
Summary. An immunohistochemical study of the
magnocellular neurosecretory nuclei was performed in
the hypothalamus of the desert lizard Uromastix
acanthinurus using polyclonal antibodies against
arginine vasotocin (AVT), mesotocin (MST) and
neurophysins I and II (NpI, NpII). AVT- and MST-
immunoreactivities were localized in individual neurons
of the supraoptic, periventricular, and paraventricular
nuclei and in scattered neurosecretory cells. The
supraoptic nuclei (SONs) can be subdivided into rostral,
medial and caudal portions. The rostral portion of the
SONs was called the SON-ventral aggregation (V SON)
because the neurosecretory neurons are present in the
ventral part of the hypothalamus along the optic chiasma
(OC). Their perikarya and fibres were only AVT-ir. The
medial part of the SONs was constituted of two clusters
of neurosecretory neurons located in the two lateral ends
of the OC to form the SON-lateral aggregations (L
SON). In the caudal end of the last one, some MST-ir
perikarya appeared. The caudal part of the SONs was
constituted of a dorso-lateral aggregation (D SON) of ir-
neurons spreading over the lateral forebrain bundle
(LFB). AVT- and MST- perikarya were observed in this
caudal portion of the SONs, AVT-ir neurons being more
numerous. AVTergic and MSTergic magnocellular
neurons were present in the periventricular nuclei
(PeVNs). Parvocellular and magnocellular AVT- and

MST-ir were observed in the paraventricular nuclei
(PVNs). The fibres emerging from the magnocellular
neurons which belong to these nuclei and the scattered
cells ran along the hypothalamic floor and entered the
median eminence (ME) to end in the neural lobe of
hypophysis. As a rule, immunoreactivity was also
observed in all the regions of the forebrain with
vasotocinergic and mesotocinergic perikarya and fibres.
The immunoreactive distribution was similar to that
described in other reptiles.
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Introduction

The chemical structures of neurohypophysial
hormones occurring within the various classes of
vertebrates are closely related. Arginine vasopressin
(AVP), oxytocin (OT), arginine vasotocin (AVT),
mesotocin (MST) and isotocin (IST) are nonapeptides
differing from each other by the positions of three amino
acids. These neurohypophysial hormones can be
clustered in an AVT-AVP line and an IST-MST-OT line.
AVT and IST are found in teleostean fishes. AVT and
MST are present in lungfish, amphibians, reptiles and
birds, whereas mammalians possess AVP and OT
(Acher, 1974; Oksche, 1976; Dierickx, 1980; Acher and
Chauvet, 1995; Moore and Lowry, 1998). Location of
the hypothalamic magnocellular neurosecretory neurons
producing these hormones was studied in mammalian
and submammalian species using histochemical, ultra
structural and immunocytochemical techniques
(Vandesande and Dierickx, 1976; Dierickx, 1980;
Swanson and Sawchenko, 1983; Silverman and
Zimmerman, 1983; Sofroniew, 1983; Castel et al., 1984;
González and Smeets, 1992). 
Reptiles represent a fundamental step in the

phylogenetic evolution of vertebrates. They are the first
truly terrestrial vertebrates (Northcutt, 1984). The
hypothalamic nuclei (SONs and PVNs) appeared with
these species (Scharrer 1951; Ananthanarayanan, 1955;
Legait and Legait, 1957; Philibert and Kamemoto, 1965;
Eyeson, 1970; Gesell and Callard, 1972; Haider and
Sathyanesan, 1974; Prasada Rao and Subhedar, 1977;
Prasada Rao et al., 1981). Distribution of these
neurosecretory neurons and fibres in the central nervous
system were revealed by immunohistochemistry
experiments in several reptiles, including lizards, snakes
and turtles (Goossens et al., 1979; Bons and Pérézi,
1981; Fasolo and Gaudino, 1982; Bons, 1983; Stoll and
Voorn, 1985; Fernández-Llebrez et al., 1988; Smeets et
al., 1990; Propper et al., 1992; Silveira et al., 2002).
However the precise physiological role of AVT and
MST in these vertebrate classes remains incomplete
(Bentley, 1976; Chan, 1977; Dantzler and Braun, 1980;
Rice, 1982; Pang et al., 1983; Figler et al., 1989;
Fergusson and Bradshaw, 1991; Conklin et al., 1996;
Takei, 2000).
In non-mammalian vertebrates, both AVT and MST

correspond to AVP and OT of mammals. These
molecules are mainly implicated in the regulation of
water balance and other endocrine functions (Acher,
1974, Bentley, 1976; Dantzler and Braun, 1980; Rice,
1982; Takei, 2000). AVT increases the water
permeability of the renal collecting duct across cell
membranes, allowing recovery of extra water from
urine. MST stimulates contractions of smooth muscles.
Several reptilian species live on dry land. Adaptation to
these special conditions has placed the animals in
particularly stressing conditions to maintain an optimal
state of bodily hydration. The successful resolution of
this problem involves the use of several physiological

and anatomical processes, some of them concerning the
hypothalamo-neurohypophysial axis. However,
immunohistochemical studies of this axis in the desert
reptiles are extremely limited (Bons, 1983; Bennis et al.,
1995, Dahane-Barka et al., 2001).

Uromastix acanthinurus is the only herbivorous
desert lizard living in the Sahara. It is well adapted to
this extreme environment. Because it does not drink free
water, the conservation of its bodily water deriving from
its vegetable food, is necessary for survival. In the
kidneys of this Saharan lizard, the AVT participates in
the concentration of urine which becomes solid (Grenot,
1976). 
In the present report, the main objective of the

histochemical and immunohistochemical study was to
identify the AVT-ir and MST-ir and their respective
Neurophysins (NpII and NpI)-ir perikarya and fibres of
the hypothalamo-neurohypophysial system of the
Saharan lizard Uromastix acanthinurus. The results will
be discussed in relation to patterns of vasotocinergic and
mesotocinergic system present in other species living in
a range of different environments like freshwater,
temperate, semi-arid and arid habitats, and also in
relation to the role of these hormones in non-mammalian
species. The importance of the hypothalamo-
neurohypophysial system in this lizard appears to be an
adaptative mechanism to dry land. 
Previous studies have revealed the distribution of

AVT- and MST-ir perikarya and fibres in the central
nervous system of some reptiles, including turtles,
lizards and snakes (Goossens et al., 1979; Bons and
Perezi, 1981; Bons, 1983; Stoll and Voorn, 1985;
Thepen et al., 1987; Fernández-Llebrez et al., 1988;
Smeets et al., 1990; Propper et al., 1992; Silveira et al.,
2002). Also, in Uromastix acanthinurus AVT and MST
immunoreactivity was observed in telencephalic areas.
The knowledge of the precise physiological role of

AVT and MST in central nervous areas in many animal
phyla, including invertebrates and vertebrates remains
incomplete. However, it suggested that, like in
mammals, these neuropeptides could act centrally as
neuromodulators (Chan, 1977; Rose and Moore, 2002;
Hillsman et al., 2007; Tessmar-Raible et al., 2007). 
Materials and methods 

Twenty six adult Uromastix acanthinurus, (fourteen
males and twelve females) weighing from 500 to 720g
were used in the present study. Animals lived in semi-
captivity in a large terrarium inside the Arid Zones
Research Center of Béni-Abbès, a desertic region
located in the Western Algerian Sahara. All animals
were captured in May 2005 at a temperature of 38±1°C
and with a natural environmental light-dark cycle
(approximately 14 L: 10 D). For histological and
immunohistochemical analysis, all animals were
processed at the same time of day. They were quickly
anaesthetized with intraperitoneal injection of
pentobarbital (5.10-2 mg/g body weight). Then, they
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were perfused intracardially with fixative solution (4%
paraformaldehyde in 0.1M phosphate buffer, pH 7.4) for
40 min. The dissected brains were immersed during 48 h
in Bouin’s fixative (300 mL water saturated of solution
picric acid, 100 mL formalin, 20 mL acetic acid) at room
temperature, then dehydrated in graded alcohols (from
50 to 100%) and embedded in paraffin. Serial frontal
sections (7 µm thick) of anterior hypothalamus were
treated with xylene to remove the embedding media and
hydrated. First, for the demonstration of the selectively
stainable cell components of the peptidergic
neurosecretion, the sections were stained with Gomori’s
Aldehyde Fuchsin (AF). Then, the sections were stained
with Periodic Acid Schiff (PAS) using Gabe’s method
(1953) for the identification of the AVT. 
Serial frontal sections were examined using the

immunohistochemical biotin-streptavidin method and
indirect immunofluorescent technique. Thus, sections
were immunostained using UNIVERSAL DAKO
LSAB®2 System (Horseradish peroxidase, Amino-9
ethylcarbazole).
Endogenous peroxidase activity was quenched by

incubating the sections during 5 min with 1% hydrogen
peroxide. The sections were incubated during 5 min with
“Tissue Conditioner” solution to permeabilize cellular
membranes. Successive sections were then alternately
incubated during 30 min at room temperature in a humid
chamber with primary rabbit anti- vasopressin (VP)
polyclonal antibody (CHEMICON International,
AB1565) and primary rabbit anti-oxytocin (OX)
polyclonal antibody (CHEMICON International,
AB911) at a dilution of 1/1000 in PBS and with
respective primary rabbit anti-neurophysin I and II
polyclonal antibody (NOVOCASTRA) that were diluted

1/100 in PBS. A trypsin digestion of sections was
necessary to unmask the antigens before application of
anti-Neurophysin. Then, the sections were washed
(3x5min) in PBS and incubated for 30min at room
temperature with biotinylated IgG anti-rabbit diluted
1/40 in PBS. Afterwards, they were rinsed (3x5min) in
PBS and incubated for 20 min at room temperature in
peroxidase-labelled streptavidin complex. Staining was
completed after incubation during 10 min at room
temperature with Substrate Chromogen AEC. Presence
of antigens was visualized with a red-stained precipitate
(UNIVERSAL DAKO kit, K0672). The immunostained
sections were counterstained during 1 min with
haematoxylin, mounted in aqueous media, Crystal
Mount (Biomedia) and dried overnight at 60°C. In order
to test the specificity of the immunoreactions and to
check the probable occurrence of endogenous
peroxidase, sections were processed without the primary
antibodies. No positive structures or cells were found in
control sections.
For immunofluorescent detection of AVT and MST,

successive sections were incubated during 12h at 4°C
with rabbit polyclonal antibodies against either AVT or
MST. After rinsing with PBS, the sections were
incubated during 3h at 4°C with fluorescein-conjugated
anti rabbit secondary antibodies (Sigma) diluted 1/100.
The sections were rinsed again and counterstained with
Evans Blue and mounted in special immunofluorescent
buffered glycerine (Sigma). The sections were observed
using an epi- fluorescent microscope.
Results

Examination of successive immunohistochemically
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Fig. 1. Dorsolateral view of the brain of
Uromastix acanthinurus. The levels
corresponding to the serial rostro-caudal
sections are indicated in figure 2 (A-Q). CE:
cerebellum; CH: cerebral hemisphere; EP
epiphysis; HP hypophysis; NI: olfactory nerves;
NII: optic nerves; OB: olfactory bulb; OC: optic
chiasma; TEC; tectum. 



162
Vasotocin and mesotocin in lizard 

Fig. 2. Schematic drawings of serial frontal sections
from rostral (A) to caudal (Q) levels through anterior
hypothalamus of Uromastix acanthinurus showing the
vasotocin-(f i l led circles) and mesotocin-
immunoreactive (open circles) perikarya and fibres
(dots). EPT: epiphysis tract; HBN: habenular nucleus;
MCN: magnocellular neurons; ME: median eminence;
PCN: parvocellular neurons; PeVN: periventricular
nucleus; IR: infundibular recess; OT: optic tract; RIN:
recess infundibular nucleus. 



treated frontal sections with anti-AVP or anti-OX sera
allowed the identification of two separate neurosecretory
systems. The distribution of these two systems was
generally anatomically identical, but vasotocinergic
neurons were larger and more frequent than
mesotocinergic ones. The immunoreactive neurons were
found in three paired cellular groups: supraoptic (SONs)
periventricular (PeVNs) and paraventricular (PVNs)
nuclei which exhibited bilateral symmetry in the anterior
hypothalamus. Figs. 1-3 are schematic drawings of a
dorsolateral view of the brain showing the levels of the
rostro-caudal serial frontal sections in the hypothalamus
(Fig. 1) and frontal sections (Fig. 2 A-Q) and sagittal
sections showing the hypothalamo-neurohypophysis
complex (Fig. 3).
Supraoptic Nuclei (SONs) 

SONs were located in the chiasmatic region. They
extend rostro-caudally from an area delimited by the
median portion of the optic chiasma and the anterior
commissure (AC). The SONs were homogenous,
composed only of large immunoreactive cells, the
magnocellular neurosecretory neurons. The major axis
of the SONs was 25 to 35 µm long. Neurosecretory
perikarya exhibited a conspicuous round nucleus with a
centrally located nucleolus. This first group included
three magnocellular neurosecretory neuron clusters
independently located in three different areas.
The rostral parts of the SONs contained few

neurosecretory neurons located closely to the inner
lateral border of the lateral forebrain bundles (LFB) (Fig.
2B). Behind, the magnocellular neurons extended along
the dorsal face of the OC to its central part (Fig. 2C).
Thus, this SON-ventral aggregation extended between
the two LFBs into a 130 µm thick layer (Fig. 2D). In this
layer, large AF-positive and PAS-positive neurosecretory
droplets, ranging in size from 2 to 14 µm were observed
(Fig. 4A,B). This cellular band was separated from the

OC by a glial fibril coat forming the ventral glial
limitans (VGL). The shape of perikarya was irregular
with a major axis ranging from 25 to 30 µm; they were
filled with AVT-ir material (Fig. 4C). In the caudal end,
some magnocellular neurons projected their processes
into the 3V cerebrospinal-fluid via the ependymal lining
(Figs. 2F, 4D). All neurons of the SON-ventral
aggregations displayed exclusively AVT-ir.
Mesotocinergic elements were not observed. 
More caudally, the second parts of the SONs were

located in the two lateral ends of the OC where
magnocellular neurons spread between sparse glial
fibrils delimited in a triangular area (Fig. 5A). In the
rostral portion of these SON-lateral aggregations, the
distribution of magnocellular neurons (about 35 µm in
diameter) was peripheral. These bipolar neurosecretory
neurons were frequently in cell-cell close apposition
(Figs. 2G, 5B). Some magnocellular neurons exhibited a
large bubble-shaped dilatation in the rostral part of their
axons projecting out the ventral border of the
hypothalamus under the pia mater. The magnocellular
perikarya and processes were AVT-ir, whereas the
axonal dilatations were AVT-immunonegative (Fig. 5C). 
In the medial portion of the SON-lateral

aggregations, several magnocellular neurons were
observed and they were located in the central part of the
triangular area (Fig. 2H). These bipolar magnocellular
neurons measured about 35 µm in major axis. Their
perikarya and processes were filled with a thin AVT-ir
material. (Fig. 5D). In the caudal end of the SON-lateral
aggregations the last neurosecretory neurons reacted
with anti-MST. These neurons were usually unipolar,
smaller (about 20µm in diameter), and less frequent than
AVT neurons. These neurons, preferentially in the
ventral region of the triangular area, terminate the
second part of the SON (Fig. 2I and Fig. 5E).
Magnocellular neurons of the third part of the SON
spread dorso-laterally over the LFBs corresponding to
the SON dorso-lateral aggregations portion (Fig. 2J-L).
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Fig. 3. Mid-sagittal section showing the
distribution of the vasotocin- and mesotocin-
immunoreactive perikarya and fibres in the
hypothalamo-neurohypophysis axis. Dots
represent tract of fibres. AL: anterior lobe; CE:
cerebellum; CH: cerebral hemisphere; ME:
median eminence; PL: posterior lobe; OB:
olfactory bulb; POA: preoptic area; PT: pars
tuberalis; RIN: recess infundibular nucleus;
TEC: tectum. 



These fusiform neurons lay in a band of scarce glial
fibrils surrounding the LFBs dorso-laterally. Their major
axis (about 25 µm) was parallel to the glial fibrillary
orientation. The perikarya were filled with AVT-ir
material and cell-cell close appositions were observed.
Some perikarya appeared clear with only a thin
peripheral border of material which could indicate the
end of releasing (Fig. 6A). Magnocellular MST-ir
perikarya terminated this third part of the SON which
was limited to the dorsal region of the LFBs. These
neurosecretory cells were smaller than AVT-neurons and
emitted beaded axons running in several directions (Fig.
6B).
Periventricular Nuclei (PeVNs)

A second group of homogenous magnocellular-ir

neurons which succeeds the SON were the PeVNs. The
main feature of these nuclei was the arrangement of the
immunoreactive neurons in a single parallel layer to the
ependyma, from which it was separated by a glial
fibrillar space (about 90µm thick). The examination of
adjacent sections showed that only the magnocellular
neurons of the dorsal half of this layer were AVT- ir,
whereas the ventral half ones were MST-ir (Fig. 2M,
Fig. 7A-C). These neurons were bipolar and their major
axes were perpendicular to the ventricle wall. The AVT-
ir neurons were large in size (about 25 to 30 µm in major
axis) and their perikarya were filled with coarse
granulated immunoreactive material (Fig. 7A’,A’’). In
contrast, the MST-ir neurons were smaller (about 20 to
25 µm in major axis) and their perikarya comprised an
immunoreactive thin granular material (Fig. 7B’). Both
of them were in close apposition and their long fibres
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Fig. 4. Consecutive frontal sections though the SON-ventral aggregation. A and B. Sections histochemically stained respectively with paraldehyde
fuchsin and periodic acid Schiff showing large AF- and PAS-positive neurosecretory granules (arrows). C and D. Sections immunostained with
antiserum anti-AVT. C. AVT-ir neurons showed strong immunoreactivity and extended in a thick layer. D. Neuron process projectis into the 3V
cerebrospinal-fluid. Bars: A-C, 30 µm; D, 15 µm. 
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Fig. 5. Consecutive frontal sections though the SON-lateral aggregation. 
A. Intense immunostaining for the AVT antibody of the magnocellular neurons
localized in the lateral ends of the OC. B. High magnification showing neurons in
cell-cell close appositions (arrows). C. Bipolar neurons endowed with an AVT-
immunonegative large bubble-shaped dilatations of their process (arrowheads)
and immunoreactive fibres (thin arrows). D. Intense immunostaining for the AVT
antibody of the magnocellular neurons in the medial part of the aggregation; note
the fibre-fibre juxtapositions (arrows). E. MST-ir perikarya in the caudal end of the
SON-lateral aggregation. Bars: A, 60 µm; B-D, 12 µm; E, 40 µm. 



166
Vasotocin and mesotocin in lizard 

Fig. 6. Consecutive frontal sections though the SON-dorso-
lateral aggregation. A. Strong AVT-ir fusiform neurons were
located over the lateral forebrain bundles, cell-cell
juxtapositions (arrow) were observed. Note the absence of
staining in a few perikarya. B. Caudal part of the
aggregation showing MST-ir perikarya, cell-cell
juxtapositions (arrow) were observed. Bars: A, 12 µm; B, 30
µm. 
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Fig. 7. Consecutive frontal sections though the PeVN. Adjacent sections were
immunostained with antisera against: AVT (A) and MST (B) showing
arrangement of neurosecretory neurons in one layer on either side of the 3V.
A-C. AVT-ir neurons were localized in the dorsal half of the layer and MST-ir
neurons were localized in the ventral half. Note the absence of staining in
several neurons of the layers. A’ and A’’. Detail showing strong
immunoreactivity of the AVT-ir neurons, their juxtapositions and varicose
fibres displaying numerous Herring bodies (arrows). B’. Detail of MST-ir
perikarya with varicosed fibres. Bars: A, B, 60 µm; A’, A’’, B’, 12 µm. 



Fig. 8. Consecutive frontal sections though the PVN. A. Rostral part of the nuclei showing a few magnocellular neurons (MCN) localized in the dorsal
part of the parvocellular neuron band (PCN). B. The magnocellular neurons were fusiform and strongly AVT-ir. C and D. Adjacent sections in the
medial part of the PVN immunostained respectively with an antiserum anti-AVT and anti-MST. The magnocellular neurons spread dorso-ventraly on
either side of the 3V. The MST-ir magnocellular neurons were less numerous than AVT-ir ones. Bars: A, 120 µm; B, 12 µm; C, D, 60 µm. 
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Fig. 9. Consecutive frontal sections
showing a high magnification of the
magnocellular neurons in the medial
part of the PVN. A. The AVT-ir
neurons were fusiform with
incompletely immunostained
perikarya (arrowheads). Varicose
fibres can be observed (thin
arrowhead). B. The MST-ir neurons
were round or oval with completely
immunostained perikarya. Cell-Cell
apposit ions can be observed
(arrow). C and D. Adjacent sections
treated with respective neurophysin
(NPI and NPII) antisera confirm the
presence of the two magnocellular
neuron kinds. E. The neurosecretory
droplets (arrows) were NPII-ir to
confirm their stocking of AVT
product. Bars: A, B, 12 µm; C, D, 15
µm; E, 10 µm. 



displayed numerous varicosities and Herring bodies
(Fig. 7A’,A’’,B’). These axons ran in a latero-ventral
direction to converge in the supraoptic region, probably
to reach the SON-lateral aggregations. In addition to
these neurosecretory neurons, some other neurosecretory
cells were scattered in this space between this layer and
the ependymal border. The fibres of these scattered
neurons connect probably SON-ventral aggregation (Fig.
7A,B). 
SON-ventral and SON-dorsal aggregations were

interconnected with PeVN by scattered bridge cells.
These neurosecretory neurons were AVT-ir (Fig.
2E,K,M). 
Paraventricular Nuclei (PVNs)

PVNs spread over a large area extending from the
anterior commissure to the paraventricular organ. They
could be subdivided into rostral, medial and caudal
divisions (Fig. 2N-P). These groups were heterogeneous.
Their rostral part was composed of magnocellular
neurons (about 25µm in major axis) and small cell
parvocellular neurosecretory neurons (9 to 12 µm).

Neurosecretory neurons described a curved cellular band
(150 µm thick) on each side of the third ventricle from
the dorsal to the ventral part of the anterior
hypothalamus. The convex surface of this band was
close to the ependymal border, separated by a fibrillar
space (Fig. 2N,O). In the rostral division of PVNs,
parvocellular neurons predominated in the curved
cellular band and a few fusiform magnocellular neurons
were located in its dorsal end (Fig. 2N, 8A). At this
level, the AVT-ir was observed in magnocellular neurons
(Fig. 8B). 
More caudally in the medial portion of the PVNs,

AVT- or MST-ir magnocellular neurons occupied the
entire cellular band (Fig. 2O), intermingled throughout
the cellular cluster. Adjacent sections showed there are
less MST-neurons than AVTergic-neurons (Fig. 8C,D).
The latter were mostly fusiform and their perikarya were
incompletely immunostained (Fig. 9A). MSTergic-
neurons were round or oval with completely and
strongly immunoreactive perikarya (Fig. 9B).
Neurophysins I and II were located in the same location
as the respective hormones to which they were linked
(Fig. 9C,D). In the caudal division, the PVNs were
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Fig. 10. Immunofluorescence detection of the neurosecretory magnocellular neurons in adjacent sections though the caudal end of the PVN. AVT- and
MST- ir neurons were intermingled to form a cluster localized in the ventral part of the hypothalamus. AVT- ir perikarya (A) were larger than MST-ir (B)
perikarya. Bars: 20 µm



restricted to a small cluster located near the ventral
region of the anterior hypothalamus (Fig. 2P). 
In this cluster, consecutive sections showed

intermingled AVT or MST-immunofluorescent
perikarya. Both types of neurosecretory cells were round
or oval. Magnocellular AVT-ir neurons appeared greater
in size (about 25 µm in major axis) than the
magnocellular MST-ir neurons (about 15 µm in major
axis) (Fig. 10A,B). 
Additionally, small accessory groups of

neurosecretory magnocellular neurons were observed
behind the PVNs. These groups, containing only a few
AVT-ir perikarya, were located in the ventral region of
the infundibular recesses to form the recesses
infundibularis nucleus (RINs). The fibres of these
neurons coursed to the infundibular wall within the
ependymal layer. They made probably direct contact
with the cerebrospinal fluid (Fig. 2Q). No significant
differences were found in the distribution of AVT and
MST system between male and female. In both sexes,
the three nuclei (SONs, PeVNs and PVNs) displayed the
same patterns and the vasotocinergic system was more
important than the mesotocinergic system. Moreover,
immunoreactivity was observed in different regions of
the telencephalon. In the preoptic area the AVT-ir
perikarya were present and their fibres ran along
telencephalic ventral wall towards the olfactory bulb
(Fig. 3). In the septal area, the nucleus accumbens, the
bed nucleus of the stria terminalis and the ventral
amygdaloid complex, a network of ir-fibres but no
perikarya were observed. In these areas, the density of
AVT-ir fibres is higher in males than in females.
Discussion

This study showed distinct patterns of
immunostaining for AVT and MST. For each of the two
neuropeptides examined, results were constant from
animal to animal, and showed that AVT and MST were
synthesized in separate neurons. 
The present results revealed an organization of AVT-

and MST-ir perikarya and fibres in the anterior
hypothalamus of Uromastix acanthinurus which was in
accordance in basic pattern to previous findings reported
in several reptiles using histochemical or immuno-
histochemical methods (Ananthanarayanan, 1955;
Philibert and Kamemoto, 1965; Eyeson, 1970; Gesell
and Callard, 1972; Haider and Sathyanesan, 1974;
Prasada Rao and Subhedar, 1977; Goossens et al., 1979;
Prasada Rao et al. 1981; Bons and Perezi, 1981; Fasolo
and Gaudino,1982; Bons, 1983; Stoll and Voorn, 1985;
Thepen et al., 1987; Fernandez-Llebrez et al., 1988;
Smeets et al., 1990; Propper et al., 1992; Bennis et al.,
1995; Silveira et al., 2002). Some authors (Dierickx,
1980; Castel et al., 1984) used colchicin as a previous
treatment to increase the amount of neurosecretory
granules in neuron perikarya to improve visualization of
the peptidergic neurons in reptiles. In U. acanthinurus,
the magnocellular neuron perikarya were strongly

immunostained without this previous treatment. SONs
and PVNs are the basic pattern in terrestrial vertebrates;
they have been shown to be the main source of
neurohypophysial peptides (Senn, 1968; Cruce, 1974;
Vandesande and Dierickx, 1980; Goossens et al., 1977,
1979; Blähser, 1981; Zimmerman, 1981; Kawata and
Sano, 1982; Silverman and Zimmerman, 1983; Castel et
al., 1984; Panzica et al., 1999; Burbach et al., 2001;
Antunes-Rodrigues et al., 2004). In reptiles, their
development depends first on phylogeny, the chelonian
(characterised by a primitive system), saurian and
ophidian species, but also from the environment. In the
freshwater species Chelonia mydas (Licht et al., 1984)
and the snake Natrix maura (Fernández-Llebrez et al.,
1988) the SONs are limited to a concentration of a very
few numerous neurosecretory neurons and the PVN
allow a single layer of neurosecretory neurons parallel to
the ependyma. In the species living in temperate
environments, such as the chelonians, Chrysemys picta
(Parent and Poitras, 1974), Mauremys caspica
(Fernandez-Llebrez et al., 1988), Pseudemys scripta
elegans (Smeets et al., 1990) and ophidians Python
regius (Smeets et al., 1990) and Bothops jararaca
(Silveira et al., 2002) two concentrations of
neurosecretory neurons constitute the SONs, and in the
PVNs, neurosecretory neurons form two or three parallel
layers to the ependyma. In species living in semi-arid
and arid environments, such as Chameleo chameleon
chameleon (Bennis et al., 1995), Acanthodactylus
pardalis and Acanthodactylus boskianus (Bons, 1983),
these nuclei are more important. In U. acanthinurus the
SONs were well developed. In addition to the ventral
and lateral-SON they have acquired a third important
aggregation located dorsally to the lateral forebrain
bundle to form the dorso-lateral aggregation (DLA) and
the PVN spread over a large area. In addition, the
presence of large neurosecretory neurons suggests an
important neuropeptide in PeVN. PeVNs are considered
like the rostral portion of the PVNs in Gekko gecko
(Stoll and Voorn, 1985; Thepen et al., 1987) Natrix
maura and Mauremys caspica (Fernández-Llebrez et al.,
1988). RINs had not been described in several reptilian
species (Goossens et al., 1979; Stoll and Voorn, 1985;
Thepen et al., 1987; Fernández-Llebrez et al., 1988;
Pérez-Fígares et al., 1995). However they have been
reported in different lizards (Bons, 1983) snakes
(Prasada Rao et al., 1981; Smeets et al., 1990; Silveira et
al., 2002) and turtles (Dwivedi and Prasada Rao, 1992).
In these latter only MST-ir perikarya have been reported
in the RINs. According to these authors the axons
project to the hypothalamo-hypophyseal tract or to other
locations contributing to extrahypophyseal neuro-
secretory pathways. In U. acanthinurus the neurons of
RINs were AVT-ir, but not MST-ir, and projected their
axons to the infundibular recess fluid, suggesting other
destinations. CSF-contacting neurons containing
neurohyphysial peptides were reported in vertebrates.
These contacts are numerous in the preoptic nucleus of
fishes and amphibians (Vandesande and Dierrickx, 1976;
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Cumming et al., 1982; Dungen et al., 1982). In reptiles
the highest number of CSF-contacting neurons in PVNs
are observed in the most primitive species like turtles,
Mauremys caspica (Fernández-Llebrez et al., 1988) and
Pseudemys scripta elegans (Smeets et al., 1990). They
decrease in the PVNs of lizards (Goossens et al., 1979;
Bons, 1983; Thepen et al., 1987; Bennis et al., 1995) and
snakes like Natrix maura (Fernández-Llebrez et al.,
1988), Python regius (Smeets et al., 1990) and Bothrops
jararaca (Silveira et al., 2002). In birds they become
scarce (Berk et al., 1982; Weindl and Sofroniew, 1982;
Péczely and Antoni, 1984; Tennyson et al., 1985;
Panzica et al., 1986). In mammals, very few neurons in
the PVNs establish contact with the CSF. They have
been seen from 18 days before birth to 16 days after
birth in rats. CFS-contacting neurosecretory neurons is
regarded as a characteristic feature of non-mammalian
vertebrates (Boer et al., 1980; Buijs et al., 1980). 
In U. acanthinurus CSF-contacting neurosecretory

neurons were not observed in the PVN, but they were
present in the caudal part of the SON-ventral
aggregation and in the RIN. AVT-fibres arising from
only few magnocellular neurons run towards the
infundibular recess to contact the CSF. This pattern is
probably related to the adaptation to dryness. In desert
species the conservation of body-water is a major
problem. Thus, it is necessary for them to send a great
part of the AVT product to the blood stream via the
neural lobe.
Neurosecretory droplets, labelled as “colloid

droplets” by Scharrer (1928) have been found in
hypothalamic neurosecretory system of fishes,
amphibians, reptiles and birds. In contrast to the
hypothalamus of non-mammalian vertebrates,
neurosecretory droplets are missing in mammals, but
they have been experimentally induced in laboratory rats
submitted to an artificial dehydration or drinking saline
water (Reinhardt et al., 1969; Kalimo, 1971; Krisch,
1974; Broadwell and Oliver, 1981). Thus, formation of
colloid droplets was regarded as a characteristic feature
of non-mammalian magnocellular neurosecretory
neurons (Scharrer, 1928; Scharrer and Scharrer, 1954 for
references; Oksche et al., 1963; Murakami, 1963; Castel
et al., 1984). González and Rodriguez (1980)
demonstrated that colloid droplets were enlarged
cisternae of RER containing a glycoprotein-neurophysin
precursor. In Reptiles, Fernández-Llebrez et al. (1990)
have clearly demonstrated that formation of colloid
droplets is a property of AVT-secreting neurons. These
results were confirmed in the snake Natrix maura by
Andrades et al. (1994). An increasing number of colloid
droplets has been demonstrated in hypothalamic
magnocellular secretory neurons of animals submitted to
dehydration in comparison with control animals (Oksche
et al., 1963; Fernández-Llebrez et al., 1988, 1990). 
In U. acanthinurus colloid droplets were large and

numerous in the magnocellular nuclei. Like in other
species, histochemical and immunochemical results have
indicated that they contain an AVT-neurophysin

glycosylated precursor. Therefore, they belong to the
AVT neurosecretory neurons. So, the numerous colloid
droplets in the SONs correlate to the numerous AVT
neurons. Their important number and great size can
allow them to store a great quantity of AVT. This feature
is certainly an adaptation to the arid environment. This
antidiuretic hormone protects this desert lizard from
dehydration. 
A sexual dimorphism of magnocellular AVP and

AVT-ir hypothalamo-neurohyphyseal system has been
reported in mammalian and submammalian species
(Moore and Lowry, 1998). In reptiles, AVT has been
reported to predominate in male lizards (Gekko gecko:
Stoll and Voorn, 1985; Thepen et al., 1987; Anolis
carolinensis: Propper et al., 1992), turtles (Pseudemys
scripta elegans) and snakes (Python regius) (Smeets et
al., 1990). In U. acanthinurus the distribution and
intensity of both magnocellular AVT- and MST-ir
perikarya and fibres appeared to be similar in male and
female. Like in the Chameleon Chameleo chameleon
chameleon (Bennis et al., 1995) and the snake Bothrops
jararaca (Silveira et al., 2002), our results suggest that
no distinct sexual dimorphism seems to exist in the
hypothalamus of this species. 
Compared to the temperate species of Lacertidae

(Oksche, 1976; Stoll and Voorn, 1985; Thepen et al.,
1987; Propper et al., 1992) the hypothalamic nuclei of
the desert lizard U. acanthinurus appear to be relatively
rich in magnocellular AVT- and MST-ir neurons, and
well-organized with respect to individual nuclear
aggregations. In a comparative study of the mesotocin-
and vasotocin-producing systems in the brain of a
temperate lizard Lacerta muralis, and two desert lizards
Acanthodactylus pardalis and Acanthodactylus
boskianus, Bons (1983) observed that the SONs and the
PVNs of the two desert lizards are more important than
in temperate species. The involvement of the mesotocin
and the vasotocin in thermoregulation is suggested in
this study. Prasada Rao and Subhedar (1977) have
reported the same observations in Calotes versicolor, an
Indian Agamidae, in comparison with the European
species of Lacertidae. These authors think that the
development of the Agamidae neuroendocrine system
refers to phylogenesis. In U. acanthinurus, a Saharan
Agamidae, the importance of the hypothalamo-
neurohypophysial system refers perhaps to evolution,
but we think it is rather an adaptation to the arid
environment. In Chameleo chameleon chameleon
(Bennis et al., 1995), a subhumid Agamidae, the
hypothalamo-neurohypophysial system is less developed
than that of U. acanthinurus which lives in a more arid
land. 
Numerous neuron-neuron appositions were observed

in different nuclei of the magnocellular system in U.
acanthinurus. Under conditions of low demand for
neuro-peptide release, the magnocellular perikarya and
dendrites are usually separate from their neighbours by
astrocytic processes. In contrast, activation of the
hypothalamo-neurohypophysial system by the stimuli of
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dehydration increases direct neuronal membrane
appositions. This is accomplished by retraction of glial
processes between the neuronal somata. The neuron-
neuron juxtapositions are known to play a role in the
enhancing and synchronization of excitability and
peptide release (review in Hatton 1999; Miyata and
Hatton 2002; Theodosis et al., 2008). In the desert lizard
U. acanthinurus, a maximal production of AVT is
necessary to economize bodily water. The abundant cell-
cell coupling quickly increases the number of the excited
neurosecretory neurons to release neurohormones. The
importance of this phenomenon in this species is
certainly an adaptation to the environment.
In reptiles, AVT- and MST-immunoreactivity has

been reported in several brain regions (Bons, 1983; Stoll
and Voorn, 1985; Thepen et al., 1987; Smeets et al.,
1990; Propper et al., 1992). In lizards, the preoptic area
displays numerous neurosecretory neurons (Gesell and
Callard, 1972; Haider and Sathyanesan, 1974; Prasada
Rao and Subhedar, 1977). In U. acanthinurus AVT-ir
perikarya were observed in the preoptic area, like in the
desert lizards Acanthodactylus pardalis and
Acanthodactylus boskianus (Bons, 1983) living in the
same region. In these three species, the corresponding
fibres extended more rostrally towards the olfactory bulb
than in the temperate species like Lacerta muralis (Bons,
1983), in which the fibres terminated near the lamina
terminalis. Unfortunately, no information to elucidate
this observation is known. 
In other telencephalic regions (septum area, nucleus

accumbens, bed nucleus of the stria terminalis and
amygdala), immunoreactive projections were observed.
Their distributions were similar to that described in other
reptiles (Bons, 1983; Stoll and Voorn, 1985; Thepen et
al., 1987; Fernández-Llebrez et al., 1988; Smeets et al.,
1990). In these regions, the high density of AVT-fibres in
the male probably suggests sexual dimorphism. Rose
and Moore (2002) relate that vasotocin and vasopressin
are potent modulators of social behavior in diverse
species of vertebrates. Vasotocin is thought to be
involved in the control of male mounting behaviors
(Hillsman et al., 2007).
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