
Differential Patterns of Glial Fibrillary
Acidic Protein-Immunolabeling in the

Brain of Adult Lizards

SAMIR AHBOUCHA,1 ABDELHADI LAALAOUI,1 MARIANNE DIDIER-BAZES,2,3

MICHELLE MONTANGE,2,3 HOWARD MICHAEL COOPER,3,4

AND HALIMA GAMRANI1*
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ABSTRACT
The present study describes by means of immunohistochemistry the comparative distri-

bution of glial fibrillary acidic protein (GFAP)-positive cells in the forebrain and midbrain of
three species of lizards: Eumeces algeriensis, Scincoidae; Agama impalearis, Agamidae;
Tarentola mauritanica, Gekkonidae. In the species studied, the different types and propor-
tions of glial cells expressing GFAP showed considerable variation. These cells include radial
glia, oval cells, tanycytes, ependymocytes, glia limitans, and astrocytes. In Eumeces, astro-
cytes are particularly abundant and their processes form numerous perivascular end-feet; in
addition well-differentiated ependymal cells and glia limitans express GFAP. These mature
glial features are concordant with the relatively advanced phylogenetic level of Eumeces. In
Tarentola, relatively few GFAP-expressing glial cells are observed, consisting mainly of
radial glia and tanycytes. These features indicate a relatively immature state of the glial cell
populations in this species. In Agama, GFAP-immunostained cells are confined to the
periventricular and subpial brain areas; the ventricular lining contains numerous GFAP-
immunopositive tanycytes and well-differentiated glia limitans. This pattern indicates that
the glial cell profile in Agama exhibits characteristics intermediate between Eumeces and
Tarentola, a feature which is discordant with the relatively primitive phylogenetic level of
Agamidae compared to Gekkonidae. Together, the results of the present study provide novel
data on the characterization of GFAP-expressing cell populations in different species of
lizards. We suggest that the different glial patterns observed in the lizard brain correlates
with developmental and functional aspects. J. Comp. Neurol. 464:159–171, 2003.
© 2003 Wiley-Liss, Inc.
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The glial system has evolved considerably both ontoge-
netically and phylogenetically in brain structures of ver-
tebrates. Several glial and nonglial cell types expressing
glial fibrillary acidic protein (GFAP) have been reported in
mammalian and nonmammalian species. These cell types
include radial glia, oval cells, tanycytes, ependymocytes,
glia limitans, and astrocytes (Onteniente et al., 1983; Pix-
ley and De Villis, 1984; Bodega et al., 1990; Monzon-
Mayor et al., 1990a,b; Lauro et al., 1991; Bruni, 1998).
Expression of GFAP in these cells is partly related to
phylogeny and also reflects the state of functional matu-
ration of various brain structures. In this context, the
study of glial cell components in different species is highly

relevant to the understanding of the brain architectural
organization.
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Université Cadi Ayyad, Faculté des Sciences Semlalia, B.P. 2390, Mar-
rakech 40000, Morocco. E-mail: gamrani@ucam.ac.ma

Received 19 December 2000; Revised 10 February 2003; Accepted 2 April
2003

DOI 10.1002/cne.10781
Published online the week of July 28, 2003 in Wiley InterScience (www.

interscience.wiley.com).

THE JOURNAL OF COMPARATIVE NEUROLOGY 464:159–171 (2003)

© 2003 WILEY-LISS, INC.



Functionally, glial cells play a crucial role in the devel-
opment and homeostasis of the central nervous system
(CNS). Several types of glial cells are distinguished in the
brain of vertebrates. Tanycytes possess morphological and
biochemical characteristics of immature radial glia. These
cells, present in adult animals, give rise to radially ori-
ented processes (Sarnat, 1992) that extend for variable
distances into the adjacent neuropil, where they termi-
nate on blood vessels, neurons, or at the brain surface
(Bruni, 1998). Tanycytes express vimentin, the cytoskel-
etal protein expressed also by radial glia, as well as im-
mature neurons and astrocytes (Dahl et al., 1981; Bignami
et al., 1982; Houle and Federof, 1983). Tanycytes are
probably implicated in neuroendocrine function (Bruni,
1998).

Astrocytes, the main cell type expressing GFAP in the
brain parenchyma of mammals, display numerous pro-
cesses and communicate with each other through special-
ized junctions. They constitute a syncytium that structur-
ally consolidates the fully differentiated brain tissue and
functionally allows coordinated responses of coupled as-
trocytes in brain structures (Nagy and Rash, 2000). As-
trocytic processes establish several contacts, notably with
blood vessels, neurons, and other glia, by which the astro-
cytes carry out localized regulation of neuronal activity,
mainly in metabolic support (Hertz, 1992; Forsyth et al.,
1996), homeostasis regulation (Walz et al., 1994), and
neurotransmission (Schousboe et al., 1993). Ependymo-
cytes and astrocytes forming the glia limitans are special-
ized glial cells which border the ventricles and the brain
surface, respectively; they serve mainly a protective func-
tion by regulating exchanges between the cerebrospinal
fluid (CSF) and the brain tissue (Bruni et al., 1985; Bruni,
1998; Saunders et al., 1999a).

Radial glia, located in the ventricular and subventricu-
lar zones, play a role of precursor cells (Soula et al., 1990),
support neuronal migration during development, and pro-
vide nutritional and neurotrophic signals to other brain
cells (Chanas-Sacre et al., 2000). The radial glial cells
constitute a major cell type in the developing brain of

numerous nonmammalian and mammalian vertebrates.
In mammals, these cells differentiate into astrocytes when
neuronal migration is completed (Choi et al., 1983; Voigt,
1989; Culican et al., 1990; Tuba et al., 1997). It has also
been recently hypothesized that radial glia represent the
precursors of neuronal and glial cells in the developing
and mature nervous system (Alvarez-Buylla et al., 2001;
Götz et al., 2002). By contrast, in nonmammalian species
radial glial cells persist into adulthood as a major compo-
nent of glia (Onteniente et al., 1983; Monzon-Mayor et al.,
1990a,b; Lauro et al., 1991; Wicht et al., 1994; Lazzari et
al., 1997; Kálmán, 1998). During radial glial differentia-
tion in mammals, transitional forms between radial glia
and astrocytes are observed postnatally (Pixley and De
Villis, 1984), but in nonmammalian vertebrates these
forms persist in adulthood (Bodega et al., 1990; Monzon-
Mayor et al., 1990a). Transitional glial cells with an oval
cell body which express both GFAP and vimentin have
also been reported during development in the lizard
(Monzon-Mayor et al., 1990a).

Comparative studies of the glial system in different
lineages of the vertebrate phylum have shown consider-
able variation in glial cell composition. In mammals and
birds, astrocytes are predominant, whereas radial glia are
found only during brain development (Sharp, 1972; Onte-
niente et al., 1983; Kálmán and Hajós, 1989; Voigt, 1989;
Kálmán et al., 1998). Tanycytes have been described in
mammals mainly during development, but in adulthood
they are only found along the hypothalamic third ventricle
(for review, see Bruni, 1998). In adult reptiles, tanycytes
are distributed throughout the brain ependyma more
widely than in mammals. In fact, in reptiles these cells
have been described in the hypothalamic, lateral, and
mesencephalic ventricles (Hetzel, 1977; Fernandez-
Llebrez et al., 1981; Wouterlood, 1981; Lazzari and
Franceschini, 2001). Astrocytes are also found in reptiles,
amphibians, and teleosts, although radial structures are
predominant (Onteniente et al., 1983; Monzon-Mayor et
al., 1990a,,b; Lauro et al., 1991, Wicht et al., 1994; Lazzari
et al., 1997; Lazzari and Franceschini, 2001). In reptiles,
and notably in lizards, only a few studies of the glial
network have been performed, namely, in Gallotia galloti
(Yanes et al., 1990; Monzon-Mayor et al., 1990a,b; 1998),
Lacerta lepida (Gianonatti et al., 1987; Bodega et al.,
1990) and Podarcis sicula (Lazzari and Franceschini,
2001).

The present comparative study is aimed at a detailed
investigation of the features of glial cells in three species
of lizard using GFAP as a marker. The studied species
belong to three distinct families from the evolutionary
point of view (Estes et al., 1988): Agama impalearis (Ag-
amidae; the most primitive family), Eumeces algeriensis
(Scincoidae; the most advanced family), and Tarentola
mauritanica (Gekkonidae; an intermediate family). It is
therefore of special interest to compare the GFAP expres-
sion patterns in these species, also in view of its potential
significance in maturational, functional, and phylogenetic
aspects.

MATERIALS AND METHODS

Animals

In this study we used the brains of 24 adult lizards
Agama impalearis, Eumeces algeriensis, and Tarentola

Abbreviations

3V third ventricle
ADVR anterior dorsal ventricular ridge
Aq aqueduct (fourth ventricle)
Ctx general cortex
DC dorsal cortex
DMC dorsomedial cortex
dgc dorsal geniculatum corpus
flm fasciculus longitudinalis medialis
lfb lateral forebrain bundle
lgc lateral geniculatum corpus
LC lateral cortex
lV lateral ventricle
MC medial cortex
Nip interpeduncularis nucleus
nac nucleus accumbens
nam nucleus amygdalae
nsm nucleus septalis medialis
OT optic tectum
ot optic tract
Ras superior raphe nucleus
S septum
sl sulcus limitans
Sph nucleus sphericus
St striatum
sv sulcus ventralis
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mauritanica (n � 8 per species). The animals were cap-
tured in August in the semiarid region of the Marrakech
province (Morocco) under institutional approval and au-
thorization. The animals were housed for 1–3 weeks in
boxes at room temperature under the natural dark–light
cycle and fed with insects (cricket and locust). Special care
was taken to avoid any discomfort or suffering of the
animals.

Western blotting

Groups of animals (n � 4 per species) were decapitated
and the whole brain quickly frozen. Tissue was homoge-
nized in 0.1 M phosphate-buffered saline (PBS), pH 7.4
(150 �l/mg of tissue wet weight) denatured in 125 mM
Tris-HCl, pH 6.8, containing 10% �-mercaptoethanol, 10%
SDS, 1% bromophenol blue, 10% glycerol. Proteins were
separated by electrophoresis (SDS-PAGE) on 9%
acrylamide-bis acrylamide gel (50 �l of samples were
loaded for GFAP analysis). They were blotted on nitrocel-
lulose sheets (Schleicher & Schuell, Keene, NH, BA-S 85,
150 mA, 2 hours). The membranes were saturated in 0.1
M PBS, pH 7.4, containing 5% of skimmed milk and 1%
Triton X100. Immunodetection of GFAP was performed by
incubating the membrane in GFAP polyclonal antibodies
directed against purified GFAP isolated from cow spinal
cord (Dako, Copenhagen, Denmark, Z0334, Lot/ch.-B. 096
(302) diluted 1:3,000 in PBS, pH 7.4, containing 0.1%
Triton X100 and 1% skimmed milk). After washing in the
same buffer the membranes were incubated for 2 hours at
room temperature with goat antirabbit-streptavidin im-
munoglobulin (1:10,000; Dako). The peroxidase activity
was revealed by treating sections in 0.03% diaminobenzi-
dine (DAB; in 0.05 M Tris buffer, pH 7.5) containing 0.01%
H2O2. Controls of rat cortex samples were used to compare
GFAP-immunoreactive bands to those of lizards.

Immunohistochemistry

Groups of animals (n � 4 per species) were anesthetized
with sodium pentobarbital (40 mg/Kg i.p.), and perfused
transcardially with cold saline followed by 4% paraformal-
dehyde in 0.1 M PB, pH 7.4. The brains were fixed in the
same fixative for 12 hours at 4°C, dehydrated in graded
alcohol solutions, transferred through serial dilutions of
polyethylene glycol (Sigma, St. Louis, MO) and embedded
in pure polyethylene glycol. Frontal sections (20 �m) were
cut with a microtome and collected in PBS. Free-floating
sections were incubated in GFAP polyclonal rabbit anti-
bodies (diluted 1:500 in PBS, pH 7.4, containing 0.1%
Triton X100 and 1% bovine serum albumin). After wash-
ing in the same buffer the sections were incubated for 2
hours at room temperature with biotinylated goat antirab-
bit immunoglobulin (1:2,000; Dako) and thereafter in
streptavidin-peroxidase (1:2,000; Dako). The peroxidase
activity was revealed by treating sections with 0.03% DAB
(Sigma) in 0.05M Tris buffer, pH 7.5, containing 0.01%
H2O2. The sections were then collected, dehydrated, and
mounted in Eukitt (Sigma). Photomicrographs were ob-
tained using a Scan-Jet scanner and arranged in figures
using Adobe PhotoShop 5.0.

RESULTS

GFAP detection by Western blot

The use of GFAP antibodies after immunotransfer of
brain protein extracts of Eumeces, Agama, and Tarentola

revealed a major band with molecular weights (MWs) of
55, 56, and 52 kDa, respectively (Fig. 1). In Eumeces brain
extracts the GFAP antibody recognized two additional
immunoreactive bands with 51 and 48 kDa. Whereas in
Agama and Tarentola only one additional band was re-
vealed with, respectively, 49 and 48 kDa. In contrast to
brain extracts of studied lizards, GFAP antibody recognize
in rat cerebral cortex a unique band with 51 kDa.

GFAP-immunopositive cells

GFAP immunohistochemistry in the brain of the lizards
revealed many positive elements, including radial glia,
oval cells, tanycytes, ependymocytes, and astrocytes. The
distribution of these immunostained cell populations re-
vealed notable species differences.

The terms used to describe the different GFAP-
immunostained cell types in this study are based on the
distribution of the labeled cell bodies and on the morphol-
ogy of cell processes. The term “radial glia” is applied to
glial cells with somata located in the ventricular zone with
radially oriented processes that terminate with end-feet
both along the ventricular border and subpially (see also
Hartfuss et al., 2001). The term “tanycytes” is used to
describe ependymal cells with somata residing in the
ependymal lining and a unique radial process comparable
to that of radial glia, which extends for variable distances
in the neuropil. The term tanycytes has been used in
previous studies in lizards (Hetzel, 1977; Wouterlood,
1981; Lazzari and Franceschini, 2001). The term “radial

Fig. 1. Western blot of total protein samples from brain extracts of
Eumeces (A, 20 �g), Agama (B, 20 �g), Tarentola (C, 30 �g), and rat
(D, 20 �g). Note the presence of three bands (55, 51, and 48 kDa) in
Eumeces. Two bands were detected in Agama (56 and 49 kDa) and
Tarentola (52 and 48 kDa). In rat frontal cortex a unique band with 51
kDa was revealed. Note the presence of low MW discrete bands in
Agama brain extracts, probably corresponding to degradation product
of GFAP in this species. MWM, molecular weight marker.
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structures” is used to designate both radial glia and ta-
nycytes. The ependymocytes have their somata in the
ependyma, as the tanycytes, but, at variance with the
latter cells, they are devoid of radial processes. In con-
trast, the term “astrocytes” is used to designate intrapa-
renchymal somata with numerous processes, conferring a
star-like shape to these cells. The oval cells also have
intraparenchymal cell bodies and give origin to a unique
radial process. The term “oval cells” has also been used in
a previous investigation in lizards (Monzon-Mayor et al.,
1990a).

Telencephalon

Ventricular walls. In all the examined lizards the
ventricular walls of the cortex are formed mainly by ta-
nycyte somata (Agama, Fig. 2A; Eumeces, Fig. 2B; Taren-
tola, Fig. 2C) which are immunostained by GFAP antibod-
ies. In the ependymal layer bordering the anterior dorsal
ventricular ridge (ADVR), GFAP immunostaining is usu-
ally less intense than in the adjacent cortex. However,
distinct interspecific differences are observed in the
ADVR. In Agama (Fig. 2a1), no GFAP immunoreactivity is
observed in the ependymal layer. In Eumeces (Fig. 2b1),
scattered ependymal cells devoid of GFAP-immunoreactive
processes are detected. In contrast, the ADVR borders in
Tarentola (Fig. 2c1) show mainly GFAP-positive radial
processes.

The ependymal layer bordering the septum and the
striatum shows GFAP immunoreactivity that also differs
among species. In Agama the ependyma contains mainly
tanycyte somata with long radial processes invading the
neuropil (Figs. 3A, 4A). In Eumeces (Figs. 3B, 4B) GFAP-
positive labeling is observed mainly in ependymal somata,
whose processes are devoid of immunostaining. In Taren-
tola the ependyma bordering the striatum (Fig. 3C) shows
mainly immunoreactive tanycyte somata and numerous
radial glia end-feet. These radial glial processes extend
towards the ventral surface of the brain (Fig. 3c). The
ependyma bordering the septum (Fig. 4C) contains only a
few tanycyte somata.

Cerebral cortex. In the cortex the GFAP-immuno-
reactive components are represented mainly by tanycyte
processes in Agama (Fig. 2A) and Eumeces (Fig. 2B). Ta-
nycyte processes extend mainly towards local blood ves-
sels or within the cortical parenchyma. Some radial glial
processes, which form subpially the glia limitans, are
also observed in these two species. In Agama the radial
processes emanating from tanycytes and radial glia are
observed mainly in the medial cortex (MC), dorsomedial
cortex (DMC), and dorsal cortex (DC), whereas only ran-
domly oriented processes are observed in the lateral cortex
(LC). In Eumeces, radial processes are observed mainly in
the MC and DMC. In contrast, in the DC and LC randomly
oriented processes are predominant. In cortex of Tarentola
(Fig. 2C) the most obvious feature is represented by nu-
merous radial glial processes that terminate subpially; a
few tanycyte cells are also observed (Fig. 2c1). Radial
processes are observed in both the MC and DMC, whereas
randomly oriented processes are detected in the DC and
LC.

Astrocyte somata are observed in the cortex of all lizard
species examined and they are relatively dense in Agama
(Fig. 2a2) and Eumeces (Fig. 2b2), but sparser in Taren-
tola (not shown). In Eumeces, immunoreactive processes,
emanating from either astrocytes and/or radial processes,

surround the blood vessels throughout the entire cortex
(Fig. 2B).

Glia limitans. In Agama (Fig. 3A) a dense layer of
immunoreactive processes is observed in the subpial mat-
ter. These processes emanate from GFAP-positive astro-
cytes (Fig. 3A). In Eumeces (Fig. 3B), dense immunoreac-
tivity is also observed in the subpial matter. In the ventral
limiting membrane of Tarentola, weak GFAP immunore-
activity is observed. Obvious GFAP-positive processes
and/or end-feet, emanating either from radial processes
(Fig. 3C) or astrocytes (Fig. 3F), are present.

Septum and striatum. In Agama the striatum (Fig.
3A) shows straight tanycyte processes that spread radially
into a zone intermediate between the periventricular and
subpial regions. These processes mainly terminate near
the local blood vessels. Astrocyte somata are located in the
dorsal part of the striatum and in the nucleus accumbens
(Fig. 3A). Astrocyte somata are also observed within the
lateral forebrain bundle (Fig. 3A) and in the amygdala
(Fig. 3D). In Agama, tanycyte processes also invade the
septum (Fig. 4A) throughout its extent. Astrocytes are
present mainly in the septal nucleus impar (not shown)
and are less frequently observed in the medial septal
nuclei (Fig. 4A).

In the striatum (Fig. 3B) and septum (Fig. 4B) of Eu-
meces, fine GFAP-positive processes, emanating mainly
from small astrocytes, are observed in the amygdala (Fig.
3E), as well as in all the other telencephalic structures.
These processes form numerous perivascular end-feet
(Fig. 4B).

The Tarentola striatum (Fig. 3C) contains tanycyte and
radial glial processes that end either on blood vessels or
subpially. In the septum of this species (Fig. 4C), many
randomly oriented processes but few radial processes are
present. Astrocyte somata are not found in these struc-
tures, although numerous astrocytes are observed in the
amygdala (Fig. 3F).

Nucleus sphericus. Dense GFAP-immunoreactive
protoplasmic astrocytes are concentrated within the pa-
renchyma of the nucleus sphericus in Agama (Fig. 4D),
whereas radial processes are not observed. In Eumeces
only a few small astrocyte somata with thin processes,
radial processes, or perivascular end-feet, are seen in the
nucleus sphericus (Fig. 4E). In Tarentola (Fig. 4F) mainly
radial processes, perivascular end-feet, and a few astro-
cytes are observed in this structure.

Diencephalon

Ventricular walls. In Agama the ependyma lining the
third ventricle shows an intense immunostaining that
labels numerous positive tanycyte somata at both the
thalamic (Fig. 5A) and hypothalamic (Fig. 5A,D) borders.
In Eumeces the ependyma bordering the thalamus shows
mainly GFAP-positive ependymocytes (Fig. 5B) devoid of
processes. In the hypothalamus of this species GFAP-
immunoreactive tanycyte somata are also observed in the
ependyma (Fig. 5E). In Tarentola (Fig. 5C) GFAP immu-
noreactivity stains tanycyte somata at the thalamic (Fig.
5C) and hypothalamic (Fig. 5F) borders. Intense immu-
nopositive perivascular end-feet are observed in the dien-
cephalon of this species (Fig. 5C).

Visual structures. In Agama, visual structures show
coarse and intensely immunoreactive processes that con-
trast with the more slender processes in the adjacent
neuropil. GFAP-positive astrocytes are observed in the
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Fig. 2. Peroxidase immunohistochemistry with GFAP antibody in
dorsal telencephalon of Agama (A), Eumeces (B), and Tarentola (C) in
the cortex (Ctx) and the anterior dorsoventral ridge (ADVR). A: In
Agama cortex, note the presence of GFAP-positive tanycytes with long
processes (arrowhead). Perivascular end-feet are not observed. The
ADVR is essentially devoid of immunolabeling. a1: High magnifica-
tion of the ependymal layer bordering the ADVR showing weak im-
munoreactivity (star). In the cortex, note the presence of tanycyte
somata (large arrows) and radial processes (small arrow). a2: High
magnification of the medial cortex showing astrocyte somata (small
arrow) and radial processes (large arrow) forming subpial end-feet. B:
In the cortex of Eumeces, immunostaining is observed in tanycyte
somata (arrowhead). Note the presence of immunolabeling around
blood vessels (double arrows). b1: High magnification of the ependy-
mal layer bordering the cortex showed tanycyte somata (large ar-

rows). The ependyma bordering the ADVR shows some immunoreac-
tive ependymocytes (thin arrow). Small double arrows point to
perivascular end-feet. b2: High magnification of the pial region show-
ing less immunoreactive radial processes. Note the presence of
perivascular end-feet (double arrows). Note in the insert small immu-
noreactive astrocytes somata (small arrows). lV, lateral ventricle. C:
In Tarentola cortex, numerous radial glial processes (star) are ob-
served, these radial fibers give origin to glial end-feet. Tanycytes are
also observed (arrowhead). c1: High magnification showing tanycyte
cell (large arrow). In the ADVR, GFAP-positive radial fibers give
origin to glial processes that reach the ventricular border (thin arrow).
c2: High magnification of the medial cortex showing GFAP radial glial
processes of the subpial end-feet (arrows). Scale bars � 100 �m in C
(applies to A–C), 50 �m in C2 (applies to a1–b1, c1, c2), 100 �m in b2.



Figure 3
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optic chiasm (not shown), optic tract (Fig. 5a), and corpus
geniculatum dorsalis and lateralis (Fig. 5A).

In Eumeces, thin GFAP-positive processes and astrocyte
somata are seen in the optic chiasm (not shown) and optic
tract (Fig. 5b).

In the visual structures of Tarentola, peculiar
helicoidal-shaped GFAP-positive processes are seen
within the optic tract. These processes are thick and bul-
bous (Fig. 5c) and are not observed in other structures or
in the other species studied. A few astrocyte somata are
present in the optic chiasm (not shown).

Thalamus. In Agama, immunolabeling is restricted to
the thalamic periventricular and lateral areas (Fig. 5A).
Tanycyte processes exhibit a limited length and do not
extend farther than the periventricular zone. Astrocyte
somata are observed in the lateral forebrain bundle (Fig.
5a), in the habenular nuclei, and in the periventricular
region (Fig. 5G).

In Eumeces, thin, stained processes, emanating from
small GFAP-positive astrocytes, are observed in all tha-
lamic regions. These processes form numerous small
perivascular end-feet throughout the thalamus. Astro-
cytes are also observed in the habenular nuclei of this
species (Fig. 5H).

In Tarentola (Fig. 5C), dense radial processes, emanat-
ing from either tanycytes or radial glia, are more exten-
sive and form large perivascular end-feet. Astrocyte so-
mata are essentially observed in the habenular nuclei
(Fig. 5I).

Hypothalamus. In Agama (Fig. 5A,D), immunolabel-
ing is intense in the hypothalamic region. Tanycyte pro-
cesses extend throughout this structure. A few GFAP-
positive astrocyte somata are observed.

In Eumeces (Fig. 5B,E), thin, GFAP-positive processes,
emanating from either small astrocytes or tanycytes (Fig.
5E), are observed in the hypothalamus. These processes
form several perivascular end-feet. Small astrocyte so-
mata are scattered throughout the hypothalamus.

In Tarentola the hypothalamus (Fig. 5C,F) shows less
immunoreactivity than that observed in the thalamic re-
gion. Radial processes, emanating from tanycyte somata,
terminate occasionally in perivascular end-feet (Fig. 5F).
Astrocyte somata are rarely observed.

Mesencephalon

Ventricular walls. In the aqueduct, GFAP-positive
tanycytes with radial processes and ependymocytes de-
void of processes are observed in Agama (Fig. 6A). In
Eumeces (Fig. 6B), ventricular borders contain mainly
GFAP-positive ependymocytes and a few tanycytes,
whereas in Tarentola (Fig. 6C) the ventricular walls show
mainly GFAP-positive tanycyte somata.

In the ependyma bordering the optic tectum GFAP-
positive tanycyte somata and/or radial glia end-feet are
observed in all the studied lizards (Fig. 6G–I).

Tegmentum. The Agama tegmentum shows dense
and localized astrocyte cells in several mesencephalic re-
gions: the fasciculus longitudinalis medialis, raphe nuclei,
the nucleus interpeduncularis, and throughout the pe-
ripheral region of the mesencephalon (Fig. 6A). Another
GFAP-positive element observed in the Agama mesen-
cephalon is represented by oval cells (Fig. 6D), character-
ized by oval or round-shaped cell bodies, a unique cell
process, and a general close proximity to blood vessels
(Fig. 6d).

In Eumeces (Fig. 6B), thin, GFAP-positive processes,
emanating from small immunoreactive astrocyte somata,
are observed throughout the mesencephalon. Numerous
perivascular end-feet are also observed throughout the
parenchyma. No oval cells are observed.

Numerous tanycyte processes are observed in Taren-
tola. Astrocyte somata are less obvious compared to the
other lizards (Fig. 6C,F). GFAP-positive oval cells are also
observed (Fig. 6f).

Optic tectum. The Agama optic tectum (Fig. 6G)
shows immunoreactive radial processes, emanating from
either radial glia or tanycytes. Intensely stained proto-
plasmic astrocytes are also detected (Fig. 6G). In Eumeces
(Fig. 6H), thin GFAP-positive radial processes, small as-
trocyte somata, and perivascular end-feet are observed. In
Tarentola (Fig. 6I) a dense network of regularly oriented
radial processes is evident, whereas astrocyte somata are
rarely observed.

DISCUSSION

GFAP labeling specificity and overall
pattern of distribution

The antibodies against GFAP used in our study resulted
in immunopositive labeling in all lizards. In Western blot
these antibodies recognize in Eumeces, Agama, and
Tarentola a major immunoreactive protein of 55, 56, and
52 kDa, respectively, contrasting with the single 51 kDa
immunoreactive band in rat. Similar observations of
higher MW have been reported in turtle (Dahl, 1976) and
in goldfish (Dahl et al., 1985). Dahl (1976) described in
brains of several species, including teleosts, amphibians,
and birds, the presence of GFAP protein homologous to
that detected in mammals, which migrates as a single
band of 54 kDa. Among studied species, differences in MW
of the major GFAP-immunoreactive band could be as-
cribed either to interspecific differences in molecular com-

Fig. 3. GFAP localization in the telencephalon of Agama (A,D),
Eumeces (B,E), and Tarentola (C,F) at the level of the striatum (St;
A–C) and the amygdala nucleus (nam; D–F). A: Ependymal layer of
the sulcus ventralis (sv) of Agama displaying tanycytes with straight
processes. These cells spread radially in the intermediate zone of the
striatum (small arrows) but do not reach the surface of the brain.
Astrocytes (long arrows) are detected in the striatum (St), the lateral
forebrain bundle (lfb), and throughout the subpial area. a: High
magnification of the glia limitans showing a dense GFAP immunola-
beling (arrowhead) with astrocyte cells (small arrows) subpially. The
deeper region is devoid of immunolabeling (star). S � septum. B: The
ependymal layer of Eumeces shows mainly GFAP-positive ependymo-
cytes (small arrow) in septum. Note the presence of perivascular
labeling in all structures (large arrows) b: High magnification of the
ventral area showing a moderate GFAP labeling in the glia limitans
(arrowhead). Note the presence of astrocyte cells subpially (small
arrow), and others dispersed in the brain tissue (long arrow). C:
Photomicrograph showing GFAP-positive tanycyte somata (small ar-
row) and radial glial processes projecting subpially (large arrows) in
Tarentola. c: High magnification of the ventral area shows weak
GFAP immunoreactivity (arrowhead). Immunolabeling is detected in
GFAP-positive radial processes (large arrows). Few processes end in
the external limiting membrane (small arrow). D: Photomicrograph
showing astrocyte cells (large arrows) in the amygdalae of Agama. E:
Dispersed astrocyte cells (large arrows) are observed in the amyg-
dalae of Eumeces. F: Large astrocytes (large arrows) are detected in
Tarentola displaying processes that sometimes end subpially (small
arrows). Scale bars � 250 �m for A–C (in C), 60 �m for a–F (in c).
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Fig. 5. Immunoreactivity with anti-GFAP in diencephalic struc-
tures of Agama (A,D,G), Eumeces (B,E,H), and Tarentola (C,F,I). A:
Photomicrograph showing tanycytes throughout the ependyma of the
third ventricle in Agama (arrowhead) diencephalon. Processes are
limited to the periventricular area (arrows) in the thalamus (Th). In
the hypothalamus (Ht), processes (long arrow) reach the pia matter.
The deep diencephalic area is devoid of immunoreactivity (star). Note
the presence of numerous astrocyte cells in the optic tract (ot), dorsal
geniculatum corpus (dgc) and lateral geniculatum corpus (lgc) (small
arrows). a: High magnification showing coarse and intensely immu-
noreactive fibers in the optic tract. In this latter structure, note the
presence of numerous astrocytes (large arrow). Protoplasmic astro-
cytes are observed in the lateral forebrain bundle (lfb) (small arrows).
3V, third ventricle. B: Photomicrograph showing immunoreactive
ependymocytes of Eumeces in the majority of thalamic and hypotha-
lamic ependymal borders of the third ventricle (arrowheads). Ta-
nycytes were observed in the ventral hypothalamic ependyma. Note
the presence of perivascular end-feet throughout the whole dienceph-
alon (arrows). Scattered astrocytes were observed throughout the
whole brain parenchyma of Eumeces. b: High magnification of the
optic tract showing astrocyte somata (large arrows). C: The ependy-

mal layer of Tarentola shows many tanycyte somata throughout the
whole diencephalon (arrowheads). Note the presence of large perivas-
cular end-feet (double arrows). Astrocyte cells are not detected in
visual diencephalic structures. c: High magnification of the optic tract
showing thick and helicoidal GFAP-positive processes (arrows). Scale
bars � 500 �m for A–C (in C); 150 �m for a–c (in c). D: Photomicro-
graph showing at the level of the hypothalamic ventricular border
dense immunoreactive tanycyte somata in the Agama (arrowheads),
these cells give origin to radial processes in the periventricular area
(white stars). In some regions immunoreactive ependymocyte soma
devoid of GFAP-positive processes are observed (arrow). Note the
presence of perivascular end-feet in the periventricular area (double
arrows). 3V, third ventricle. E: Note the presence of tanycyte somata
and processes in Eumeces (arrowheads). F: Tanycyte somata in Taren-
tola (arrowheads). Tanycyte processes sometimes project to local blood
vessels (small arrows). Scale bar � 150 �m for D–F (in F). G: Numer-
ous astrocyte somata are detected in the habenular nuclei (Hab) of
Agama (small arrows). 3V, third ventricle. H: Photomicrograph show-
ing astrocyte somata in Eumeces habenula (small arrows). I: In Taren-
tola, astrocyte cells are observed in the habenula (small arrows). Scale
bar � 130 �m for G–I (in I).

Fig. 4. Immunohistochemical detection of GFAP in Agama (A,D),
Eumeces (B,E), and Tarentola (C,F) at the level of the nucleus septalis
medialis (nsm; A–C) and the nucleus sphericus (Sph; D–F). A: Pho-
tomicrograph showing tanycyte somata (large arrows) with processes
spreading radially in the septum of Agama. These processes termi-
nate either in the parenchyma or the blood vessels (medium-sized
arrows). Note the presence of astrocytes (small arrows) in the nucleus
septalis medialis (nsm). lV, lateral ventricle. B: The ependymal layer
of Eumeces shows mainly ependymocytes (large arrow). Note the
presence of perivascular end-feet (double arrows). C: Photomicro-
graph showing weak GFAP-immunoreactivity bordering the septum
of Tarentola (arrowhead). Few tanycyte somata (large arrow) are
GFAP-positive. Inside the septum, several radial and randomly ori-
ented processes (small arrow) are detected. Note the presence of

GFAP-positive radial processes in the anterior dorsoventricular ridge.
(ADVR; long arrows) and perivascular end-feet (double arrow). D:
Numerous protoplasmic astrocyte somata are detected in Agama
sphericus nuclei (arrows). Perivascular end-feet are absent in the
majority of blood vessels. Few and weakly immunoreactive radial
processes are revealed subpially (arrowhead). Note the absence of
radial processes inside the nucleus. E: Photomicrograph showing nu-
merous fine processes of dispersed small astrocyte somata throughout
the entire nucleus of Eumeces (star) contacting the majority of blood
vessels (double arrows). Radial processes are also observed subpially
and inside the nucleus (arrowhead). F: In Tarentola, numerous radial
processes inside the nucleus sphericus (arrows) terminating subpially
(arrowhead) and perivascular end-feet (double arrows) are observed.
Scale bars � 200 �m for A–C (in C), 450 �m for D–F (in F).
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Fig. 6. GFAP localization in the mesencephalon of Agama
(A,D,G), Eumeces (B,E,H), and Tarentola (C,F,I). A: In Agama, ta-
nycyte somata are present in the ependyma of the aqueduct (Aq;
arrowhead) essentially in the sulcus limitans (sl). Ependymocytes,
devoid of GFAP-positive processes, are also observed (double arrow-
head). Radial processes are detected in the interpeduncularis nucleus
(Nip; black asterisk). Note the presence of astrocytes in the fasciculus
longitudinalis medialis (flm), superior raphe nucleus (Ras) and the
ventral subpial area (arrows). B: Ependymocytes are mainly observed
in the ependyma of the aqueduct of Eumeces (arrowhead). Tanycyte
somata are not detected. Few radial processes are observed in the
interpeduncularis nucleus (white asterisk). Numerous and scattered
astrocyte somata are observed throughout the whole mesencephalic
parenchyma and aggregated and intensely GFAP-immunoreactive
astrocytes are visualized in the ventral zone (arrows). Perivascular
end-feet are distributed in the whole mesencephalon (double arrows).
C: Tanycyte somata are visualized in the ependyma of the aqueduct in
Tarentola (arrowhead). Tanycyte processes project mainly to local
blood vessels (double arrow). Radial processes are detected in the

interpeduncularis nucleus (white asterisk). Scale bar � 300 �m for
A–C (in C). D: Note the presence of tanycyte processes (white star) in
Agama. d: High magnification show GFAP-positive oval cells (arrows)
with a single process in contact with local blood vessels. E: Photomi-
crograph showing ependymocytes in Eumeces ventricular borders (ar-
rowhead). Numerous fine astrocyte processes are dispersed in the
mesencephalic parenchyma. e: High magnification shows thin GFAP-
positive processes (arrow) emanating from small astrocytes. Note the
presence of perivascular end-feet (double arrows). F: In Tarentola,
numerous tanycyte somata are observed in the ependyma (arrow).
Astrocyte somata are less frequent. f: High magnification shows
GFAP-positive oval cells with a single process (arrows). Scale bars �
250 �m for D–F (in F), 80 �m for d–f (in f). G: Photomicrograph
showing radial processes (small arrow) and protoplasmic astrocyte
somata (long arrow) in Agama optic tectum. H: Radial processes
(small arrows) and astrocyte somata (long arrows) in the optic tectum
of Eumeces. I: Radial processes (small arrows) in the optic tectum of
Tarentola. Scale bar � 200 �m for G–I (in I).

168 S. AHBOUCHA ET AL.



position or in phosphorylation state of the protein. In-
traspecifically, lower MW bands could be either the
consequence of proteolytic degradation or regional differ-
ences of GFAP protein expression similar to those re-
ported in the sea bass (Dahl et al., 1985). The GFAP
antibody used in our study recognizes in Western blot
major proteins that have a MW ranging between 56 and
52 kDa, which is similar to that detected in other verte-
brates, 54 kDa (Dahl, 1976), and in rat, 51 kDa (present
study). Furthermore, immunohistochemistry showed an
immunopositive reaction in all the studied lizards, con-
firming that GFAP is conserved through the vertebrate
phyla.

The glial components in the brain of the lizards studied
show differences in composition, abundance, and distribu-
tion. For example, no GFAP-immunopositive oval cells
have been found in Eumeces, at variance with Agama and
Tarentola. These latter species exhibited abundant radial
glial structures (radial glia and tanycytes), whereas in
Eumeces numerous fine GFAP-positive fibers are seen to
emanate from astrocyte somata but a few radial fibers are
observed. In some brain structures a peculiar distribution
of GFAP-immunopositive elements is observed, especially
the selective labeling of protoplasmic astrocytes in the
nucleus sphericus of Agama and the helicoidal-shaped
processes in the optic tract of Tarentola. These interspe-
cific differences could reflect variations at the developmen-
tal, functional, and phylogenetic levels.

Differences in glia distribution and
developmental correlates

The glial components of the brain of lizards show re-
gional differences in the parenchymal tissue, ventricular
borders, and glia limitans.

In the parenchyma, the proportion of astrocyte and ra-
dial processes differs between lizards. In Eumeces, astro-
cyte processes are widely distributed throughout nearly
all brain structures. In Agama the proportion of astrocytes
and radial processes emanating from tanycytes appears
similar. In Tarentola, radial processes, emanating either
from tanycytes and/or radial glia, are predominant. The
radial glia, which typically appear during early develop-
mental stages, express mainly vimentin as major compo-
nent of the intermediate filament of immature glia (Pixley
and De Vellis, 1984; Yanes et al., 1990). In adult lizards, a
few vimentin-positive glial elements are present and are
mainly located in the ependyma and limiting membrane,
but are absent in the brain parenchyma (unpubl. obs.).
During development, transition of glia phenotypic expres-
sion occurs, with a decrease in vimentin and an increase in
GFAP expression (Pixley and De Vellis, 1984; Monzon-
Mayor et al., 1990a; Yanes et al., 1990), and this would
explain the weak vimentin immunoreactivity in adult liz-
ards.

The Eumeces ependyma shows well-differentiated
GFAP-positive ependymocytes devoid of radial processes.
A similar GFAP-positive labeling is present in adult ver-
tebrates (Kálmán and Hajós, 1989; Hajós and Kálmán,
1989). In Agama the ependyma is formed essentially by
tanycytes, whereas in Tarentola this structure contains
tanycytes and radial glia, both of which characterize early
ontogenetic stages (Bruni, 1998).

Dense GFAP-positive processes and astrocytes are de-
tected in the glia limitans of Agama and Eumeces. This
distribution is similar to that observed in adult verte-

brates (Kálmán and Hajós, 1989; Hajós and Kálmán,
1989). In contrast, in Tarentola the glia limitans are de-
void of astrocytes and only display GFAP-positive end-
feet.

The widespread distribution of astrocytes throughout
the brain of the adult Eumeces, and the well-differentiated
ependyma and glia limitans in this species, suggests a
relatively advanced state of glial differentiation compared
to Agama and Tarentola, in which undifferentiated glial
elements are also found in the adult brain.

Glial differences and functional correlates

The glial system plays an important role in the mainte-
nance of the blood–brain barrier (Saunders et al.,
1999a,b). The predominance of tanycytes in Agama and
Tarentola, which establish contacts with both the CSF
and the brain tissue, indicates the occurrence of indirect
blood–brain exchange via the CSF, since tanycytes are
reported to be involved in neuroendocrine/transport func-
tions (Flament-Durand and Brion, 1985; Bruni et al.,
1985; Sarnat, 1992; Ma, 1993). Direct blood–brain ex-
change could occur in Eumeces, via the wide distribution
of astrocyte perivascular end-feet, and in Tarentola and
Agama via oval cells located in close proximity to blood
vessels. In addition, the high density of contacts between
glial elements in the ependyma and glia limitans in Eu-
meces and Agama could favor the efficiency of the blood–
brain barrier in both the ventricular and peripheral brain
interfaces with the CSF, possibly through specialized
junctions (Nakazawa and Ishikawa, 1998; Saunders et al.,
1999a).

The glial differentiation has always been associated
with the process of neuronal migration (Hatten, 1999). On
the other hand, several studies have reported that neuro-
genesis can continue in the CNS of adult fish, frogs, rep-
tiles, birds, and mammals (Pérez-Sánchez et al., 1989;
Cameron et al., 1993; Goldmann, 2001). The persistence of
immature radial structures in various brain regions of
adult Agama and Tarentola may indicate a high degree of
postnatal neurogenesis. In contrast, the wide distribution
of mature astrocytes throughout most brain structures in
Eumeces could be related to a state of reduced neurogen-
esis.

Agama, in particular, shows a dense distribution of
astrocytes in all visual structures (optic chiasm, optic
tract, optic tectum, and corpus geniculatum). The state of
maturation of the glial and neural systems in these struc-
tures, in addition to the role of astrocytes in metabolism
and neurotransmission (Schousboe et al., 1993; Forsyth et
al., 1996), may be related to the highly developed visual
behaviors (rapid locomotion and hunting behavior) re-
quired in this species.

Our findings indicate that the relative state of glial
differentiation, from radial glia to astrocytes, correlates
both with the neural sophistication of the system as well
as with the cessation of neurogenesis. That is, structures
in which neurogenesis is complete tend to have more as-
trocytes, while structures undergoing continuing neuro-
genesis retain radial glia.

Phylogenetic correlates

Reptiles represent the first vertebrate group in which
astrocytes constitute a distinct cell component in the brain
(Onteniente et al., 1983; Gianonatti et al., 1987; Monzon-
Mayor et al., 1990a). On the other hand, mature astro-
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cytes are a characteristic feature of the cortex of mammals
(Kálmán and Hajós, 1989).

The present study describes the presence of astrocytes
in the telencephalon of all lizards studied. In contrast,
astrocytes have not been observed in the telencephalon of
teleosts and amphibians, in which radial glia persist in
adulthood (Onteniente et al., 1983; Lauro et al., 1991;
Wicht et al., 1994; Lazzari et al., 1997). Concerning the
presence of astrocytes in the telencephalon, a considerable
variation is reported within and between different reptil-
ian lineages. For example, astrocytes have been described
in the snake hippocampus (a primitive cortex; Onteniente
et al., 1983), in the telencephalon of the crocodilian
Caiman crocodilus (Kálmán and Pritz, 2001), and astro-
cyte processes were observed in the lizard Gallotia galloti
(Yanes et al., 1990), whereas astrocytes were not detected
in the telencephalon of the lacertidae Podarcis sicula (Laz-
zari and Franceschini, 2001) or turtles (Onteniente et al.,
1983, Kálmán et al., 1994).

The persistence of radial structures in adults is consid-
ered a primitive feature, observed in teleosts, in amphib-
ians, and in certain reptiles (Onteniente et al., 1983;
Monzon-Mayor et al., 1990a,b; Lauro et al., 1991; Wicht et
al., 1994; Lazzari et al., 1997; Kálmán, 1998). On the other
hand, in adult birds and mammals radial structures were
only observed in relatively few brain regions (Onteniente
et al., 1983; Kálmán and Hajós, 1989; Hajós and Kálmán,
1989; Kálmán et al., 1998). Similar data on the distribu-
tion of radial glia have been reported in the vertebrate
spinal cord (Bodega et al., 1994).

In the present investigation, the distribution of radial
structures (radial glia and tanycytes) showed a general
inverse relation with the phylogenetic level. Thus, radial
glia are frequently observed in Tarentola and Agama, but
rarely seen in Eumeces (Table 1). In this latter species
(Eumeces; Scincoidae), the ubiquitous distribution of as-
trocytes contrasts with a higher selectivity of distribution
in the other lizards. In addition, the presence in Eumeces
of well-differentiated mature ependymocytes, glia limi-
tans, and perivascular end-feet is similar to descriptions

in mammals (Kálmán and Hajós, 1989; Hajós and Kál-
mán, 1989), in support of the relatively advanced phylo-
genetic level of this species. In Tarentola (Gekkonidae),
the astrocytes are less frequent and GFAP-positive cells
are mainly represented by undifferentiated glial elements
such as radial glia, tanycytes, and oval cells (Table 1).
However, Agama, which is considered the most primitive
species, displays a GFAP-positive glial cell profile with
characteristics intermediate between those of Eumeces
and Tarentola, a feature which is discordant with its phy-
logenetic level.

CONCLUDING REMARKS

Our study shows a differential pattern of GFAP-
immunopositive glial cells in three species of lizards.
These differences include glial cell composition, abun-
dance, and distribution. The different glial patterns are
correlated with degrees of developmental differentiation
and/or distinct roles of the glia in the maintenance of the
blood–brain barrier and neurogenesis. Finally, in terms of
GFAP glial architecture, we suggest that, although the
Agamidae are considered the most primitive of the inves-
tigated lizards, they probably represent a state interme-
diate between Scincoidae and Gekkonidae.
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Pérez-Sánchez F, Molowny A, Garcia-Verdugo JM, López-Gracia C. 1989.
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