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Abstract: The distribution of galanin immunoreactive perikarya and nerve fibers in the brain of the desert lizard
U. acanthinura was studied by means of immunofluorescence using an antiserum against rabbit galanin. The
animals were captured during the activity season in March (wet season) just before reproduction period and in
June (arid season) after ovulation period. Immunoreactive neurons were mostly detected in the mediobasal and
the infundibular recess nuclei, the nucleus of the paraventricular organ, the paraventricular organ, the periven-
tricular nucleus and in the anterior hypothalamus at the level of the periventricular nucleus, the paraventricular
nucleus and the supraoptic nucleus. The differences in brain galanin expression between animals collected un-
der both sets of environmental conditions indicated changes which occur during the annual and reproductive
cycles. The wide hypothalamic and extrahypothalamic distribution of galanin immunoreactive fibers suggests
that this peptide may have hypophysiotropic, neuromodulator and neurotransmitter roles in the lizard U. acan-
thinura. (Folia Histochemica et Cytobiologica 2013, Vol. 51, No. 1, 45–54)
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Introduction

Galanin is a 29–30 amino acid neuropeptide, which is
present in the central nervous system (CNS) and pe-
ripheral tissues. Its primary structure is highly con-
served among vertebrates (almost 90%), indicating
the importance of the neuropeptide. Galanin has
multiple biological effects and many studies have dem-
onstrated its involvement in several hypothalamic and
hypophyseal functions including feeding, seizure,
pain, learning, memory and depression [1]. This pep-
tide seems also to be involved in the osmoregulatory
response to water-restriction [2, 3]. Galanin exerts
neuroendocrine effects by modulating the release of

gonadotropins [4], prolactin [5], growth hormone [6]
and somatostatin [7]. These regulatory actions of gala-
nin are further supported by many reports that show
galaninergic innervation of hypophyseal secretory
cells in several vertebrate groups including mammals
[8-11]. Moreover, the expression of galanin is elevat-
ed following estrogen administration, neuronal acti-
vation, denervation and/or nerve injury, as well as
during development [1]. The use of immunohis-
tochemical methods revealed a wide distribution of
galanin in the brain of several vertebrate groups:
mammals [12–15], birds [16, 17], reptiles [9, 18], am-
phibians [19–22] and fish [8, 23–25].

In the lizard P. s. sicula, galanin seemed to inter-
act in the oviduct with estrogen, vasoactive intestinal
polypeptide and oviposition [26] and its systemic ad-
ministration was able to stimulate the thyroid gland
both at morphological and physiological level [27].
However, there is no knowledge of the physiological
role played by galanin in the CNS of reptiles. The
galanin stimulates food intake in the goldfish C. au-
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ratus [28], while it does not affect feeding in the neo-
natal chicks [29]. Despite their crucial position among
vertebrate phylogeny, there have been only two stud-
ies published on the distribution of galanin in a rep-
tilian species, the turtle M. caspica [9] and the snake
B. jararaca [18].

Although physiological data have been obtained
about the role of galanin in the lizard, a deserticole
and seasonal breeder, there are no data describing dis-
tribution of galaninergic system in the brain of lizard
species. Therefore, we undertook study on the distri-
bution of galanin throughout the entire brain of the
U. acanthinura by means of immunohistochemistry.

Material and methods

Animals. Lizards U. acanthinura used in this study were
collected during two periods of the active season, in
March just before reproduction: adult male (n = 1), adult
female (n = 2) and sub-adult female (n = 2) and in early
June after ovulation: adult male (n = 2), sub-adult male
(n = 2) and adult female with eggs retention (n = 1). Their
weight and the mouth-cloaca length were summarized in
the Table 1. Animals were anesthetized by intraperitoneal
injection of 25% urethane solution (5,7 mL/kg body weight)
and subsequently transcardially injected with 0,9% NaCl
solution. Specimens were then perfused with 4% paraform-
aldehyde in phosphate buffer 0.1M, pH 7.4 for 30 to 40 min.
The brains were removed and postfixed for 24 h in the same
fixative, then they were cryoprotected in 30% sucrose in
phosphate buffer 0.1M, pH 7.4 at 4°C during 24 h. After-
wards, the fixed brains were frozen at –40°C, cut at –20°C
on a freezing microtome on serial frontal sections of 50 mm
thickness. The free-floating sections were collected in phos-
phate buffer 0.1 M, pH 7.4.

Immunohistochemistry. The serial frontal sections were
immunostained according to indirect immunofluorescence
method. Every free-floating section was pre-incubated in
phosphate buffered saline 0.1M, pH 7.4 (PBS) containing
0.1% of gelatine and 0.3% of Triton (PBS-gelatine-Triton)

for 1 h at 4°C. They were then incubated overnight at 4°C in
the primary antibody (polyclonal antiserum raised in rabbit
against porcine galanin generously gift by Prof. M. Tramu,
Bordeaux University, France) diluted 1:400 in PBS-gelatine-
Triton. After four washes (10 min each) in PBS, the sec-
tions were incubated at room temperature with the second-
ary antibody (IgG anti-rabbit FITC Dako, France) diluted
1:200 in PBS-gelatine-triton for 2–3 h. They were washed in
PBS, spread and mounted in Mowiol (Calbiochem, France)
and observed in epifluorescence microscope (Olympus, Ja-
pan) equipped with an excitation filter HQ480/40, dichroic
filter Q505/lp, and emission filter HQ535/50 allowing to
observe green fluorescence. The pictures were digitalized
with D76 Olympus color camera coupled to microcomput-
er system with DP controller software.

The specificity of the rabbit serum anti-galanin has
previously been evaluated and used to locate the gala-
nin in the sheep diencephalon [12]. To check the spec-
ificity of the labeling, adjacent sections were incubat-
ed without primary antiserum.

The size of perkaryons, measured across the long
axis of cell bodies, and diameter of nuclei were ob-
tained in sections of 50 mm thickness. The average
(mean) and SD were obtained for 9 to 20 of cells per
section and according to the total number of neurons
observed for each area.

Results

The galanin immunoreactivity in lizard’s brain showed
bilateral symmetry. Since animals were killed at dif-
ferent times of the active period of the annual cycle,
seasonal variations had to be evaluated.

Neuronal perikarya

Two areas with high densities of galanin immunore-
active neurons were observed in the brain of U. acan-
thinura. The first one was detected in the mediobasal
hypothalamus in the infundibular recess nucleus
(RIN), the nucleus of the paraventricular organ

Table 1. Weight, mouth cloaca length and sexual state of U.acanthinura used in the study

March June

 Mouth-cloaca length [cm]  Weight [g] Mouth-cloaca length [cm] Weight [g]

20/Adult      (beginning of spermatogenesis) 314.5 19/Adult      (spermatogenesis) 348
20.5/Adult      (spermatogenesis) 295

18/Adult      (previtellogenesis) 201.9 22/Adult      (at the egg retention) 371
18.2/Adult      (previtellogenesis) 221

17/Sub-adult      (immature) 175 17/Sub-adult      (immature) 154.3
17.2/Sub-adult      (immature) 163 17.5/Sub-adult      (immature) 182.4
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(NPO), the paraventricular organ (PO) and the poste-
rior periventricular nucleus (PPvN). The galanin im-
munoreactive perikarya were generally bipolar, large
and mostly pear-shaped. The form of their nucleus
varied between round and oval with the occurrence of
a nucleolus. Some galaninergic perikarya displayed an
apical process directed toward the ventricle. In the
outer layer of the median eminence (ME), some im-
munoreactive perikarya were detected.

The second area of galanin-immunoreactive neu-
rons, with lower density as compared to the first one,
was present in the anterior hypothalamus, above the
optic chiasma at the level of the anterior PvN (APvN),
the paraventricular nucleus (PVN) and the supraop-
tic nucleus (SON). The majority of the periventricu-
lar galanin-immunoreactive perikarya displayed an
apical process directed toward the ventricle. The SON
exhibited a low to moderate density of the galanin
neurons compared to PvN. The immunoreactive
perikarya were found close to the optic chiasma.

Nerve fibers

The galaninergic innervations were distributed
throughout several brain parts of U. acantninura. In
the telencephalon, bundles of galanin-immunoreac-
tive fibers were seen in the nucleus accumbens and
the septum in the dorsal septal nucleus, the median
septal nucleus and the lateral septal nucleus. Some
fibers were observed in the nucleus of the diagonal
band of Broca and the striatum.

The diencephalon contained also abundant gala-
nin fibers. In the anterior hypothalamus, galaninergic
innervations were noted in SON, APvN and in the
PVN. In the mediobasal hypothalamus, RIN, NPO,
EM and PPvN were generously innervated by galanin-
immunoreactive fibers. Other diencephalic areas such
as medial thalamic nucleus (MTN) and the subcom-
missural organ were also innervated by galanin fibers.

Distribution of galanin-immunoreactive neurons
in CNS at the previtellogenesis period (March)

Infundibular recess nucleus (RIN) and nucleus of the
paraventricular organ (NPO)
In adult male and females, the labeled perikarya with-
out particular orientation were long (14.73 ± 0.085
µm) and their nucleus reached on average 8.42 ± 0.041
µm in diameter (Figures 1 and 2, and Table 2). The
immunoreactive perikarya were abundant; their num-
ber reached 54 per section in an area of 8683 mm2.
Numerous varicosities were observed in theirs gala-
ninergic fibers which were long and strongly labeled

(Figure 3). Some perikarya displayed an apical pro-
cess directed toward the 3rd ventricle (Figure 4). We
noted absence of labeling in the ependymal cells. At
the level of PO, the galanin perikarya were localized
parallel to each other, with a vertical orientation to-
ward the wall of the 3rd ventricle with majority dis-
playing an apical process directed toward the ventri-
cle (Figure 5). At the level of ME, some immunore-
active perikarya were detected in the outer cellular
layer (Figure 6). These last two structures were rela-
tively less densely innervated by galaninergic fibers
than in RIN and NPO.

In sub-adult females, the galanin-labeled perikarya
appeared less numerous than in the adult animals
(Figure 7), in fact, their number was about 29 per sec-
tion in an area of 8683 mm2, which was 53.7% less
than in adult lizards. Also, the size of galanin-immu-
noreactive perikarya was slightly smaller (Figure 8),
they had a length of 14 ± 0.09 mm and their nucleus
presented an average diameter of 8.11 ± 0.06 mm.

Anterior periventricular nucleus (APvN) and
paraventricular nucleus (PVN)
In adult male and females, the galanin-immunoreac-
tive perikarya were abundant (Figures 9 and 10). In
an area of 8683 mm2, their number reached 51 per
section. Some perikarya were round and other were
pear-shaped. The labeled perikarya were larger than
in the RIN and NPO. The length and the nucleus dia-
meter were respectively 15.78 ± 0.085 mm and 9.12 ±
± 0.03 mm. In the APvN, the apical process passed
from perikarya between the ependymal cells to reach
the lumen of the 3rd ventricle (Figure 11). The APvN
and PVN were rich in galaninergic fibers which con-
tained some varicosities.

In sub-adult females, the number of the galanin
immunoreactive perikarya appeared to decrease com-
pared to adult females (Figure 12 and 13). It reached
30 cells per 8683 mm2 per section, indicating a reduc-
tion of 58.8%. However, their size did not vary much,
since the labeled perikarya and the nucleus measured
15.37 ± 0.085 mm and 8.93 ± 0.02 mm, respectively.
The appearance of galaninergic fibers was similar to
those observed in APvN and PVN of adult male and
females.

Supraoptic nucleus (SON)
In adult male and females, the galanin-immunoreac-
tive perikarya were not numerous (Figure 14). There
were 14 in an area of 8683 mm2 per section. Their size
was 14.29 ± 0.02 mm and the diameter of the nucleus
was 8.59 ± 0.05 mm.

In sub-adult females, the number of the galanin
immunoreactive perikarya decreased (Figure 15), we
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Galanin immunoreactivity in the brain of the desert lizard U. Acanthinura

Observations in March

Figure 1, 2, 3, 4, 5, 6. Adult female. The perikarya were detected in the RIN, NPO, PO and the fibers in the NMT (Figure 1).
In the NPO and RIN, they were abundant (arrow) (Figure 2) and showed numerous varicosities in the long fibers
(arrowhead) (Figure 3). Some perikarya displayed an apical process toward the 3rd ventricle (3rdV) (arrow) and the
absence of labeling in the ependymal cells (EpC) could be noted (Figure 4). The perikarya in the PO with a vertical
orientation displayed an apical process toward the 3rdV (arrows) (Figure 5). Cells were detected in the outer layer of ME
(arrow) (Figure 6)

Figure 7, 8. Sub-adult female. Perikarya in the RIN and NPO were less numerous (Figure 7), atrophic and slightly labeled
(arrow) (Figure 8)

Figure 9, 10, 11. Adult female. Note the intense labeling in the APvN and PVN (Figure 9). APvN with numerous perika-
rya (Figure 10) which displayed an apical process reaching the 3rdV (arrows) (Detail in Figure 11)

Figure 12, 13. Sub-adult female. Note the less intense labeling in the APvN and PVN (Figure 12). APvN with a reduced
number of perikarya (arrow) (Figure 13)
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identified only 9 cells in an area of 8683 mm2 per sec-
tion. The length of the cell body and the nuclear di-
ameter were 14.07 ± 0.05 mm and 8.44 ± 0.08 mm,
respectively. In all these animals, the galanin-immu-
noreactive fibers were abundant with a few varicosi-
ties and an intense signal.

Distribution of galanin-immunoreactive neurons
in CNS after vitellogenesis period (June)

RIN, NPO and PPvN
In the female at the period of eggs retention, in the
NPO and rostral and median parts of RIN, the gala-
ninergic cell bodies showed a lower density and a cel-
lular atrophy as compared with the adult male and fe-
males studied in March (Figure 16). Size and nucleus
diameter were 12.10 ± 0.14 mm and 8.09 ± 0.008 mm,
respectively, with a labeling intensity lower compared
to the previtellogenesis period, their number not ex-
ceeded 19 per section in an area of 8683 mm2, corre-
sponding to a reduction of 35.18%. In the caudal part
of RIN and PPvN, the distribution of the galaniner-
gic cell bodies was very different (Figure 17). They
were abundant and their number reached 41 per sec-
tion in an area of 8683 mm2. They had a larger size of
16.66 ± 0.15 mm with a nuclear diameter of 8.94 ±
± 0.03 mm with an intense labeling. The perikarya
were vertically oriented running to the wall of the 3rd
ventricle and showed two main cell processes, one was
short and approached the lumen of the ventricle,
whereas the other one was very long and extended
laterally (Figure 18). Numerous varicosities and
a strong staining were observed in these galaninergic
fibers (Figure 19).

In the adult and the sub-adult males, the immu-
noreactive cells become fewer compared to males
captured in March. Particularly in adult males (Fig-
ure 20), the number was 24 per section in an area of
8683 mm2. There was a cellular atrophy, cell size and
nuclear diameter were smaller (12.76 ± 0.186 mm and
7.04 ± 0.066 mm, respectively). The labeling was re-
duced in most cell bodies and galaninergic fibers be-
came less frequent with a less intense labeling as com-
pared with adult male studied in March (Figure 21).

APvN and PVN
In the female at the period of eggs retention and adult
males, the immunoreactive cell bodies were totally
absent (Figure 22). In the sub-adult males, they were
rare or absent (Figure 23). In the pregnant female,
only few galaninergic fibers were observed. Howev-
er, in the adult and sub-adult males, the APvN re-
mained richly innervated by fibers strongly immunore-
active for galanin which contained few varicosities
(Figure 24).

SON
In the female during the period of eggs retention and
sub-adult males, the immunoreactive cell bodies were
not present. In the adult males, they were rare to ab-
sent. With respect to galaninergic fibers, the obser-
vations were similar to those of the APvN studied at
the same time of the annual cycle. An abundance of
neurons was observed in the CNS during the active
season of U. acanthinura just before reproduction in
the adult male and females with neuronal populations
localized in APvN, PVN, SON, NPO and RIN. Neu-
rons in APvN and PVN appeared to be the more im-
portant in size at that time (Table 2). In the sub-adult

Figure 14. SON of adult female. Some perikarya (arrow) and abundant fibers with a few varicosities and intense signal
were present

Figure 15. SON of sub-adult female. The number of perikarya (arrow) was reduced

Observations in June

Figure 16, 17, 18, 19. Female at eggs retention: NPO with a lower number and a cellular atrophy of labeled perikarya
(Figure 16). In the PPvN, perikarya were numerous (Figure 17), with a vertical orientation, a larger size and an intense
signal and showed a short cell processes contacting the cerebrospinal fluid (arrows), and a very long process which
extended laterally (arrowheads) (Figure 18) with a strong staining varicosities (arrows) (Figure 19)

Figure 20, 21. Adult male: NPO with some small labeled perikarya (Figure 20) and a less intense staining in the fibers
(arrow) (Figure 21)

Figure 22. Female at eggs retention: PVN shows only few fibers (arrows)

Figure 23, 24. Sub-adult male: Note one perikarya in the PVN (arrow) and the abundance of strongly stained fibers in the
APvN (arrows) (Figure 24)

Scale bars: Figure 1 (0.4 mm), Figure 2 (97.56 mm), Figure 3–5 (52.62 mm), Figure 6 (98.21 mm), Figure 7 (97.92 mm),
Figure 8 (55.16 mm), Figure 9 (0.44 mm), Figure 10 (51 mm), Figure 11 (55.33 mm), Figure 12 (0.4 mm), Figure 13–15
(95.28 mm), Figure 16–17 (99.62 mm), Figure 18 (25.82 mm), Figure 19 (24.95 mm), Figure 20 (92.35 mm), Figure 21 (49.63 mm),
Figure 22 (90.89 mm), Figure 23 (94.86 mm), Figure 24 (91.7 mm)
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females, the results were similar in the anatomical
distribution of galaninergic neurons, only one signif-
icant difference was noted in the reduction of their
number compared to adults and a very slight decrease
in size was noted (Table 2). Galaninergic system was
more developed in adults and no sexual dimorphism
was observed.

In June, regardless of sex and sexual maturity of
lizards studied, immunoreactivity disappeared from the
anterior hypothalamus and persisted only in the me-
diobasal hypothalamus. However, variations were ob-
served in this latter location between different animals
(Table 2). In the adult males, there was a marked de-
crease in the number and cell size compared to the
adult male before reproductive period, while in the sub-
adult males just a cellular atrophy was observed com-
pared to the sub-adult females of the pre-reproduc-
tive period (March). It is interesting to note that no
difference was observed between adults and sub-adults
males at this period, the galaninergic system appeared
in the same way. Thus, seasonal variations were much
larger in the adult males. In female at the eggs reten-
tion period, the results were conflicting. In NPO and
rostral and median parts of RIN, a sharp reduction in
the number and size was observed compared the fe-
male before vitellogenesis, whereas in the caudal part
of RIN, the immunoreactive neurons undergone an
abundant net cellular hypertrophy with the appearance
of immunoreactivity in the PPvN (Table 2).

Discussion

This was the extensive study that determined the dis-
tribution of galanin-immunoreactive neurons and fi-
bers in the brain of the lizard U. acanthinura. Colchi-
cine is known to inhibit axoplasmic transport and there-
by increase the level of neurotransmitter in the
perikarya. However, colchicine may increase the ex-
pression of mRNA encoding galanin as demonstrated

in the rat brain [30,31], especially in the preoptic and
lateral hypothalamic area. In order to not distort our
results, treatment with colchicine has not been made.

An antiserum against anti-rabbit galanin was used
to detect galanin peptide in the different parts of the
brain in the colchicine-untreated U. acanthinura. The
structure of galanin in alligator was more similar to
that of sheep (three amino acid substitutions) than
that of chicken (four amino acid substitutions) [32]:

Chicken G W T L N S AGY L L G P H A V D N H
RS F N D K H G F T

Alligator G W T L N S AGY L L G P H A I D N H
RS F N E K H G I A

Mutton G W T L N S AGY L L GP H A I D N H
RS F H D K H G L A

The anti-galanin used in the present study has been
used elsewhere in mammalian [12] and non-mamma-
lian vertebrates, including the turtle M. caspica [9]
and the snake B. jararaca [18].

To our knowledge, this was the first study on the
distribution of galanin in a lizard brain. The compar-
ison between the snake B. jararaca [18] and the lizard
U. acanthinura (present study) revealed notable dif-
ferences. Since the same anti-galanin and anti-rabbit
IgG sera were employed in both studies, these differ-
ences could not be attributed to the applied staining
method.

In the lizard U. acanthinura, the galanin immu-
noreactive neurons were localized in the anterior and
mediobasal hypothalamus. Consequently, these neu-
rons would be the origin of all galaninergic fibers
observed throughout the brain. The distribution of
these galanin perikarya was wider than that described
in a snake where the immunoreactive neurons were
exclusively found in the RIN [18].

The anatomical localization of galanin immunore-
activity in the brain of the lizard U. acanthinura ap-

Table 2. Number and size of galanin-immunoreactive neurons in the hypothalamic nuclei of U. acanthinura

                 Anterior hypothalamus Mediobasal hypothalamus

Animals APvN + PVN SON NPO + RIN

March     + 51; 15.78 ± 0.085 mm 14; 14.29 ± 0.023 mm 54; 14.73 ± 0.085 mm
(wet season) Adults

    Sub-adults 30; 15.37 ± 0.085 mm 9; 14.07 ± 0.05 mm 29; 14 ± 0.091 mm

June     Adult Rare/absent 41; 16.66 ± 0.154 mm RINc + PPvN
(arid season) 19; 12.10 ± 0.14 mm

    Adults + Rare/absent 24; 12.76 ± 0.186 mm
Sub-adults

RINc: caudal part of RIN, number of perikarya was measured in the area of 8683 mm2 as described in Methods
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peared to resemble that of mammals rather than that
of the snake or other lower vertebrate. In fact, in fish,
the perikarya have been identified in the preoptic and
tuberal hypothalamus [8, 23-25, 33]. In amphibians [19,
20], birds [16, 17] and chelonian [9], galanin-Ir neu-
rons were found in the hypothalamus, telencephalon,
mesencephalon and rombencephalon. In mammals, the
galanin-Ir cell bodies were widely distributed in the
CNS, particularly in the hypothalamus in the preoptic
area, the infundibular/arcuate nucleus, the mediobas-
al hypothalamus, and periphery of the supraoptic and
the paraventricular nuclei [12, 13, 15, 34, 35].

It seems likely that the number of brain nuclei
containing galanin perikarya increases along the ver-
tebrate tree. The limited anatomical distribution of
galanin perikarya in the snake B. jararaca [18] com-
pared to U. acanthinura was unexpected but could be
related to the different physiological status of animals.

The distribution of galanin-Ir neurons in lizard
presented some interesting characteristics. Differenc-
es in galanin expression between females collected
under both sets of environmental conditions indicate
changes during the reproductive cycle.

Anterior hypothalamus

The lack of galanin in the PVN, APvN and SON in
all lizards captured in June, arid season, and its ex-
pression in March, wet season, would be related to
hydromineral balance. The SON and PVN of the hy-
pothalamus contain magnocellular neurons that syn-
thesize vasopressin, which regulates fluid balance by
means of its antidiuretic action on the kidney.

At the end of hibernation and after the winter rains
in March, the vegetation is available which will allow
the animal to resume normal physiological activity
after a long period of basal metabolism. U. acanthinu-
ra is herbivore and the vegetation is its only source of
water. The SON in this species could induce the bio-
synthesis and storage of galanin. In June, the vegeta-
tion is scarce and the animal remains at the bottom
of its burrow. This state of restriction could induce
the rapid synthesis and release of galanin. Indeed, in
a semi-arid rodent T. gracilis, which pseudoestivates,
water deprivation induced an increase in the biosyn-
thesis and storage of both the vasopressin and gala-
nin by cons in another rodent semi-arid S. caurinus,
which estivates, the restriction of water implies a de-
crease in storage of the two peptides but not their
synthesis, resulting in a rapid release [3]. As these two
peptides show similar patterns of change in response
to water deprivation, suggesting the involvement of
galanin in the control of body water balance, proba-
bly via the neuromodulation of vasopressin secretion

[3]. In mammals, there are evidences indicating a
physiological role of galanin as a neurotransmitter
involved in the inhibition of vasopressin release [36-
38]. Other findings may support our interpretation,
it is Fernandez-Llebrez et al. [39] who showed that
dehydration in reptiles involved a decrease in the af-
finity of the AVT perikarya (equivalent to vaso-
pressin) to the Weat-germ agglutinin (WGA), while
AVT axons continued to bind strongly to WGA. This
observation suggests that under conditions of water
restriction, the transport of AVT from perikarya to
the axon could be accelerated. Our study supports
this hypothesis since in SON and PVN of U. acan-
thinura only galanin-Ir fibers and not perikarya were
immunolabeled.

Failure to maintenance the richness of the gala-
ninergic fibers in these CNS parts in the female dur-
ing eggs retention compared to adult and sub-adult
males was unexpected. However, it can be hypothe-
sized that during eggs retention, the AVT which stim-
ulates the secretion of prostaglandin E2 and PGF2 al-
pha, and smooth muscle contraction of the oviduct
[40] would not be synthesized in large amount which
would be reflected by a decrease in the synthesis of
galanin and prevented an early oviposition. A recent
study conducted in the chicken supports our hypoth-
esis [41]. Klein and Grossman showed that within
SON neurons, AVT immunoreactivity increased be-
fore oviposition and decreased after oviposition while
the galanin immunoreactivity increased significantly
immediately after oviposition, thus the galanin acted
to limit AVT release in the SON [41].

The difference in the galanin immunoreactivities
obtained between wet season and arid season in U. acan-
thinura may reflect differential functions of this hypo-
thalamic neurotransmitter in controlling nutrient inges-
tion at different periods of the annual cycle. Indeed, the
feeding response elicited by the galanin treatment in the
PVN [42] and in the APvN and the adjacent periven-
tricular region [43] was demonstrated in rat. In obese
rats, galanin amount was more than doubled in the PVN
and SON compared to lean animals [44].

Mediobasal hypothalamus
The location of galanin perikarya in the infundib-

ular hypothalamus strongly suggests that this peptide
may participate in the regulation of feeding behavior
in U. acanthinura. The high expression of galanin wet
season (March) and relatively low in arid season
(June) argues for a food intake stimulatory effect in
U. acanthinura. Indeed, galanin was found to be in-
volved in the central regulation of feeding [28, 45].
On the other hand, the importance of the galanin in
March, just before reproduction, may instead reflect
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a sexual interaction with the function. It was observed
that galanin stimulates GnRH system [46] and the
secretion of gonadotropins [4, 47, 48] either by a di-
rect action on GnRH neurons [49,50] or indirectly by
inhibiting beta endorphin neurons [51].
In June, the maintenance of the galanin immunore-
activity exclusively in the caudal part of RIN and its
appearance in the PPvN during eggs retention while
it decreases in the other regions of the brain and in
all nuclei of the adult males suggests that CNS re-
gions could be involved in the sexual function and
their solicitation could allow a normal eggs retention.
The galanin could allow the release of the prolactin
necessary to corpus luteum activity. Indeed, the stim-
ulatory effect of galanin on the secretion of prolactin
was shown in rat [5]. The overexpression of galanin
in these parts during the eggs retention can exert
a positive feedback effect of estradiol since in rat es-
tradiol stimulated the galanin expression [49].

Telencephalon
The absence of galaninergic perikarya in the telen-
cephalon of the U. acanthinura was unexpected but
agrees with results obtained in the snake [18] and tur-
tle [9] and differs from those found in amphibians
[19, 20], birds [16, 17] and mammals [12, 13, 15] where
the immunoreactive neurons were detected in the
septum. This latter is supposed to be involved in the
regulation of the water balance [52, 53]. The pres-
ence of a bundle of galanin fibers in the septum and
nucleus accumbens of U. acanthinura indicates that
this peptide may affect septal function in this lizard.
The widespread distribution of galanin fibers as not-
ed in other reptiles [9, 18], supports suggested roles
played by this peptide.
In U. acanthinura, abundant galanin neurons with
processes contacting the 3rd ventricle were detected
in the hypothalamus as in turtle [9], amphibians [22]
and fish [25], whereas cells expressing thyrotropin
releasing hormone were described in reptiles [54].
These cerebrospinal fluid-contacting cells might be
related to the non-synaptic signal transmission in brain
[55]. These neurons may also regulate various pro-
cesses in the hypothalamus, control changes in the
chemical composition of the cerebrospinal fluid or
secretion of galanin into the cerebrospinal fluid.
We demonstrated that galaninergic system of the
desert lizard U. acanthinura was more developed in
adults and was subjected to seasonal changes. Sea-
sonal variations in the APvN, PVN and SON involv-
ing all lizards studied, the crackdown of galanin im-
munoreactivity in June would suggest an interrela-
tionship with the annual cycle while those of the NPO
and the RIN mainly affecting the male and female

adults were related not only to the annual cycle (since
size reduction in sub-adult) but also the reproductive
cycle (reduction in the size and number in adults).
The increase of the immunoreactivity exclusively in
the caudal part of RIN and PPvN during eggs reten-
tion while its density decreased in the other regions
of brain compared to adult males could allow a ste-
roid synthesis during the eggs retention.

In conclusion, in the study of the galaninergic sys-
tem in the brain of U. acanthinura we demonstrated
that this system develops from the immature stage
to mature stage. It was subjected to seasonal varia-
tions in the NSO and NPV suggestive that galanin
may be involved in the control of body water bal-
ance. However, the changes observed in the me-
diobasal hypothalamus suggest that galanin may also
be linked to the control of feeding behavior and re-
productive functions. The wide distribution of gala-
nin immunoreactive fibers in the brain of U. acan-
thinura suggests an important role of this peptide in
functions of the CNS.
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