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Commentary
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Reproduction in vertebrates is controlled by a hierarchically
organized endocrine system called the hypothalamic-pituitary-
gonadal (HPG) axis. In the early of 1970s, two teams, Schally’s
and Guillemin’s, discovered gonadotropin-releasing hormone
(GnRH), a hypothalamic neuropeptide that stimulates the
release of both luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) from gonadotropes in the anterior
pituitary of mammals [1–3]. Subsequently, several GnRHs
have been identified in other vertebrates [4–6], and it is
generally accepted that GnRH is the only hypothalamic
neuropeptide that regulates the release of gonadotropin in
mammals and other vertebrates. Despite the divergent
reproductive strategies and behaviors within this taxon, this
endocrine network is remarkably well conserved across
vertebrates. In response to hypothalamic GnRH, gonadotropins
are secreted from the pituitary and stimulate the gonads, where
they induce the synthesis and release of sex steroid hormones,
which in turn elicit growth and maturation of the gonads.

However, control of pituitary function by a single
neuroendocrine mechanism is not always the rule in vertebrates
in which dual (positive and negative) hypothalamic control has
often been observed in somatotropes, thyrotropes, and lacto-
tropes. Several investigations have challenged the dogma of
single control of gonadotropes by GnRH. Peter et al. [7–10]
were the first to establish that a dopaminergic inhibitor can
control reproduction in goldfish Carrassius auratus. After that,
the role of dopamine (DA) as a gonadotropin release-inhibiting
factor was confirmed not only in teleosteans, but also in
chondrostean fish [11–15]. The discovery of DA inhibition led
to the development of a new method to induce spawning in
aquaculture, using a combined treatment with a GnRH agonist
and a DA-D2 type receptor antagonist. This method, called
LinPe, is now widely applied in aquaculture as an alternative
means of inducing spawning because it is more reliable and
physiologically relevant than treatments involving pituitary
extracts. However, wide variations in the intensity of DA
inhibition have been noted among the species expressing the
DA inhibition, indicating a major role for DA in some species,
such as the cyprinids, and a minor one in others, such as the
salmonids. Interestingly, some species (e.g. the Atlantic
croaker Micropogonias undulatus, gilthead seabream Sparus
aurata, striped bass Morone saxatilis, sea bass Dicentrarchus
labrax, and red seabream Pagrus major) do not exhibit a
dopaminergic inhibition of gonadotropin [16–20]. These

variations suggest that DA neuroendocrine inhibition may
have been differentially conserved and expressed among
teleosts in relation to the diversity of their reproductive cycles
and their dependency upon various environmental factors.
However, it is also possible that other inhibitory factors may be
involved in the reproduction neuroendocrine systems in fish.

In 2000, a hypothalamic neuropeptide, referred to as
gonadotropin inhibitory hormone (GnIH), was first discovered
in birds. This neuropeptide actively inhibits the release of
gonadotropin [21]. Subsequently, GnIH homologous peptides
have also been identified in the hypothalamuses of other
vertebrates from agnathans to humans. Moreover, GnIH and its
homologous peptide inhibit the release of gonadotropin in
higher vertebrates. In a search for novel factors regulating
reproduction of fish using the D. labrax as a model [22],
Paullada-Salmerón and colleagues isolated a GnIH ortholog
precursor containing two putative GnIH peptides (sbGnIH-1
and sbGnIH-2). However, studies in fish have shown both
stimulatory and inhibitory roles of GnIH in the reproductive
axis by using pituitary cultures and intraperitoneal injection.

In the current issue of Biology of Reproduction, Paullada-
Salmerón and colleagues demonstrate an inhibitory role of
GnIH in the reproductive axis of the male sea bass [23]. Unlike
earlier studies, the present study by Paullada-Salmerón et al.
introduced GnIH by intracerebroventricular (icv) injection.
Using icv injection of sbGnIH-1 and sbGnIH-2, Paullada-
Salmerón et al. examined their effects on the brain and pituitary
expression of reproductive hormone genes (gnrh1, gnrh2,
gnrh3, kiss1, kiss2, gnih, lhbeta, fshbeta) and their receptors
(gnrhr II-1a, gnrhr II-2b, kiss1r, kiss2r, and gnihr) as well as
on the plasma FSH and LH levels [23]. In addition, they
determined the effects of GnIH on pituitary somatotropin (GH)
expression. The results showed the distinct actions of sbGnIH-
1 and sbGnIH-2 on the reproductive axis of sea bass. The icv
administration of sbGnIH-1 was found to induce a decrease in
gnrh1 mRNA levels in the brain and provoked a significant
decrease in plasma LH levels. In turn, sbGnIH-2 suppressed
gnrh2, gnih, gnihr, kiss1, kiss2, and kiss1 receptor mRNA
levels in the brain, lhb, fshb, and gh mRNA levels in pituitary,
and LH levels in plasma. Considering the previous observa-
tions, especially the evidence from other vertebrates and
morphological characteristics of the peptide interactions in sea
bass, several conclusions can be drawn. First, some of the
actions of GnIH on the reproductive axis that inhibit the release
of gonadotropin might be centrally mediated through indirect
action of sbGnIH-1 at the level of the preoptic/hypothalamic
GnRH-1 neurons. The reduction in plasma LH levels could be
correlated with the inhibition of brain gnrh1 expression
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observed in fish treated with sbGnIH-1. Second, the inhibitory
effects of GnIH-2 on gnrh2 transcription levels might relate to
the sexual behavior or the mediation of photoperiodic control
of reproduction in this species. Third, sbGnIH might modulate
the reproductive axis of sea bass through direct central action
not only on GnRH but also on kiss2 neurons. Fourth, sbGnIH-2
could regulate the release of gonadotropin by acting directly on
the adenohypophyseal cells in which the sbGnIH-2-immuno-
reactive fibers are in close proximity to FSH and LH cells. It is
also possible that the action of sbGnIH-2 on gonadotropin
synthesis and/or release could be mediated, at least in part, by
its modulation of pituitary GnRH signaling. Finally, the
sbGnIH-2 form exerts its main autocrine regulation through a
negative feedback on the brain GnIH system.

In summary, GnIH might participate not only in neuroen-
docrine functions but also in behavioral and photoperiodic
control of reproduction in this species with the main inhibitory
role being mediated by sbGnIH-2. This work, for the first time
in teleosts, examined the effects of GnIH on the whole HPG
axis. There is no doubt it not only makes a significant
contribution to understanding of the regulatory network
controlling the HPG axis in fish but also provides new
evidence for the role of GnIH inhibition in vertebrate
reproduction. However, there are still many open questions
to be answered, such as whether 1) GnIH is a substitutor or
coregulator of dopamine in the reproductive axis in fish, 2)
GnIH signaling is involved in the regulation of sexual behavior
and mediation of the photoperiodic control of reproduction in
teleosts and do sbGnIH/Kiss1/pineal interactions participate in
the sexual maturation of sea bass in relation to photoperiods,
and 3) the activity of GnIH are similar in female sea bass and in
animals at different reproductive stages. Addressing these
matters will require an intensive research effort, but it holds the
promise of generating more exciting discoveries thereby
providing a more complete picture of the regulatory network
that control reproduction in this species.
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S, Muñoz-Cueto JA. Gonadotropin inhibitory hormone down-regulates the
brain-pituitary reproductive axis of male European sea bass (Dicen-
trarchus labrax). Biol Reprod 2016; 94:121.

YAN

2 Article 126

D
ow

nloaded from
 w

w
w

.biolreprod.org. 


