactive y-aminobutyric acid 
(GABA) in the visual cortex of the cat, an area that contains 
several types of GABAergic neurons and requires com
bined methods for their characterization. The first method 
is illustrated a representative example of Golgi-im
pregnated and gold-toned interneuron the "bitufted" 
type situated in layer VI and having an ascending axon. 
After recording the three-dimensional features of the cell, 
semithin (0.5 p..m) sections of the perikaryon were cut and 
GABA was demonstrated in the cell body by the unlabeled 
antibody enzyme method. While immunocytochemistry was 
used to determine the probable transmitter of the neuron, 
Golgi-impregnation of the same cell was used to identify 
its neuronal type. Since aldehyde-osmium fixation was used, 

The immunochemical (12) and immunohistochemical (26) 
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further electron microscopic (EM) analysis of the neuron's 
synaptic connections was possible. The second procedure 
demonstrated GABA in EM sections of aldehyde-osmium
fixed cortex using protein A-gold as an immunocytochem-

marker. Immunoreactivity was found in certain neu
rons, dendrites, axons, and boutons forming type II syn
aptic contacts that from previous studies have been thought 
to be GABAergic. Thus ultrastructural analysis using op
timal conditions can now be supplemented with the iden
tification of the transmitter in the same section. 
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antisera ro GAB A (12) that we hoped would allow the use of 

processing conditions more amenable ro combined procedures 
(see Discussion) but that would simultaneously decrease the 

immunoreactivity of proteins such as GAD. In the previous 
study (26) we demonstrated that GABA can readily be visu
alized in osmium-treated sections, a treatment required for 

the rapid-Golgi procedure. In the first part of the present study 
we demonstrate that GABA immunoreactivity can also be 

visualized in Golgi-impregnated and gold-roned neurons. 
Electron microscopic (EM) analysis of synaptic microcir

cuits has contributed greatly ro our understanding of the struc
ture of the brain. During such an analysis it would be useful 
if neuronal processes of interest could be characterized with 
respect ro their neurotransmitter(s). Most material is usually 
not processed for immunocyrochemistry of substances that 
may become of interest after the tissue has been fixed and 
embedded, hence the demonstration of such a substance re
quires postembedding immunocyrochemistry on plastic
embedded thin sections. Most brain specimens are routinely 
fixed with high concentrations of aldehydes and osmium, which 
give the greatest fine structural detail. A method that allows 

the demonstration of transmitters in such EM sections could 
have widespread application. In the second part of this article 
GABA immmunoreactivity is demonstrated in routine ultra
thin sections with the protein A-colloidal gold method . A 
preliminary report of some of these results has appeared (11). 

Materials and Methods 
Two procedures are described; the GABA-Golgi method for the 
demonstration of GABA in Golgi-impregnated neurons, and the 
GABA-gold method for the demonstration of GAB A in co nventional 
osmium-treated EM sections. Both have bee n successfully applied to 
different areas of the brains of rats, cats, monkeys, and humans . The 
visual cortex of the cat was chosen to illustrate both methods because 
of the wealth o f information available on GABAergic neurons in this 
area and the need for more sophisticated techniques for the ir 
characterization. 

GABA-Golgi Method 

Animals and preparation of tissue sections. Two cats were an
esthe tized and perfused with a fixative containing 2.5% glutaraldehyde 
(TAAB Lab. Equip. Ltd. Reading, U .K.) and 1% depolymerized para
formald ehyde (TAAB Lab. Equip. Ltd .) dissolved in 0.1 M sodium 
phosphate buffer, pH 7.2-7.4. After removing the brain, blocks of 
the late ral gyrus containing area 17 were dissected and processed by 
the rapid-Golgi impregnation procedure as described previously (6). 
The sections were the n gold-toned, dehydrated, and embedded in 
Durcupan ACM (Fluka) resin on slides (6). Golgi-impregnated and 

gold-toned neurons were selected and drawn with the help of a draw

ing tube, photographed, and reembedded into polyethylene capsules 

for further sectioning (25). Semithin (0.5 J-Lm thick) serial sections 

were cut from the perikarya of the Golgi-impregnated neurons and 

dried on a hotplate onto slides coated with egg white. Care was taken 
to have at least three sections of the perikaryon, including the nucleus 
of the cell, on differe nt slides and to keep as much as possible of the 
cell and its processes in the block for further EM studies. 
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Immunocytochemistry. The slides with the semithin sections of 

the identified Golgi-impregnated and gold-toned neurons were kept 

overnight at 56° C. The resin was e tched using ethanolic sodium 

hydroxide (15) for 20-30 min. Subsequenrly they were washed in 

three changes of absolute ethanol for 5 min each. This was followed 

by twO 5 min washes in distilled water and a 7 min treatment with 

1 % freshly prepared sod ium me taperiodate (NaJO, ) co re move the 

osmium tetroxide from the sections. Following twO washes in distilled 

water, the slides were kept in Tris (10 mM)-phosphate (10 mM) 

buffered isotonic saline (TPBS), pH 7.4, two changes for 10 min each. 

Thereafter, the sections were incubated in a humid chamber at 
room temperature using the unlabeled antibody-enzyme method (28), 

with the following sequence o f reagents layered over the slides: 20 

min in 20% heat inactivated , normal sheep serum; rinsed in TPBS; 

2 hr in primary antisera co GABA (code no. GABA-7 or GABA-9) 

or the same se ra after adsorption, all diluted 1: 2000; three 10 min 

washes; 4 0 min in sheep anti-rabbit immunoglobulin G (lgG) fraction 

(Silenus Lab. Ltd. Dandenong, Australia) diluted 1: 30; three 10 min 

washes; 1 hr in rabbit peroxidase-anti peroxidase complex (PA P; Dak

opatts Ltd ., Denmark) diluted I: 100. All sera were diluted with TPBS 

containing 1 % heat inactivated normal sheep serum. 

Following incubation th e slides were reacted for peroxidase e n
zyme activity using 3,)'-diaminobenzidine tetrahydrochloride (DAB; 

Sigma) as substrate, the reaction e nd product was inre nsified with 

OsO" and following dehydration, the sections were covered with 
XAM neutral mounting medium (BDH, Poole, U.K.) in acco rd with 

previously described procedures (27). 

GABA-Gold Method on Ej\1. Sections 

Preparation of tissue sections. Other cortical blocks from th e 

same cats were posdixed for 2 hr in 1 % OsO, dissolved in O. t M 

ph osphate buffer (PB, pH 7.4), washed in 0.1 M PB, dehydrated, and 
embedded in Durcupan ACM res in. To enchance contrast 1% uranyl 
acetate was added to the 70% e thanol. Serial EM sections with light 
yellow interference color were CUt and mounted in pairs on Formvar
(Ladd Res. Industries, Burlington , VT) coated single slot 2 x I mm) 

grids. Every second pair of sections was placed on Ni grids and pro
cessed for immunocytochemistry; the rest were put on Cu grids and 
were contrasted with lead citrate (20). 

Immunocytochemistry . Without e tching o f the resin and re

moval o f the osmium no immunoreactivity could be seen. Therefore 

we experimented with several m e thods and finally adopted twO that 

provided satisfactory results. In procedure GABA-gold I, the grids 

were floated on drops of 1 % periodic acid (f-kl0~ for 4 min, followed 
by three washes in distilled wate r, and 6 min in 1 % freshly prepared 
NaIO,. Pe riodic acid and sodium metaperiodate have bee n recom
mended for removal of osmium (1) and this combination gave the 
best result in our hands. After washing in three changes of distilled 
water and twO changes of TPBS the grids were processed for im
munocythochemistry. To avoid contamination they were not dried 
either during the above procedure or during the subsequent steps. 

In procedure GABA-gold IJ, the g rids were placed on Paralilm 
with the sections facing up and they were covered for 6 min with a 

few drops of sodium ethanolate diluted 1: I with absolute ethanol. 

Sodium ethanolate usually was made 2 days earlier by placing sodium 

hydroxide pellets into absolute ethanol (15). the Parafilm with the 
grids was kept in a petri dish saturated with ethanol vapor to inhibit 

the formation of crystals on the surface of sodium e thanolate droplets. 
Following e tching of the resin , the grids were removed, taking care 
to avoid their contamination by crystals from the surface of the erhan-
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three changes of absolute ethanol 
grids were not dried again until 

floated on of 1 % 

For i) full 
quence with the anti-GAB A serum 
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7 GABA-9) was incubated overnight with GABA to 

lyacryalmide beads as described in the previous article (12). 
Controls for GABA-gold included the mCUD~itlc!n 

varianr iii. 
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The axon formed crowded 
with boutons and bouton-laden side branches. The 
"-"''-'-'UUBJ'"", collaterals could not be followed 

Both Im-
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yon of the lC,E). In some other 
£OllO-I[OflleO neurons (not illustrated) the Immlln()rE:acnvlty 
attenuated in the if the 
Since the 

reactive varicosities 
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£OIIO-l[Orlea neurons was not the result of 

and type of GAB A-immunoreactive structures was no differ
ent from that riP,orr.h(O,ri 
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1. (A) Camera lucida drawing of a GCli£i-lIIlDre2'l1ar!ed 
neuron in layer VI of 

of 

cation, however, the 
grey or black as 

2A). The boutons around and in the 
The pattern was no different from 

the unlabeled method 

intensified sections 
nolabeled elements 

(9) ""n~"",,""r 

tive sites, were accumulated over the vesicles and 
2D,E). Mitochondria were labeled 

2D,E; 3B,C). Many axons 
these included and mye-

linated labeled 
merous 

labeled 
over the neuron, 
from Some isolated dendritic 
also labeled. Overall the types 
matched those observed in the pn~ernb;ed(jlOg 

Im-

munoreactive in all sections cells, 
dendrites, boutons type 1 con-

tacts, and cells were not labeled. These elements had 
scattered over them at a much lower than 

The structural detail of EM sections treated 

treatment was 
with sodium ethanolate/sodium 
ethanolate of sections was difficult to control and there 
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expel:lm,ent. On the other 

ultrastructural observation 
the connections of immunoreactive 

hrf"\("p,r1l1!-P when the anti-GAB A 
with GABA 

observed over empty resin, both under 
the above conditions and when the unadsorbed anti-GAB A 
serum was used. This represents nonimmunoreactive at-
tachment of to resin that we cannot CAIU1.:11\1. 

The direct demonstration of immunoreactive GABA a 

in axon into SUlpeJrnC:lal 
at least some of these neurons have the "bitufted" or 
dendritic arborization. One neuron was used to illustrate the 
method but other that its fea-
tures are of a class of cells defined their 
pos1tl.on and both dendritic and axonal arborization. In the cat 
visual cortex this is the second identified 
type besides the axo-axonic ceH (7) that terminates sp(;(11hCi:llll 
on the axon initial segments of 
indirect evidence also exists that third neuronal group, the 
various basket cells, also use GABA as a transmitter (see dis
cussion in refs. 7 and 10). The transmitters of scores of other 
types of cortical neurons described in nr,D"':r\l'<: 

19, and 30) are not 
discussed here offers the to determine which ones 

The method in our hands 
n.-,"',,,,'-','" immunohistochemical or other combined pro-

cedures for the neurochemical character-
ization of neurons_ 

Immunohistochemistry for GAD (10,17,21) 
does reveal isolated and a sys-
tem like the network where several types of neurons, 

the transmitter, an addi-
paJrtH:les, has to be used to 

the parent soma. We 
.... ..-r\rAri .,r"",c for the 
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of the striate 
reacted for GABA by the protein 

-g'OIOl-SIlVI2r intensification method. Immunoreactive neurons are 
asterisks) are surrounded 

same in of them the the 
neurons served to characterize the dendritic and axonal ar

In the first 

were immunoreactive 
that some the ac(:urnu.lat,tng cells do not stOre 
and use transmitter. The other lim-
itation of the method was that the method 
'rYlhr~'on,"'t'~c less than 1 % of the cells present. The nr(,h",hll 

neuron 
small radio-iabeled area was therefore low. These '"r,"\hlpfT'" 

neuron 
Immlln()rE~act1vlty <lnu,""h,o'rp in the section well 

embedded years ago, 
based on immunocy-

(7). One limitation of the ,",rr,rp.ri,,,'P 

the poor t",Of~""t ... ottr.n of some 70-90 j.tm thick 
Vibratome This 
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cannot be established because 

combination IS that it 
be demonstrated in the 

The great present method 
immunohistOchemical vC"'."""F> 

vides and reveals the "' ... '''rp·cc?'C 

As sugge5;ted 

of COn1pl(~x 

!::OllO-I[Ofl!eO processes can 

), the po!;ternb(:ddmg 
PflDITl1S1ng future in the 

because demon-
"Ht",,',r,r connections between 

kn'Owleclge this 
non-'DeDHoe transmitter in 

conventional osmium-treated EM sections, The of the 
structurel with the crrc;,tF'CTU 

that considered op
nervous system (18), The method has 

be 
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Figure ) . (A) ImmunoreaCtive neuron (NcAuA ) in layer III of the cat's 
striate cortex visualized by the protein A-gold method 1. Triangles 
indicate the boundary of the neuron. Accumulation of gold outside 
this neuron re presents specific staining of elements of the neuropil. 
(B and Cl Serial sections of boutons (asterisks) making type II synaptic 
contacts (arrow) with a pyramidal cell (N Pyr) in the striate cortex of 
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cat. Section shown in C was reacted with the protein A-gold post
embedding procedure 11. The se lective accumulation of gold panicles 
over the boutOns demonstrates that they are GABAergic. The gold 
particles over the pyramidal cell soma probably represent background 
staining. Section shown in B was not reacted for GABA but was stained 
with lead citrate. (A) Bar == 1 /-!-m ; (Band C) bar == 0. 2 /-!-m. 
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