
SUMMARY

An tibodies d irected against gamma-aminobu-
tyric (GABA) and L-glutamic acid decarboxylase
(GAD) were u sed to study the GABAergic cell
populations of the chameleon retina. GABA
i m m u n o reactivity was found in  the two main
retinal in tern e u rons: amacrine and horizontal
cells. Amacrine, displaced amacrine, intra– and
i n t e r p l e x i f o rm cells disp layed the stro n g e s t
G A B A - i m m u n o reactivity of the retinal cell types.
Ho rizo ntal cel ls fo rmed a continu ous GABA-
i m m u n o reactive cell layer lying in the outerm o s t
portion of the inner nuclear layer. In con trast
with previous studies, describing the absen ce of
ho rizontal GABAergic cells in the chameleon
retina, the present results demonstrated that the
vast m ajority of ho rizontal cells o f the
ch ameleon retina possess GABA, and agree with
the key role that GABAergic synap tic transmis-
sion plays in the outer plexiform layer o f the
vertebrate re t i n a .
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INTRODUCTION

Gamma-aminobutyric acid (GABA) is the major
inhibitory neurotransmitter in the vertebrate cen-
tral nervous system, and is present in the retina
of all species analyzed. Retinal interneurons,
such as horizontal cells and several amacrine cell
subtypes, possess GABA as a neurotransmitter
(for a review, see Yazulla, 1986). Further, some
cones, and displaced amacrine and ganglion

cells ar e also GABA-immunoreactive (GABA-Ir)
(Pourcho and Goebel, 1983; Agardh et al., 1986;
Pessac et al., 1987; Sherry and Ulshafer, 1992;
Hurd and Eldred, 1994; Versaux-Botteri et al.,
1994; Haverkamp and Wässle, 2000). Among the
vertebrates, the chameleon is unique in exhibit-
ing a motor independence of its eyes, leading to
all-round spatial vision for each eye (Harkness,
1977; Bennis et al., 1994). This characteristic has
been related to certain peculiarities of its retina.
However, all cell types of the vertebrate retina
are present in the chameleon retina, whose orga-
nization is very similar to that of the rest of ver-
tebrate retinas (Ramón y Cajal, 1893; Rochon-
Duvigneaud, 1943). In fact, as in other diurnal
lizards (Crescitelli, 1972), the chameleon retina is
considered as an all-cone retina (Ramón y Cajal,
1893; Rochon-Duvigneaud, 1943; Armengol et
al., 1988). Further, like other diurnal lizards
(Sherry and Ulsahfer, 1992), GABA-Ir r etinal
interneurons are also found in the chameleon
retina (Bennis an d Versaux-Botteri, 1995).
Despite this, two recent reports by Quesada et
al. (1996, 1999) describe the absence of GABA-Ir
horizontal cells in the chameleon retina. Indeed,
these rep orts ra ise the possibili ty that the
chameleon retina might be an exception to the
general pattern of the outer plexiform layer
inhibitory pathways of the vertebrate retina.
Therefore, with a view to solving this question,
here we have re-examined the distribution of
GABA-Ir cells in the chameleon retina.

MATERIALS AND METHODS

Three adult chameleons were used in this study.
Animal handling and tissue acquisition protocols
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fo llowed European  Unio n Guidelines
(86/609/ECC) for the use of animals in experi-
ments. Under deep pentobarbital anesthesia
(Nembutal 10-2 mg/kg), the chameleons were
per fused transcardially with a solution of 4%
paraformaldehyde in phosphate buffer (PB) 0.12
M pH 7.2. The eyes were enucleated, partially
opened behind the cornea and immersed in
fresh fixative overnight at 4º C. The eyecup was
cryoprotected in 10% sucrose in the same buffer
and quickly frozen in isopentane cooled with
liquid nitrogen. Vertical cryostat sections (25 µm
thick) were processed by immunohistochem-
istry. Tissue sections were preincubated in PB
and 0.9% NaCl (PBS) with 0.5% gelatin, 0.25%
Triton X-100 (PBS-G-T) and 0.1 M lysine for 1
hour at room temperature, and then incubated
with a mouse monoclonal antibody against
GAD65 diluted in PBS-G-T (1:1000). This GAD6
antibody, developed by D.I. Gottlieb (Washing-
ton University School of Medicine, St. Louis,
MO), was obtained from the Developmental
Studies Hybridoma Bank developed under the
auspices of the National Institute of Child Health
and Human Development and maintained by the
University of Iowa, Department of Biological Sci-
ences (Iowa City, IA). After several rinses in PB-
T, sections were incubated in Cy3-goat anti-
mou se IgG ( Jackson  Imm uno re s e a rch) in
PBS-G-T (1:200) for 1 hour. Then, sections were
washed in PB-T and incubated overnight in a
rab bit p olyclo nal an tibody against GABA
(1:2000; Sigma) diluted in PBS-G-T. Thereafter,
sections were washed in PB-T and incubated in
FITC-sheep anti-rabbit IgG (AMRAD Biotech)
(1:100) for 1 hour, rinsed several times in PB,
and mounted in Mowiol (Calbiochem). Observa-
tions were made under a Leica DMR microscope.
Images were viewed in the Meta Imaging Series
4.5 program and with the Adobe Photoshop on
a Macintosh computer.

RESULTS

Our chameleons showed a similar retinal organi-
zation to that of all other vertebrates. In the cen-
tral retina, the outer nuclear layer, formed by
several rows of photoreceptor cell nuclei, was
separated from the outer plexiform layer by a
thick Henle’s layer composed by densely packed
photoreceptor axons (Fig. 1A). The outermost
part of the inner nuclear layer was occupied by
strong GABA-Ir horizontal cell somata (Fig. 1 B-
G). The horizontal cells of the central retina pos-
sessed small and rounded cell bodies, whose
size increased progressively towards the periph-
eral retina (Fig. 1B, D, E, G). GABA immunore-
activity delineated the delicate endings of the
horizontal cell dendrites (Fig. 1C, D, E). These
dendrites formed dendritic fields of several sizes

that, like the horizontal cell somata, progressive-
ly incr eased from the central to the peripheral
zones of the retina (Fig. 1C, E, G). At this level,
straight and isolated neurites, resembling an
axon, arose from a lateral edge of the dendritic
field (Fig. 1D, G). Most of these long prolonga-
tions ended in a sharp GABA-Ir tip (Fig. 1D, G),
similar to that described on using the Golgi
method (Quesada et al., 1999).

GABA-Ir amacrine cells were located through-
out the deep tier of the inner nuclear layer (Fig.
1), and distributed their plexuses throughout the
sublayer of the inner nuclear layer, the strongest
immunoreactivity being observed within sublay-
ers 1, 3 and 5 sublayers (Fig. 1B-C). GABA-Ir
amacrine cells resembled those described in the
lizard retina by Ramón y Cajal (1893). Two main
types of amacrine cells were observed, accord-
ing to the distribution of their dendritic ramifica-
tions: (i) diffuse or non-stratified amacrine cells,
whose plexuses end in several inner plexiform
layer strata (Fig. 1H), and (ii) stratified amacrine
cells, which distribute their dendritic branches in
one of the sublayers of the inner plexiform layer
(Fig. 1E). Scattered intraplexiform GABA-Ir cell
bodies were observed throughout all the retinal
regions (not shown). Displaced GABA-Ir cells
formed a discontinuous band located at the
external limit of the ganglion cells layer. Their
dendritic trees endings were distributed through
the innermost sublayer of the inner plexiform
layer, mimicking in a mirror fashion the distribu-
tion of radial amacrine plexuses described by
Ramón y Cajal (1893).

In the peripheral retina, interplexiform cells
projecting to both retinal plexiform layers were
fou nd (Fig. 1F) . The outer p ro l o n g a t i o n
branched in few small dendrites behind the hor-
izontal cell somata (Fig. 1F), which were distrib-
uted within the outer plexiform layer. After a
short and irregular trajectory through the inner
nuclear layer, the inner prolongation divided
into smooth branches, which resembled the
plexus of non-stratified amacrine cells (Fig. 1F).

DISCUSSION

Th e present results demonstrate the presence of
two p opulatio ns o f GABA-Ir cells in th e
chameleon retina: horizontal and amacrine cells.
GABA-Ir horizontal cells are distributed thro u g h-
out the entire chameleon  retina. According to
their size and dendritic ramification, the horizon-
tal cell types described by Quesada et al. (1999)
as type I for the central re tin a, type II or transi to-
ry dendritic tree cells from the central to the
peripheral retina, and type III –or peripheral hor-
izontal cells– display an imp ortan t GABA
i m m u n o reactivity. This immunoreactivity expands
f rom the soma to the delicate dendrite endings
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Fig. 1.- Vertical sections through the central and peripheral retina of the chameleon. Nomarski’s interfer ential contrast shows the different
layers of the retina (A). Horizontal (h) and amacrine cells (a) are strongly GABA-Ir in both the central (B, C, H and I) and periph-
eral r etina (D, E, G). GABA immunoreactivity delineates the dendritic endings of the horizontal cells within the outer plexiform layer
(C and E, arrowheads), and the varicose tip (G, arrow) of their axons (D and G, short arrows). Displaced amacrine (da) cells occu-
py the outermost portion of the ganglion cells layer (H-I). In the peripheral zones of the retina, GABA-Ir interplexiform cells (F, ip)
send their prolongations to the outer (arrowhead) and the inner (arrow) plexiform layers. onl: outer nuclear layer; H: Henle’s layer;
inl: inner nuclear layer; ipl: inner plexiform layer; gcl: ganglion cell layer; 1-5: 1-5 sublayers of the inner plexiform layer. Scale bars
mark 100 µm (A, B), and 30 µm (C-I).



and the putative axonal prolongation. Thus, the
p resent results extend  the first description of
G A B A e rgic horizontal cells (Bennis and Ve r s a u x -
Botteri, 1995) to almost all horizontal cell types of
the chameleon retina, and strongly disagree with
the absence of GABA-Ir horizontal cells, twice
reported by Quesada et al . (1996; 1999). This dis-
c repancy is quite surprising because th ese authors
reported the p resen ce of GABA-Ir amacrine cell
types similar to those found in the lizard (Sherry
and Ulshafer, 1992) and ch ameleon retina (Bennis
and Versaux-Botteri , 1995; present results). A pos-
sible explanation for this discrepancy might be
based on the quali ty of the antibody utilized in
each experiment. Indeed, Haverkamp and Wässle
(2000), using three diff e rent antibodies, did not
observe the p resence of GABA-Ir horizontal cells
in the mouse retina, and in our hands, the GAD-
antibody failed to label any synaptic ending of
GABA-Ir cells in the chameleon retina. Further,
the fixation method used has an essential role in
the p reservation o f retinal antigenic epitopes
(Haverkamp and Wässle, 2000). Thus, the fact
that Quesada et a l. (1996, 1999) util ized Zam-
boni’s fluid instead  of 4% parafo rmaldehyde may
also explain this loss of immunoreactivity in their
p reparations (for a review, see Landis, 1985).

GABA-Ir amacrine cell types belong those
described previously in the lizard (Sherry and
Ulshafer, 1992) and chameleon retina (Bennis
and Versaux-Botteri, 1995). Some small GABA-Ir
cell somata were found within the outermost
part of the ganglion cells layer. According to
their size and location, these cells are considered
here to be similar to the GABA-Ir displaced
amacrine cells described in several species (for a
review, see Yazulla, 1986; Vigh et al., 2000). Few
GABA-Ir neurons locate their somata within the
inner plexiform layer. Intraplexiform cells, of
unkno wn function, earl ier described in the
chameleon retina by Genis-Galvez et al. (1978),
may represent misplaced inverted amacrine cells
that have arrested their migration within the
inner plexiform layer d uring develo pmen t
(Hinds, 1979). However, in contrast to the first
description of GABA immunoreactivity in the
chameleon retina (Bennis and Versaux-Botteri,
1995), neither GABA-Ir ganglion cells nor fibers
coursing through the optic nerve fiber layer were
found in present immunohistochemical experi-
ments. 

Interplexiform cells are a special type of
amacrine cell that project to both plexiform lay-
ers (Dowling and Ehinger, 1975; 1978). These
cells have been described as dopaminergic cells
that interconnect and modulate the information
between the inner and the outer plexiform lay-
ers (Djamgoz and Wagner, 1992) in the retina of
several vertebrates [fishes (Van Haesendonck et
al., 1993; Dalil-Thiney et al., 1996), amphibians
(Vigh et al., 2000), lizards (Lanuza et al., 1996),

birds (Dkhissi et a l., 1993), and mamm als
(Gustincich et al., 1999)]. Interplexiform cells
p ossess GABA recep tors (Gustincich et al.,
1999), indicating that they might act under GABA
modulation. However, their ability to synthesize
GABA in amniotes is discussed (Mosinger et al.,
1986; Wulle and Wagner, 1990; Brecha et al.,
1991). In the chameleon retina, interplexiform
cells have been identified in Golgi-stained retina
(Quesada and Genis-Galvez, 1983), but they lack
GABA immunoreactivity (Quesada et al., 1996).
In the present work, some interplexiform cells
located in the peripheral retina were GABA-Ir,
reinforcing the developmental idea, earlier pro-
posed by Ramón y Cajal (1893) and Rochon-
Duvigneaud (1943), concerning the similarities
between the chameleon and the avian retina. 

In conclusion, the present findings demon-
strate, as in the rest of vertebrate retinas, that
GABA may play a relevant role in the horizontal
cell inhibitory feedback to cones to account for
color discrimination and surround responses in
cones and bipolar cells (Baylor et al., 1971; Marc
et al., 1978; Watt et al., 2000) in the chameleon
retina.
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