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Neuropeptides and catecholamines are biologically active substances
which play the roles of neurotransmitters, neuromodulators and
cotransmitters in the central nervous system (CNS). These substances
are known to regulate and influence a wide spectrum of functions; such
as food and water intake, thermoregulation, growth and maturation, sexual
behaviour, reproduction, function of the hypothalamic-hypophysial-organ
axes, and many others. This large family of neuropeptides is comprised
of around 40 fundamental polypeptides, which does not include their
derivatives and related peptides. Localization and development of several
of them was intensively studied in the brain of a wide range of species,
including the rat and the pig. In this present paper, data regarding
distribution of catecholamine synthesising enzymes and some
neuropeptides, as well as their gene expression during development in
the rodent and porcine brain are summarised and related to development
of LHRH-containing structures.

Introduction

The number of putative neurotransmitters has dramatically increased during recent decades. In
addition to the classical neurotransmitters and a few amino acids, at least 40 neuropeptides
have been found: all these substances can act as chemical messengers in the mammalian ner-
vous system. Neuropeptides are divided into several families, such as the vasoactive intestinal
peptide (VIP)-glucagon family, neuropeptide Y (NPY) and related peptides, tachykinins, hypo-
thalamic hormones, hypothalamic releasing and inhibiting hormones, a large group of “miscel-
laneous” peptides (including galanin}, and some “novel” neuropeptides. Immunohistochemis-
try and molecular biotogy methods have allowed the precise localization of these neurotrans-
mitters and neuropeptides, and thus, contributed to the understanding of how certain regions of
the brain function. This expanding body of knowledge of the relationship between structure and
function has been accompanied by studies revealing the ontogeny of distribution and gene
expression of these neuropeptides in the brain of different groups of animals. Due to restric-
tions regarding the length of this paper, the interesting issue of the distribution and gene
expression of neuropeptides during brain development in models of rodents and pigs were
emphasised. It was also necessary to reduce the number of neuropeptides discussed to those
receiving the most attention by researchers in recent years.
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Luteinising hormone-releasing hormone (Figures 1-5)

One of the neuropeptides belonging to the hypothalamic releasing and inhibiting hormone
family is luteinising hormone-releasing hormone (LHRH). LHRH is a decapeptide that regu-
lates reproductive function and behaviours in mammalian species. Because of the importance
of efficient reproductive function in farm animals, the ontogeny of LHRH immunoreactivity
{LHRH-IR) was also studied in the pig (Polkowska et al., 1985; Danchin and Dubois 1982).
LHRH was present in nerve terminals of the median eminence (ME) and organum vasculosum
of the lamina terminalis (OVLT) beginning on day 72 of gestation (G72) and gradually in-
creased with development of the embryo. In this stage, a few immunoreactive LHRH perikarya
appeared, but they were most numerous in the last days of pregnancy (G110; duration of preg-
nancy averages 114 days). The greatest numbers of these neurons were localised in the most
anterior periventricular parts of the hypothalamus, the preoptic area (POA) and diagonal band of
Broca, but they were very rare in the medial basal hypothalamus (MBH).

The ontogeny of LHRH-IR was studied in the Meishan pig by Pearson et al. (1996b). LHRH-
IR cell bodies and fibres were detected entering the brain via the terminal nerve and in the
septal region of the basal telencephalon at G30. The number of immunoreactive cell bodies
increased at G50 and cells were localised primarily in the septum, OVLT, POA and latera!
hypothalamus, whereas immunoreactive fibres were present throughout the septum and hypo-
thalamus and reached the ME. The density and distribution of immunoreactive fibres increased
by G70 and G90, but did not change dramatically from G90 to postnatal day 50 (P50). These
results indicate that LHRH may be present earlier in the Meishan pig brain than in the domestic
pig. Nerve fibres containing LHRH-IR appear to reach the ME in the Meishan pig 10 days
earlier than previously reported for the domestic pig. Some quantitative analyses of LHRH
content in the porcine brain were performed. The POA and suprachiasmatic area contained only
low concentrations of LHRH while the MBH contained high concentrations of LHRH (Kumar et
al., 1991).

ViP-glucagon family peptides (Figures 6-8)

The VIP-glucagon family of peptides encompasses, among others, glucagon-like peptide-1,
peptide histidine isoleucine, pituitary adenylate cyclase-activating polypeptide (PACAP), and
vasoactive intestinal peptide (VIP). VIP is a 28-amino acid neuropeptide, which has potent
growth-related actions on dissociated neural cells (Gressens 1998, Waschek 1995). In recent
years, its role in brain development has been elucidated: VIP is a regulator of early
neurodevelopment and embryonic growth, a stimulator of neocortical astrocytogenesis, and is
a neuroprotective molecule acting against excitotoxic and other neurotoxic substances.
Localization of VIP-immunoreactive (VIP-IR) structures and appearance during development
were studied in rats {Hajos et al., 1990). Numerous cells displayed intense VIP-IR in the
subventricular zone of the rat occipital hemisphere from birth to P8 (Hajos et al., 1990). By P8,
this cell population was markedly reduced. In the ageing brain (Cha et al., 1995), there was a
significant loss of VIP-IR neurons in the cortex. Numbers of VIP-IR structures increased in the
developing visual cortex of the rat (Zilles et al., 1991). In studies by Ichihara et al. (1983), VIP
concentrations increased in some brain areas until the fourth week of postnatal life, and then
decreased in brains of adult animals. Similar observations regarding the suprachiasmatic nucleus
(SCN} were described by Chee et al. (1988}, who revealed a 36% decrease in the number of
VIP-IR neurans in the SCN of old rats compared to that of young animals. Concentrations of VIP
were determined in extracts of the brain of the developing and adult pig (Ichihara et al., 1984).
VIP concentrations in acid extracts of the brain cortex were 13.5 +/- 2 pmol/g at birth and rose
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demonstrated that SP plays a modulatory role in the neuroendocrine control of the preovulatory LH
surge. There are some differences between the development of the SP-IR and LHRH-IR hypotha-
lamic systems. The number of SP-IR perikarya was lower, but the number of SP-iR nerve fibres was
greater in the POA and SON of adult female pigs compared to P1, whereas the number of nerve
fibres in the PVN, ME and mamillary region remained unchanged between P1 and sexual matu-
rity. A greater number of SP-IR neurcnal sornata was in the ARC of the sexually mature pigs. The
lower number of SP-IR perikarya and the greater number of SP-IR nerve fibres in the adult pig may
have resulted from release of SP from the neurons.

Opioid peptides suppress LH release (Barb et al., 1986; Rossmanith et al., 1988; Barb et al,,
1994; Giri and Kaufman 1994; Lieberman et al., 1998). Studies in rodents and pigs also suggest a
role for the opioid peptide system in controlling the timing of the LH surge (Asanovich et al.,
1998, Bark et al., 1986, Barb et al 1994). Based on this information, it is interesting to compare
time of appearance of opioid peptides and LHRH-IR in the porcine hypothalamus. During postnatal
development, there is a gradual increase in Leu5-ENK-IR structures, which reach a maximum in
sexually mature pigs, so it can be assumed that this system develops simultaneously with the
LHRH system in the hypothalamus.

Catecholamines are one of the most powerful stimulators of LHRH and LH release from the
hypothalamus and pituitary, respectively (Sarkar and Fink 1981; Barraclough 1983; Kalra and Gallo
1983; Kalra 1985; Bergen and Leung 1986; Clement et al., 1986). Catecholaminergic cells are also
sensitive to changes in the hormonal milieu during the oestrous cycle (Conde et al., 1995) and are
most active during early proestrus. Taking into consideration all these data, it is interesting to
compare time courses of development of catecholamine and LHRH structures in the pig hypothala-
mus. The catecholamine system develops gradually with age, reaching its final configuration in
sexually mature animals, especially in regions involved in regulation of sexual function, such as
the POA, ARC, ME and MBH. This similar pattern of development compared to the LHRH system
indicates functional relationships between these systems. In summary, comparison of develop-
ment of neurotransmitter structures with development of the LHRH-IR system within hypothala-
mus revealed similarities and differences in the time course of these processes. The hypothalamic
catecholaminergic system, which stimulates LHRH and LH release, develops in a very similar
manner to the LHRH-IR system. The number of catecholamine positive LHRH-IR structures gradu-
ally increases throughout development and reach a maximum in the sexually mature pig. NPY-IR
structures are already developed in the hypothalamus at the end of foetal life, but later, at the
beginning of postnatal life, the number of these structures decreases, which is earlier than when
LHRH declines. However, NPY-IR structures increase in later periods. The number of GAL-IR
structures in the hypothalamus reach maximum development at P1, then gradually decrease, ex-
cept in the periventricular hypothalamus where GAL-IR structures increased. VIP-IR structures
were studied in the postnatal porcine hypothalamus. Available data indicate that the VIP-IR system
is already well developed in P1 piglets and there are no changes when compared to adults, except
in the ME and ARC nucleus where an increased number of VIP-IR structures are found in adults.
Hypothalamic systemns containing SP and Lew’ENK develop gradually in the pig, reaching their
final configuration in adults. The different patterns of development of the hypothalamic systems
containing substances discussed above indicates different roles by which they influence matura-
tion of LHRH-IR structures and LHRH and LH release. The decrease in the number of structures
containing VIP and GAL, coincident with the time when the LHRH system almost reaches its final
configuration, supports the idea that those substances are very important agents for survival, growth
and maturation of LHRH neurons. Structures which are IR for other substances also increased during
development. Catecholamines and NPY excite, whereas SP and opiates inhibit LHRH and LH
release. To completely understand all aspects of the regulation of LHRH synthesis and release from
hypothalamic centres, further studies are needed.
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All of the above mentioned substances, which influence the LHRH system, are present in
hypothalamic centres involved in regulation of reproductive functions of sexually mature ani-
mals, so it is extremely difficult to explain how they interact to regulate such a complicated
and sensitive process. The results presented above strongly indicate that timing of the appear-
ance and changes in the quantity of these substances are crucial for proper regulation of repro-

ductive function.
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