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Abstract

Introduction. Typhlonectes compressicauda is a viviparous gymnophionan amphibian living in tropical areas of
South America. This lengthened amphibian is submitted to seasonal variations characterized by the rainy season
(from January to June) and the dry season (from July to December). The mineral homeostasis in amphibians is
partly ensured by the neurohormones arginine-vasotocin (AVT), and mesotocin (MST). These two hormones
were localized in the hypothalamus, and their receptors, mesotocin receptors (MTR) and vasotocin receptors
(VTR)) in the kidney. The aim of the study was to better understand the physiology of the hydromineral regu-
lation of the studied species.

Material and methods. The specimens of 7. compressicauda male and female adult were divided into 6 groups:
males in the rainy season, males in the dry season, females pregnant in the rainy season, females pregnant in the
dry season, females not pregnant in the rainy season, females not pregnant in the dry season. We studied the
expression of hormones (AVT, MST) and their receptors (MTR, VTR)) in the hypothalamus and the kidney,
respectively, by immunohistochemical and histological techniques. We also studied the expression of aquaporin-2
(AQP,), a water-channel protein in the kidney.

Results. We found that the MST (diuretic hormone) and its receptor were more intensively expressed during
the rainy season, whereas the period of maximal AVT (anti-diuretic hormone) and VTR, expression was the dry
season. A quantitative analysis showed significant differences in the number of labeled cells in the hypothalamus
depending on the seasonal variation. The expression of AQP, was observed in renal tubules during both seasons
with an increased intensity during the dry season.

Conclusion. The expression of the MST/AVT in brain, their receptors MTRs/VTR,, and AQP, in kidney changed
in T. compressicauda according to the seasonal variations. A direct relationship between the seasonal cycle and
reproduction cycle was demonstrated in this species. (Folia Histochemica et Cytobiologica 2018, Vol. 56, No. 3,
172-183)
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Introduction

Gymnophiona or caecilians are limbless, lengthened
burrowing amphibians that live in tropical countries
[1-3]. Most organs are elongated in caecilians body,
with a variable size. Species can be oviparous, vi-
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viparous [4-6] or they can develop directly [7, 8]. T.
compressicauda is an aquatic species, with ringed body
and without tail [9, 10]. The adult size is comprised
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Figure 1. Structure of the oxytocine, arginine vasopressin, mesotocin and arginine vasotocin. This picture shows nine ami-
no acids and a disulfide bridge between two cysteines in position 1 and 6 (from Yousef M, unpublished PhD thesis, Lyon

University, 2016)

between 30-60 cm, and diameter between 2-2.5 cm.
T. compressicauda is a viviparous species, with internal
fertilization, and males possess an intromission organ,
the phallodeum.

The reproductive cycles are narrowly submitted
to the seasonal variations. These variations are
characterized by the rainy season (from January to
June), distinguished by high water level and swamped
savannas, and the dry season (from July to Decem-
ber), characterized by a fall in water level and animals
living in the mud [2, 10]. The male cycle is yearly,
and breeding occurs during the rainy season. A fast
gametogenesis is observed in August, followed by
a resting period during the dry season. In October,
when the water level is lowest, spermatic secretions
start, and the animal becomes ready to breed in the
rainy season. The fertilization occurs between January
and April. In females, the breeding cycle is biennial
with ovulation at the beginning of the first year, in
January-February. Then, fertilized females remain
pregnant during six months and give birth to newborn
looking like small adults, in the dry season, when T.
compressicauda live buried in the muddy ground.
This burying period could represent a protection for
the newborn against the predators. In October, the
reproduction preparation starts in genital tract. But,
in next January, at theoretical time of ovulation, there
is no vitellogenic oocyte, genital tract regresses and
female remains quiescent till the end of cycle [6, 11].

The hydromineral regulation in vertebrates is
controlled by neurohormones, such as arginine vas-
opressin (AVP), oxytocin (OT), arginine vasotocin
(AVT), mesotocin (MST) and isotocin (IST). These
hormones exist in vertebrates in different ways: the
AVT and MST are observed in lungfish, amphibians,
reptiles, and birds, whereas AVP and OT are observed
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in mammals [12-16]. Structurally, these hormones
are nonapeptides with a disulfide bridge between two
cysteines in position 1 and 6, and they differ only by
three amino acids. MST and AVT differ only by one
amino acid in position 8, and OT and AVP differ by
two amino acids, located at positions 3 and 8 (Fig. 1).
These different amino acids play a determining role
in the recognition of peptides by their receptors [17].
These neurohormones are synthesized in the anterior
hypothalamus, and then stocked in neurohypophysis.

AVT and MST have the equivalent functions
to AVP and OT in mammals. They are implicated
in hydromineral regulation and other endocrine
functions [12, 18-20]. The MST is a diuretic agent,
acting by increasing the glomerular filtration or by
antagonizing the antidiuretic actions of vasotocin.
AVT acts as an antidiuretic agent, increasing the
permeability of the renal collecting duct system, al-
lowing the reabsorption of water [21]. Aquaporins or
water channels are membrane proteins regulated by
vasopressin/vasotocin which increase the membrane
permeability to water by forming pores selective to
water in cell membrane [22, 23].

In amphibians, the distribution of MST and AVT is
wide in the brain, and it was demonstrated that these
peptides performed important functions in water bal-
ance, social and reproductive behaviors, biosynthesis
of neurosteroids [24-27]. The MST and AVT actions
are mediated through their receptors, belonging to the
G protein-coupled receptor (GPCR) superfamily. In
Amphibians, two receptors for AVT (AVTRs) and
one receptor for MST (MTR) have been described
[28, 29]. The aquaporins play a fundamental role in
the resorption/absorption of water in amphibians.
Some studies reported that the movement of water
through the epithelium was controlled by AVT [30].
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Table 1. Gender and seasonal distribution of the studied T. compressicauda

Males Females pregnant Females not pregnant
Rainy period Dry period Rainy period Dry period Rainy period Dry period
January-June July-December January-June July-December January-June July-December
4 4 4 4 4 4

In addition to the kidneys, the amphibians developed
other organs specialized in osmoregulatation. In order
to assure the adaptation with the environment: the
ventral pelvic skin absorbs the water from the external
environment; the bladder stores the water or reabsorbs
it according to the needs [30-33]. In frogs, three types
of AVT-dependent AQPs can be classified such as
osmoregulatory organs: AQP-type kidney, AQP-type
pelvic skin, and AQP-type urinary bladder [34]. The
studies have shown the presence of three AVT-de-
pendent AQPs in Japanese tree frog (Hyla japonica):
AQP2, called AQP-h2k, and two subtypes of AQPa2,
AQP-h2 and AQP-h3 [35-37]. AQP-h2k was observed
in the kidney and it seemed acceptable that its function
was similar to that of AQP2 in mammal’s kidney. It
facilitates the reabsorption of water at the collector
channel in response to antidiuretic hormone [37, 38].

The adult kidney of T. compressicauda has been
studied in the context of a comparative study by Wake
[39]. The organization of 7. compressicauda kidneys
was precisely described in several studies [40-42].
They form two tight elongated bands, extending from
the end of the heart to the cloaca, with the presence
of inter-renal glands located between the kidneys.
Histological variations of nephrons were observed
according to the seasonal variation. The width of Bow-
man’s space and sinusoids were wider during the rainy
season compared with the dry season (personal data).

Several studies were already carried out in or-
der to understand the amphibian’s nervous system
morphology [43, 44]. Anterio-posteriorly oriented
Typhlonectes’ brain is composed of telencephalon,
diencephalon, mesencephalon, and rhombencephalon
[45, 46]. The pineal gland is a small structure, in the
form of pea coming from the diencephalon [44]. The
anterior pituitary is flattened and contains several
cellular types [47, 48]. Gymnophionan brain shares
common characteristics with other amphibians, but
it has some specific features: prominent form of the
forebrain, a pronounced rhombo-mesencephalic
flexion and atrophied optic lobes and nerves. To com-
pensate the optic weakness, Typhlonectes has sensory
organs such as tentacles [49].

During the rainy season, 1. compressicauda lives
in aquatic environment, whereas in the dry season, it
lives in a muddy terrestrial environment, when water
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took off the savannas. Therefore, it is submitted
to external factors causing strong variations of the
osmotic pressure, which must be regulated in order
to preserve its physiological constants. The aim of
the present work was to investigate AVI/MST os-
moregulatory system of 7. compressicauda, at the
hypothalamic level, and the presence of VIR /AQP,
in kidneys according to the seasonal alternations by
the immunocytochemical method.

Materials and methods

The study was performed on a 7. compressicauda collection
of male and female adult specimens. The animals were cap-
tured in Kaw (1979-1983), a village situated 80 km south
from Cayenne in French Guiana. Twenty-four individuals
were selected and distributed into 4 categories according to
sex and capture period (Table 1).

Tissue sampling. After dissecting fixed animals, kidneys and
brains were dehydrated and embedded in paraffin. Trans-
versal sections (5 um thick) were prepared for the study. A
topographical staining with cresyl violet allowed realizing
the complete cartography of the 7. compressicauda brain in
order to specify the location of the hypothalamus.

Immunohistochemistry. The detection of the MST/AVT
in brains and VTR /AQP, in kidneys were performed using
avidin-biotin amplification method. The sections were de-
waxed and washed with phosphate-buffered saline (PBS).
Then, the blocking of endogenous peroxidase activity was
carried out by incubating the sections for 30 min in a 3%
H,O, solution. Endogenous biotins were blocked with the
avidin/biotin blocking kit (Vector Laboratories, Burlingame,
CA, USA) with 15 min for each solution. Then, the sections
were incubated with a bovine serum albumin (BSA) 2%
blocking solution for AVI/MST and with normal horse
serum for MTRs/VTR /AQP, (Vectastain® Universal Quick
Kit, Vector Laboratories) during 2 h. This step was followed
by 2 h incubation with primary antibodies: anti-oxytocin
polyclonal primary antibody (AB911, Millipore Temacula,
CA, USA) for MST, anti-vasopressin polyclonal primary
antibody (AB1565, Millipore) for AVT, anti-AVP Receptor
V2 (P-20, Santa Cruz, Dallas, TX, USA) for VIR,, and
anti-AQP2 polyclonal primary antibody (C-17, Santa Cruz)
for AQP,. After washing, slides were treated according to
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Figure 2. Transverse sections of 7. compressicauda brain stained with cresyl violet. Microphotographs show different parts of
brain (male, rainy season). A. Telencephalon. B. Posterior telencephalon. C and D. Caudal telencephalon and diencephalon.
E. Mesencephalon. F. Rhombencephalon. Abbreviations: apl — amygdale; dh — dorsal hypothalamus ; dp — dorsal pallium;
dth — dorsal thalamus; hyp — hypophyse; Inf — infundibulum; Ip — lateral pallium; mp — medial pallium; oc — optique
chiasma; str — stratum; vh — ventral hypothalamus; vth — ventral thalamus. Scale bar: 200 wm.

the manufacturer’s instructions. Staining was completed with
ImmPACT Nova RED and counterstained for 30 s to 1 min
with hematoxylin QS (Vector Laboratories). Finally, sections
were dehydrated and mounted in a hydrophobic medium.

For each experiment, a negative control by omission of
primary antibody was carried out. In addition, to determine
the specificity of the antibody used (antibody directed to
human protein on amphibian tissue), a blocking peptide
test was performed.

Histomorphometry. A quantitative study was made on 4 ani-
mals of each category (n = 24) by counting the labeled cells in
the hypothalamus. For each animal, four slides were counted
every 10 um. They were chosen in the most developed part
of the hypothalamus and observed at 1000 magnification.
The photographs were obtained from a microscope Elipse
E400 Nikon connected with a camera DS-5Mc piloted by
NIS-ELEMENTS BR 3.10 program (Nikon). This program
was used to determine the organ area on each slide by drawing
a border outline and to point each positive neuron.

Statistical analysis. For the data analysis, principal com-
ponent analysis (PCA) followed with a Spearman test was
performed with a risk of error fixed at 5%. All analyses were
performed with Statistica 5.5 (Statsoft, Tulsa, OK, USA).

Results

Cartography of the T. compressicauda brain
The complete cartography of the brain was performed
for each individual studied. Staining with cresyl violet
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allowed to distinctly specify the different parts of the
brain (Fig. 2) and, consequently, to identify the slides
containing the hypothalamus. The hypothalamus is
located in the diencephalon, and it is the main area
of AVT/MST production.

Three types of cells have been determined in the
hypothalamus: magnocellular cells (the most volu-
minous), intermediate cells (the least voluminous)
and ependymal cells. The both optic nerves were
very poorly developed; the optic chiasma was small
and persisted under the diencephalon. The cell jux-
tapositions or coupling were also observed allowing
the synchronization of the cellular activity (Fig. 3).

Location of the MST/AVT immunopositive cells

Immunolabeling of hormones (AVT/MST) was
performed under the same conditions for every
individual brain on the sections that contain the hy-
pothalamic region. The examination of the sections
treated with polyclonal primary antibody (anti-ox-
ytocin and anti-vasopressin) allowed the detection
of the MST/AVT in T. compressicauda brains. The
immunoreactivity of the MST (diuretic hormone)
and AVT (antidiuretic hormone) was observed in
the hypothalamus during the rainy season and the
dry season in all categories (males and pregnant
and non-pregnant females). An obvious cytoplasmic
staining of the MST/AVT was observed during both
the dry and rainy seasons in males and pregnant
and non-pregnant females. The immunoreactivity
was intensely expressed on the magnocellular cells,
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Figure 3. Hypothalamic region of T. compressicauda brain stained with cresyl violet (male, rainy season). Abbreviations:
Ax — axone; Cp — choroid plexus; Ec— ependymal cells; Er — erythrocyte; Ic— intermediate cells; Inf — infundibulum;

Mc — magnocellular cells. Scale bar: 50 um.

their axons and the intermediate cells (Fig. 4A, B).
On these microphotographs, we could see the nuclei
red labeled (n.m), in addition on each slide, internal
negative controls were easily identified stained blue
by hematoxylin as internal controls (n.n.m). The
slides with omission of the primary antibody to each
section were negative: the nuclei were blue stained
and cytoplasm were not stained (Fig. 4).

After visualization of the hormones, the effects of
seasonal alternations on the immunostaining of each
neurohormone were studied. The results showed that
the hormones labeled presented a different intensity
of the immunoreactivity according to the season.

MST immunostaining was more intense during
the rainy season compared with the dry season (Fig.
4C vs 4D) whereas AVT immunostaining was more
intense during the dry season than during the rainy
season (Fig. 4E vs 4F). After the hormones being lo-
calized, a comparison was performed according to the
seasons: some remarkable and important differences
in staining intensity of these hormones were observed.
During the dry season, AVT label was higher than
MST one. On the contrary, during the rainy season;
the MST label was stronger than the AVT one.

Quantification of the MST and AVT
immunoreactive cells in hypothalamus

To confirm the results, a quantitative study with sta-
tistical analysis was performed on 4 animals of each
category (n = 24) according to seasonal variations.
For each animal, we determined a density, i.e. the
number of immunoreactive (Ir) cells per um? of hypo-
thalamus. The graphs show variations in the number
of labeled cells between the two hormones depend-
ing on the season (Fig. 5). For the AVT (Fig. 5A),
the anti-diuretic hormone, which action is less es-
sential during the rainy season, we could observe
approximatively 1 X 10° AVT-Ir neurons per wm?
(from 0.76 = 0.16 X 10~in non-pregnant females to
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1.03 = 0.15 X 10 per wm? in males). While, during its
period of action (dry season), the density increased to
approximately 1.5 X 10 AVT-Ir cells per um? (from
1.36 = 0.07 x 107 in pregnant females to 1.61 = 0.4 X
x 107 positives cells per wm? in males. For MST (Fig.
5B), a diuretic hormone, the number of MST-Ir cells
is higher during the rainy season (from 1.37 = 0.07 x
x 107 in males to 1.52 * 0.25 X 10 in non-pregnant
females) compared with the dry season (from 0.83 +
+ 0.23 x 107 in pregnant females to 1.09 = 0.11 X
x 107 in non-pregnant females). Statistical analysis
corroborated the qualitative season-related ob-
servations. The number of AVT-positive cells was
higher during the dry season, whereas MST-positive
cells were more prevalent during the rainy season
(Fig. 5D) (Fig. 5C).

Blocking peptide test

The results of blocking peptide test for AVI/MST/
/VTRs and AQP, resembled highly the negative con-
trol and showed well-saturated peptides blocking the
activity of antibodies. These results showed cross-re-
actions between the antibodies directed against
human proteins and antibodies against the proteins
of the species studied, and therefore one can assume
the antibody is specific.

Location of the VIR, in kidney
The localization of AVT receptors involved in the
reabsorption of water (VTR ) was also performed by
an immunohistochemical study in 7. compressicauda
kidney. The visualization was performed on four
slides per brain from individuals belonging to each
group. The results obtained showed that the VTR,
was well detected in the kidney (males, pregnant and
non-pregnant females) during both seasons.

A cytoplasmic staining was well observed in dif-
ferent renal tubules (proximal, distal, collector, and
neck segment). During the dry and rainy season in
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Figure 4. Variations in the expression of MST and AVT in T. compressicauda hypothalamic area according to the seasonal
cycle. A. Repartition of hypothalamic cells marked with AVT or MST (here: MST cells in male, rainy season). B. Hypotha-
lamic cells containing MST: details of the immunostaining (male, rainy season). C. MST in male, rainy season. D. MST in
male, dry season. E. AVT in male, rainy season. F. AVT in male, dry season. MST and AVT were observed in all groups,
the immunostaining for MST was stronger during the rainy season than during the dry season but the immunostaining for
AVT was stronger during the dry season. Abbreviations: Ax — axone; Cj — cellular juxtapositions; Cp — choroid plexus;
Ec — ependymal cells; Er — erythrocyte. Scale bars: 20 um for B and 50 um all other.

both males and females, an apical staining sometimes
was also observed, particularly in epithelial cells of
collector, distal tubules, and neck segment.

In addition, the intensity of VTR, staining was
different according to the seasonal variations. In the
dry season the immunostaining in the renal tubes
was stronger than that observed during the rainy
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season (Fig. 6A, B). These observations were valid
for all groups. The sections used as negative controls
(without primary antibody) were all negative (Fig. 6).

Location of the AQP, in kidney

The AQP,, a membrane protein allowing the entry
of water after activating the VIR by AVT, was also
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Figure 5. Cell density of MST- and AVT-immunoreactive cells in+ 7. compressicauda hypothalamus according to the seasonal
cycle. The number of MST-positive cells was higher during the rainy season (B), whereas AVT-positive cells were more prev-
alent during the dry season (A). The effect of season on the proportion of the number of AVT-positive cells to the number of
MST-positive cells is presented in panel C (rainy season) and D (dry season). *significant difference (p < 0.001 in all cases).

visualized in kidneys by immunohistochemistry. A red
labeling was observed in renal structures in both
seasons in males and females. AQP, labeling showed
different intensities throughout renal tubules in the
two seasons in males and females, with a higher ex-
pression during the dry season (Fig. 6C, D). A mem-
brane staining or apical label sometimes was observed
in collecting tubules and other tubes particularly
during both the dry and rainy season (Fig. 6E, F).
The sections which were incubated with PBS did not
present any marking (Fig. 6C, D).

Discussion

The present study showed the distribution of two
hormones (AVT, MST) in the hypothalamus of
T. compressicauda with some obvious variations ac-
cording to the seasons. The two neurohormones were
expressed during both seasons in males and females
but the labelling intensity of MST was stronger during
the rainy season in contrast to AVT. We also localized
VTRs and AQP, in T. compressicauda kidney. They
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were more intensely expressed during the dry season.
During the rainy season, the water is abundant and
hydromineral exchanges increase. Consequently, the
amount of urine increased and contained additional
quantity of water. So, the presence of MST (diuretic
hormone) and its receptors was particularly neces-
sary for water elimination. On the contrary, during
the dry season, the hydromineral exchanges were
reduced (less water penetrated into the tissue). Thus,
at this season, the antidiuretic role of the AVT was
important, increasing the permeability of the collect-
ing tubules. AVT also required the presence of its
receptor and consequently, increased the expression
of AQP,; which were membrane proteins, facilitating
the reabsorption of water in the collection tubules,
in response to antidiuretic hormones (AVT, AVP).
Amphibians are associated with alternations be-
tween aquatic and terrestrial life and seasonal varia-
tions. The variations are different from one species to
another according to their environment. Each species
has particular mechanisms to maintain its water and
electrolyte balance in order to adapt to its own envi-
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Figure 6. Variations in the expression of vasotocin receptors (VTRs) and aquaporin 2 (AQP,) in kidney of 7. compressicauda
according to the seasonal cycle. A. VIRs in male during the rainy season. B. VTRs in male during the dry season. C. AQP,
in male during the rainy season. D. AQP, in male during the dry season. E, F. Apical staining of AQP, in collecting tubule.
The intensity of VTR and AQP, immunoreactivity varied in different kidney structures, however, in all groups the immunos-
taining was stronger during the dry season than during the rainy season. AQP, was detected with apical staining especially
in collecting tubules during the dry season. Abbreviations: C — control section stained without primary antibody; ct — coll-
lecting tubule; dt — distal tubule; ns — neck segment; pt — proximal tubule. Scale bars: 50 um for A-D, and 20 um for E-F.

ronmental conditions. The hydroosmotic regulation
of gymnophiona has been studied by comparing
terrestrial species (Ichthyophis) and aquatic species
(T. compressicauda) [50, 51]. Wake (1969) reported
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a larger size and a smaller number of nephrons in
the aquatic species Typhlonectes in comparison with
terrestrial Gymnopis. Stiffler et al. [51] compared
the osmotic exchanges in aquatic Typhlonectes and

www.fhc.viamedica.pl



180

terrestrial Ichthyophis. Their results showed that in
the same conditions and after three hours of immer-
sion in natural water, the entry of water was stronger
in Ichthyophis than in Typhlonectes. This difference
was related to the permeability of the skin, which is
higher in terrestrial species, so the rate of glomerular
filtration and the water reabsorption were also higher
in Ichthyophis. 1t seems that in T. compressicauda
submitted to modifications of the available quantity
of water, the hydroosmotic regulation possesses very
specific modalities.

Many studies showed that the AVT and MST
were involved in hydromineral regulation and other
endocrines functions in non-mammalian vertebrates
(lungfish, amphibians, reptiles and birds) [12, 18-20].
In amphibian, several hormones regulate the water
balance. In addition to MST and AVP also other
hormones are involved: prolactin (PRL), aldosterone,
corticosterone, and angiotensin II [52]. As mentioned
above, AVT and MST perform equivalent functions
of AVP and OT in mammals. Previous physiological
studies demonstrated the effects of these hormones
on water balance in amphibians. The activity of AVT
is antidiuretic by increasing the renal tubular water
reabsorption and reducing glomerular filtration rate
[53-55]. MST stimulates the contractions of smooth
muscles, exerts a diuretic effect in amphibians possi-
bly by antagonizing AVT and increasing glomerular
filtration rate [52, 56]. Other works showed that the
AVT is a potent stimulator of sexual behaviors and
regulates hydromineral balance in the newt Taricha
granulosa; it was found that different areas of brain
were associated with the hydromineral regulation and
sexual behavior such as the optic tectum, ventral in-
fundibular, dorsal preoptic area, and ventral preoptic
area nucleus [57].

The presence of AVI/MST was detected in the
brain of Rana ridibunda and Pleurodeles waltlii [58],
and during the development of Xenopus laevis [59].
Finally, AVT/MST was detected also in 7. compres-
sicauda [60]. This study showed that the hypothala-
mo-hypophysial system of this animal was well de-
veloped, with AVT/MST-positive extrahypothalamic
cells and an extensive network of nerve fibers. These
studies corroborated our results in which MST/AVT
was identified in the brain and practically in the hy-
pothalamic area, but in addition, we demonstrated
a variation of the labelling intensity and the number
of marked cells, depending on seasonal alternations.

The MST and AVT actions are mediated through
their receptors. The presence of MTRs/VTRs in T.
compressicauda kidneys and the variations observed
indicate a MST/AVT implication in the hydromineral
regulation. Moreover, MTR mRNA and VTR mRNA
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was detected in kidney, urinary bladder, brain of Hyla
Japonica [28] and Bufo marinus [21]. The VTR/MTR
was characterized in several non-mammalian species
[27, 29, 61-63]. These studies support our results
in which MTR/VTR was localized in the kidney,
with variations of the expression of these receptors
according to the seasonal variations in 7. compres-
sicauda. Several studies were performed in order
to test the affinity of receptors with their ligands:
AVP/OT. The toad receptor was structurally more
related to mammalian OT receptors (OTRs) than to
the teleost fish IT receptors (ITRs) [21]. Other study
in frog showed that the AVT/MST exhibited a high
degree of sequence identity with the mammalian
AVP/OT respectively, with higher affinities for the
native ligand for each receptor [27]. These results
agree with the present immunohistochemical results,
which demonstrate the presence of MTR/VTR in
kidney of T. compressicauda. Furthermore, to prove
the specificity of the antibody used, a blocking peptide
test was performed.

For the AQP,, our results in T. compressicauda
kidney are comparable to those observed by Ogushi
et al. [37] who showed the presence of AQP-h2k in
the collecting tubules of the frog Hyla japonica. In
addition, the AQP2, like AVT, was more intensely
expressed during the dry season than during the
rainy season. These results can be compared to re-
sults obtained in the African Lemniscomys spp., the
“striped grass mouse”, which exhibits much stronger
expression of vasopressin in the dry season than in
the rainy season [64]. In T. compressicauda there is
a positive correlation between the expression of AVT
and AQP2, like it has been shown in H. japonica after
treatment with AVT [37]. The level of expression of
AQP2 depends on the level of expression of AVT,
which corresponds to seasonal variations.

The literature data indicate interactions between
the neurohormones MST, AVT, OT, AVP and
hormones regulating the sexual cycle. Firstly, in the
mammalian counterparts of MST and AVT, it had
been shown that OT is able to stimulate prolactin
(PRL) released through OTR present on the surface
of lactotrophs [65, 66]. And reciprocally, the PRL
stimulates the secretion of OT and AVP in rat [67].
The in vitro production of OT was also increased by
luteinizing hormone (LH) in rat [68]. In addition,
progesterone can specifically binds to OTR and inhibit
the binding of the latter. The administration of estra-
diol induced an increase of OT plasma concentration
[66, 69], and stimulated OTR expression in uterus,
pituitary gland, and kidney [68, 70]. The same type
of interactions was also observed for MST and AVT.
A short (30 min) incubation of hypothalamic explants
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of Rana esculenta (Pelophylax k1. esculentus) with
AVT or MST increased the production of a number
of neurosteroids [26]. Finally, AVT and MST caused
uterine contraction in vitro in the immature hen, and
ovarian steroids modify the sensitivity to AVT and
MST of the chicken uterus [71]. Besides, it was proved
that an injection of testosterone caused an elevation
of the expression of AVT receptor in chicken pituitary
gland [72]. Another study localized the MST/MTR in
the epithelial cells of prostate in possum Trichosurus
vulpecula with seasonal changes in hormone concen-
trations immediately before increases and decreases
in prostate weight suggestive of a physiological role
for MST in prostatic growth and regression [73]. In
T. compressicauda, the reproductive cycles were linked
to seasonal variations, and the reproduction occurring
during the rainy season, whereas its preparation re-
quired a terrestrial phase, during which animals were
buried in the mud. This important step causes changes
of the excretory system because the females without
dry period have reproductive problems [2].

In summary, our study highlights expression
changes of the MST/AVT in the brain, and their
receptors MTRs/VTRs, and AQP2 in the kidney of
T. compressicauda in relation to the seasonal varia-
tions. Our results demonstrated a direct relationship
between the seasonal cycle and reproduction cycle in
this species. In addition, interactions or direct rela-
tionship between the neurohormones involved in the
hydromineral regulation and reproductive hormones
have been demonstrated in several vertebrates, and
this probably occurs in T. compressicauda.
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