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Introduction

In vertebrates, the control of various biological
processes, among which reproduction stands out,
resides in brain structures with secretory activity:
the pineal gland, hypothalamus, and pituitary. The
pineal organ or pineal gland produces and
secretes, among other substances, melatonin,
which acts as a regulator -transducer- of the
biological clock of vertebrates. The structure of the
brain called the hypothalamus is the region where
the nervous and endocrine systems are both
morphological and functionally integrated in such
a way that the cells that make up this

orchestrating center synthesize and secrete
hormones (neurohormones).

The other relevant structure in the nervous
system (NS) is hypophysis. This gland also called
the pituitary gland, is made up of two regions
separated anatomically and functionally. The
anterior lobe is called adenohypophysis, and the
posterior lobe as neurohypophysis. Together, the
pituitary produces, stores, and secretes at least ten
hormones. The secretion or inhibition of these is
due to the action of hypothalamic hormones or

factors called releasing hormones or inhibitory
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factors, respectively.

On the other hand, the response to the
hormones of the NS (pineal, hypothalamus, and
hypophysis or pituitary) occurs in the first
instance in target tissues of the endocrine glands,
standing out for their function at different stages -
ontogeny- of the biology of amphibians and
reptiles, for thyroid, parathyroid,
adrenals (interrenal) and gonads. Therefore, the
neuroendocrine system links the central nervous
system with the endocrine system, and when the
effectors of the external and internal environment

example,

are transduced, allowing the individual to respond
differentially during the ontogeny, based on
various physiological processes.

This review focus on how some hormones,
both from NS glands and endocrine glands, have
effects on the biology of amphibians and reptiles.

Pineal Gland:

Even tough in higher vertebrates it refers to
specific structures, the pineal organ, pineal gland,
or pineal complex of amphibians and reptiles
refers to-(i) an epithalamic structure, the
epiphysis, (ii) having a secretory function, or (iii)
because there is more than one structure in the
epithalamus, respectively (Gorbman et al., 1983).
The pineal organ -and the parapineal- is an
evagination or compaction of the dorsal button of
the roof of the diencephalon -epithalamus-
communicated with the third ventricle. It has
photosensory cells -photoreceptors-, which can
form an "eye" (Gorbman et al.,, 1983; Norris, 1997;
Bentley, 1998). The main part of the pineal is
called the epiphysis or pineal body and the
structure is the pineal complex. For this reason,
the pineal gland is also called epiphysis. The pineal
complex is connected to a structure adjacent to
complex support cells - the ependyma - called the
subcommissural organ whose ependymal cells
produce and secrete a fiber-forming substance,
Reissner's fiber. This can extend into the spinal
cord, and possibly form part of the cerebrospinal
fluid that in amphibians is
temperature, in addition to containing biogenic

sensitive to

amines (e.g. epinephrine and norepinephrine), and
in reptiles, it is related to the subcommissural
organ with the seasonal secretory activity of
corticosteroids and sex steroid hormones (Saarela
and Reiter, 1991; Norris, 1997).

The pineal gland consists of neuroglia and
secretory cells called pinealocytes. It also receives
sympathetic postganglionic
superior cervical ganglion (Gorbman et al., 1983;
Delgado and Vivien-Roels, 1989; D'Istria et al.,
1994; Bentley, 1998; Fernandez and Ramos,
2003). In amphibians, particularly anurans, and
reptiles, the pineal is connected by a nervous tract
to an extracranial frontal organ, on the surface of
the skull and below the skin: the parietal
parapineal organ (absent in crocodiles) that
contains photosensitive cells. In squamous reptiles
like lizards and tuatara, Sphenodon punctatus
(Rhyncocephalia), the parietal eye (or "third eye")
is very well developed, containing a cornea, lens,
and a cone-like structure connected to the retina
(Gorbman et al., 1983; Bentley, 1998). The parietal
eye acts as a dosimeter for photo-thermal
radiation sensing (Norris, 1997).

fibers from the

The pineal has a circadian secretion of the
hormone melatonin due to the regulation of the
biotransformation of serotonin, therefore, the
regulation in the pineal of the synthesis/secretion
of this hormone is due to two types of biological
clocks: (i) an external one acting via photosensory
(circadian-circannual), and (ii) the internal one
regulating  the (circadian)
function. Melatonin has high-affinity sites -
receptors- in brain regions such as the
suprachiasmatic (circadian  rhythm
regulatory center) and in the midbrain where the
hypothalamus is located (a regulatory center that
is the internal oscillator of the rhythms of

neuroendocrine

nucleus

neuroendocrine processes) (e.g. amphibians-
Wiechmann and Wirsig-Wiechmann = 1993;
reptiles- Wiechmann and Wirsig-Wiechmann

1994), as well as in extrahypothalamic regions
such as the median eminence, pituitary, and
gonads (Cohen et al., 1978; Laudon and Zisapel,
1986; Vanécek et al., 1987; Tavolaro et al., 1995).
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Melatonin provides information to various tissues
of the body, including other endocrine glands -e.g.
thyroid-, giving rise to the idea that the pineal has
been considered as a neuroendocrine transducer
(Wurtman and Anton-Tay, 1969) sensing
temperature and day length = light/dark time =
circadian cycle (Reiter, 1986, 1991; Panda et al.,
2002) and therefore the season of the year (pineal
rhythm in amphibians: Rawding and Hutchinson,
1992; Fernandez and Ramos, 2003; pineal rhythm
in reptiles: Firth et al.,, 1979; Gorbman et al., 1983;
Underwood and Hyde, 1989).

In anuran tadpoles, pineal homogenates
induce paleness (lightens melanocytes) of their
skin as a response to melanin aggregation in
melanophores. This phenomenon was initially
demonstrated by McCord and Allen (1917) in
three species of anurans (Rana pipiens, R.
cantabridgensis and Bufo americana), and two
other animal species. After the characterization of
the factor that induces this phenomenon, it was
called melatonin by Lerner et al. (1958, 1960;
taking “mela” for its effect on amphibian
melanophores and “tonin” for being a serotonin
derivative, Reiter et al., 2018).

Melatonin synthesis-secretion can occur in at
least three ways: (i) increase in the second half of
darkness -scotophase-; (ii) be secreted at the
onset of darkness and increase in the middle of
scotophase and decrease before the start of the
light period, and (iii) increase once the light has
ceased and maintain a high concentration during
scotophase until shortly before the start of the
light period (Reiter, 1991; Norman and Litwack,
1997; Norris, 1997). In such a way that melatonin
secretion is also correlated with environmental
light conditions and body temperature (Filadelfi
and Castrucci, 1996; Lutterschmidt et al., 2003).

Melatonin is a powerful antioxidant and like
other hypothalamic neuropeptides, it is related to
energy balance and acts as a regulator of body
temperature (Lutterschmidt et al., 2003; Navarro
et al, 2006). Therefore, animal species at night,
during cold spells, or in hibernation can cope with
the physiological state of ischemia and thus

modulate the overnight metabolism (MacNab,
2002).

Melatonin has also been shown to participate
in metamorphosis (Wright, 2002), causes
inhibition of thyroid function via TRH (Gordon et
al.,, 1980; Sakamoto et al., 2000), and affects the
action of ACTH by increasing the secretion of
adrenocorticoids -corticosteroids- (Norman and
Litwack, 1997; Norris, 1997), in addition to being
able to have a negative effect on reproductive
biological functions. In this sense, in vivo and in
vitro studies have shown that melatonin alone or
in conjunction with other metoxindoles and
neuropeptides like de pineal-derived AVT (Pavel,
1978; Norris, 1997), inhibits GnRH and
gonadotropin secretion, affecting both male and
female gonadal function to produce gametes and
sex steroids hormones that have been shown to be
negatively affected also to temperature
(amphibians: Alonso-Bedate et al, 1988, 1990;
Delgado and Vivian-Roels, 1989; Paniagua et al,
1990; Udaykumar and Joshi, 1997; d’Istria et al.,
2003, 2004; Izzo et al, 2004; reptiles: Haldar-
Misra and Thapliyal, 1981; Haldar and Pandey,
1988, 1989; Lutterschmidt et al,, 2002; Seebacher
and Franklin, 2005).

Hypothalamic Hormones:

The hypothalamus, which can be considered a
"non-classical" endocrine organ (Ojeda and Griffin,
1992), is an orchestrating center that receives
nerve impulses from other regions of the brain
such as the limbic system, the cerebral cortex, the
thalamus, and the spinal
activation, as well as external and internal sensory
signals. It contains two main types of neurons: (i)
those that transmit nerve impulses and (ii) those
that have a neurosecretory function. The latter can
be regulated by substances such as paracrine
and/or autocrine nitric oxide (NO) controlling

cord of reticular

their secretion as well as other specific ligands.
Some of these neurons in the hypothalamus
produce and secrete neurotransmitters -amines-
such as acetylcholine, dopamine, norepinephrine,
serotonin, histamine, and gamma-aminobutyric
acid (GABA). Other neurons secrete peptides such
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as arginine vasopressin (AVP) or oxytocin, as well
as peptides with a releasing (or inhibitory)
function, as is the case of some members of the RF-
amide peptides superfamily like GnlH/RFRP and
kisspeptin. These amines act as hormones or
factors for the release of adenohypophyseal
hormones or
extrahypophyseal tissues, as is the case of gonads.
This group of peptide hormones includes- (i)
growth hormone-releasing hormone (GHRH); (ii)
somatostatin or growth hormone-inhibiting
hormone (GHIH); (iii) thyroid-releasing hormone
or thyrotropin (TRH); (iv) prolactin-releasing
hormone (PRH) and prolactin-inhibiting hormone
(PIH); (v) corticotropin-releasing hormone (CRH),
and (vi) gonadotropin-releasing hormone (GnRH).

even act as hormones in

The secretion of these hormones is in response
to  both
(exteroceptive stimuli), and internal factors of the
individual or interoceptive stimuli (Bentley,
1998). Exteroceptive stimuli include light, climatic
stimuli such as temperature, dryness-humidity,
atmospheric pressure, and those inherent to the
acquisition of food and water, as well as those
related to territory defense and mating events. On
the other hand, interoceptive stimuli are those
that evoke physicochemical changes in the
homeostasis of the internal environment of the
individual, ranging from those that influence the
intermediary metabolism to those related to
neuroendocrinology. The interoceptive stimuli are
linked to the exteroceptive ones due to the
circannual changes, and together, give the
guidelines for the life cycles of the animal species
to be carried out.

external environmental factors

Growth hormone-releasing hormone (GHRH):

It has been identified in vertebrates (Gorbman et
al., 1983; Norris, 1997; Montero et al.,, 2000). In
humans, it is known that a gene for GHRH -or
somatocrinin or somatoliberin- codes for a mature
45 amino acid-long protein, whereas the one for
salmon has 38 residues (Miyata et al, 1989;
Norris, 1997; Bentley, 1998). In in vitro pituitary
assays, both polypeptide chains can activate
adenylate cyclase, hence, its acronym PACAP

(pituitary adenylate cyclase-activating peptide)
(Rawlings and Hezareh, 1996). In the anuran Rana
ridibunda, PACAP promotes the release and
modulates the response of growth hormone (GH),
as well as corticotropin and luteinizing hormone
in vitro (Chartrel et al, 1991; Bentley, 1998). In
addition to the hypothalamus of anurans, a
peptide of the RFamide family has been isolated
that causes GH secretion in the pituitary (Koda et
al., 2002; Ukena et al., 2003).

Somatostatin:

Originally  identified in the mammalian
hypothalamus as having an inhibitory activity on
growth hormone release, thus also given the name
growth hormone-inhibiting-releasing hormone
(GH-R-RH; GHRIH or SS) and is currently called
somatostatin. It has been identified in the brain of
several vertebrate species. In amphibians, it is
located as a fully functional peptide of 14 aa
residues in the preoptic nucleus and pars nervosa
(King and Millar, 1979 a; Norris, 1997; Bentley,
1998).

Thyrotropin-releasing hormone (TRH):

This tripeptide has been identified in the
hypothalamus of amphibians and reptiles (Licht
and Papkoff, 1985; Mimnagh et al, 1987). In
anurans, it has been detected in the skin, pineal,
neurohypophysis, and spinal cord. It has also been
suggested that probably it could act as a
neurotransmitter and neuromodulator (Jackson
and Reichlin, 1974; Roseghini et al., 1989; Norris,
1997; Bentley, 1998). In reptiles, it is in the
septum and median eminence, hypothalamic
paraventricular and periventricular nuclei,
amygdala, and retina (Mimnagh et al., 1987; Lopez
et al, 2008). Hypothalamic neurons secreting
norepinephrine TRH release, and
dopamine-secreting neurons inhibit this release
(Norris, 1997). In non-mammals, the effect of TRH
has been both hard to identify and diverse due to
its different functions, for example, in the anuran

stimulate

pituitary, it promotes the release of growth
hormone and prolactin instead of their respective
releasing factors (Gorbman et al., 1983; Harvey,
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1990; Castano et al, 1992, 1993; Nakajima et al,
1993; Norris, 1997; Bentley, 1998). Isolated or
synthetic TRH in vivo and in vitro stimulates the
release of TSH and PRL, and therefore the
secretion of thyroid hormones (MacKenzie et al.,
1981; Kuhn et al., 1985; Seki and Kikuyama, 1986;
Malagon et al., 1989; Castano et al., 1992; Jacobs
and Kuhn, 1992; Norris, 1997; Akgun-Dar et al.,
2004; Okada et al, 2004). In amphibians and
reptiles, corticotropin-releasing hormone (CRH) is
the hormone that mainly causes TSH secretion
(Norris, 1997).

Prolactin-releasing hormone (PRH):

In amphibians, the secretion of prolactin (PRL) is
regulated in the hypothalamus by a TRH
stimulator and a dopamine inhibitor (Norris,
1997). In reptiles, a PRL-stimulating
neurohormone has been documented (Fiorindo,
1980). In anurans, the TRH causes an increase in
PRL in the blood (Kuhn et al., 1985; Castano et al.,
1992; Nakajima et al, 1993; Akgun-Dar et al,
2004), and pimozide, a dopaminergic antagonist,
increases the PRL systemic concentration,
whereas bromocliptin, a dopaminergic agonist,
decreases it. (Kikuyama et al., 2003).

Temperature acts on PRL secretion and can be
mediated by TRH. At low temperatures, there is a
dominant stimulatory control in the synthesis and
secretion of PRL while at high temperatures the
inhibitory control predominates. This pattern is
found in urodeles; in Triturus carnifex during the
winter PRL secretion increases while in Cynops
pyrrhogaster it decreases in summer (Kikuyama et
al., 2003). In male urodeles, pituitary PRL mRNA
and blood-plasma PRL increases in February
coincidently with low temperatures and their
reproductive season whereas in May, a
nonreproductive season characterized by higher
temperatures, PRL mRNA and systemic levels are
low. Keeping males at a low temperature (4 °C) for
an additional month after the reproductive season
increases PRL-mRNA levels but not plasma PRL
content. These data indicate that temperature is
an epigenetic regulator of prolactin production-

secretion (Kikuyama et al., 2003).

Corticotropin-releasing hormone (CRH):

It has been identified in several vertebrates
(Lederis, 1987; Stenzel-Poor et al., 1992; Bentley,
1998), as well as two corticotropin-releasing
hormones (or factor) receptors, CRFR1 and
CRFR2, cDNA of the anuran
hypothalamus of Rana castebeiana; CRF1 is
located exclusively in the brain and pituitary, and
CRFR2 in peripheral tissues and brain and
pituitary (Ito et al., 2006). CRH is made up of 41 aa
and bears similarity to a neuropeptide called
sauvagine isolated from anuran skin (Bentley,
1998). In amphibians and reptiles, CRH inhibits LH
release, corticotrophs for ACTH
(corticotropin) and/or vasotocin (VT or AVP)
secretion, and TSH secretion in thyrotrophs
(Jacobs and Kuhn, 1992; Kikuyama et al., 2003).
CRH in the interrenal gland stimulates the
secretion of corticosterone and aldosterone
(Norris, 1997; Kikuyama et al, 2003). Steroid
hormones modulate the metamorphosis induced
by thyroid hormones -which can be regulated by
CRH- either antagonistically or synergistically
depending on the stage of development.
Therefore, CRH acts as a modulator of
metamorphosis (Kikuyama et al., 2003). Another
aspect to consider is that corticosteroids like
corticosterone, are involved in responses to stress;
therefore, the CRH during stress would be a
regulator in its own synthesis and secretion. In
addition to increasing the secretion of CRH during
stress conditions, it would cause the alteration of
reproduction via the gonadotropin inhibitory
pathway (Norris, 1997; Bentley, 1998).

cloned from

activates

Gonadotropin-releasing hormone (GnRH):

GnRH, also called LH-releasing hormone,
luteinizing hormone (LHRH), LH/FSH-RH, or
luliberin because it was first studied in the release
of these gonadotropins, is a family of decapeptides
made up of ten variants or isoforms: lamprey
(IGnRH T and 1GnRH III); fish: catfish (cGnRH),
dogfish (dgGnRH), and salmon (sGnRH); chicken
(cGnRH I and cGnRH II), and mammal (mGnRH in
two isoforms GnRH I and GnRH II) (King and

Millar, 1979 b, 1980; Sherwood and Sower, 1985;
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Sherwood et al., 1986, 1993; Demski, 1987; Norris,
1997; Bentley, 1998; Neill et al., 2001; Kikuyama
et al, 2003). This decapeptide, in addition to
acting as a hormone, has also action as a
neurotransmitter or neuromodulator (King and
Millar, 1980; Licht et al, 1987, 1994; Norris,
1997). Its ontogeny has been described profusely
in amphibians (Crim, 1985; Muske and Moore,
1990; Northcutt and Muske, 1994; D’Aniello et al.,
1995; Di Fiore et al, 1996; Somoza et al., 1996;
Rastogi et al., 1998; Forlano et al., 2000; Yuanyou
and Haoran, 2000), and reptiles (D"Aniello et al.,
1994).

Localization in the hypothalamus of GnRH
isoforms has been widely described in amphibians
and reptiles. In both classes of vertebrates, some
neurons can have one, two -or even three-
isoforms, characteristic of the species and, as we
describe later, have different functions
(amphibians: Lovejoy et al, 1991; Muske and
Moore, 1994; Bentley, 1998; Kikuyama et al,
2003; reptiles: Powell et al., 1986; Sherwood and
Whittier, 1988; Masucci et al., 1992; Tsai and
Licht, 1993 a, b; Lescheid et al., 1997; Montaner et
al., 2000; Ikemoto and Park, 2003).

will

In amphibians (urodeles, anurans, and
caecilians), GnRH has been demonstrated, mainly,
of at least two of the following three isoforms:
sGnRH, cGnRH II, and mGnRH (Conlon et al., 1993;
Collin et al., 1995; Di Matteo et al., 1996; Miranda
et al., 1998; Kikuyama et al., 2003), and in reptiles,
they are cGnRH I and/or I (Powell et al, 1986;
Sherwood and Whittier, 1988; Masucci et al,
1992; Lescheid et al., 1997).

In male Rana esculenta, the interannual profile
of cGnRH II and mGnRH content in the brain,
pituitary, and nasal tissue has been determined
(Rastogi et al.,, 1997), as well as in Rana pipiens, R.
esculenta and R. ridibunda, the sGnRH, cGnRH II
and mGnRH isoforms have been found in different
concentrations (Licht et al.,, 1994).

In the urodele Triturus carnifex, cGnRH 1I is
localized in the nerve terminal, anterior preoptic
and preoptic nucleus,

area, as well as in

spermatocytes, spermatozoa, and theca externa
cell layer (Battisti et al, 1997). It has also been
detected in oocytes and granulosa cells from Rana
esculenta (Battisti et al.,, 1994). In general, mGnRH
localizes to the telencephalon, median septal
nucleus, ventral preoptic area of the anterior
hypothalamus toward the infundibulum, and
system of the terminal nerve -septo- preoptic. On
the other side, cGnRH II in four species of Triturus
and two Genera (Ambystoma and Salamandra), is
located in the midbrain (posterior diencephalon),
paraventricular and periventricular organ of the
posterior tubercle, and infundibulum (Muske et
al, 1994; Kikuyama et al, 2003). In addition,
GnRH stimulates the biosynthesis of
gonadotropins in the pituitary in anurans (Rana
pipiens -Stamper and Licht, 1990, 1993 1994).
Experimentally, when GnRH (LHRH) is injected
into the intraparaventricular zone in Taricha
granulosa males, it regulated sexual behavior and
stimulated androgen secretion (Moore et al,
1982).

In Rana esculenta cGnRH II and mGnRH are
localized to neurons and fibers in the area nasal,
anterior preoptic area, mid-septal area, dorsal
caudal preoptic region, and the median eminence
whereas sGnRH is in the dorsal region, mGnRH in
the dorsal part of the preoptic region and the
median eminence, and cGnRH II in interstitial cells
of the testis and germinal compartment (Cariello
et al., 1989; Battisti et al., 1994; D Aniello et al.,
1995; Di Matteo et al., 1996; for Bufo arenarum
Miranda et al., 1998, Pachymedusa dacnicolor lela
et al, 1991, 1996; Rana ridibunda Conlon et al.,
1993; Collin et al, 1995). In the brain of
Pachymedusa dacnicolor, there are sGnRH, cGnRH
II, and mGnRH, located in the anterior preoptic
area, infundibulum, and median eminence (Iela et
al, 1991, 1996). Evaluation of the contents of
mGnRH and cGnRH during larval development,
metamorphosis, and before the reproductive
activity of Rana sculenta, allowed for ascertaining
their profiles in the brain, pituitary and nasal area
(Di Fiore et al., 1996).

In the caecilian Typhlonectes natans - a
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viviparous species - mGnRH is predominantly in
the septum-preoptic area and a few bodies in the
lateral hypothalamus
eminence. For its part, cGnRH is in the dorsal
hypothalamus, ventral thalamus of the midbrain
tegmentum. sGnRH is not located in the neural
bodies of the terminal field (Ebersole and Boyd,
2000).

and ventral thalamic

In addition to the fact that in amphibians some
isoforms of GnRH are located in the nervous
system -the hypothalamus, pituitary, neurons of
the nasal cavity, and in the spinal cord and
sympathetic ganglia (Lascar et al., 1996; Troskie et
al, 1997; Chartel et al, 1998 a, b;), it can be
detected in the interstitial cells and spermatocytes
and spermatozoa of the testis; theca interna and
granulosa cells, and perinuclear zone of oocytes,
and the placenta (Cariello et al., 1989; Di Matteo et
al., 1990, 1996; Fasano et al., 1990; Battisti et al,,
1994, 1997; Kikuyama et al., 2003).

In reptiles, the isoforms have been localized in
various brain regions such as the anterior and
medial preoptic area, hindbrain, and cerebellum
(Masucci et al.,, 1992), as well as in the spinal cord
(Bennis et al., 1989, 1998; Chartrel et al,, 1998 a,
b). Brain distribution of ¢GnRH I is similar for
amphibians, birds, and mammals (Smith et al,
1997). In the freshwater turtle Trachemys scripta,
this isoform prevails in the median eminence
(more in females than in males) while cGnRH II is
in regions of the caudal brain, especially the
cerebellum and spinal cord (more in adult females
than in juveniles) (Tsai and Licht, 1993 a, b). In
saurians, there is only cGnRH II in their hindbrain
e.g. hypothalamus (Lescheid et al., 1997), and in
snakes (Thamnophis sirtalis parietalis), there is
only cGnRH I (Smith et al,, 1997).

The fact that there are isoforms of GnRH and
they have a different distribution in the NS of
vertebrates, indicates that they have particular
functions (e.g. Kaiser et al, 1997; Kauffman,
2004), which may depend on the season of the
year when reproduction takes place (Fasano et al,,
1995). In amphibians, mGnRH, considered to be
the main regulator of gonadotropin release, is

found mainly in the hypothalamus (Miranda et al.,
1998; Yuanyou and Haoran, 2000), and cGnRH 1],
which is located essentially in the midbrain and
posteriorly, it would play a neuromodulatory role
and since this isoform is in the sympathetic
ganglion, it would participate as
transmitter (Troskie et al., 1997; Yuanyou and
Haoran, 2000). In addition to this, there is the fact
that the isoforms cGnRH I and Il and mGnRH in
amphibians stimulate the secretion of both LH and
FSH in the adenohypophysis, but GnRH III
stimulates only the secretion of FSH (Kikuyama et
al, 2003). But when assessing the levels of GnRH
isoforms and their relationship with the pituitary
and the circulating content of testosterone, it has
been found that in Rana esculenta, cGnRH II -and
sGnRH and mGnRH- have hypophysiotropic
activity, favoring the steroidogenesis of androgens
(D'Antonio et al., 1992; Fasano et al., 1993, 1995),
and mGnRH acts as a neurotransmitter and/or
neuromodulator (Fasano et al., 1995).

d neuro-

In reptiles, the mGnRH isoform sGnRH and
cGnRH I that are located in the median eminence
are considered to be responsible for the secretion
of gonadotropins, whereas the cGnRH 1I, located
extrahypothalamically in the olfactory region, acts
as neurotransmitter or neuromodulator (Norris,
1997).

On the other hand, in amphibians and reptiles,
GnRH, is in the terminal nerve that innervates the
epithelium of the nasal cavity and fibers of the
palatine ganglion that do so with the constrictor
nasalis muscle that when secreted in response to
odors and pheromones via the vomeronasal organ,
would act as a neuromodulator along with other
neuropeptides and AVT, causing specific
responses of individuals during reproductive
events as is the case of the sounds emitted during
courtship and amplexus in amphibians
(Wilczynski et al., 1993; Wirsig-Wiechmann 1993;
Dawley and Crowder, 1995; Propper and Dixon,
1997; Kawamura and Kikuyama 1998; Wirsig-
Wiechmann and Ebadifar 2002; Ford et al.,, 2003,
2004; Kikuyama et al., 2003; Park et al, 2003;
Burmeister and Wilcynski, 2005), and reptiles
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(Rosen et al., 1997).

GnRH can also control the movements of the
oculomotor muscle and the vestibular nucleus that
have a role in the reproductive behavior of
saurians (Rosen et al., 1997), as well as stimulate
the development of steroidogenic
tissue and spermatogonia in amphibians as
evidenced by the regulation of the
oncoprotein pathway (Minucci et al., 1986, 1992;
Moya et al., 1987; Fasano et al., 1988; Cobellis et
al, 2003). It has also been shown that in
amphibian gonads, a GnRH-like molecule regulates
the testicular function in a paracrine cycle (Di
Matteo et al, 1990; Minucci et al, 1996). As a
partial conclusion, it has been shown that there
are two different GnRH peptides (GnRH I and
GnRH II) that regulate different functions. GnRH I
regulates the secretion of gonadotropins and
GnRH II regulates the processes in those areas
related to sexual behavior.

interstitial

cFos-

GnRH receptors are members of the G protein-
coupled protein superfamily that act via adenylate
cyclase/protein  kinase A  (AC/PKA) or
phospholipase C/protein kinase C (PLC/PKC)
(Neves et al., 2002), in addition to being able to be
desensitized or sequestered by cellular
internalization (Bentley, 1998; Troskie et al,
1998; Hislop et al, 2000, 2005; Millar, 2003;
Pawson et al., 2003; Millar et al., 2004; Caunt et al.,
2006). Based on the presence of at least two
GnRH, two subtypes of receptors have been
identified as type I and II, respectively (Troskie et
al., 1997, 1998; Millar, 2003).

In amphibians, three receptors have been
identified in various cell types designated
bfGnRHR-1, bfGnRH-2, and bfGnRH-3 from the
bullfrog Rana castebeiana; the type bfGnRH-2 act
through the PKA signaling pathway whereas the
types 1 and 3 act through the PKC signaling, so
they have different cellular and physiological
responses. It has been documented that their
stimulatory effects are quickly desensitize and the
receptors are removed by enter into the target cell
(Fasano et al., 1990; Troskie et al., 2000; Hislop et
al., 2000, 2005; Wang et al.,, 2001 a, b; Archarjee et

al.,, 2002; Oh et al., 2003; Maiti et al., 2003; Finch et
al.,, 2004; Morgan and Millar, 2004; Sedgley et al.,
2006). Additionally, the presence of its receptor in
different tissues of the gonad in the testicles of
Rana esculenta has been shown by inducing GnRH-
mediated steroidogenesis and spermatogenesis
(Di Matteo et al., 1988). In reptiles, especially in
several cell types of the gecko Eublepharis
macularius, the GnRH receptor has
characterized (Ikemoto et al., 2004).

been

RF-amide peptides:

In recent years a group of neuropeptides has
gained relevance in animal reproductive biology,
the RF-amide peptide superfamily. Once the “peak
C” cardioexitator peptide was purified and
sequenced as phe-met-arg-phe from the cerebral
ganglion of the mollusk Macrocallista nimbosa,
was called FMRFamide (Price and Greenberg,
1977). From this discovery, structurally similar
neuropeptides have been identified in various
animal species, which together are called
FMRFamide-related  peptides  (FaRPs) or
FMRFamide-like peptides (FLPs).

GnlH:

In vertebrates, the first member of the RF-amide
(RFa) family was isolated and sequenced from the
chicken brain (Dockray et al., 1983). Subsequently,
when a neuropeptide with an RFa motif at the
terminal carboxyl end corresponding to that of the
chicken was isolated and characterized from the
quail brain, it inhibited in vitro the release of LH in
the quail adenohypophysis. The neuropeptide was
named gonadotropin-inhibitory hormone, GnlH
(Tsutsui et al., 2000), and its receptor was later
identified (Yin et al., 2005).

In amphibians, an RF-amide peptide with high
similarity to quail’s GnlH was isolated from the
hypothalamus of Rana catesbeiana (Koda et al.,
2002). In this case, this neuropeptide had growth
hormone-releasing activity (GH) and therefore
was named frog GH-releasing peptide or fGRP
(Koda et al, 2002). There are three putative
peptides related to the fGRP neuropeptide: fGRP-

RP1; fGRP-RP2 and fGRP-RP3, all four
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neuropeptides have a common carboxy-terminal
LPXRFamide with avian and mammalian GnIH
(Sawada et al, 2002; Ukena et al, 2003);
LPXRFamide corresponds to the group of genes in
mammals for RF-amides called farp (Tsutsui et al,
2018). The neuropeptides fGRP and fGRP-RP2 in
vitro and in vivo stimulate the release of GH
and/or prolactin (PRL), whereas fGRP-RP1 and
fGRP-RP3 have no effect (Ukena et al., 2006), and
none of the four affect the release/inhibition of
gonadotropins (Ukena et al., 2003). The location of
fGRPs in the amphibian brain is mainly restricted
to the periventricular region of the hypothalamus
(Koda et al, 2002; Pinelli et al, 2015). The

presence of GnlH, nLPXRFa-1, nLPXRFa-2,
nLPXRFa-3 y nLPXRFa-4 in areas of the brain such
as the suprachiasmatic nucleus of Cynops

pyrrhogaster, has been demonstrated (Chowdhury
etal, 2011).

In reptiles, three GnlH neuropeptides (GnlH,
GnIH-RP-1, and GnRH-RP-2) have been
characterized in the tortoise Trachemys scripta
elegans (Ukena et al., 2016), the Chinese softshell
turtle (Pelodiscus sinensis) and the anole lizard
(Anolis carolinensis). They all possess the common
carboxy-terminal LPXRFamide motif, like the
avian and mammalian peptides (Osugi et al., 2014;
Tsutsui et al., 2018). Cerebral localization of GnlH
has been reported in the lizard Takidromus
tachydromoides (Kawano et al., 2006) and in the
tortoise Trachemys scripta elegans (Ukena et al.,
2016). In the lizard Calotes versicolor, GnlH has
been located in the ovary in addition to repressing
the expression of the GnRH receptor in the gonad
(Singh et al., 2008).

KiSS peptides:

Another of the RFa superfamily neuropeptides of
current importance reproductive
biology is kisspeptin. Lee et al. (1996) identified a

in animal

metastasis suppressor gene for melanoma cells
and named it KiSS-1. This name was given because
the Institute to which the authors belong is in the
city of Hershey, Pennsylvania, where the famous
chocolate fudge kiss is made. The KiSS-1 gene
encodes a 54-amino acid peptide which may be

further processed into shorter peptides of 13 and
14 amino acids all designated as kisspeptins and
the 54 aa residues peptide was also named
metastin (Kotani et al.,, 2001; Ohtaki et al., 2001).
The 10-amino acid carboxy-terminal fragment of
kisspeptins (or Kkiss peptides)
biological activity (Kotani et al., 2001). It was later
discovered that kisspeptin was involved in some
reproductive biology processes, for example, the
inactivation of kisspeptin receptor (GPR54) leads
to hypogonadotropic hypogonadism in human
patients (de Roux et al, 2003). Anomalies were
found in the development of genitalia and gonads
of both male and female mice (Funes et al., 2003;
d’Anglemont de Tassigny et al., 2007), as well as in
the regulation of GnRH during puberty and sexual
maturation in humans and mice (Seminara et al.,
2004). Mutations leading to higher resistance of
kisspeptin to degradation or prolonged activation
of GPR54 can induce precocious puberty onset in
humans (Teles et al., 2008; Silveira et al., 2010).

carries the

The kisspeptin system (ligand and receptor) is
a stimulator of the gonadotropic axis via the
induction of GnRH in rodents, sheep, and primates.
In most mammals, Kisspeptin-10 (KiSS-10 o Kp-
10) can stimulate LH and FSH as has been
documented for rodents (Matsui et al, 2004;
Thompson et al, 2004; Messager et al, 2005;
Navarro et al., 2005), bovine and porcine (Suzuki
et al, 2008), ovine (Smith et al, 2008), and
baboons (Luque et al., 2011).

Three KiSS genes have been evolutionarily
characterized: KiSS1, KiSS2, and KiSS3 altough
their numbers and type varies; in coelacanths,
there are 3 genes; in amphibians up to 3 genes. In
sauropsid reptiles, data are contrasting since
whereas some authors are not able to found any
Kiss gene, others found 1 or 2 genes. No rodents
mammals have 1 or 2 genes (Dufour et al., 2020).
Regarding the kisspeptin receptor (KissR) gene,
there have been isolated three forms from
amphibians, and one or two in sauropsid reptiles

(Pasquier et al, 2014).

In amphibians, the Kisspeptin GPR54 receptor
gene was expressed in the pituitary, spinal cord,
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ovary, and testes of Rana sculenta (Chianese et al.,
2013). The KiSS1 and GPR54 genes were
expressed in the testes in Pelophylax sculentus,
during their annual sexual cycle (Chinease et al,
2017). When analyzing the effect of Kisspeptin on
gonadal function in Rana esculenta, it has been
shown that treatment with KiSS-10 in vitro
induced in the testis the expression of both the
GPR54 receptor gene and of the alpha gene for the
estrogen receptor (ERa; Chianese et al., 2013). In
vivo and in vitro studies on testicles of the frog
Pelophylax sculentus, have shown that estradiol
stimulates the expression of KiSS-1 and GPR54,
and Kp-10, in an exposure time. It also stimulates
steroidogenic enzymes and increases the
expression of testicular ER(3, GNRH 1 and 2, and its
three types of receptors, rendering a global
spermatogenesis regulation effect (Chianese et al.,
2015, 2017).

In the lizard Uta stansburiana, intracoelomic
treatment with Kisspeptin (KiSS-10) increases
circulating testosterone, which correlates with
their behavior (aggression) (Neuman-Lee et al.,
2017).

Monoamines:

Nonpeptidic ~ neurotransmitters such  as
monoamines (catecholamines, indolamines, and
histamine), acetylcholine, and
(glutamic acid and GABA) may also play a
somewhat prominent role in the neuroendocrine
control of reproduction (Barraclough and Wise,
1982).

amino acids

Dopamine:

Dopamine is released from hypothalamic neurons
in the arcuate nucleus and as a neurohormone by
the paraventricular hypothalamus, which under
physiological
hypothalamus-portal-pituitary circulation causing
pituitary inhibition of PRL secretion (Norris,

conditions increases the

1997). Dopamine acts as a reproduction inhibitor
in vertebrates, differentially conserving its role
throughout evolution. The consensus is that the
prolactin-inhibiting hormone (PRIH) is the

catecholaminergic neurotransmitter dopamine

(DA) since its inhibitory effect has been
demonstrated in vivo and in vitro (Norris, 1997;
Bentley, 1998). For example, in
dopamine decreases the blood concentration of
PRL (Seki and Kikuyama, 1986). In the frog Rana
temporaria, lesions of the
hypothalamus in hibernating
females cause advanced ovulation and an increase
in circulating levels of GnRH and LH (Sotowska-
Brochocka, 1988; Sotowska-Brochocka and Licht,
1992). This effect is mimicked by a dopaminergic
antagonist and blocked by the administration of a
dopaminergic agonist (Sotowska-Brochocka et al.,
1994). The inhibitory effects of dopamine on
reproduction are conserved in amphibians. For
instance, in Rana sylvatica injection of quinpirole
in females delays or inhibits oviposition (Vu and
Trudeu, 2016). Coinjection of a GnRH agonist and
the selective dopamine receptor D2 antagonist
metoclopramide induces the release of sperm and
eggs in several anurans and salamanders. This
treatment has been known also as “the
AMPHIPLEX method”; a derivative term from the
combination of the words amphibian and
amplexus (Trudeu et al., 2010, 2013).

anurans,

infundibular
preovulatory

Pituitary Hormones:

The pituitary gland (from Latin pituita, mucus), is
formed from the ingrowth of brain tissue, the
infundibulum, and by a raising of the roof of the
mouth. Two anatomically and functionally
independent regions are distinguished in the
pituitary gland, the neurohypophysis, and the
adenohypophysis. The posterior lobe of the
hypophysis or neurohypophysis in tetrapods is
made up of three regions: the median eminence or
rostral part, the infundibular stem -the middle
part- and the most prominent, the pars nervosa or
neural lobe (Bentley, 1998). These three regions
have axon terminals from neurosecretory cells of
the hypothalamus and pituicytes cells that do not
synthesize hormones but do store and release at
least 12 peptides (Gorbman et al., 1983; Bentley,
1998); in amphibians and reptiles, the antidiuretic
hormone (ADH) or vasotocin (VT) is somewhat
important. These hormones are synthesized in the
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neuronal perikaryon located in the
paraventricular and supraoptic or preoptic nuclei
of the hypothalamus in amphibians, whose axons
form the hypothalamic-pituitary bundle that
begins in the hypothalamus and ends near the

blood capillaries of the neurohypophysis.
Adenohypophyseal Hormones:

The cells that produce and secrete hormones
(from Greek hormé, excite or stimulate) (Starka
and Duskova, 2020) in this organ are called
trophic cells -except those that produce GnRH in
the  hypothalamus =  gonadotropes or
gonadotrophs-, their products being called tropic
substances or tropins because they act on other
glands, for example, endocrine glands. The seven
main tropic hormones that are produced and
secreted by the five cell types of the anterior lobe
of the amphibian and reptile pituitary are: in the
pars distalis MSH -and endorphins-, and in the
pars intermedia somatotropin, thyrotropin,
prolactin, corticotropin, and gonadotropins (Naik
et al, 1980; Gorbman et al., 1983; Bentley, 1998).
In vertebrates, the ontogeny of the cell types that
make up the adenohypophysis has been described
(Saga and Yamaki, 2006).

Growth hormone or somatotropin:

This hormone -GH or hGH to refer to humans- is
produced and secreted by somatotrophs. GH has
been isolated from amphibians (being similar to
that of humans) and, together with PRL,
vitellogenin synthesis is induced in the female
(Norris, 1997), and participates in
reproduction (Polzoneti-Magni et al,, 1995). GH in
reptiles has been obtained and sequenced from
the caudal lobe of the pituitary and stimulates
growth and appetite (Yasuda et al, 1989; Norris,
1997).

liver

In amphibian pituitary, growth hormone and
PRL secretion are stimulated by TRH (Castano et
al., 1992, 1993), POMC (N-terminal peptide of
proopiomelanocortin), and ACTH (Aida et al,
1999), as well as by a neuropeptide RFamide
(Koda et al,, 2002; Ukena et al., 2003).

Through somatocrinin, or somatostatin

inhibition, secreted GH acts indirectly on tissues
by stimulating the synthesis and secretion of
protein hormones called insulin-like growth
factors (IGFs). These can be delivered into the
bloodstream or act locally in the tissues as
autocrine or paracrine substances. Therefore, IGFs
are hormones that stimulate general body growth
and regulate certain aspects of metabolism.

Thyroid-stimulating hormone (TSH) or thyrotropin:

Produced and secreted by follicular cells called
thyrotrophs, this hormone in the thyroid regulates
the secretion of thyroxine (T4 or T4) and
triiodothyronine (T3 or T3). The effect of TSH from
various vertebrates has been studied on the
thyroid gland of amphibians and reptiles
(Mackenzie and Licht, 1984). In Chelonia mydas
and Chelydra serpentina the TSH isolated from the
pituitary is like that of mammals (bovine)
(Mackenzie et al, 1981). The effect of various
neuropeptides, such as somatostatin on TSH
secretion, has also been reported (Okada et al,
2006).

Prolactin (PRL):

It is a multifunctional hormone of the pituitary
gland and has therefore been given various names,
for example, ubiquitin or versitilin (Nicoll and
Bern, 1972; Norris, 1997). As already mentioned,
its positive and negative regulation is given by
TRH and dopamine, respectively.

In amphibians, PRL and its receptor have been
isolated in urodeles and anurans in the abdominal
gland and kidney, and detected by RT-PCR, in the
brain, liver, bladder, ovary and testis, olfactory
epithelium, epidermis, intestine, tail (Kato et al.,
1997; Kikuyama et al, 2000).
gonadotrophs, it stimulates the secretion of
(Oguchi 1997). As in
mammals, this protein has a powerful activity in

In anuran

gonadotropins et al,
stimulating the synthesis of collagen, increases
blood Ca?* concentrations, as well as having a
significant effect on sodium transport in the
integument and therefore in the homeostasis of
ionic osmoregulation (Loretz and Bern, 1982;

Brown et al, 1991; Kikuyama et al, 2003;), and
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activity in reproduction (Polzonei-Magni et al,
1995).

In the liver, alone or together with estrogens,
they control the synthesis and secretion of
vitellogenin (Carnevali et al., 1992, 1993), induce
the migration of urodeles towards the water
during their mating and oviposition period, and
therefore, it regulates glandular activity in their
skin so that whereas the animal is in the water, it
is smooth and slimy and when is out of the water,
it is rough and less mucous (Bentley, 1998). In
male urodeles, PRL together with gonadotropins
and androgens, stimulate Mauthner cells located
in the VIII cranial nerve of the medulla oblongata
and causes tail vibration, a behavior characteristic
of the mating season (Kikuyama et al., 2003).

Epithelial cells of the dorsal gland express the
PRL gene and the androgen receptor indicating
that these glands are regulated by PRL and
androgens and stimulating the production-
secretion of the pheromone soderphine in the
dorsal gland (abdominal gland) of the cloaca. The
pheromone would trigger the mating behavior by
stimulating the sensory olfactory epithelium via
the vomeronasal cavity (Kikuyama et al, 2003).
On the other side, in the lateral gland (equivalent
to the ventral gland) of the cloaca, PRL, and
androgens stimulate the production and secretion
of acidic mucopolysaccharides, such as hyaluronic
acid and chondroitin sulfate, as well as substances
that make up the structural development of
spermatophores (Kikuyama et al, 2003). In
oviductal cells, PRL per se or together with
estradiol, stimulates the production and secretion
of the jelly coat, a mucopolysaccharide-rich
gelatinous layer that covers the oocytes ("eggs").
PRL and androgens stimulate the oviduct to
release male attracting substances (Kikuyama et
al., 2003).

In amphibian urodeles, PRL causes tail growth
in both
stimulating the growth of larvae but inhibiting
their metamorphosis induced by thyroid
hormones (Kikuyama et al., 2003; Denver, 2013).
Therefore,

larvae and adults, in addition to

prolactin increases metamorphic

climax by antagonizing thyroid hormones (T3 and
T4) and thus regulating the sequence of
morphogenetic changes of metamorphosis
(Kikuyama et al., 2003).

In reptiles, the PRL and its receptors have
been located (Licht and Nicoll, 1969; Kato et al,
2005), isolated, and sequenced in the brain (Chang
and Papkoff, 1985; Yasuda et al, 1990). In this
organ, it has been shown that it acts as a
neurohormone that stimulates its secretion
(Fiorindo, 1980). The PRL regulates vitellogenin
production (Callard et al, 1990), stimulates
growth, and increases appetite (Licht and Jones,

1967).

Adrenocorticotropic hormone
adrenocorticotropin or corticotropin:

(ACTH),

After CRH stimulation, ACTH is produced and
secreted by corticotrophic cells. CRH in
amphibians is an effective releaser of ACTH,
participating in the metamorphosis process
(Miranda et al.,, 2000). However, it has not been
demonstrated in reptiles (Norris, 1997). ACTH in

the adrenals regulates the production and
secretion of both  glucocorticoids and
mineralocorticoids. Other stimuli for ACTH

secretion are those related to the stress process,
for example, hypoglycemia, and interleukin 1
(IL-1) produced by macrophages. In urodeles,
ACTH -corticotropin-, as well as their CRH causes
the  production high
concentrations of corticosterone, which inhibits
their amplexus or clasping mating behaviors
(Kikuyama et al., 2003). In Rana castebeiana, two
corticotropin-releasing factor receptors (CRFR1
and CRFR2) have been cloned from cDNA of the
hypothalamus. CRF1 is located exclusively in the
brain and pituitary, and CRFR2 can be found in
peripheral tissues, the brain, and the pituitary (Ito
et al.,, 2006). ACTH secretion can be stimulated by
norepinephrine and epinephrine (Norris, 1997).
regulate ACTH secretion by
negative feedback via inhibition of hypothalamic
CRH secretion as well as by their action on
corticotrophs in the pars distalis of the pituitary
(Norris, 1997).

and secretion of

Corticosteroids
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Melanocyte-stimulating hormone (MSH):

Some corticotropic cells are remnants of the
medial lobe or pars intermedia of the pituitary
gland, which produces and secrete MSH or
melanotropin. This
pigmentation in amphibians and reptiles by
stimulating the dispersion of melanin granules
stored called
melanophores (melanocytes in mammals). MSH
secretion is regulated by corticotropin (CRH)
and/or CRH and ACTH, while dopamine inhibits it
(Norris, 1997; Bentley, 1998). In amphibians, the
melanophores are under endocrine control, but
the release of MSH from the pars intermedia is
regulated by neurons via a and/or 3 adrenergic
receptors. In reptiles, the regulation of the
pigments of the dermis includes mechanisms of
neural and/or endocrine regulation (Norris,
1997). Although dopamine acts as neurohormone
or releasing hormone nor a direct innervation to
the neurohypophysis that stimulates MSH
secretion (Norris, 1997).

hormone increases skin

in melanosomes from cells

Gonadotropins:

These hormones are part of a family of
glycoproteins that includes TSH and chorionic
gonadotropin (cGH). Hormones are made up of
two subunits called o and . The a subunit has the
same primary structure for these hormones
between species and is therefore highly
conserved. However, the [ subunit has the
greatest phylogenetic divergence. This subunit is
specific for each hormone and gives the biological
specificity to exert its biological effect on the
behavior and reproduction of vertebrates (Pierce
and Parsons, 1981; Norris, 1997). Gonadotropins
isolated from non-mammalian vertebrates are like
those of mammals. After purification and analysis
of the B-subunit, it has been proposed that the
most primitive gonadotropin is LH that gives rise
to other gonadotropins by gene duplication and
modification first TSH and then FSH from TSH by
divergence (Norris, 1997).

Bullfrog luteinizing hormone (LH) stimulates
the thyroid of reptiles and birds which supports

the structural relationship between LH and TSH
and their actions. Therefore, the diversity of
effects may be due in part to the variability of the
structure of the receptor that can recognize
different regions of gonadotropins or TSH (Norris,
1997).

Gonadotropins in Amphibians:

Both gonadotropins as well as (-subunit mRNAs
have been isolated and purified in the same
gonadotrope of the pars distalis of the pituitary of
the tiger salamander Ambystoma tigrinum, the
bullfrog Rana castebeiana, and leopard frog Rana
pipiens (Licht et al, 1975, 1977; Daniels et al,
1977; Gracia-Navarro and Licht, 1987; Gracia-
Navarro et al, 1990; Norris, 1997). The
ontogenetic cyclicity of both hormones has been
shown in males and females of Rana castebeiana
(McCreery and Licht, 1984). LH and FSH in the
anuran
spermatogenesis and spermiation, whereas LH
increases the circulating content of androgens.
The same effect has been found in the neotenic
urodele Ambystoma (Norris, 1997). This function
also depends on environmental temperature. For
example, in Cynops males, mammalian FSH at
18°C stimulates spermatogenesis and LH at 8°C
steroidogenesis (Muller and Licht, 1980). In
addition, the interannual profile of FSH and LH
mRNA in the pituitary of urodeles has been
described for Cynops pyrrhogaster (Kano et al.,
2005), and the interannual profile of the content
of both gonadotropins in plasma of anurans Rana
dybowskii and R. nigromaculata (Kim et al., 1998)
and R. castebeiana (Licht et al., 1983).

Rana catesbeiana stimulate

For both gonadotropins, ontological gene
specificity to the pituitary, and
regulation have been described in Rana pipiens
(Zhang et al, 2007). As noticed above, the
regulation of gonadotropin secretion is primarily

expression,

by GnRH. In amphibians and some mammals
however, a hypothalamic neuropeptide of the
RFamide family has been found to act as a
hypophysiotropic factor in the regulation of
gonadotropins, particularly of LH (Navarro et al.,
2006). In Xenopus leavis, specific binding sites and
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receptors for FSH in interstitial cells of testes has
been demonstrated (Adachi et al., 1979). In this
frog, LH has been shown to participate directly
with no participation of steroid hormones, in the
“courtship song” behavior (Yang et al., 2007).

Gonadotropins in Reptiles:

In pituitary tissue of the chelonian Pelodiscus
sinensis, the FSH -subunit has been cloned and it
has been found that the amino acid sequence is
like that corresponding to pituitarian forms of
amphibians, birds, and fish (Chien et al., 2005).
This is not the case of the Reeves” turtle Geoclemys
reevesii and in the squamate Takydromus
tachydromoides, where the amino acid sequence of
the FSH-f3 polypeptide chain corresponds to that
of birds, mammals, and amphibians, whereas the
LH-f is highly similar to that of amphibians, birds,
and mammals. Therefore, the FSH of chelonians
and lizards is more related to that of fish, birds,
and mammals, and the LH with that of amphibians
and birds (Aizawa and Ishii, 2003). In this class of
vertebrates, it has been found that LH has
thyrotropic activity due to its similarity to TSH.

Studies in Chelonia mydas, Chelydra serpentina,
and Geoclemis reevesi regarding the isolation,
sequencing, and physiological evaluation of FSH
and LH have shown that FSH/LH cells are
distributed in both zona and pars tuberalis, and
caudal lobe (Papkoff et al, 1976; Licht and
Papkoff, 1985; Mikami et al., 1985).

Immunolabeling  studies directed to
immunolocalize FSH and LH in the pituitary of
squamous saurus Podarcis sicula. FSH specific
fluorescence occupies 10% of the pars distalis and
LH has a coverage of 5% LH. FSH fluorescence was
found throughout this region and LH was detected
only in the rostral area. This study found
additionally that signal was associated with
specific gonadotrophs for each gonadotropin
(Desantis et al., 1998). FSH and LH gonadotrophs
have a bimodal annual profile in size and area
occupied in the par distalis. FSH and LH secreting
gonadotrophs are bigger during the reproductive
season and the period of gonadal recrudescence,

while LH gonadotrophs increase in volume when
the animal comes out of hibernation and during
the post-reproductive refractory period (Desantis
et al,, 2000). The season-associated morphological
variation of the LH gonadotrophs of the rostral
area of the pars distalis in the pituitary of female
Uromastix acanthinurus has been described. They
are numerous and with greater secretory activity
during the vitellogenic period, and decrease both
in number and activity during hibernation
(Hammouche et al.,, 2002). In Anolis carolinensis,
FSH but not LH maintains testes weight, however,
both gonadotropins in crocodile testes in vitro
increase androgen concentration levels (Norris,
1997).

The gene for the FSH receptor sequence has
been cloned and its expression has
demonstrated in follicular cells from the ovaries of
the lizard Podarcis sicula, (Borrelli et al.,, 2001). On
the other hand, the isolation, characterization, and
effect of gonadotropins have been carried out in
snakes but without convincing results (Licht et al.,

been

1979). However, in the snake Botthrops jararaca
the cloning of the gene of the receptor sequence
has been described to FSH (FSHR) and
demonstrated its expression in testes (Bluhm et
al,, 2004).

Neurohypophysial Hormones:

They are nonapeptides, but considering the
convention that two cysteines are linked by a
disulfide bond forming the cystine, only one
cysteine is considered, therefore these hormones
are considered octapeptides. Starting from the
type of amino acid at position 8 of the peptide,
these hormones are divided into basic and neutral
peptides according to the presence of basic (Lys,
Arg), and neutral (Leu, Ile, Val, Gln) in such a way
that, for example, we refer to arginine-vasotocin
and arginine-vasopressin, and oxytocin and
mesotocin to indicate the characteristics of the
aminoacid residue at position 8.

In the most representative groups of
vertebrates, 12 peptide hormones have been
identified, from which their phylogenetic
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distribution has been described. For example,
arginine-vasopressin is only found in mammals,
and its analog, arginine-vasotocin, is present in the
other classes of vertebrates. Oxytocin in non-
mammals exists in eight variants, one of which is
mesotocin, which is found in amphibians, reptiles,
and birds.

effects of neurohypophyseal
of water balance,
change in blood pressure, contraction of the
muscles of the uterus, and the ejection of milk in
mammals. The peptide hormones secreted by the
of the pars
synthesized in the cell bodies located in the
anterior hypothalamus, whose bodies are large
and called magnocellular neurons. In amphibians,
these are found in the preoptic nucleus, and in
reptiles in the supraoptic and paraventricular
nuclei. Since these peptides are produced in the
hypothalamus and stored in the pars nervosa of
the pituitary gland, they are considered
neurohormones (Gorbman et al., 1983; Norris,
1997).

Oxytocin (OT):

Systemic

hormones include control

nerve terminals nervosa are

It causes smooth muscle contraction of the
epididymis in males and promotes the uterotonic
effect of uterine muscles of females and acts as a
depressant lowering blood pressure (Norris,
1997), although it also acts as a neurotransmitter
or as a neuromodulator participating in parental
care behavior toward newborns (Norris, 1997).

Vasopressin or antidiuretic hormone (ADH):

Vasopressin (VP or arginine-vasopressin, AVP)
causes the kidneys to return more water to the
blood reducing the volume of urine and thus
preventing dehydration and therefore has also
been called the antidiuretic hormone (ADH).
Contrasting the ADH or VP activity is the analog
vasotocin (VT or arginine-vasotocin AVT), which
phylogenetically is the most
nonapeptide of the neurohypophysis from which
VP and oxytocin evolved (Gorbman et al., 1983). In
mammals, there was the replacement of AVT by
AVP so that the mammalian neurohypophysis

“primitive”

does not have AVT as the other classes of
vertebrates do (Gorbman et al, 1983; Bentley,
1998). The control of water balance by these
hormones is more related to the habitat than to
the species itself (Gorbman et al, 1983). For
example, in Xenopus laevis AVT has little or no
effect than in more “terrestrial” anurans. The
effect of this hormone, the Brunn effect, can be
induced when injecting the hormone to anurans
that remain in the water. In these animals, their
weight increase is due to the water that has
entered their body. In the terrestrial cycle, their
water requirements are minimum as water can be
obtained through their skin in response to AVT
(Gorbman et al, 1983). AVP potentiates ACTH
release from the anterior pituitary gland
(Gorbman et al., 1983; Norris, 1997).

In anurans, the AVT gene has been described
as highly similar to AVP made up of three exons
and two introns (Nojiri et al, 1987; Bentley,
1998). VP was known and named for causing an
increase in blood pressure acting on arteriolar
constriction (Gorbman et al., 1983). In addition,
these hormones can have a neurotransmitter or
neuromodulator function in the nervous system
(Gorbman et al, 1983; Norris, 1997). These
specific distribution in the
Nervous system. For example, in amphibian males
of Taricha granulosa, the VT is in the optic tectum,
dorsal preoptic area, ventricular infundibulum,
and cerebrospinal fluid. The dorsal amygdala -
region homologous to the amygdala in mammals-
which is sexually dimorphic to this hormone
(Kikuyama et al., 2003).

hormones have

AVP (or VT) in vertebrates not only regulates
hydromineral balance or blood pressure but also
acts as a neuromodulator of behavior patterns
(Kikuyama, 2003). For example, in male urodeles,
single with
androgens, it stimulates amplexus, a behavior
related to their courtship-mating and that is
activated by pheromone via the olfactory sensory

either hormone treatment or

pathway of the vomeronasal area (Wilczynski et
al.,, 1993; Kikuyama et al.,, 2003; Burmeister and
Wilczynski, 2005), as well as the deposition of
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spermatophores (Kikuyama, 2003). In females, VT
alone or with estrogen stimulates the behavior of
jelly coat deposition wrapping them with a
gelatinous substance and inducing oviposition. In
viviparous pregnant females, increases in VT
concentration
because of oviposition by uterine contraction
(Kikuyama, 2003). In reptiles Anolis carolinensis,
the treatment of AVT, like the prostaglandins
PGF2a and PGE2, causes tonic and rhythmic
contraction of the uterus (Jones et al, 2006),
which can be favored by the decrease in
temperature environment during birth which has
been observed in Niveooscincus ocellatus and N.
microlepidotus (Atkins et al, 2006). In the sea
turtles Lepidochelys olivacea and Caretta caretta,
AVT participates in oviduct contractions during
oviposition (Figler et al., 1989).

stimulate the birth of larvae

Endocrine Glands:
Thyroid gland (Thyroid hormones):

This gland is made up of follicles encapsulated by
connective tissue. It is highly vascularized, and
receives sympathetic innervation (Norris, 1997).
In amphibians, it may have two lobes or be so
small that it appears to be absent. In lizards and
most reptiles, it may be disc- or spindle-shaped
with two lobes or there may be separate, located
in front of the heart and to one side of the
branches of the aorta or on the trachea (Gorbman
et al, 1983). It produces and secretes (T3) and
thyroxine (T4). In vertebrates, due to its action on
various tissues, it affects processes such as
metabolism, metamorphosis, growth, hibernation,
thermogenesis, and reproduction (Norris, 1997;
Denver, 2013). In amphibians and reptiles,
environmental factors such as photoperiod and
temperature ontogenetically the
synthesis and secretion of thyroid hormones via
1997). For
example, in anuran larvae, the thyroid secretes
thyroxine during hibernation, so this hormone
reduces the somatotropic effect of prolactin,
inhibiting the growth of the larvae. While the
larvae is in utero, thyroxine stimulates the urea

influence

neuroendocrine stimuli (Norris,

cycle which is excreted in the uterine fluid (Norris,

1997). The secretion of thyroid hormones is in
response to TRH stimulation. TRH acts on the
thyrotrophs that produce and secrete TSH. TSH
stimulates the synthesis and secretion of thyroid
hormones in the thyroid gland, therefore, the
release of TRH depends on blood concentrations
of TSH and T3.

In the thyroid gland, there are

parafollicular cells -C cells in mammals- that can

some

be inside a follicle or arranged between them.
These produce (CT) or
thyrocalcitonin, a hormone that decreases the
of calcium, magnesium, and
phosphates in the blood by inhibition of bone
resorption caused by osteoclasts. Therefore, by
inhibiting bone resorption, calcium uptake in the
bone matrix is favored, which is related to renal

cells calcitonin

concentrations

function, since CT stimulates increased
reabsorption of ions from urine and therefore
promotes their absorption return to blood
(Bentley, 1998). For example, in amphibians, CT
regulates the calcium content of the lime sacs
(endolymphatic sacs), as well as the permeability

of their skin (Bentley, 1998; Robertson, 1969 a, b).
Parathyroid gland (Parathyroid hormone):

The parathyroid glands developmentally arise
from pharyngeal pouch endoderm; in amphibians
and reptiles they derive from the ventral wings of
the third and fourth pharyngeal pouches
(Gorbman et al., 1983; Srivastav et al.,, 1995 a, b;
Chen et al, 2013). Among amphibians, anurans
generally have two pairs of parathyroid gland
located near the carotid and systemic arches and
made up a single cell type; in urodeles
(salamaders) appear to be similar to those reptiles
(Gorbman et al, 1983; Srivastav et al, 1995a;
Chen et al,, 2013). In reptiles, there may be one or
two pairs of parathyroids of variable location.
Lizards, for example, have either one or two pairs,
whereas crocodiles have a singl pair; the glands
are located near the heart in close association with
the thyroids and ultimobranchial bodies. In
snakes, the anterior pair is associated with the
carotid artery near the angle of the jaw (Gorbman
et al. 1983; Srivastav et al., 1995b).
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The parathyroid gland may have one or two
cell types besides the structural-related main
basal epithelia and the eosinophilic oxiphil cells
rich in mitocindria; main cells are responsible to
secrete  parathyroid hormone (PTH) that
participate in calcium homeostasis. Oxyphil cells
have a higher oxidative activity (Isono et al., 1990;
Chenetal., 2013).

In parathyroidectomized amphibians and
reptiles a hypocalcemic effect was demonstrated,
therefore it was proposed that the parathyroid
could regulate calcium in the bones, kidneys, and
galls of larvae (Robertson, 1969 a, b; Srivastav et
al, 1995 a, b; Bentley, 1998). PTH was
demonstrated to increase number and activity of
osteoclasts, bone resorption and thus increase the
release of calcium ions (hypercalcemia) and
phosphate from the bone marrow. Experimental
data were obtained showing the reabsorption of
these minerals from the urine. Therefore, in both
classes of vertebrates, PTH causes increased
calcium mobilization from bone (Bentley, 1998),
and in reptiles tetanic muscle contractions.

PTH in anuran and lizards is synthetized as a
80-120 amino acid preprotein with a 20 amino
acid C-terminal region that allows the interaction
with the receptor. Even though there is no
definitive evidences in all amphibian and reptiles,
the current knowledge indicates that the primary
transcript has to be proteolytically processed in
order to obtain the precursor PrPrTH from which
the mature parathyroid protein
(Pinheiro, et al., 2010).

is obtained

Ultimobranchial gland (Calcitonin):

This gland develops from the last pharyngeal
not fused with the thyroid
primordium, its location varies between species.

pouch and is

As in fish, ultimobranchial cells in amphibians and
reptiles are of endodermal origin; they secrete
calcitonin (CT), a hormone which regulates the
homeostasis of calcium and phosphate levels
(Srivastav et al.,, 1998, 2000, 2011; Kameda, 2017).

In anurans the ultimobranchial gland (UBG)
lies on the musculature adjacent to either side of

the opening to the larynx, near the ventral
pericardial region, and consist of a single follicle
with a central lumen, although several secondary
small follicles are occasionally present (Kameda,
2017). In salamanders the gland is composed of
many small follicles (Kameda, 2017).

Reptiles possess one (on the left side) or two
ultimobranchial glands (Srivastav et al, 1998). In
most reptiles, gland is
observed in close proximity with either the
parathyroid or thymus but less frequently with the
thyroid gland (Kameda, 2017). In turtles, this
gland is situated between the subclavian artery
and the carotid artery near the bifurcation of the
trachea (Kameda, 2017). In snakes, together with
the parathyroid IV and thymus IV derived from the
fourth pharyngeal pouch, the UBG is situated at
the caudal level of the thyroid (Kameda, 2017). In
lizards, a single ultimobranchial gland, observed
on the left side, lies opposed to the trachea or
esophagus (Kameda, 2017). The ultimobranchial
gland of reptiles generally consists of numerous
small spherical follicles (Kameda, 2017).

the ultimobranchial

In anphibians (anurans: Rana cyanophlyctis,
Krishna and Swarup, 1985; Rana tigrina, Srivastav
and Rani, 1989 a, b) and reptiles (lizard: Calotes
versicolor; Srivastav et al, 2011), CT induced
hypocalcemia and hypophosphatemia.

Adrenals (Interrenal gland):

These glands, named for their position adjacent to
the kidney, are highly vascularized (Gorbman et
al, 1983; Norris, 1997; Bentley, 1998), and their
function is related more to habitat than to
phylogeny 1997).
Characteristically, this gland is made of chromaffin

anatomy  or (Norris,
cells that secrete catecholamines, and interrenal
adrenocortical cells that secrete steroid hormones.
It should be noted that in mammals, chromaffin
cells make up the adrenal medulla and
adrenocortical cells which are the steroidogenic
cells of the zona fasciculata of the adrenal cortex.
In amphibians, chromaffin and adrenocortical
tissue is usually associated, forming islets on the
ventral surface of the kidney (Gorbman et al,
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1983; Norris,
reptiles.

1997), and even narrower in

In amphibians, adrenocortical cells are extra-
adrenal and their location is highly variable. They
form irregular nodules on the ventral surface of
both kidneys, constituting the inter-renal glands
that in most anurans have some chromaffin cells
(Norris, 1997). Adrenals in snakes, turtles, and
crocodiles are paired and, in some species, they
show certain regionalization in such a way that
both their position and structure are similar to
those of mammals (Norris, 1997). The main
secretory products of these glands are
Catecholamines and Adrenocorticoids.

The two  catecholamines epinephrine
(adrenaline) and norepinephrine (noradrenaline)
contribute to the metabolism of carbohydrates
and fats, as well as exert an influence on the
muscle tone of some blood vessels and the heart.

On the other side, corticosteroids or
adrenocorticoids are grouped into
mineralocorticoids and glucocorticoids.
Mineralocorticoids are hormones related to
electrolyte homeostasis mainly sodium and

potassium ions. Glucocorticoids are related to
glucose metabolism. Both have circadian and
regulation, the latter related to
migration and reproduction processes although
the difference in functions is not as precise (Chan
and Phillips, 1971; Norris, 1997). For example, the
mineralocorticoids corticosterone and
aldosterone, both cause hyperglycemia, as well as
increase liver and muscle glycogen concentration,
therefore they may have both functions (Norris,
1997), while the glucocorticoid cortisol or
hydrocortisone
mineralocorticoid effect (Norris 1997; Bentley,
1998).

circannual

may have a more limited

Regulation of adrenocortical hormones may be
due to both feedback processes and the renin-
angiotensin pathway (Gorbman et al, 1983;
Norman and Litwack, 1997; Norris, 1997; Bentley,
1998). For example, low
circulating adrenocorticoids

concentration of
stimulates  the
secretion of CRH by hypothalamic neurosecretory

cells, a hormone that in the corticotrophs of the
adenohypophysis stimulates the secretion of
ACTH, which once secreted into the bloodstream
acts on the adrenal glands, stimulating the
synthesis of ACTH and secretion of
adrenocorticoids.  This  positive  feedback
mechanism can be increased by stress due to the
higher frequency of CRH and ACTH release,
increasing adrenocorticoid secretion. On the other
hand, high concentrations of adrenocorticoids
hormones must be downregulated by a negative
feedback process, for which adrenocorticoids in
high corticotrophs to
decrease ACTH secretion and neurosecretory cells
of the hypothalamus to inhibit ACTH secretion of
CRH.

concentration cause

Mineralocorticoids:

The synthesis-secretion and function of

corticosterone and aldosterone 1is generally
related to electrolyte balance. Amount and relative
concentration of mineralocorticoids depend on the
species; in amphibians and reptiles
corticosterone followed by aldosterone (Norris,
1997; Bentley, 1998). In amphibians, AVT directly
stimulates the secretion of both
mineralocorticoids These
hormones, by acting on cells of the renal tubules,
increase the reabsorption of sodium ions as well
as those of chloride and bicarbonate, preventing
their depletion in the body. They also stimulate
the secretion of potassium ions and hydrogen ions
(H*) which are excreted in the urine and thus
decreasing blood pH to acidosis.
Corticosterone increases sodium concentrations

whereas aldosterone is responsible of decreasing

mainly

regulating diuresis.

prevent

it (Norris, 1997). In adult anurans, corticosterone
is the dominant mineralocorticoid along with the
glucocorticoid during tadpole
metamorphosis. In  urodeles, the major
mineralocorticoid is aldosterone (Norris, 1997).
Ovaries produce significant
deoxycorticosterone (DOC) that may be involved
in female sexual maturity regulation. However, to
the best of our knowledge, it is not known to have

cortisol

amounts  of

a role in ovulation as has been suggested for
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teleosts (Norris, 1997). In the snake Thamnophis
sirtalis parietalis, corticosterone participates in
their courtship behavior and search for food, as
well as immigration processes (Cease et al., 2007).
Mineralocorticoids can act as a stress indicator. In
the sea turtle Lepidochelys olivacea, increased
levels of cortisone have been detected during mass
nesting behavior (Valverde et al, 1999), and in
males of the desert tortoise Gopherus agassizii, its
circulating concentration increases more than in
females during the mating season, particularly
during a combat event (Lance et al., 2000).

Glucocorticoids:

It has been profusely documented that they
regulate energy metabolism processes and
resistance to stress, among other activities. The
most representative glucocorticoids are cortisol or
hydrocortisone and corticosterone,
predominance is species specific. These hormones
are related to activity and metabolism; promote
protein proteolysis increasing the release of amino
acids into the bloodstream; they regulate
gluconeogenesis, increase the release of fatty acids
by lipolysis; stimulate the anti-inflammatory
effects by reducing the number of mast cells
migration and degranulation that
histamine. They also slow down the release of
lysosomal enzymes, decrease the permeability of
blood capillaries and phagocytosis, and, in high
concentrations, they depress immune responses.

whose

release

Gonads (Steroid hormones):

The gonads are organs where gametogenesis and
the production-secretion of protein and steroid
hormones take place. Steroid hormones are part of
a wide class of molecules such as sterols, bile
acids, and some alkaloids. Steroids are non-
saponifiable lipids, poorly soluble in water but
soluble in organic solvents. They are made up of a
common nucleus called cyclopentane-perhydro-
phenanthrene, a cyclic hydrocarbon made up of
seventeen carbon atoms (C17) arranged in three
fully saturated of six carbons each
(perhydro-phenanthrene or gonane) designated

as rings A, B, and C, and a five carbon D ring

rings

(cyclopentane) (Gorbman et al.,, 1983; Kime, 1987;
Norman and Litwack, 1997; Ostojic, 2012).

All steroid hormones are derived from one of
the following basic hydrocarbons: cholestane,
pregnane, androstane, and estrane. Cholestane or
lanosterol is a 27 carbon atoms hydrocarbon
(C27) that is the basic chemical structure to which
cholesterol belongs. It is the characteristic sterol
of animal cells that confers rigidity to cell
membranes, in addition, to being the precursor
molecule of steroid hormones.

The 21 carbon atom pregnane (C21) is the
characteristic hydrocarbon of steroid hormones
with progestational and adrenocortical activity.
Androstane has nineteen carbon atoms (C19) and
is the basic chemical structure of steroid
hormones with androgenic activity, and estrane
(C18)

with eighteen carbon atoms includes

steroids with estrogenic activity.

Regarding the biological activity exerted by
steroid hormones, they are classified into five
groups: progestogens (progestagens) or natural
or synthetic progestins, androgens; estrogens;
glucocorticoids, and mineralocorticoids. It is
important to note that progestins, androgens, and
estrogens altogether are known as sex steroid
hormones due to their involvement in sexual
development as well as reproductive function.
Glucocorticoids and mineralocorticoids together

are known as corticoids or corticosteroids.

The organs that biosynthesize steroid
hormones have the same capacity to do so based
on similar processes that participate in each of the
biotransformations, the unitary concept of steroid

biosynthesis proposed by Dorfman and Ungar

(1965). The qualitative and quantitative
differences, regulated by genomic control
mechanisms determine the particular
physiological identity of each tissue and

environment (Kime, 1987; Stocco and Clark 1996;
Norman and Litwack, 1997; Martinez-Arguelles
2010; Ostojic, 2012), in
addition to knowing the mechanisms of action of

and Papadopoulos,

steroid hormones (Pearce and Yamamoto, 1993;
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White and Parker, 1998; Simoncini and Genazzani,
2003; Meijer et al., 2019).

In amphibians and reptiles, there are very
extensive ontogenetic regarding the
biosynthesis processes of steroid hormones
(sexual and corticosteroids); its assessment in
blood, plasma and/or serum, in urogenital tissues
like gonads, mesonephros, interrenal glands,
uterus, the brain or other tissues,
transporter/binding molecules, among others
basic aspects. With some exceptions, scarce
information have been reported in the literature
regarding to the isolation and characterization of
hormone receptors, expression evaluation of both
the genes involved in steroidogenesis and the
receptors, as well as to evaluate their mechanisms
of action and their effects in different ontogenetic
and sex differentiation processes under both
natural and experimental conditions. In such a
way that citing some works that could be
considered as classics, it is also necessary to cite
those that allowed us to know other aspects of the
functions of steroid hormones. In such a way that
the state of the art regarding steroid hormones, for
example, in reproductive biology is overwhelming,
amphibians and reptiles being no exception.
Therefore,  bibliographical
suggested that describe in detail how steroid
hormones (and others) participate in reproductive
biology in amphibians and reptiles (Norris and
Lopez, 2010, 2011).

studies

references are

Conclusion

It is relevant to know the basic foundations of the
neuroendocrinology of amphibians and reptiles, as
well as the other classes of vertebrates. These
fundamental knowledge will
in the field of management and
conservation of wildlife fauna
captivity, to holistically address ecophysiological
related to the biology of animal
reproduction. They will be able to contribute to
the pressing need to be able to solve the
anthropogenic devastation of fauna, and flora, in

allow those
interested

in wild or in

studies

the various terrestrial and aquatic ecosystems that
make up our planet.
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